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It has been the custom of the Board on Radiation Effects Research to use the
International System of Units (SI) in its reports.  The relationships between the
units used in this report and the corresponding traditional units and special names
are shown below.  Decimal multiples and submultiples of the units also are
used, for example, kilo (K = 1,000 or 103), mega (M = 1 million or 106), milli
(m = 1/1,000 or 10–3), micro (µ = one millionth or 10–6), nano (n = one billionth
or 10–9), and pico (p = one trillionth or 10–12).

A Note on the Units of Measurement
Used in this Report

Units

Concept Symbol Dimensions SI Traditional Conversion

Radioactivity A Decays/time (Bq) Becquerel (Ci) Curie 1 Ci = 3.7 × 1010 Bq
Absorbed dose D Energy/mass (Gy) Gray Rad 1 rad = 10–2 Gy
Equivalent dose H = Dwr Energy/mass (Sv) Sievert Rem 1 rem = 10–2 Sv
Effective dose E = HwT Energy/mass (Sv) Sievert Rem 1 rem = 10–2 Sv
Working level WL Energy/volume Jm–3 WL 1 WL = 2.08 × 10–5

Jm–3

Working level WLM Energy time/ Jsm–3 WLM 1 WLM = 12.7
month volume Jsm–3
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1

For more than 20 years during and after World War II, the United States
carried out numerous aboveground nuclear-weapons tests.  Many of the tests
injected substantial amounts of radioactive material into the atmosphere, and
some of it reached ground as nuclear fallout.  Many people potentially exposed to
radiation from the nuclear-weapons testing program later became concerned that
radiation exposure had adversely affected their health.  In addition, people em-
ployed in uranium mining and milling enterprises in support of the US weapons
program were at risk for exposure to radiation from inhaled radon and to other
airborne hazards in the mines.  Experts concluded that those agents increased the
incidence of lung cancer and respiratory diseases in miners above that in the
general population.

In part to recognize the potential harm of those exposures, Congress issued
an apology and passed the Radiation Exposure Compensation Act (RECA), 42
USC 2210 note, on October 5, 1990.  RECA provides compensation to people
(or their surviving beneficiaries) who have been diagnosed with specified can-
cers that scientists consider to be radiogenic or other specified chronic diseases
that could have resulted from exposure to other agents, such as silica or ura-
nium dust, associated with weapons-program activities.  Eligible claimants
include civilian onsite participants who were involved in aboveground nuclear-
weapons tests at various US test sites in the United States and overseas,
downwinders who lived in areas currently designated by RECA, and miners
who were exposed to radiation during employment in underground uranium
mines and who meet specified residence or exposure criteria.  The act provides
compensation payments of $100,000 for uranium miners, $75,000 for onsite

Executive Summary
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2 RADIATION EXPOSURE SCREENING AND EDUCATION PROGRAM

participants, and $50,000 for downwinders in whom compensable cancer or
one of a defined set of other diseases is diagnosed.

On July 10, 2000, Congress passed the Radiation Exposure Compensation
Act Amendments of 2000 (PL 106-245), which revised the original act in several
important respects.  First, two new claimant categories were added—uranium
millers involved in the crushing, grinding, and leaching of the ore during the
uranium extraction process and ore transporters, who typically trucked uranium
ore from the mine or mill.  The 2000 Amendments also specified additional
compensable diseases for all claimant categories, reduced the radiation exposure
threshold for uranium miners, modified medical documentation requirements,
removed some lifestyle restrictions that had limited eligibility for compensation,
and expanded the geographic area for the downwinder claimant category.

Further expansion of the program followed with enactment of the Depart-
ment of Justice Appropriations Authorization Act (PL 107-273), signed into law
on November 2, 2002.  That legislation included both technical and substantive
changes in RECA.  In particular, it provided uranium miners with an additional
method of establishing exposure to radiation based solely on their duration of
employment in a uranium mine.

The RECA amendments of 2000 also amended Subpart I of Part C of Title
IV of the Public Health Service Act to add section 417C, on grants for education,
prevention, and early detection of radiogenic cancers and other diseases.  Section
417C provides the authority for competitive grants to states, local governments,
and appropriate health-care organizations to initiate and support programs for
health screening, education, medical referral, and appropriate followup services
for persons eligible under RECA.  People eligible for this program are catego-
rized by the nature of their exposure to radiation as defined by 42 USC 2210 note
and sections 4(a)(1)(A)(i) and 5(a)(1)(A) of PL 106-245 and in 28 CFR Part 79.
Those categories comprise uranium miners, uranium millers, ore transporters,
downwinders, and onsite civilian nuclear-weapons test participants.  The Health
Resources and Services Administration (HRSA) oversee the grants, which make
up the Radiation Exposure Screening and Education Program (RESEP).

In September 2002, in response to a congressional mandate (PL 107-206),
HRSA asked the National Research Council’s Board on Radiation Effects Re-
search to convene a committee to assess recent biologic, epidemiologic, and
related scientific evidence associating radiation exposure with cancers or other
human health effects and to determine how such information might affect esti-
mates of the magnitude of the associated health risks.  The present committee was
formed in response to that request.  Under the congressional mandate, HRSA
charged the committee to consider the issues and make recommendations, on the
basis of scientific knowledge and principles, regarding

A. technical assistance to HRSA and its grantees on improving accessibility
and quality of medical screening, education, and referral services;
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EXECUTIVE SUMMARY 3

B. the most recent scientific information related to radiation exposure and
associated cancers or other diseases, with recommendations for improving ser-
vices for exposed persons; and

C. whether other groups of people or additional geographic areas should be
covered under the Radiation Exposure Compensation Act (RECA) program.

HRSA also requested that the committee provide an interim report to the
agency and its grantees.  The interim report was organized around items A and B,
and was to assist RESEP staff to develop an action plan that is consistent with
best medical and educational practices and the current state of science.  The
emphasis in the interim report was preliminary guidance on the ongoing and
proposed activities and not on final recommendations.

To address items A, B, and C above, the committee needed to review the
history of RECA and the laws, regulations, and objectives that guide it.  In
addition, important advances in the science and tools available in radiation do-
simetry, radiation biology, and radiation epidemiology needed to be considered
for their potential effects on determination of whether the exposed populations
covered by RECA are likely to be at greater or smaller risk for cancer as the re-
sult of radiation exposure than now estimated.  Those issues are described
and discussed in this report and are reflected in the committee’s findings and
recommendations.

Much of the committee’s effort was directed at the second and third parts of
the statement of task—namely, the most recent scientific information related to
radiation exposure and associated cancers or other diseases, with recommenda-
tions for improving services for exposed persons; and whether other groups of
people or additional geographic areas should be covered under RECA.  The
committee considered a range of possible expansions of the downwinder geo-
graphic areas.

CONCLUSIONS

One concern about the RECA program expressed by many downwinders and
other involved populations was that their counties or their cancers were not
eligible for compensation.  The committee discussed such equity issues exten-
sively and concluded that, to be equitable, any compensation program has to be
based to a large extent on scientific criteria and has to make the criteria for
inclusion and exclusion explicit.  Eligibility for compensation needs to be as-
sessed on the basis of criteria that support and are supported by the principle that
“like cases are treated alike.”  The use of scientific criteria is of particular impor-
tance because ionizing radiation is not a potent cancer-causing agent, and the
risks for radiation-induced disease are generally low at the exposure levels of
concerns in RECA populations.  For example, the number of cancers observed in
the Japanese atomic-bomb survivors that are attributable to radiation is relatively
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4 RADIATION EXPOSURE SCREENING AND EDUCATION PROGRAM

small, even though many in this population received doses much higher than
doses received by most of downwinders.  Thus, eligibility for compensation
needs to be scientifically assessed.

Accordingly, the committee was particularly attentive to the downwinders’
complaints about their ineligibility with respect to RECA.  It examined the epide-
miologic, radiobiologic, and dosimetric information relevant to downwinders’
concerns.  The scientific evidence indicates that in most cases it is unlikely that
exposure to radiation from fallout was a substantial contributing cause to devel-
oping cancer.  Moreover, scientifically based changes that Congress may make in
the eligibility criteria for compensation in response to this report are likely to
result in few successful claims.  The committee is aware that such conclusions
will be disappointing, but they have been reached in accordance with the
committee’s charge to base its conclusions on the results of best available scien-
tific information.

RECOMMENDATIONS

The committee offers a large number of recommendations that address the
main elements of its charge.  If implemented, they will improve the compensation
program in both a general way and some specific ways.  They will also help to
reduce screening that does not provide sufficient health benefit to outweigh the
risks it poses.  And, they will enhance education about programs and services
available to affected populations.  The recommendations are presented below;
extensive discussion of their scientific justification is given in the chapters noted
in parentheses.

1. Congress should establish a process using probability of causation/
assigned share (PC/AS) to determine the eligibility of any new claim for compen-
sation for a specified RECA-compensable disease in people who may have been
exposed to radiation from fallout from US nuclear-weapons testing.  Further,
Congress should establish criteria for awarding compensation on the basis of
computed distributions of PC/AS for any person making such a claim.  (See
Chapters 5 and 6.)

• Prior to implementation of the revised compensation program, the Na-
tional Cancer Institute (NCI) or other appropriate agencies should perform a
population-based preassessment of all radiogenic diseases using PC/AS to pro-
vide guidance to individuals who might apply for compensation by determining
the likelihood any individuals in a given population of being compensated.  This
analysis would be determined by disease identified, places of residence at the
time of exposure, ages at the time of exposure and at diagnosis, and other demo-
graphic factors using the PC/AS criteria (including consideration of the upper
credibility intervals) established by Congress.  The calculation would use data for
the maximal doses that such individuals may have received from fallout.  In

Assessment of the Scientific Information for the Radiation Exposure Screening and Education Program

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11279


EXECUTIVE SUMMARY 5

settings where variability is important in evaluating risk, there may be several
such defined populations, and each would be evaluated on its own merits.  The
criteria for evaluating such population-based preassessments should be the same
as those established by Congress for compensation of claims under RECA (Note:
two committee members provided their own interpretations of issues related to
the preassessment criteria; for detail see Chapter 6.)  The preassessments should
be made for the following two purposes:

A. To provide guidance to potential claimants and the implementing
agency as to which diseases may satisfy the compensation criteria established by
Congress.

B. To provide guidance to potential claimants and the implementing
agency as to which population groups or geographic areas may satisfy the com-
pensation criteria established by Congress.

• The recommendation applies to residents of the continental US, Alaska,
Hawaii, and overseas US territories who have been diagnosed with one of the
specified RECA-compensable diseases and who may have been exposed, includ-
ing exposure in utero, to radiation from US nuclear-weapons testing fallout.  Both
Nevada Test Site (NTS) fallout and the US fraction of global fallout should be
considered.

• PC/AS for any individual should be obtained from an estimate of the
radiation dose resulting from US nuclear-weapons testing and the risk estimate
associated with such dose.

• Uncertainties in PC/AS cannot be avoided and may be part of the compen-
sation decision process.  Because of substantial gaps in the existing data, the uncer-
tainties in estimated doses1 incurred by people exposed to radiation from fallout,
and consequently the uncertainties in the associated PC/AS estimate, are large.
This emphasizes the need to choose compensation criteria carefully.  For example,
a PC/AS value associated with a high percentile of uncertainty could exceed the
criteria for compensation even for some very small median doses.  The challenge
Congress faces will be to decide if it is best to define criteria that avoid rewarding
compensation in cases in which there is very low risk, but the uncertainty associ-
ated with its PC/AS is very large, because the connection of these cancers with
radiation is not well established or the estimated doses are not well known.

1The dose estimates depend on the measured deposition of radionuclides taken at the time of the
nuclear weapons tests.  Given the very small number of monitoring stations, most estimates represent
interpolations over very large areas.  Among the 3000 plus counties in the continental United States,
fallout monitoring in areas other than a limited region in Nevada and its neighboring states occurred
at never more than 95 stations through the years of aboveground US nuclear weapons testing.  (See
Chapters 5 and 6.)
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6 RADIATION EXPOSURE SCREENING AND EDUCATION PROGRAM

To support the use of the PC/AS process for compensation,

• The Centers for Disease Control and Prevention (CDC) and the NCI or
other appropriate agencies should complete dose estimates for all significant
radionuclides in fallout from US nuclear weapons testing to the population groups
identified above.  This should include all the major sources of dose related to US
nuclear weapons tests considered to have potential health consequences that the
CDC-NCI 2001 draft feasibility study described.

• An updated dose calculator, similar to the existing NCI dose calculator
for 131I, should be developed for determining dose to the thyroid and other impor-
tant organs from fallout.  Such an updated dose calculator should be directly
coupled to a risk calculator similar to IREP Version 5.3 that can compute PC/AS
and propagate uncertainties for establishing credibility intervals.

• NCI or other appropriate agencies should maintain and revise the pa-
rameters in the models or calculators for estimating PC/AS based on risk esti-
mates recommended by the National Research Council Committee on Biological
Effects of Ionizing Radiation, report number 7 (BEIR VII).  Over time, the
agency should update the PC/AS calculators with the latest risk parameters.

2. The provision which allows individual states not currently covered under
Section 5 of the Radiation Exposure Compensation Act to apply for inclusion
under RECA if uranium mining occurred in the state during the January 1, 1942
to December 31, 1971 period should be expanded to include not only uranium
mining but also uranium milling and ore transportation occurring during that
period in support of the US nuclear-weapons program.  (See Chapter 6.)

3. On the basis of currently available scientific evidence, no additional dis-
eases should be added to the list of diseases that should be considered for com-
pensation under RECA.  (See Chapter 7.)

4. The appropriate agency should review the data on radiation exposure
levels obtained inside dwellings constructed from mill and mine tailings.  The
committee also recommends that its findings regarding potential health conse-
quences of such exposures be evaluated to determine whether the PC/AS values
based on these exposures rise to or exceed the levels used in RECA compensa-
tion.  (See Chapter 7.)

5. The appropriate agency should review historical data on radon concentra-
tions in off-site areas near tailings piles of uranium mills used to produce uranium
for the US nuclear-weapons program.  The agency should determine whether expo-
sures to those concentrations in off-site areas could result in PC/AS values that meet
or exceed the RECA compensation criteria.  If so, the agency should take the
necessary steps to have these populations included in RECA.  (See Chapter 7.)

6. The radiation doses and estimates of risks from the radioactive releases
from all NTS nuclear weapons tests, including underground tests that resulted
in atmospheric releases, should be included in determining the PC/AS.  (See Chap-
ter 7.)
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HRSA also asked the committee to assess the agency’s screening program
and to consider recommendations that could improve access to the program and
improve the quality of its educational and referral services for RECA popula-
tions.  The intent of this report is to ensure that HRSA’s action plan is consistent
with best medical and educational practices and the current state of science for
identifying people who have cancers and other diseases that are compensable
under RECA.

On the basis of its review of the RESEP program data and presentations by
HRSA officials and RESEP grantees, the committee offers another set of recom-
mendations about medical screening, compensational screening, and education
and outreach; they are

7. HRSA should base RESEP medical screening efforts in asymptomatic
individuals on robust scientific evidence that such screening improves health
outcomes and that its benefits outweigh its risks.  (See Chapter 9.)

8. HRSA should not extend its medical screening beyond the generally ac-
cepted screening protocols that apply to the US population at large.  However, the
committee further recommends that uranium miners, millers and ore transporters
also be screened for diseases generally recommended for screening in other min-
ing populations and that uranium millers and ore transporters be screened for
chronic renal disease.  (See Chapter 9.)

9. Once an individual has been shown to be administratively eligible for
compensation under RECA (including employment, residence, or a calculated
PC/AS at or above some established cutoff criterion), the individual should be
offered medical screening recommended in generally accepted protocols that
apply to the population at large.  The committee notes that HRSA may want to
consider screening for depression in its grantees’ medical screening protocols
(Note: three committee members dissented from this recommendation; for detail
see Chapter 9.)  (See Chapter 9.)

10. HRSA should regularly monitor and follow screening guidelines devel-
oped by the US Preventive Services Task Force and published by the Agency for
Healthcare Research and Quality.  (See Chapter 9.)

11. HRSA should base decisions about screening primarily for compensa-
tion on recommendations drawn from credible scientific evidence that the pro-
posed test provides reliable information about the presence or absence of speci-
fied RECA-compensable diseases.  (See Chapter 10.)

12. Any screening carried out under RESEP auspices should be preceded
by detailed counseling and informed consent that reflects an understanding of
and sensitivity to the culture of the potential screenee.  The committee also
recommends that counselors, when dealing with screening for compensation,
ascertain that individuals proposed to be screened fully understand the associ-
ated risks, benefits, and likelihood of potential outcomes of screening.  (See
Chapter 10.)
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8 RADIATION EXPOSURE SCREENING AND EDUCATION PROGRAM

13. RESEP screening should be undertaken only if individuals satisfy ad-
ministrative criteria for compensation before screening.  (See Chapter 10.)

14. The Department of Health and Human Services should support develop-
ment of explicit decision models and approaches to shared decision-making and
related tools that enhance the ability of patients to participate in decisions that
affect their care and prognosis.  In particular, the committee recommends that
HRSA take responsibility for similar activities in the domain of compensational
screening.  (See Chapter 10.)

15. If an individual has established eligibility for compensation, RECA
should cover the costs of screening, complications of screening, referrals
(followup), diagnosis (workup), and treatment for the RECA-compensable dis-
eases for which such eligibility has been established.  (See Chapter 10.)

16. HRSA should change its RESEP funding mechanism from grants to
contracts.  (See Chapter 11.)

17. The Department of Health and Human Services should ensure that the
content of public and professional educational programs be consistent across all
entities that HRSA supports through its RESEP program.  (See Chapter 11.)

18. HRSA should provide information to RECA populations about other
radiation exposure compensation programs for which they might be eligible.  The
committee also recommends that an advisory organization should review all
federal compensation programs related to radiation exposure to determine simi-
larities and differences and that HRSA periodically convene representatives of all
programs to address inconsistencies among programs and determine the effects
of developments over time in radiation biology, risk estimates, legislation, and
regulations.  (See Chapter 11.)

19. HRSA should ensure that all public informational materials are written
so that members of target populations can understand their contents.  (See Chap-
ter 11.)

20. HRSA should undertake an enhanced program of education and com-
munication about the risks posed by radiation exposure for people who may have
been exposed to radiation from fallout from US nuclear-weapons testing.  (See
Chapter 11.)

21. HRSA should undertake an appropriately focused educational program
explicating the limitations, the benefits, and the risks of medical screening for
many RECA diseases.  (See Chapter 11.)

22. HRSA should (See Chapter 11):
A. Use a standardized method to develop outcomes-based goals and ob-

jectives for appropriate planning and assessment;
B. Identify and evaluate the cost and effectiveness of removal of barriers

to program implementation; and
C. Train staff to identify specific barriers to implementation and develop

strategies to overcome them.
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The committee recognizes that some of its recommendations will be difficult
to implement in a short time.  Additional information and improved approaches
for addressing radiation risk and fallout doses may change compensation pro-
grams, medical screening, screening for compensation, and related education and
outreach programs.  The task of addressing those issues has been difficult, but the
committee accepted the challenge because of the critical need for decisions re-
garding the future of RECA and RESEP.
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1

Introduction

Beginning in 1945 and continuing through 1962, the United States con-
ducted a series of aboveground nuclear-weapons tests.  Many people potentially
exposed to radiation from the testing program later became concerned that their
health had been adversely affected by those events.  The concerned populations
included workers and civilian employees who participated onsite in tests involv-
ing the atmospheric detonation of nuclear devices within the boundaries of the
Nevada, Pacific, Trinity, or South Atlantic Test Sites and others living in the
surrounding areas during the testing period.  Uranium miners had also been at
risk of exposure to radiation from inhaled radon decay products and other air-
borne hazards in the mine environment that together were presumed to have
caused an increase in the incidence of lung cancer and respiratory diseases among
the miners relative to the general population.

On October 15, 1990, the Radiation Exposure Compensation Act (RECA),
PL 101-426, was enacted to provide payments to people who developed particu-
lar cancers or other diseases as a result of either exposure to radiation released
during aboveground nuclear-weapons tests or employment associated with the
uranium-mining industry.  The cancers specified as compensable under RECA
were those that had been determined to be causally associated with radiation
exposure on the basis of epidemiologic studies of populations exposed to low to
moderate doses at mainly high dose-rates (NRC, 1980).

RECA1 was amended on July 10, 2000.  The amendment broadened the
scope of eligibility for benefits to include additional categories of people and

1In this report we refer to RECA with all amendments attached unless otherwise stated.
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INTRODUCTION 11

modified the criteria for determining eligibility for compensation.  The Depart-
ment of Justice (DOJ) administers RECA as codified by 28 CFR 79.

The RECA of 2000 also amended Subpart I of Part C of Title IV of the Public
Health Service Act to add Section 417C—grants for education, prevention of,
and early detection of radiogenic cancers and nonradiogenic diseases.  Section
417C provides the authority for competitive grants to states, local governments,
and appropriate health-care organizations to initiate and support programs for
health screening, education, medical referral, and appropriate followup services
for persons eligible under RECA.  Persons eligible for those programs are catego-
rized by the nature of their exposure to radiation as defined by 42 USC 2210 note
and Public Law 106-245, the Radiation Exposure Compensation Act Amendment
of 2000, Sections 4(a)(1)(A)(i) and 5(a)(1)(A), and in 28 CFR Part 79.  The
categories are uranium miners, uranium millers, ore transporters, certain down-
winders, and onsite nuclear-test participants.  The Health Resources and Services
Administration (HRSA) of the Department of Health and Human Services ad-
ministers the grants as part of the Radiation Exposure Screening and Education
Program (RESEP).

In response to a congressional mandate (Public Law 107-206), HRSA asked
the National Research Council’s Board on Radiation Effects Research to convene
a committee to assess the recent biologic, epidemiologic, and related scientific
evidence associating radiation exposure with cancers or other human health ef-
fects.  The committee was asked to consider the issues surrounding the imple-
mentation of RECA and to make recommendations on the basis of scientific
knowledge and principles.  The study began in September 2002.

The following statement of work describes the task set before the committee
(HR 107-593):

On the basis of its information, the committee will make recommendations to
HRSA regarding:

A. technical assistance to HRSA and its grantees on improving accessibility
and quality of medical screening, education, and referral services;

B. the most recent scientific information related to radiation exposure and
associated cancers or other diseases, with recommendations for improving ser-
vices for exposed persons; and

C. whether other groups of people or additional geographic areas should be
covered under the Radiation Exposure Compensation Act (RECA) program.

The committee considered whether additional geographic areas should be
added to the previously defined areas2 on the basis that residents had been simi-

2The areas previously designated for compensation were: the Utah counties of Beaver, Garfield,
Iron, Kane, Millard, Piute, San Juan, Sevier, Washington, and Wayne; the Nevada counties of Eu-
reka, Lander, Lincoln, Nye, and White Pine and the portion of Clark County that consists of town-
ships 13-16 at ranges 63-71; and the Arizona counties of Apache, Coconino, Gila, Navajo, and
Yavapai and the part of Arizona that is north of the Grand Canyon.
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12 RADIATION EXPOSURE SCREENING AND EDUCATION PROGRAM

larly at risk of exposure to fallout from US nuclear-weapons tests.  In its report,
the committee considers a range of possible expansions of the current downwinder
geographic areas to include other areas exposed to high levels of fallout.

In considering task B, the committee focused its review on issues relevant to
RECA and RECA populations and did not duplicate nor have access to the
detailed final conclusions of the exhaustive efforts of the Committee on the
Health Risks of Exposure to Low Levels of Ionizing Radiation (the BEIR VII
committee’s report will be published in 2005).  Reports on task-related topics
published since 1990 in the national and international peer-reviewed literature
were identified for review.  Reanalysis of existing epidemiologic data with alter-
native methods or models and the collection and analysis of new epidemiologic
data were beyond the committee’s task.

HRSA also requested that the National Research Council committee provide
an interim report to the agency and its grantees.  The six grantees funded by
HRSA (see Table 11.1) under RESEP in 2002 and in 2003 were at the Dixie
Regional Medical Center, the Miners’ Colfax Medical Center, the Mountain Park
Health Center, the Northern Navajo Medical Center, the St. Mary Hospital and
Medical Center, the University of New Mexico Health Sciences Center, and the
Utah Navajo Health System, Inc.  The interim report was organized around items
A and B above, and was to assist RESEP staff to develop an action plan that is
consistent with best medical and educational practices and the current state of
science (NRC, 2003a).

The committee provides background information in Chapter 3 on recent
developments in radiation dosimetry, radiation biology, and radiation epidemiol-
ogy that influence the risk-assessment process.  That approach was taken to
enable the committee to determine whether any of the RECA populations are
likely to be at more or less risk of cancer as the result of exposure to radiation
than previously estimated and whether additional geographic areas should be
recommended for inclusion in RECA.

This report constitutes the results of the committee’s assessment and its
recommendations.  It consists of 11 chapters.  Chapter 2 describes the Radiation
Exposure Compensation Act, including a brief history which led to its creation
and recent revisions (addresses item C in the committee’s statement of task).
Chapter 3 reviews the scientific principles of the physics and dosimetry of ioniz-
ing radiation, radiation biology, and epidemiologic methods, and provides basic
technical background information in support of Chapters 4, 6, and 7.  Chapter 4
reviews and summarizes recent data on radiation epidemiology, dosimetry, and
biology (addresses item B).  Chapter 5 describes probability of causation (PC)
and its use in compensation (addresses item C).  Chapter 6 provides information
about additional geographic areas that might be included under RECA (addresses
item C).  Chapter 7 provides information about additional diseases and classes of
people that might be included as compensable under RECA (addresses item C).
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Chapter 8 discusses an ethical framework as it applies to RECA and RESEP
(addresses item C).  Chapters 9 and 10 discuss the indications for and implica-
tions of screening, both to improve health and to identify persons eligible for
compensation (addresses item A).  And Chapter 11 addresses education and
outreach (addresses item A).

To be consistent with the policies of the National Academies and to fulfill its
charge, the committee conducted fact-finding activities involving outside parties
in public information-gathering meetings.  The committee met in closed sessions
including conference calls only to develop committee procedures, review docu-
ments, and consider findings and recommendations.  It met once in 2002, five
times in 2003, seven times in 2004, and once in 2005.  Eleven of the fourteen
meetings included public information-gathering sessions, and the committee
also received and considered other public comments and communications.  The
information-gathering meetings were structured to solicit information from tech-
nical experts and the study sponsor on topics related to the study.  At those
meetings, the committee heard from representatives of HRSA and its RESEP
grantees, the Department of Energy, DOJ, the Department of Labor, scientific,
medical and other experts from academic institutions, and other interested par-
ties, and it benefited from the information they provided.  The committee appre-
ciated and was impressed by the efforts of the speakers to work with it during the
project; their cooperation has been important in the committee’s efforts.

The committee also held three public meetings dedicated to information-
gathering in St. George, Utah; Window Rock, Arizona; and Salt Lake City, Utah.
In addition, the Research Council staff held a public meeting in Boise, Idaho, to
gather information for the committee.  Notices inviting the public to attend those
meetings went to the offices of Senators Orrin Hatch, John McCain, and Larry
Craig; to the press in Utah and Arizona; to the Navajo Education Center in
Arizona; and to the Salt Lake City Library.  Each of the four meetings was a full-
day open session at which members of the public and technical experts were
invited to express their views and concerns, ask questions, and provide informa-
tion orally or in writing on issues related to the committee’s task.  The committee
invited those unable to attend the meetings to submit written statements for its
information and inclusion in the Research Council’s public-access file, which is
available on request.  Almost 200 people, including members of the mass media,
attended each of the public meetings.  We found the public eager to assist us.  In
particular, they seemed to be supportive of our study, interested in learning more
about it, and curious about the answers they hoped the committee would be able
to provide to a number of questions.  Such interaction with the public provided a
formal, yet open, exchange of ideas, questions, and responses and proved useful
to us.

The oral and written comments, views, concerns, and questions submitted
to the committee by members of the public and technical experts were in sev-
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eral broad categories.  The committee considered each of those in preparing its
report:

1. Personal testimony on the adverse health effects attributed by individuals
and families to the activities defined by RECA and on the hardships experienced
by them in their treatment and disease-management efforts.

2. Argument in favor of expansion of RECA coverage to include northern
Utah counties, all Utah counties, and other areas, such as Idaho, Montana, New
York state, and all the United States, based on maps from the National Cancer
Institute (NCI), indicative of counties in which the total dose to the thyroid was
estimated to be at least as great as that estimated in areas currently covered by
RECA.

3. Argument in favor of expansion of RECA coverage to include addi-
tional diseases for one or more of the eligible populations.

4. Argument from the Navajo Nation that miners can use affidavits under
some circumstances to establish employment history but that millers and ore
transporters cannot.

5. Argument from the Navajo Nation that an affidavit should be allowed as
proof of presence or residence for downwinder claimants.

6. Argument to expand RECA coverage to residents of Guam who were
potentially exposed to fallout and to radiation from the decontamination of naval
vessels associated with nuclear tests conducted in the Pacific.

7. Recommendation to support an update of the study of leukemia in the
downwinder populations.

8. Reports of immediate-family members (same or different generation) or
close relatives with multiple similar or diverse types of cancer (such as breast
cancer and thyroid cancer), often among individuals or families with no known
history of cancer.

9. Interest in the PC approach to compensation that uses individual doses
estimated with the NCI algorithm (difficulty with on-line access to the NCI-PC
algorithm was described).

10. Inequity within RECA and among the various federal radiation compen-
sation programs.

11. National or universal health care as a solution (posed as the only equi-
table solution) to the problem.

12. Concerns about the possibility of the resumption of nuclear testing at the
Nevada Test Site (NTS) and elsewhere.

13. Support of full and comprehensive epidemiologic studies among the
Navajo Nation.

14. A proposal that the federal government put more money into a trust fund
for compensation.

15. The idea that the federal government should conduct more research into
the health effects of fallout from nuclear testing.
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16. Reports (by medical and other professionals and other citizens of Idaho)
of apparent excesses of cases of some radiogenic diseases and others perceived to
be attributable to radiation exposure.

Appendix A lists the names of invited speakers, representatives, and other
persons who have interacted with the committee through correspondence, by
providing information at meetings, or by providing their statements for our use.
More than 1,400 people have interacted with the committee.  The type of interac-
tion—for example, e-mail, fax, letter, phone call, and attendance at meetings—is
also noted.

SCIENCE, VALUES, AND DECISION-MAKING

The review of scientific research, evidence-based medical knowledge, and
studies of effective educational strategies presented in this report provides new
information, some of which was developed since RECA was enacted and later
amended.  Applying this new scientific knowledge may require additional societal
value-based decisions.  In addition, not all the issues presented to the committee fell
strictly within its charge.  Some issues, such as citizens’ concerns about the possi-
bility of the resumption of nuclear testing at the Nevada Test Site (NTS) and
elsewhere, clearly fell outside the charges that HRSA put to this committee.

Other issues, although intertwined with the scientific recommendations the
committee provides in this report, require debate and deliberation among citizens
and their congressional representatives.  The committee offers relevant scientific
recommendations, but the attendant policy decisions must come from the larger
body of citizenry.  Whom to compensate is one such decision.  The method that
the committee thoroughly discussed by which a person is eligible, on scientific
grounds, to qualify for RECA compensation, will require that Congress make
some additional decisions.  For example, it calls for further determinations as to
whether compensation is to be based primarily on estimated dose or on a compos-
ite measure taking both estimated dose and uncertainty into account (see Chap-
ters 5 and 6).  These difficult policy decisions lie outside of science per se, but
science has valuable information to offer in support of them.  The decisions are
societal judgments based on the acceptance of some scientific consequences over
others (Rudner, 1953; Beauchamp and Childress, 2001).  Other decisions about
compensation include how to compensate; an example is whether to focus on
communities or individuals.  In the latter case, a further decision is whether to
establish a sliding scale of compensation or to apply a flat rate of compensation to
all.  These are all societal decisions.

At best, the committee will make transparent, in Chapters 5 and 6, the conse-
quences, values, and assumptions embedded in the various criteria that Congress
could adopt to establish eligibility for compensation.  The decision rests with
Congress.
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Citizens’ concern to achieve equity occupied much of the committee’s delib-
erations. In providing a scientific basis for establishing justice, the committee still is
limited to making recommendations within or directly related to its charge.  The
committee was not asked to comment on the use of any new criteria for eligibility
for compensation for persons in existing RECA-eligible geographic areas.

The committee recognizes that reforms never rest simply on the scientific
recommendations of experts.  Committee members understand that many other
considerations play a role in crafting policies and laws; these include pragmatic
consequences, budgetary realities, and competing political goals.  The committee
intends that its scientific recommendations remain within the parameters of its
initial charge and that they are consistent with principles of ethics.
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2

Legislation and Compensation

The legislation on radiation exposure compensation, screening, education
and outreach is complex and extensive.  In this chapter, we describe the Radiation
Exposure Compensation Act (RECA), including a brief history which led to its
creation and recent revisions.  We focus on the topic of compensation as provided
by RECA.  Chapter 9 includes a description of screening as required by the
Radiation Exposure Screening and Education Program (RESEP).  Chapter 11
examines RESEP’s legislative requirements with respect to education and out-
reach to RECA stakeholders.

THE RADIATION EXPOSURE COMPENSATION ACT

Events Leading to Legislation

RECA (1990, 2000, 2002) is one of four existing radiation exposure com-
pensation programs1 that emerged from a variety of legal, political, and social
actions in mid-1970s (Walchuk, 2002).  During that period, the organized efforts
of citizens presumably affected by the government’s activities in uranium-mining
areas and in areas downwind of the Nevada Test Site (NTS)—100 miles north-

1These include, in order of enactment, the Veterans Dioxin and Radiation Exposure Compensation
Act (1984), the Radiation-Exposed Veterans Compensation Act of 1988 (REVCA), RECA (origin
1990; amended 2000, 2002), and the Energy Employees Occupational Illness Compensation Pro-
gram Act (EEOICPA) of 2000.  The Department of Veteran Affairs administers the first two; RECA,
the one at issue in this report, is administered by the Department of Justice.  EEOIPCA is adminis-
tered by the Department of Labor.
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west of Las Vegas, Nevada—encouraged members of Congress to advance com-
pensation legislation.  The actions and testimony of labor unions, Native Ameri-
can uranium miners, interest groups, and downwinders constitute the background
of the RECA legislation.  Among these groups are the Oil Chemical and Atomic
Workers International, the Office of Navajo Uranium Miners, the Eastern Navajo
Agency Uranium Workers, the Northern Arizona Navajo Downwinders, and the
Utah Navajo Downwinders.  Some organizations, such as Dine Citizens Against
Ruining Our Environment (Dine Care) as late as 1998 claimed that “we have
been involved in bringing relief to victims of radiation exposure on the Navajo
Nation, and in the fight to prevent future mining.  Our biggest victory so far
has been the reform of the Radiation Exposure Compensation Act” (http://
dinecare.indigenousnative.org/about_us.html, accessed December 23, 2004).

Those organizations “approached radiation exposure as a social justice issue,
righting government wrongs to the constituent group” (Walchuk, 2002).  They
have hired Washington, DC, lobbyists to support their efforts in Congress.  Ac-
tive citizen organizations continue to inform their constituents about RECA and
its amendments.  Many of the groups, such as the Western States RECA Reform
Coalition and the Mohave Downwinders, continue to seek further legislative
remedies.

While miners and downwinders were organizing around compensation legis-
lation in the late 1970s, lawsuits on behalf of workers were filed against mining
companies and the federal government.  They met with little success because, in
the case of mining companies, worker’s compensation precluded suits against
employers for on-the-job injury or illness.  Most of the worker’s compensation
claims were denied or never filed.  With few exceptions, mining companies have
not been held liable (Brugge and Goble, 2002).

A suit was brought against the Atomic Energy Commission (AEC) by John
Begay to seek redress for alleged harm from uranium mining activities in Begay
v. United States.  Begay’s petitioners argued that the government’s special trust
responsibilities toward Native Americans should not allow the normal exceptions
to apply to negligence toward Navajo uranium miners.  Nevertheless, the US
District Court in Arizona ruled that there was no subject-matter jurisdiction to
proceed because the federal government was shielded from prosecution and any
later tort liability by the discretionary-function exception to the Federal Tort
Claims Act (FTCA, 28 U.S.C. § 2674 ; 28 USC § 2680).  The court also ruled that
national-security interests overrode any claim to restitution.  “The court con-
cludes that all the actions of various governmental agencies complained of by
plaintiffs were the result of conscious policy decisions made at high government
levels based on considerations of political and national security feasibility fac-
tors.  All such decisions, including the PHS epidemiological study, were carried
out as directed.  Therefore this court lacks . . . subject matter jurisdiction to
proceed in these cases.  Because the discretionary function exception is disposi-
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tive, there is no need to discuss the other legal theories of plaintiffs or defendant”
(John N. Begay v. United States, 591 F. Supp. 991, 1984).

In its decision, the court mentions compensatory legislation in concluding
(John N. Begay v. United States, 591 F. Supp. 991, 1984) on the basis of informa-
tion presented to the court that “this tragedy of the nuclear age, however, cries for
redress.  Such relief should be addressed by the Congress as it was in the case of
the Texas City explosion following the decision of the Supreme Court in Dalehite,
supra; 69 Stat. 707.”

The case that opened the door for a legislative remedy for downwinders was
Allen v. United States.  The US district court for the District of Utah, 588 F. Supp
247 (D. Utah 1984), entered judgment against the government on nine of the
claims, and the United States appealed.  However, downwinder claims against
the government for damages under the federal tort act were definitively denied by
the US Court of Appeals for the 10th District.  On January 11, 1988, the US
Supreme Court refused to hear the writ of certiorari filed by Irene Allen and
others to overturn the federal appeals court decision.  Earlier, on April 20, 1987,
the US Court of Appeals for the 10th Circuit argued that “while we have great
sympathy for the individual cancer victims who have borne alone the costs of the
AEC’s choices, their plight is a matter for Congress.  Only Congress has the
constitutional power to decide whether all costs of government activity will be
borne by all the beneficiaries or will continue to be unfairly apportioned, as in
this case.  Until Congress amends the discretionary function exception to the
Federal Tort Claim Act (FTCA) or passes a specific relief bill for individual
victims, we have no choice but to leave them uncompensated” (Allen v. United
States, 816 F. 2d 1417 [10th Cir. 1987] cert. denied, No. 87-316 [Jan. 11, 1988],
p. 9).  By that time, attempts were already under way to seek redress through
Congress rather than through tort law and the court system.

Legislative History of the Radiation Exposure Compensation Act

The legislative history of RECA spans several decades.  It dates back at least
to April 19, 1979, in joint hearings on “Health Effects of Low-Level Radiation”
before the Subcommittee on Oversight and Investigations of the House Interstate
and Foreign Commerce Committee, the Subcommittee on Health and Scientific
Research of the Senate Labor and Human Resources Committee, and the Senate
Judiciary Committee.  The joint hearings, held in Salt Lake City, Utah, included
Governor Scott Matteson’s criticism of federal agencies, particularly AEC, for
suppressing information and failing to investigate health dangers posed by
nuclear-test fallout; the hearings also involved a description of nuclear fallout
deposited materials and health effects in Utah and advocacy of independent re-
search on the fallout problem.  The general counsel for what was then called the
Department of Health, Education and Welfare and later the Department of Health
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and Human Services (DHHS), the chairman of the Interagency Task Force on
Health Effects of Ionizing Radiation, and the director of the National Institutes of
Health explained the Carter administration’s efforts to address Utah residents’
concerns over radiation health effects, focusing on task-force establishment and
expansion of research programs.  Sheep ranchers and an agricultural agent from
Iron City, Utah, described the death and disease incidence among sheep exposed to
radiation during nuclear tests, criticized the government’s failure to warn the public
of nuclear dangers, and described the AEC’s explanation of sheep losses.  Testi-
mony was heard from residents of St. George, Utah, who were potentially exposed
to radiation and were allegedly experiencing radiation-related health problems.

Again in 1979, congressional hearings were held in Grants, New Mexico,
against the backdrop of attempts to create legislation modeled on black-lung
benefits, that is, a small monthly stipend.  On June 10, 1980, a joint hearing
before the Subcommittee on Health and Scientific Research and the Senate Judi-
ciary Committee was held to consider S. 1865, the Radiation Exposure Compen-
sation Act of 1979, to provide federal compensation to cancer victims and their
survivors for damages attributable to radiation from nuclear tests in Nevada
and to provide compensation to uranium miners.  Senator Pete V. Domenici
(R-NMex) testified on the difficulties of uranium miners and survivors in obtain-
ing just compensation for their losses.  Survivors of cancer victims gave personal
accounts of cancer cases and deaths that allegedly resulted from uranium mining
and nuclear-test fallout, and they described their problems with delayed or denied
compensation benefits under worker compensation and other programs.  Depart-
ment of Justice (DOJ) representatives and former Secretary of the Interior Stewart
Udall testified to the need to compensate those harmed by exposure to radiation
(United States Congress, 1980).

For more than a decade, during the period 1978-1990, hearings focused on
the federal government’s discretionary-function immunity.  Government repre-
sentatives cited the merits of Federal Tort Claims Act limitations on government
liability for personal injury or death claims.  During that period, the National
Research Council Committees on the Biological Effects of Ionizing Radiations
(BEIR) published reports on the risks related to exposure to radiation (NRC,
1980; 1988; 1990).  The reports identified cancers that are found at higher rates
among uranium workers and downwinders.  BEIR IV and BEIR V also helped
established standards of proof to be used in legislation in determining eligibility
for compensation (NRC, 1988, 1990).  As late as 1989, Stuart Gerson, assistant
attorney general in the Civil Division of DOJ, in testimony before the Subcom-
mittee on Administrative Law and Governmental Relations, denied any causal
relationship between radiation exposure from US nuclear testing and cancer dis-
orders (United States Congress, 1989).

During the same period, most of the hearings occurred in response to various
versions of a radiation exposure compensation act introduced in the Senate or
House of Representatives in the following congressional sessions:
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• 1979-1981: 96 S. 1827, 96 S. 1865.
• 1981-1983: 97 S. 1483.
• 1985-1987: 99 H.R. 1338.
• 1985-1987: 99 S. 2454.
• 1987-1989: 100 H.R. 1341 100 H.R. 3872, 100 H.R. 5022,
• 1987-1989: 100 S. 612.
• 1989-1991: 101 S. 982, 101 S. 2466,
• 1988-1991: H.R. 2372.

Representative Wayne Owens (D-Utah) with 172 cosponsors in the House of
Representatives and Sen. Orrin Hatch (R-Utah) with 133 cosponsors in the Senate
were among those supporting or sponsoring such an act.

On House acceptance of several amendments made by the Senate, H.R.
2372, the bill introduced by Representative Owens, became Public Law 101-426,
the Radiation Exposure Compensation Act on October 15, 1990.

The Original Radiation Exposure Compensation Act of 1990

RECA provided for compassionate payments to people in specific classes
who had contracted the following diseases:

• lung cancer (with eligibility modified by smoking behaviors);
• leukemia (other than chronic lymphocytic leukemia), provided that ini-

tial exposure occurred after the age of 20 years and the onset of disease was
between 2 - 30 years of first exposure; and, provided that onset was at least 5
years after first exposure,

– multiple myeloma,
– lymphomas (other than Hodgkin’s disease),

• primary cancer of:
– the thyroid (provided that initial exposure occurred by the age of 20

years),
– the female breast (provided that initial exposure occurred before the

age of 30 years),
– the esophagus (provided that the person had low alcohol consump-

tion and was not a heavy smoker),
– the stomach (provided that initial exposure occurred before the age

of 20 years),
– the pharynx (provided that the person was not a heavy smoker),

2Hansen R-UT, Schroeder D-CO, Skaggs D-CO, Richardson D-NM,  Bilbray D-NV, Vucanovich
R-NV, Kaptur D-OH,  Walsh R-NY,  Robinson R-AR, Fazio D-CA, Foglietta D-PA, Frost D-TX,
Fauntroy D-DC, Condit D-CA, Hatcher D-GA, Gilman R-NY,Slaughter D-NY, and Fuster D-PR.

3Hatfield R-OR, Kennedy D-MA, Garn R-UT, DeConcini D-AZ, Reid D-NV, Bryan D-NV,
Bingaman D-NM, Domenici R-NM, Pell D-RI, Wirth D-CO, McCain R-AZ, Inouye R-HI, and Gore
D-TN.
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– the small intestine,
– the pancreas (provided that the person was not a heavy smoker and

had low coffee consumption),
– the bile ducts,
– the gall bladder, and
– the liver (except if cirrhosis or hepatitis B was indicated) (PL 101-426).

• nonmalignant respiratory disease, including
– fibrosis of the lung,
– pulmonary fibrosis,
– cor pulmonale related to fibrosis of the lung, and “if the claimant,

whether Indian or non-Indian, worked in a uranium mine located on or within an
Indian reservation, the term shall also include moderate or severe silicosis or
pneumoconiosis” (PL 101-426).

Those diseases were already covered by the Radiation-Exposed Veterans
Compensation Act of 1988 (REVCA).  They were identified originally on the
basis of the findings in the BEIR 1980 report (BEIR III, NRC, 1980) and later
modified based on the findings of BEIR IV (NRC, 1988) and BEIRV (NRC,
1990).  The eligible classes designated by RECA included occupations in the
mining of uranium ore, specific groups onsite during an aboveground nuclear
detonation, and downwinders residing in specific counties of specific states (See
Map 2.2).  RECA required persons in those classes to provide proof that they met
eligibility requirements regarding exposure to radiation.  Among the require-
ments were exposure levels among uranium workers, presence during specific peri-
ods when aboveground detonations took place, and residence in downwind counties.

After the enactment of the original version of RECA, DOJ published regula-
tions governing its implementation in the Federal Register on April 10, 1992 and
again on March 22, 1999, “establishing procedures to resolve claims in a reliable,
objective, and non-adversarial manner, with little administrative cost to the United
States or the person filing the claim.”  (DOJ Web site http://www.usdoj.gov/civil/
torts/const/reca/about.htm, accessed December 23, 2004).  Those regulations were
the subject of considerable debate among various constituencies.

Period Between the Original and Amended Versions of the
Radiation Exposure Compensation Act

From October 15, 1990, to July 10, 2000, complaints were registered with
congressional offices regarding the scope and implementation of RECA.  The
complaints were in three categories: the limited number of diseases and their
narrow definitions, narrow or overtechnical DOJ regulations, and exclusion of
other mining-industry workers (House Report 106-697).  Many highly organized
citizens’ groups worked behind the scene with lobbyists to change the 1990
RECA.  Among the changes sought were expanding coverage of uranium work-
ers to include ore transporters and additional mining and milling occupations;
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lowering the standard of proof of exposure of uranium miners from 200 working
level months (WLMs) to 40 working level months (WLMs); removing the dis-
tinction between smokers and nonsmokers; offering some (albeit lower) compen-
sation payments to injured, deceased, or research-subject uranium workers whose
employment-related diseases were not compensable; doubling compensation for
eligible uranium workers; expanding the diseases for downwinders; and expand-
ing the geographic areas covered (Brugge and Goble, 2003).

The House Judiciary Committee, which examined the amendments to RECA
on June 27, 2000, was convinced by Chapter 18 of the President’s Advisory
Committee on Human Radiation Experiments report (ACHRE, 1995).4  The im-
portance of ACHRE’s report is that it led the House Judiciary Committee to
accept the advisory committee’s recommendation to lower the stringent require-
ments for compensation of exposed miners, eliminating the distinction between
smokers and nonsmokers and using length of employment instead of exposure
levels to verify eligibility.  Length of employment gained support because of the
lack of exposure measurements and the uncertainty associated with extrapola-
tions needed to calculate reconstructed exposure times.  The expert testimony of
Arthur C. Upton, formerly director of the National Cancer Institute (chairman,
Department of Environmental Medicine, New York University Medical Center,
and chair of the BEIR V Committee), Jonathan M. Samet (then professor and
chairman of the Department of Epidemiology, Johns Hopkins University and
chair of the BEIR VI Committee), and Duncan C. Thomas (then professor in the
Department of Preventive Medicine, University of Southern California, Los An-
geles and member of the BEIR V Committee) was another factor that influenced
the proposed amendment to expand the list of diseases and eliminate or change
exposure levels, age limits, length of latency periods, and alcohol, caffeine, and
smoking restrictions among downwinders.

DOJ responded to many of the proposed amendments (Robert Raben, assis-
tant attorney general, DOJ letter to Congressman Henry J. Hyde, R-Ill, January
24, 2000).  Although DOJ supported some amendments—including the addition
of some diseases, expansion of proof of disease or employment, and the ability to
use American Indian law, tradition, and custom in processing claims—the de-
partment also expressed concern on three areas.

First, DOJ argued that expanding compensation to millers and ore transporters
was premature and should await the results of the National Institute for Occupa-
tional Safety and Health (NIOSH) study commissioned by Congress in 1993.  The

4The final report of the Advisory Committee on Human Radiation Experiments (stock number
061-000-00-848-9), the supplemental volumes to the final report (stock numbers 061-000-00850-1,
061-000-00851-9, and 061-000-00852-7), and copies of the Executive Summary (stock number 061-
000-00849-7) may be purchased from the Superintendent of Documents, US Government Printing
Office.  Available at http://www.eh.doe.gov/ohre/roadmap/achre/index.html, accessed December 28,
2004.

Assessment of the Scientific Information for the Radiation Exposure Screening and Education Program

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11279


24 RADIATION EXPOSURE SCREENING AND EDUCATION PROGRAM

House Judiciary Committee claimed in response that the passage of amended legis-
lation should not be delayed and that “furthermore, given the extremely small
group of millers being studied, it is projected that the data will have limited statis-
tical significance and will therefore be merely anecdotal in nature” (House Rpt.106-
697–Radiation Exposure Compensation Act Amendments of 1999).

Second, DOJ disagreed with the expansion of downwinder regions not
defined by the National Cancer Institute (NCI).  It stated that “Section 3(b) of
S. 1515 would also add several new ‘Downwinder’ and ‘Onsite Participant’
diseases.  Similarly, S. 1515 would increase the Downwinder ‘affected area’ to
include Wayne and San Juan counties in Utah and the counties of Coconino,
Yavapai, Navajo, Apache, and Gila in Arizona.  The National Cancer Institute
(NCI), the experts in the field, advises us that, at this time, NCI cannot offer any
scientific support for the expansion of the RECA program to include these addi-
tional diseases, nor are there radiodosimetric studies or other scientific findings
to support the inclusion of the proposed areas” (Robert Raben, assistant attorney
general, DOJ letter to Congressman Henry J. Hyde, R-Ill., January 24, 2000).
The House Judiciary Committee dismissed that objection, stating that NCI had no
current studies monitoring downwinder cancer epidemiology.  It asserted that “to
ignore the written and personal testimonies of the hundreds of victims themselves
or survivors concerning their illnesses is unwarranted.  The strong evidence they
have supplied is sufficient to provide relief” (House Rpt.106-697–Radiation
Exposure Compensation Act Amendments of 1999).

Third, DOJ argued that lowering the radiation exposure of uranium millers
from 200 WLM to 40 WLM was not based on a sound, scientific approach.  DOJ
suggested instead, according to the House report, “implementation of a [sic]
multi-scale criteria using either the exposure-based or duration of employment
models.  These models involve computing the WLMs, age, time since exposure,
smoking habits, and other factors for each individual prior to evaluating the
disease status of the claimant” (House Rpt.106-697–Radiation Exposure Com-
pensation Act Amendments of 1999).  The House Judiciary Committee rejected
that suggestion, claiming that for most of the claimants, such data would be
incomplete.  Such burdens would be contrary to the intent of the original RECA.

The Radiation Exposure Compensation Act Amendments of 2000

S. 1515 became Public Law 106-246 known as the Radiation Exposure
Compensation Act Amendments of 2000, on July 10, 2000.  Stated reasons for
the amendments to the earlier RECA include:

• “Regulatory burdens have made it too difficult for some deserving indi-
viduals to be fairly and efficiently compensated.”

• “Reports of the Atomic Energy Commission and the National Institute for
Occupational Safety and Health testify to the need to extend eligibility to States
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in which the Federal Government sponsored uranium mining and milling from
1941 through 1971.”

• “Scientific data resulting from the enactment of the Radiation-Exposed
Veterans Compensation Act of 1988 (38 USC 101 note), and obtained from the
Committee on the Biological Effects of Ionizing Radiations, and the President’s
Advisory Committee on Human Radiation Experiments provide medical valida-
tion for the extension of compensable radiogenic pathologies.”

• “Above-ground uranium miners, millers and individuals who transported
ore should be fairly compensated, in a manner similar to that provided for under-
ground uranium miners, in cases in which those individuals suffered disease or
resultant death, associated with radiation exposure, due to the failure of the
Federal Government to warn and otherwise help protect citizens from the health
hazards addressed by the Radiation Exposure Compensation Act of 1990 (42
USC 2210 note).”

• “It should be the responsibility of the Federal Government in partnership
with State and local governments and appropriate healthcare organizations, to ini-
tiate and support programs designed for the early detection, prevention and educa-
tion on radiogenic diseases in approved States to aid the thousands of individuals
adversely affected by the mining of uranium and the testing of nuclear weapons for
the Nation’s weapons arsenal” (PL 106-246 [S. 1515] Jul 10, 2000 Radiation
Exposure Compensation Act Amendments of 2000 106 PL 246; 114 Stat. 501).

On August 7, 2002, DOJ issued regulations to implement the RECA amend-
ments (Department of Justice, Part IV 28 CFR Part 79 “Claims Under the Radia-
tion Exposure Compensation Amendments of 2000; Final Rule and Proposed
Rule” 79.3).  The Health Resources and Services Administration, an agency of
DHHS, followed suit on April 30, 2002, with its announcement of a grant program
to fund projects designed to carry out Congress’s intent to partner with state and
local governments in providing screening, referrals for service, and education
(PL 107-206).

Continuing Legislative Reforms of the Radiation
Exposure Compensation Act

Since the enactment of the RECA 2000 amendments, additional amend-
ments have been introduced into the House and the Senate.  These include

• H.R. 1131, the Paul Hicks Memorial Act.
• H.R. 1132, Ensuring Timely Payments Under the Radiation Exposure

Compensation Act.
• S. 898 (no title), to make technical amendments to RECA (42 USC 2210

note), to provide compensation to some claimants under the act, and for other
purposes.
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• S. 1438, the Defense Reauthorization Act.
• H.R. 2215, the 21st Century Department of Justice Appropriations

Authorization.

The Defense Reauthorization Act was signed into law on December 13, 2001
(Public Law 107-107).  It authorized appropriations for FY 2002 for military
activities.  Section 1063 of this broad bill also appropriates to the Radiation
Exposure Compensation Trust Fund such sums as may be necessary, not to
exceed specified maximums, in FY 2002-2011.

H.R. 2215 was enacted on November 2, 2002, as PL 107-273, the 21st
Century Department of Justice Appropriations Authorization Act.  It provides
technical amendments to RECA, including the reinsertion of a downwinder area
in Mohave County, Arizona (which had been inadvertently removed from the
2000 amendments), and a change in eligibility requirements for uranium miners
from 40 working levels months (WLMs) of radiation to either the 40 WLMs
exposure standard or the 1-year duration-of-employment standard already appli-
cable to uranium millers and ore transporters.  It also removed a requirement
(presumably a drafting error) that uranium workers with lung cancer submit
evidence of a nonmalignant respiratory disease (a requirement that excluded
most lung cancer claimants who did not also suffer from a nonmalignant respira-
tory disease).

DOJ issued a final rule—28 CFR Part 79 Part II—on March 23, 2004.  It
constitutes a revision of its existing regulations governing RECA. It is based on
both the RECA amendments of 2000 and the 21st Century Department of Justice
Appropriations Authorization Act.  In it, DOJ responds to many comments, in-
cluding nearly 50 letters it received on its proposed rule, issued August 7, 2002
(DOJ, 2002), regarding implementation of the 2000 amendments.  DOJ also
incorporates some technical revisions stemming from the Defense Reauthoriza-
tion Act.  Some public comments suggested clarification, and others requested
substantive changes.  DOJ makes the important point that it does not have the
authority to change a statute in its rule-making.  Hence, DOJ could not act on
many suggestions, for example, to include additional diseases, because it had
(ostensibly) no discretion in this matter.

In the final rule, DOJ examined a question that arose for this committee in its
hearings in St. George, Utah: Could exploratory drillers and core drillers be
included among uranium miners for compensation for diseases presumably re-
sulting from exposure to radiation?  In introducing such distinctions as in the
mine and at the mine, in defining employment at an aboveground mine, and in
examining extraction as a function of core drilling as well as mining, DOJ con-
cluded that to include core drillers would be to effectively change legislation
through regulation.  DOJ states that “Extracting uranium ore from within a mine
is one of the strict definitional limits that cannot be expanded by regulation.”  At
the same time, DOJ clarified that because the 2000 amendments expanded the
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definition of uranium mine to include aboveground mines, miners who worked
aboveground stockpiling ore and operating dump trucks would be eligible for
compensation, assuming that they satisfy other eligibility criteria (DOJ, 2004, p.
13629).

In its hearing in Window Rock, Arizona, this committee heard persons testi-
fying about their failed attempts at using affidavits in establishing proofs of
eligibility.  DOJ also clarified that matter in 79.4 of the final rule.  Miners can
substantiate uranium-mining employment history under some circumstances by
affidavit, but millers or ore transporters are not permitted to use affidavits for
these purposes (DOJ, 2004, pp. 13630-1).  Nor is an affidavit allowed as proof of
presence for downwinder claimants (DOJ responses to the committee’s ques-
tions, March 16, 2004).

The final rule went into effect on April 22, 2004.
In sum, the rule (DOJ, 2004, p. 13628):

1. “Describes the documentation required to establish proof of employment
in a uranium mine or mill or as an ore transporter.”

2. “Describes the medical documentation necessary to establish the exist-
ence of renal cancer and chronic renal disease.”

3. “Revises the provision concerning attorney representation of claimant
before the Department of Justice with respect to claims brought under the Act.”

4. “Incorporates the following revisions to the regulations:
a. inserts a portion of Mohave County, Arizona, previously covered un-

der RECA and erroneously stricken from the 2000 Amendments, as a radiation-
effected (sic) area for downwinder claimants;

b. clarifies the requirement that lung cancer be primary for all claimant
categories;5

c. adds a duration of employment standard as an alternative to a mini-
mum radiation exposure standard for uranium miners;

d. amends the documentation required to establish lung cancer for ura-
nium miner, miller, and ore transporter claimants; and

e. makes other minor revisions consistent with the Appropriations Au-
thorization Act.”

COMPENSATION IN THE RADIATION EXPOSURE
COMPENSATION ACT

Under RECA, a person is to be compensated if he or she meets two criteria:
the person is in a specific class defined by RECA, and the person has developed
one of the specific cancers or other diseases specified by RECA.  As noted above,
the criteria for both the classes of persons and the specific compensable diseases
have been modified since the original enactment of RECA in 1990.

5All cancers covered by RECA are primary cancers.
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Populations Covered by the Radiation Exposure Compensation Act

As amended, RECA defines five radiation-exposed populations whose mem-
bers are eligible for monetary compensation on documentation of specified expo-
sure and disease requirements.

Map 2.1 identifies areas in which activities took place for four of the five
populations covered by RECA (onsite participants include those in regions out-
side the United States).

The following subsections describe the five populations and their require-
ments for compensation.  The descriptions and maps included in this chapter are
taken from the DOJ program summary for RECA sent to the committee in May
2004.

Uranium Miners. RECA 2000 specifies a payment of $100,000 to eligible indi-
viduals employed in an above-ground or underground uranium mine located in
Colorado, New Mexico, Arizona, Wyoming, South Dakota, Washington, Utah,
Idaho, North Dakota, Oregon, and Texas at any time during the period beginning
on January 1, 1942, and ending on December 31, 1971.

A. Exposure. The claimant must have been exposed to 40 WLMs of radiation
while employed in a uranium mine or worked for at least one year during the
relevant time period.

MAP 2.1 Areas covered by Radiation Exposure Compensation Act.
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B. Disease. Compensable diseases include primary lung cancer and certain
nonmalignant respiratory diseases.  (See Table 2.1).

Uranium Millers. RECA 2000 specifies a payment of $100,000 to eligible indi-
viduals employed in a uranium mill located in Colorado, New Mexico, Arizona,
Wyoming, South Dakota, Washington, Utah, Idaho, North Dakota, Oregon, and

TABLE 2.1 Populations and Diseases Eligible for Compensation under
RECA

Diseases and Uranium Uranium Ore Down- Onsite
Conditions Miners Millers Transporters winders  Participants

Malignant Neoplasms
Bile ducts � �

Brain � �

Breast � �

Colon � �

Esophagus � �

Gall bladder � �

Leukemiaa � �

Liverb � �

Lung cancerc � � � � �

Multiple myeloma � �

Non-Hodgkins lymphomas � �

Ovary � �

Pancreas � �

Pharynx � �

Renal cancer � �

Salivary gland � �

Small intestine � �

Stomach � �

Thyroid � �

Urinary bladder � �

Nonmalignant Conditions
Chronic renal diseased � �

Cor pulmonalee � � �

Pneumoconiosis � � �

Pulmonary fibrosis,
fibrosis of lung � � �

Silicosis � � �

aExcluding chronic lymphocytic leukemia.
bExcept when cirrhosis or hepatitis B is known to be included.
cIncludes any physiologic condition of the lung, trachea, or bronchus that is recognized as lung
cancer by the National Cancer Institute.
dIncluding nephritis and kidney tubal tissue injury.
eRelating to fibrosis of the lung.
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Texas at any time during the period beginning on January 1, 1942, and ending on
December 31, 1971.

A. Exposure. The claimant must have worked for at least one year during the
relevant time period.

B. Disease. Compensable diseases include primary lung and renal cancer,
certain nonmalignant respiratory diseases, and chronic renal disease including
nephritis and kidney tubal tissue injury.  (See Table 2.1).

Ore Transporters. RECA 2000 specifies a payment of $100,000 to eligible
individuals employed in the transport of uranium ore or vanadium-uranium ore
from mines or mills located in Colorado, New Mexico, Arizona, Wyoming, South
Dakota, Washington, Utah, Idaho, North Dakota, Oregon, and Texas at any time
during the period beginning on January 1, 1942, and ending on December 31, 1971.

A. Exposure. The claimant must have worked for at least one year during the
relevant time period.

B. Disease. Compensable diseases include primary lung cancer, certain non-
malignant respiratory diseases, renal cancer, and other chronic renal disease in-
cluding nephritis and kidney tubal tissue injury.  (See Table 2.1).

Downwinders. The Act specifies a payment of $50,000 to a civilian individual
who was physically present in one of the affected areas downwind of the Nevada
Test Site during a period of atmospheric nuclear testing, and who later contracted
a specified compensable disease.

A. Exposure. The claimant must have lived or worked downwind of atmo-
spheric nuclear tests in certain counties in Utah, Nevada and Arizona for a period
of at least two years during the period beginning on January 21, 1951, and ending
on October 31, 1958, or, for the period beginning on June 30, 1962, and ending
on July 31, 1962.  The designated affected areas are: in the State of Utah, the
counties of Beaver, Garfield, Iron, Kane, Millard, Piute, San Juan, Sevier, Wash-
ington, and Wayne; in the State of Nevada, the counties of Eureka, Lander,
Lincoln, Nye, White Pine, and that portion of Clark County that consists of
townships 13 through 16 at ranges 63 through 71; and in the State of Arizona, the
counties of Apache, Coconino, Gila, Navajo, Yavapai, and that part of Arizona
that is north of the Grand Canyon.  Portions of Mohave County, Arizona are
reincluded in the 2000 Amendments.

Map 2.2 locates those counties.
B. Disease. After such period of physical presence, the claimant developed

one of the following specified diseases: leukemia (other than chronic lympho-
cytic leukemia), multiple myeloma, lymphomas (other than Hodgkin’s disease),
and primary cancer of the lung, thyroid, male or female breast, esophagus, stom-
ach, pharynx, small intestine, pancreas, bile ducts, gall bladder, salivary gland,
urinary bladder, brain, colon, ovary, or liver (except if cirrhosis or hepatitis B is
indicated).  (See Table 2.1).

Assessment of the Scientific Information for the Radiation Exposure Screening and Education Program

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11279


LEGISLATION AND COMPENSATION 31

Onsite Participants. The Act specifies a payment of $75,000 to individuals who
participated onsite in a test involving the atmospheric detonation of a nuclear
device, and who later developed a specified compensable disease.

A. Exposure. The claimant must have been present “onsite” above or within
the official boundaries of the Nevada, Pacific, Trinity, or South Atlantic Test
Sites at any time during a period of atmospheric nuclear testing and must have
“participated” during that time in the atmospheric detonation of a nuclear device.

B. Disease. After the onsite participation, the claimant developed one of the
following specified diseases: leukemia (other than chronic lymphocytic leuke-
mia), lung cancer, multiple myeloma, lymphomas (other than Hodgkin’s dis-
ease), and primary cancer of the thyroid, male or female breast, esophagus, stom-

MAP 2.2 Downwinder counties.
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ach, pharynx, small intestine, pancreas, bile ducts, gall bladder, salivary gland,
urinary bladder, brain, colon, ovary, or liver (except if cirrhosis or hepatitis B is
indicated).  (See Table 2.1).

Classes of Diseases Covered

As noted above, the compensable-claim categories of RECA are further
defined by whether members of the five populations contracted specific diseases
related to their exposures, which are defined by the pathologic conditions that are
recognized by NCI.  The age of a claimant at the time of initial exposure is
relevant in some diseases.  The number of years after which onset of disease
occurred is also relevant.6  All the specific diseases for each claimant category
covered by RECA are represented in Table 2.1.

Nature and Amount of Compensation

The compensation provided by Congress that is nontaxable is described as
partial.  “Partial” is undefined in the legislation.  Congress may have intended to
state that the compensation offered constitutes to only partial restitution.  Restitu-
tion or rectification is part of the ethical framework that undergirds RECA and,
although judged only partial, may function as part of a large package of full
restitution.  We discuss that in Chapter 8.

The partial compensation is provided in the form of “compassionate pay-
ments” or monetary awards.  RECA does not cover direct delivery of medical
services or payment for medical services, medical insurance premiums, or insur-
ance deductibles.  However, certain people who are eligible for compensation
under RECA may also be eligible for medical care under other auspices, includ-
ing other compensation legislation that we discuss below.

Table 2.2 lists the compensatory amounts that an eligible person receives
under RECA.  A person may receive compensation under only one subpart of the
regulations for the illness that he or she contracted.  A person who contracted
more than one of the eligible diseases or contracted a separate disease under
different circumstances (for example, was a miner and also worked in a uranium
mill) may be compensated only once.

If a person eligible for compensation under a compensable claim category is
deceased, his or her surviving beneficiaries may apply to receive compensation
on his or her behalf.  Those beneficiaries include, in the following order (if a prior
beneficiary is deceased), the spouse, a child, a parent, a grandchild, and a grand-
parent.  The benefit is shared equally among the members of each class of benefi-

6See 28 CFR Part 79 for the details regarding age of claimant and years to onset for each disease.

Assessment of the Scientific Information for the Radiation Exposure Screening and Education Program

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11279


LEGISLATION AND COMPENSATION 33

ciaries.  If the spouse is deceased, compensation is shared among the surviving
children; if all the children are deceased, compensation is split between the par-
ents; if both parents are deceased, the grandchildren divide the compensation
among themselves; finally, if grandparents outlive all the other beneficiaries,
they share the compensation among themselves.  If any beneficiary refuses the
relevant portion, it is returned to the trust fund rather than being distributed
among the remaining beneficiaries in the class (28 CFR Part 79.71).

If a person is both a claimant because he or she contracted one of the diseases
in a compensable claim category and a claimant as an eligible survivor, the
person may receive more than one payment—one payment for his or her own
illness and one payment for each instance of qualifying as an eligible surviving
beneficiary (28 CFR Part 79.75).

Claims to Date

The absolute sizes of the five compensable populations are difficult to know.
NIOSH and DOJ estimate that 20,000 underground uranium miners may have
worked during the period covered by RECA.  The current committee is unaware
of any published estimates of the sizes of the other four populations or the
number of aboveground uranium miners.

The relative sizes of the populations likely to file for compensation can be
gauged by using the claims processed.  Table 2.3 shows the numbers of claims
filed to November 21, 2004 for the four occupational categories of eligible persons
and the downwinder exposure category; the numbers of claims approved, denied,
and pending for each category; and the amounts of approved compensation.

The table shows that uranium miners and especially onsite participants have
higher rates of denial than the entire group of claimants and lower rates of
approval; ore transporters have a notably high percentage of pending claims.
Downwinders have a substantially higher rate of approved claims and lower rate
of denied claims than the entire group.

The 2000 amendments require a report to Congress from the Government
Accountability Office (GAO), formerly the General Accounting Office, every 18
months that contains a detailed accounting of DOJ’s administration of RECA.  The

TABLE 2.2 Partial Compensation under RECA by Population

Population Partial Compensation

Uranium miners $100,000
Uranium miller $100,000
Uranium ore transporter $100,000
Onsite participant   $75,000
Downwinder   $50,000
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report must contain an analysis of claims, awards, and administrative costs and a
budget for DOJ RECA activities or the Radiation Exposure Compensation Program
(RECP).  GAO submitted its first report on September 17, 2001 (GAO, 2001).
GAO then conducted a review of DOJ’s administration of RECA from August
2002 through February 2003 and produced a report in April 2003 (GAO, 2003).

In the April 2003 report, GAO noted that pending claims, processing time,
and payments of awards had all increased dramatically, in some cases by 300%.
Both the Congressional Budget Office (CBO) and DOJ estimated that the trust
fund used to cover these costs was underfunded.  GAO recommended that the
attorney general develop a strategy to address the underfunding for current and
projected claims over the period 2003-2011 (GAO, 2003).

In 2004, Congress passed the Consolidated Appropriations Act, 2005, which
provided an additional $27.8 million to the Radiation Exposure Compensation
Trust Fund in FY 2005, and beginning in FY 2006, makes funding for the Trust
Fund a mandatory and indefinite appropriation (PL 108-447).7

TABLE 2.3 Total Numbers and Percentages of RECA Claims Approved,
Denied, and Pending as of November 21, 2004a

Claims Claims Claims Total Amount
Total Approved Denied Pending of Approved

Population Claimsb (% of total) (% of total) (% of total) Compensationa

Uranium miner 5,824 3,130 2,089 605 $312,391,500
($100,000) (28%) (54%) (36%) (10%) (37%)
Uranium miller 670 409 124 137 $40,900,000
($100,000) (3%) (61%) (19%) (20%) (5%)
Ore transporter 155 96 33 26 $9,600,000
($100,000) (1%) (62%) (21%) (17%) (1%)
Onsite participant 2,130 758 1,095 277 $54,437,350
($75,000) (10%) (36%) (51%) (13%) (7%)
Downwinder 12,047 8,361 2,546) 1,140) $418,020,000
($50,000) (58%) (69%) (21%) (9%) (50%)
Total 20,826 12,754 5,887 2,185 $835,348,850

(61%) (28%) (10%)

aSource: http://www.usdoj.gov/civil/omp/omi/Tre_SysClaimsToDateSum.pdf, accessed November
21, 2004.
bPercentages in first and last columns refer to column totals; percentages in middle columns refer to
claims by claim type.

7This sentence was added and a quote from the 2003 GAO report was deleted from the report
after the prepublication draft was released, to acknowledge the provisions of the Consolidated
Appropropriations Act, 2005.
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OTHER COMPENSATION PROGRAMS

At least four pieces of federal legislation concerning radiation exposure and
the development of nuclear weapons have been enacted in the last two decades
that provide some form of compensation.  It is helpful to present information
about those programs together.  Those programs may apply to people who fall
into the RECA’s compensable-claim categories.  Hence, additional compensa-
tion in the form of payments or medical services is available to some of the same
classes of people through other programs.  And in some instances RECA com-
pensation is offset by other claims, awards, and payments, including compensa-
tion program payments.8  Offset payments do not include claims for worker’s
compensation.

Two compensation programs apply to military veterans.  They sprang from
the Veterans Dioxin and Radiation Exposure Compensation Act of 1984 (PL 98-
542) and Radiation Exposure Veterans Compensation Act (REVCA) of 1988 (PL
100-321).  They are administered by the Department of Veterans Affairs and the
Defense Threat Reduction Agency of the Department of Defense.  The popula-
tions that these programs cover include the onsite participants described by
RECA.  The magnitude of the awards is described as based on a “complex award
formula, not amenable to simple monetary quantification” (Walchuk, 2002; NRC,
2003b).  Payments to a military veteran may include disability payments or
compensation benefits and any dependency and indemnity compensation pay-
ments to survivors.  Those awards, settlements, or payments9 will be subtracted,
according to their actuarial present value, from payment under RECA.  Addition-
ally, “under certain conditions, veterans who are retroactively awarded service
connection may qualify for reimbursement of certain medical expenses (a family
member could file on behalf of the deceased veteran) back to the date of the
original claim filing.  These cases would be referred to as “not previously autho-
rized” claims and must meet generally three conditions: 1) treatment was for a
service connected condition or for a condition held to be aggravating an adjudi-
cated service connected disability; 2) a medical emergency; and 3) VA or other

8These claims must be based on adverse health effects incurred by the claimant on account of the
radiation exposures defined above.  A claim “includes but is not limited to any request or demand for
money made or sought in a civil action or made or sought in anticipation of the filing of a civil
action, but shall not include requests or demands made pursuant to life insurance or health insurance
contract.” (28 CFR Part 79.75).  Any such award or settlement payment is subtracted from the
payment under RECA.

9Those payments do not include active-duty pay; retirement pay; retainer pay; survivor-benefits
plan payments, such as death gratuities, or mortgage, life, or health insurance payments, burial
benefits or reimbursement for burial expenses, loans or loan guarantees, education benefits and
payments, vocational rehabilitation benefits and payments, medical, hospital and dental benefits, or
commissary and post exchange privileges.
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federal facilities not feasibility available” (correspondence with Department of
Veterans Affairs, March 31, 2005).

A third compensation program, based on the Energy Employees Occupa-
tional Illness Compensation Program Act of 2000 (EEOICPA) applies to Depart-
ment of Energy workers and contractor employees.  The Department of Labor
(DOL) administers the program.  DOJ provides information about the program to
those classes of people who are also covered by RECA who might be eligible.  If
a person or his or her survivor had been approved under RECA and was awarded
$100,000 in compensation, the recipient must separately file an EEOICPA claim
form with DOL.  RECA-eligible people do not have to meet the dose require-
ments (having already met the WLM or 1 year employment criteria), based on the
probability of causation and an assigned share, as do other energy employees
filing directly with EEOICPA.  However, under EEOICPA (but not RECA) a
uranium miner, miller, or ore transporter may be eligible for medical benefits
related to the condition for which he or she had been approved under RECA.
Those benefits begin on the date of filing with DOL and, unlike REVCA, “medi-
cal payments are made only to a living energy employee if the claim is approved;
no reimbursement is made for prior expenses, and no medical payments are made
to survivors if the energy employee is deceased” (correspondence with Depart-
ment of Labor, April 6, 2005).  Downwinders and onsite participants who have
been awarded compensation through RECA are not eligible for compensation
under EEOICPA.

Table 2.4 illustrates the relationship between RECA compensation payments
and those provided by other compensation programs that are also available to
some classes of people covered by RECA

When presented together as in the table below, one can easily see the simi-
larities and differences between four radiation exposure compensation programs
as well as the relations among the programs.  For example, in the area of medical
benefits, a uranium worker may elect to claim medical benefits under EEOICPA.
Some uranium workers and the class of downwinders do not receive medical
benefits under any of the exposure compensation plans.  They may receive them
directly from the Indian Health Service or through other medical-services deliv-
ery mechanisms that may be covered by private medical insurance (for which
they would have to pay premiums, copays, deductibles or coinsurance).  Clearly,
some people who are eligible for RECA’s compassionate payments are likely to
lack coverage or be underinsured for RECA disease-related medical care.
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CONCLUSION

This concludes our description of the background and historical develop-
ment of RECA and our description of the various aspects of compensation that it
includes.  In an upcoming chapter (Chapter 8) we explore the ethical framework
that undergirds the compensation legislation.  Such issues as equity in compensa-
tion and the ethics of screening are treated, along with other ethical concerns that
surfaced in our public meetings with stakeholders.  We insert this discussion after
our recommendations regarding the most recent scientific information related to
radiation exposure and associated cancers or other diseases (Chapters 4 and 7)
and whether other groups of people or additional geographic areas should be
covered under the Radiation Exposure Compensation Act (RECA) program
(Chapters 5 and 6).

Those recommendations are based in sound science.  Those in Chapters 9, 10
and 11 are grounded in evidence-based medical practice and studies regarding
effective educational strategies.  We turn now to the scientific matters about
which the committee has been charged.
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The scientific issues related to radiation and associated health effects are
complex and may be confusing for persons not professionally involved with
them.  The topics are even more complicated in the context of the Radiation
Exposure Compensation Act (RECA) and the Radiation Exposure Screening and
Education Program (RESEP).  This chapter will give concerned readers an op-
portunity to become familiar with the terminology and concepts used in the
radiological sciences.  It is limited to scientific topics directly related to the basic
charge presented to the committee.  The chapter is divided into three sections.
The first presents the principles of physics related to ionizing radiation.  The
second presents the biology necessary for understanding how radiation affects
cells and the mechanisms of radiation injury and repair.  The third section de-
scribes the methods used to identify and measure the risks to persons who are
exposed to radiation.

RADIATION PHYSICS

Definition of Radiation

Observable matter is made up of discrete components known as atoms and
molecules.  Atoms are divisible into particles, such as electrons, protons, and
neutrons.  Other elementary particles are part of the fabric of nature, but they are
more elusive and do not directly form stable atoms or molecules.  When a particle
or group of particles is accelerated, it can reach high energies and travel a large
distance in a very short time.  Radiation can be defined as any collection of

3

Basic Concepts in Radiation Physics,
Biology, and Epidemiology
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44 RADIATION EXPOSURE SCREENING AND EDUCATION PROGRAM

elementary particles that have sufficient energy to interact with and transfer some
of their energy to objects or materials that intercept their path.

Ionizing Radiation

Many different types of interactions can take place when radiation strikes an
object.  For instance, atoms in an irradiated object are neutral; they each consist
of a positively charged nucleus (made up of protons and neutrons) surrounded by
negatively charged electrons.  The process of removing an orbital electron from
an atom is called ionization.

Some types of radiation can transfer energy in a manner that creates ioniza-
tion in the object.  X rays and gamma rays are particles called photons that can
create ionization.  Microwaves, ultraviolet radiation, visible light, and infrared
are also photons, but they do not result in ionization and are referred to as non-
ionizing radiation.

Ionization created by radiation in living systems can have unique biologic
consequences that are different from those caused by nonionizing radiation.
RECA is related specifically to diseases found to have an association with expo-
sure to ionizing radiation.

The process that accelerates particles to form radiation can occur naturally.  For
example, the sun continuously emits particles that reach the atmosphere and result in
a continuous shower of elementary particles on the surface of the earth.  Some sources
of radiation are man-made, such as x-ray machines, particle accelerators used for
cancer therapy, and nuclear power reactors used to generate electricity.

Radioactivity

Radioactivity is another important source of ionizing radiation.  Every ele-
ment such as hydrogen, oxygen, or iron are defined by the number of protons in
the nucleus.  However, atoms of the same element can have a different number of
neutrons in the nucleus. These are called isotopes.  Isotopes are identified by the
name of the element and the total number of protons and neutrons in the nucleus.
For example, the element hydrogen has one proton, 1H.  There is another isotope
of hydrogen with one proton and one neutron, 2H, called deuterium and also one
proton and two neutrons, 3H, called tritium.  Some nuclei are unstable, and these
can transform (decay) into more stable nuclei by emitting particles—a process
called radioactive decay.  The emitted particles are a form of radiation originating
from radioactivity.

Every element in the periodic chart has at least one isotope that is radioac-
tive.  For instance, sodium-23 (23Na) is stable, but sodium-22 (22Na) and sodium-
24 (24Na) are radioactive; similarly, iodine-127 (127I) is stable, and iodine-131
(131I) is radioactive.  A salt containing natural potassium will always contain
some radioactive potassium-40 (40K).  Potassium is an essential mineral in our
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diet.  Some of the ingested potassium is absorbed in tissue.  That process is not
limited to potassium, but can occur with iodine, sodium, radium, and so on.
Therefore, all persons contain some radioactivity.

Each radioactive isotope has unique properties.  One property is the type of
particles emitted, and another is the energy of the particles emitted.  No two
radioactive isotopes emit the same combination of particles and energies.  There-
fore, one can identify the presence of a specific isotope at a given location by
measuring the types and energies of the emitted particles.

Radioactive decay is a random process: it is impossible to determine when a
given nucleus will decay.  However, it is possible to estimate how many nuclei in
a group will decay during a given period.  The half-life of an isotope is the time
it takes for half the nuclei in a group or sample to decay.  Thus, isotopes with
short half-lives decay rapidly and those with long half-lives decay more slowly.
No two isotopes have the same half-life.  For example, the half-life of nitrogen-16
(16N) is 7.3 seconds; that of radon 222 (222Rn), 3.8 days; that of 131I, 8 days; and
that of uranium-238 (238U), 4.5 billion years.

Radioactivity specifically refers to the rate at which decays occur.  The
amount of radioactivity present depends on the number of radioactive atoms and
their corresponding half-life.  The rate at which atoms are decaying is propor-
tional to the number of atoms divided by the half-life.  This decay rate is de-
scribed in units of either Becquerels (Bq) in the International System, SI, of units
or Curies (Ci) in the traditional system of units used in the United States; 1 Bq is
equal to 1 decay per second, and 1 Ci is equal to 37 billion decays per second.
The amount of radioactivity is often stated in terms of a millicurie (mCi), which
is one thousand times smaller than a Curie.  One microcurie (µCi) is one million
times smaller than a Curie and one picocurie is one trillion times smaller than a
Curie.  The amount of radioactivity at any time is reduced by one-half in a period
of time equal to one half-life.

Radioactivity generates radiation by emitting particles.  Radioactive materi-
als outside the body are called external emitters, and radioactive materials located
within the body are called internal emitters.

Types of Ionizing Radiations

Radioactive nuclei can emit several kinds of particles, but there are three
primary types: alpha particles (α), beta particles (β), and photons that are either x
rays or gamma rays (γ).  Several properties distinguish those particles from one
another.  One is electric charge; alpha particles are emitted with a positive charge
of 2, beta particles are emitted with either 1 negative charge (electron) or 1
positive charge (positron), and x rays and gamma rays have no charge and are
thus neutral.

Another important property is penetration of the particles through matter.
Alpha particles lose energy rapidly and stop in a very short distance.  Most travel
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no more than 3-5 centimeters in air and only about 30-50 microns in water or
tissue.  They cannot penetrate clothes or skin.  Alpha particles must be emitted
very close to biologic targets to produce an effect.  External alpha emitters there-
fore are generally not considered to pose a health hazard.  However, radioactive
materials can enter the body through inhalation, ingestion, or transfer through
cuts and wounds.  Some of this radioactive material passes through the body and
is eliminated, and some remains in tissues that might contain radiosensitive cells.
The distribution of the radioactive material in the body depends on the chemistry
of the radioactive element.  For example, radium has chemical properties similar
to those of calcium, and the alpha-particle emitter radium-226 (226Ra) will accu-
mulate with calcium in bone.

Beta particles are electrons that lose energy rather slowly when passing through
materials.  A high-energy beta particle can travel several centimeters through water
and tissue.  Lower-energy beta particles travel some fraction of that distance.
External emission of low-energy beta particles, as in the decay of tritium, which is
an isotope of hydrogen (3H), or carbon-14 (14C) is not considered a health hazard,
whereas external emission of high-energy beta particles from strontium-90 (90Sr)
reach some regions of the body that are sensitive to radiation.  As in the case of
alpha-emitters, the distribution of internal beta-emitters depends on the chemistry
of the radioactive element.  Strontium has chemistry similar to that of calcium, and
90Sr will accumulate in bone.  Most of the iodine in the body that is not excreted
will accumulate in the thyroid. Beta particles from 131I can originate in the thyroid
and deposit most of their energy there.

Photons can be very penetrating.  High-energy x rays and gamma rays travel
many meters in air and through many centimeters of concrete, iron, and tissue.
Thus, external gamma rays can penetrate and deposit energy throughout the
body.  The distribution of internal gamma-emitters depends on the chemistry of
the radioactive element.  Internally emitted gamma rays can deposit energy in the
tissue of residence or neighboring tissues.  For example, cesium-137 (137Cs)
deposited in soft tissues, and the entire body is exposed uniformly to gamma rays.

Radiation Measurements and Units

Radiation can be described and measured in many ways.  For purposes of
radiobiology and radiation protection, the concept of absorbed dose, D, is most
commonly used.  It does not measure each particle but describes the energy
deposited in a specified region.  Absorbed dose is the energy absorbed in a
volume of material divided by the mass of the material.  It is the result of the
physical interactions of the ionizing radiation within the volume of material.  An
absorbed dose can be delivered by any type or combination of types of radiation
in any type of material.

The units of absorbed dose are the gray (Gy) in the SI and the rad in the
traditional system often still used in the United States; 1 Gy is equivalent to 100
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rad.  The centigray (cGy) is a unit of convenience often used in cancer therapy
that is equivalent to 1 rad.

Dose rate refers to the distribution of dose as a function of time.  It can be
expressed as Gy per second (Gy s–1), per minute (Gy min–1), per hour (Gy h–1),
and per year (Gy y–1).  A protracted dose is one received over a long period of
time.  A given dose delivered within 1 h often will have different consequences
than the same total dose delivered over a period of one year.  In some cases, if the
dose rate is constant for long periods, it is referred to as continuous exposure to
radiation.  A dose rate can change with time; radiation could occur in the form of
random pulses or vary periodically.

Dose fractionation describes the case in which a dose is delivered in segments
or fractions over a specified period.  For example, in radiation therapy for cancer, a
total dose of 50 Gy might be delivered at a high dose rate of 2 Gy min–1 for only 1
minute per day over a period of 25 days (5 weeks, excluding weekends).

Equivalent Dose

The concept of absorbed dose, D, was created to estimate biologic effects of
ionizing radiation.  Scientists hoped that absorbed dose could serve as a universal
predictor of biologic effects and corresponding risks to humans from exposure to
ionizing radiation.  However, it was soon discovered that similar doses of radia-
tion from different particles produced different amounts of biologic damage.  In
some cases, up to 1 Gy of gamma rays is needed to produce the same effect as 0.1
Gy of alpha particles.  That was observed for many biologic systems and was
ultimately referred to as relative biological effectiveness (RBE).

RBE is related to the density or rate of ionization produced by a particle as it
passes through matter.  Linear energy transfer, LET, is a measure of the rate of
energy loss and therefore ionization along the track of a particle.  Alpha particles
have short tracks, but create large amounts of ionization along the track and are
referred to as high LET radiation.  Electrons and beta particles are sparsely
ionizing and are referred to as low LET radiation.  X rays and gamma rays create
electrons when they interact in materials and are also considered to be low LET
radiation.  To a first approximation, RBE increases with LET.

Rules for and regulation of radiation protection of humans must be related to
the risks associated with exposure to ionizing radiation.  RBE makes it impos-
sible to base a system of regulations on absorbed dose alone.  It was necessary to
include the type of radiation in a consistent manner that reflected changes in the
biology as well as the physics.  For this reason, the concept of equivalent dose
was established for purposes of radiation protection.  Equivalent dose (HT) in a
tissue or organ, T,  is the product of absorbed dose averaged within a tissue (DT)
and a radiation weighting factor (wR), and thus  HT = DT × wR.

The radiation weighting factor is used to adjust the absorbed dose to reflect
the RBE for radiation of type R.  It is thus related to LET.  Alpha particles have
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a wR of 20.  Beta particles, x rays and gamma rays have a wR of 1.0.  Equivalent
dose is described in sievert (Sv) or rem.

Effective Dose

Some tissues and organs are more sensitive to radiation than others.  When
the entire body is irradiated uniformly, all organs receive a dose and contribute to
the total risk of a health effect, such as cancer.  In some cases, particularly with
internal emitters, only one or two organs receive a dose, and the other organs are
not at risk.  When one needs to know the combined risk for such a case, it is
necessary to include a factor that is related to the risk to each of the exposed
organs.  The equivalent dose, HT, in each tissue, T, is multiplied by a tissue-
weighting factor, wT.  The effective dose, E, is then the sum of HTwT for all
exposed tissues.  Effective dose is a risk averaged dose that serves as a measure of
risk including adjustments for both the type of radiation, wR, and the tissues
exposed, wT.  Effective dose is expressed in sievert (Sv) when the absorbed dose
is measured in Gy, or in rem when the dose is measured in rads; 1 Sv = 100 rem.

The International Commission on Radiological Protection (ICRP, 1991) has
made recommendations for values of wT  on the basis of the occurrence of cancer
and hereditary effects observed in exposed populations.  The currently accepted
values are shown in Table 3.1.

One way to interpret Table 3.1 is for a large population of persons irradiated
uniformly.  Some people might develop cancer as a result of the absorbed dose
received.  The types of cancer associated with radiation would be distributed
according to the fraction represented by wT in Table 3.1.  ICRP makes recom-

TABLE 3.1 Currently Recommended Tissue Weighting Factors, wT
a

Tissue wT

Gonads 0.20
Bone marrow 0.12
Colon 0.12
Lung 0.12
Stomach 0.12
Bladder 0.05
Breast 0.05
Liver 0.05
Esophagus 0.05
Thyroid 0.05
Skin 0.01
Bone surfaces 0.01
Remaindera 0.05

Total 1.00

awT for the remainder is divided equally between adrenals, brain, upper large intestine, small intes-
tine, kidney, muscle, pancreas, spleen, thymus, and uterus.
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mendations for revising the values as new evidence on cancer incidence and
tissue sensitivity becomes available.

Natural Background Radiation

All persons are exposed to ionizing radiation from natural sources.  Sources
of background radiation can be outside the body (external radiation) or inside the
body (internal radiation).  The primary contributions to external radiation from
natural background are cosmic rays and penetrating gamma rays emitted by
radioactive materials in rocks and soil, in particular 40K, 232Th and 238U.  The
primary contributions to internal radiation from natural background are radioac-
tive materials that enter the body through the diet—40K, carbon-14 (14C), 226Ra—
and inhaled radioactivity originating from 222Rn.

Natural background radiation can have large variations.  Exposure rates
around the world depend on geography, geology, and housing environments.
Table 3.2 shows a summary of the average annual effective dose received from
natural background radiation by persons in the United States and the average
received by persons residing near the mountains in the western part of the country
(NCRP, 1987).

There are other exposures to ionizing radiation.  The most common sources
are medical examinations that prescribe diagnostic x rays and computed tomog-
raphy (CT) scans.  Table 3.3 shows the effective dose received from several types
of diagnostic examinations (NCRP, 1987).

In addition to medical examinations, the general population may be exposed
to radiation from industrial applications and consumer products.  Figure 3.1
shows the relative contribution to effective dose for an average person in the
United States from natural background and man-made sources (NCRP, 1987).

In Figure 3.1, cosmic refers to the contribution from external radiation from
penetrating particles originating in the atmosphere.  Terrestrial refers to the
contribution from external gamma rays originating in radioactivity in soil, rocks,
and building materials.  Internal radiation refers to the contribution from radioac-
tivity deposited throughout the body from diet and inhalation.  Radon represents

TABLE 3.2 Average Annual Effective Dose Received by People in the
United States from Natural Background Radiation

United States Mountains
Source (mSv/year) (mSv/year)

External Cosmic rays 0.3 0.6
External Radioactivity 0.3 0.6
Internal Radioactivity 0.4 0.4
Radon Inhalation 2.0 3.4

Total 3.0 5.0
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the contribution from inhalation and deposition of radioactivity in the lung that
originates from radon gas.  Medical represents the contribution from diagnostic
medical examinations.  Other represents the contribution from man-made sources
of ionizing radiation, such as the nuclear-power industry and consumer products
(for example, smoke detectors, CRT monitors, porcelain, and tobacco).

Uranium

The original nuclear-weapons program depended on exploration, mining,
and milling of natural uranium.  At that time, most of the known uranium deposits
were deep underground and required extensive mining operations that were labor-
intensive.  As mentioned earlier, uranium is radioactive and has a very long half-
life.  When uranium decays, it emits an alpha particle.  The remaining nucleus,
thorium, is also radioactive.  It promptly decays by emitting a beta particle.  That
radioactive sequence continues for 13 decays until a stable isotope of lead is

TABLE 3.3 Effective Dose Received from Diagnostic Examinations of
Specific Organs and Tissues

Examination mSv

Arms and legs 0.10
Chest 0.08
Pelvis 0.44
Upper gastrointestinal tract 2.40
Mouth (Dental) 0.03
Breast (mammography) 0.40
Head and body (CT) 1.11

Radon
55%

Cosmic
8%

Terrestrial
8%

Internal
11%

Medical
15%

Other
3%

FIGURE 3.1 Relative contribution to average effective dose received by persons living
in the United States.  The striped sections are from man-made sources of ionizing radia-
tion.  The other sections are from natural background radiation.
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formed. Thus, alpha (α), beta (β), and gamma (γ) radiations are present in under-
ground mines. Their presence can result in external exposure to gamma rays and
internal exposure to alpha, beta, and gamma radiations from inhalation and
unintentional ingestion of ore dust.

Risk to Miners

In general, the most hazardous exposure pathway for underground miners is
not related to the ore dust itself or external gamma rays.  About halfway through
the uranium decay process, 226Ra decays into 222Rn.  Radon is an inert gas that
escapes from the rocks and begins to accumulate in the mine.  It ultimately
decays.  This initiates a prompt series of decays that occur within a matter of
minutes:

222Rn → polonium-218 ( 218Po) → lead-214 ( 214Pb) →
bismuth-214 ( 214Bi) → polonium ( 214Po) →

Those four short-lived radioactive descendants or decay products of radon
have historically been called radon daughters.  They can become suspended in air
and are respirable.  Inhaled radon is rapidly exhaled whereas radon decay prod-
ucts can deposit in the airways.  Alpha particles emitted by 218Po and 214Po can
deliver a large amount of energy and result in a large dose to cells in the airways.
Those processes have been directly associated with the development of lung
cancer in uranium miners.  They are also the reasons for concern in family
dwellings that have high concentrations of indoor radon from natural background.

The concentration of the short-lived decay products of radon is measured in
working level (WL).  A person’s exposure at a given location is based on the
concentration of decay products and the amount of time the person spends at the
location.  That exposure is expressed in working level month (WLM).  For the
purposes of this definition, 1 month is considered to be 170 h.  Thus, 1 WLM is
equivalent to 1 WL for 170 h, 2 WL for 85 h, 5 WL for 34 h, and so on.  The risk
of radiation-induced lung cancer is related to the exposure in WLM.  For com-
parison purposes, 1 WLM delivers an effective dose of about 10 mSv (1 rem) to
the trachea bronchial region of the respiratory tract.

Risk to Ore Transporters and Millers

After uranium ore is extracted from the mine, it is shipped to a mill, where it
is crushed into fine sand and subjected to a chemical process to remove uranium
selectively from the ore.  The final product, uranium oxide (U3O8), often called
yellowcake, is used for the production of weapons or as fuel for nuclear reactors.
The remaining sands, called uranium mill tailings, are placed into a tailings pile
close to the mill.
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Yellowcake has a much higher concentration of uranium than the original
ore removed from the mine.  However, because uranium has an extremely long
half-life, the radioactivity is not the principal hazard.  The most serious hazard is
heavy-metal chemical toxicity because of ingestion or inhalation.

Risk from Mill Tailings

The fine silt and sands in mill tailings contain all the other radioactive iso-
topes in the ore except the uranium.  In effect, that represents all the radioactivity
in the uranium decay series, including radon.  Because radon is a noble gas, it can
escape from the sands and is a potential route of exposure of persons residing
near the mill or of exposure later when the tailings are used for construction or
landfill around homes.  Exposure to external radiation and radon decreases rap-
idly with distance from the tailings.

Nuclear Weapons and Fallout

Yellowcake is an oxide of natural uranium.  Natural uranium consists of the
isotopes 238U (99.3%), 235U (0.7%), and 234U (trace).  235U is necessary for a
nuclear weapon.  Thus, the yellowcake must undergo another process to increase
the proportion of 235U.  That is called enrichment, and the desired product is
enriched uranium.  The remaining byproduct is called depleted uranium and is
almost exclusively 238U.

When a nuclear weapon is detonated, energy is released through a process
called fission.  Fission occurs when a heavy nucleus absorbs an additional neu-
tron and then violently splits into two pieces and a few extra neutrons.  If neutrons
survive to produce another fission, the process can sustain itself.  Weapons are
designed to generate enough fissions to initiate an explosion in a fraction of a
second following detonation.  The first nuclear weapons released energy equiva-
lent to 15,000 tons (15 kiloton) of TNT.  Later versions used either 235U or
plutonium-239 (239Pu) to produce fission yields over 1,000 kilotons.

The two nuclear fragments that remain after fission are called fission prod-
ucts.  Many possible combinations of fragments can occur.  One or both of the
fission products can be radioactive.  Some have very short half-lives and so decay
within seconds or minutes.  Others have half-lives of days (for example, 131I) or
years (for example, 90Sr, and 137Cs).

Fission products are propelled into the atmosphere by the force of the explo-
sion.  They can remain suspended and transported by winds.  Eventually, the
radioactive fission products settle back toward the surface of the earth and are
called fallout.  Fallout can be increased locally by precipitation wash-out (Beck,
2002; Bennett, 2002).  Fallout can be responsible for both external and internal
exposures of people in the vicinity.  More than 150 fission products have half-
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lives greater than 1 h.  Some of the important radioactive fission products in
fallout and their principal exposure pathway are listed in Table 3.4.

Dosimetry

Dosimetry is the process of determining the effective dose received by per-
sons exposed to ionizing radiation.  The most accurate way to determine dose to
an individual is to make measurements with a dosimeter assigned to each person.
That is required today for radiation workers that might be exposed during routine
occupational activities.  Area monitors measure external radiation or radioactiv-
ity suspended in the air at specific locations.  No dosimeter can directly measure
the dose to the lung from the inhalation of radioactive materials, so area monitors
are the principal instruments used for measuring and controlling internal expo-
sure in underground mines.

Personal dosimeters were not available for all persons who might have been
affected by fallout from atmospheric weapons testing.  The US Atomic Energy
Commission collected fallout on gummed film at more than 100 locations in the
United States and its territories.  The film was collected regularly and analyzed to
estimate radioactivity deposited on the ground (Beck et al., 1990).  The resulting
data and weather patterns were used to create maps of fallout across the country.

Dose reconstruction is a computational process for estimating the dose to
persons in situations when direct measurements are incomplete or unavailable.  The
National Cancer Institute has developed maps that show concentrations of radioac-
tivity deposited in the United States from fallout during the period of atmospheric

TABLE 3.4 Some Important Fission Products in Fallout and Their Exposure
Pathways.  They are Ordered with Increasing Atomic Mass

External Internal
Fission Product Symbol Half-Life Emissions Exposure Exposure

Manganese 54Mn 300 days γ �

Strontium 89Sr   52 days β �

Strontium 90Sr   28 years β �

Zirconium 95Zr   64 days β,γ �

Zirconium 97Zr   17 hours β,γ �

Ruthenium 103Ru  39 days β,γ �

Ruthenium 106Ru 368 days β �

Iodine 131I   8 days β,γ � �

Iodine 133I   22 hours β,γ � �

Cesium 136Cs  13 days β,γ �

Cesium 137Cs 300 days β,γ � �

Barium 140Ba 13 days β,γ � �

Neptunium 239Np       2.4 days β,γ �

Plutonium 241Pu      14.4 years α �
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weapons testing.  These data can be used to estimate the dose from internal and
external radiation to persons living downwind of a test site.  A more extensive
description of these maps and dose calculators is presented in Chapter 4.

RADIATION BIOLOGY

When people are exposed to ionizing radiation from sources outside or inside
the body, the radiation may interact with molecules in cells in their path.  As
described earlier in this chapter, some ionizing radiation can travel through a few
or several layers of cells (beta-particle radiation) or through many cell layers into
and through tissues deep within the body (x and gamma radiation), whereas
alpha-particle radiation has short paths or tracks. The rate at which radiation loses
energy along its tracks is referred to as linear energy transfer (LET) and depends
on its track length.  Thus, beta-particle radiation and the electrons associated
with x and gamma rays, which are sparsely ionizing, are described as low-LET
radiation, and alpha-particle radiation, which is densely ionizing, as high-LET
radiation.

Biologic Actions of Ionizing Radiations

The main target of importance with respect to radiation damage is the deoxy-
ribonucleic acid (DNA) in the cell’s nucleus.  The interactions between ionizing
radiation and DNA can be direct or indirect.

Direct interactions occur when the radiation is deposited or transfers its
energy directly to DNA.  However, the probability of direct interactions is low
because the volume of DNA is small relative to the total volume of the cell.
Direct interactions occur more commonly when the radiation is of the densely
ionizing type, such as alpha- or beta-particle radiation, than when it is less densely
ionizing, such as gamma and x radiation.

Radiation interacts indirectly with DNA by first interacting with water mol-
ecules in the vicinity of the DNA, causing ionizations that result in the formation
of free hydroxyl radicals.  The free radicals can then diffuse to the vicinity of the
DNA and can cause alterations in it.  About 60% of the DNA damage caused by
radiation is the result of indirect interactions.  However, few of the many interac-
tions that occur result in DNA damage, because most of the free radicals disperse
and deposit their energy without interacting with DNA.

Biologic Sensitivity to Ionizing Radiations

An important concept in radiation biology is that the most rapidly dividing
cells are the least well differentiated and are the most sensitive to radiation and
thus are the most vulnerable to radiation-induced death and injury.  The concept
of radiosensitivity was formulated by Bergonie and Triboneau (1906).  Some
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proliferative cells in the testis, red bone marrow, and intestinal mucosa, are
among the most radiosensitive.  Cells that divide more slowly, if at all, and cells
that are highly differentiated, such as mature red blood cells and muscle and
nerve cells, typically are relatively insensitive to radiation.  Large lymphocytes (a
type of white blood cell) divide more frequently than do small lymphocytes, but
they are both highly sensitive to radiation.  One of the earliest clinical effects of
an acute whole-body dose of radiation—over about 250 mSv (25 rem)—in hu-
mans is a rapid fall in the number of large lymphocytes, beginning within 24 h.
Because small lymphocytes divide infrequently radiation-induced changes in their
DNA are more persistent, so aberrations in them can persist for many years after
a large radiation dose (Goans et al., 2001).

A radiation dose delivered all at once or within a short period has a greater
biologic effect than the same total dose delivered in small amounts over a period
of weeks (fractionation) or in very small amounts continuously over a long period
(protraction).  In the latter cases, fewer cells are likely to be killed or lethally
damaged at one time.  DNA repair can proceed in the intervals between the
successive exposures of a single cell from a fractionated exposure, or may be
sufficient to counteract damage occurring during a protracted exposure, so that
low dose rates allow for cell recovery or replacement.

Radiation-Induced Biological Damage

External exposure of the whole body or a substantial part of the body to
penetrating radiation, such as gamma and x rays, can damage DNA in the cells of
tissues deep within the body.  External radiation dose is deposited independent of
differential uptake in cells and sub-cellular regions due to ongoing local meta-
bolic processes.  Inhomogeneous dose distribution is more characteristic of inter-
nal emitters than external radiation sources.  When an exposed person leaves the
vicinity of an external source of radiation, no further dose is received from that
source.

High-energy alpha- or beta-particles deposited on or close to the skin can
penetrate the outer layers of dead and aging skin cells to reach the deeper or
germinal layer in which cells are actively dividing.  Radioactive particles that
enter the body are distributed through many organs according to the nature of the
metabolism of the particles, and the functions of the different organs.  Only rarely
are they distributed uniformly throughout the body; most are deposited in target
tissues or organs; for example, 131I, like stable iodine, targets the thyroid gland.
The dose deposited in different organs is the best measure of radiation to use in
correlations of internal dose with observed and expected effects.  Doses to differ-
ent organs from radioactive particles in the body are likely to be quite heteroge-
neous; large differences between organs are based on metabolic factors.  Radio-
activity taken into the body persists until it decays away or the radioactive element
is eliminated from the body.
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Repair of Radiation-Induced Damage

Repair of DNA damage caused by radiation from sources outside or inside
the body is an effective, normal biologic process.  This highly efficient repair
process, which has evolved over many millennia, enables organisms, including
humans, to survive and thrive despite constant exposure to background levels of
radiation in the environment that in earlier millennia were much higher than they
are now.  However, ionizing radiation is more likely to damage both strands of
DNA simultaneously than are normal metabolic processes.  That is because ion-
izations may occur close together along the tracks of charged particles (electrons,
protons, and alpha particles), thereby damaging both DNA strands and producing
DNA double-strand breaks or other damage affecting both DNA strands in close
proximity.

Repair of radiation-induced damage is usually complete and accurate, restor-
ing damaged DNA to its full function.  But if the damage is irreparable and the
cells die immediately or are unable to divide to produce new cells of the same
type, cell systems become depleted; and if the rate of depletion exceeds the rate at
which the body can replace the lost cells, the underlying radiation-induced bio-
logic damage is likely to become clinically evident in the form of adverse health
effects.  Radiation biologists describe such effects as deterministic effects be-
cause their type and severity are determined by the nature and magnitude of the
radiation dose received.  DNA repair also can be incomplete or inaccurate, in
which case cells survive and divide but with some probability of changes, or
mutations, in some of their genes.  In time, such mutations may result in other
adverse health effects, primarily cancer.  Radiation biologists describe these late
or delayed-onset effects as stochastic effects because their occurrence follows
some random probability distribution or pattern; that is, they are effects that
occur at random with some degree of probability that is related to a person’s
radiation dose.

Human Health Effects of Radiation-Induced Biologic Damage

The onset of deterministic health effects may be acute or delayed, depending
on the type.

Acute or Early Deterministic Effects

Acute or early deterministic effects become clinically evident within minutes
up to about 2 months after an acute radiation exposure of the whole body or
partial body of sufficient magnitude to cause a critical number of cells in indi-
vidual tissue systems, such as the blood-forming tissues, to die prematurely or to
lose their ability to divide.  The higher the acute radiation dose, the earlier the
deterministic effects occur after the exposure and the more severe they are.  Clini-
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cal, epidemiologic, and animal studies have shown that threshold doses of radia-
tion are required to cause specific deterministic effects, that is, dose thresholds
below which specific types of deterministic effects are not seen (Mettler and
Upton, 1995).  The minimum or threshold doses necessary to cause specific de-
terministic effects depend on the radiation sensitivities of the exposed cell sys-
tems. Estimated threshold absorbed doses for selected deterministic effects of
acute exposure to low-LET radiation are shown in Table 3.5.

The spectrum of early signs and symptoms observed after a whole- or partial-
body dose of 0.5-1.0 Gy or more is known as the acute radiation syndrome
(ARS).  The clinical features of the ARS have been described in detail by Young
(1987).  On the basis of the committee’s review of information about recon-
structed radiation dose estimates of downwinders and onsite participants, it is
considered highly unlikely that people in the RECA populations received acute
whole- or partial-body doses of gamma radiation of sufficient magnitude to cause
deterministic effects, including the ARS (Lloyd et al., 1990; Henderson and
Smale, 1990; Till et al., 1995; Caldwell et al., 1983).

Exposure to ionizing radiation at natural background levels normally present
in the environment does not result in discernible deterministic health effects in
humans.

Late Deterministic Effects

Some types of deterministic effects may appear many months or years after
an exposure to a relatively high dose of radiation; these effects result from cell
death or injury that occurred at the time of the exposure but which do not become
clinically evident until a long period has passed.  This category includes radiation-
induced cataract, fibrosis, fibrovascular atrophy, thyroid dysfunction, and effects
in an exposed embryo or fetus.

Cataract is one of the few health effects of radiation exposure that essentially
is pathologically characteristic, at least in its early stages, of radiation injury.

TABLE 3.5 Estimated Threshold Absorbed Doses for Selected Deterministic
Effects of Acute Exposure to low LET Radiationa

Health Effect Organ Dose (mSv) Reference

Temporary infertility Testis 150 ICRP, 1984
Depression of blood cell Bone marrow 500 ICRP, 1984

formation process
Reversible skin effects Skin 1,000-2,000 UNSCEAR, 1982
Permanent sterility Ovary 2,500-6,000 ICRP, 1984
Temporary hair loss Skin 3,000-5,000 UNSCEAR, 1982
Permanent sterility Testis 3,500 ICRP, 1984
Cataract Lens of eye 5,000 ICRP, 1984

aSOURCE: Adapted from IOM, 1999.
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Cataracts of the posterior subcapsular type have been described as being clini-
cally detectable and distinguishable from cataracts due to other causes after doses
to the lens of about 2 Gy of low LET radiation and a minimum latent period of
about 10-12 months.

The threshold doses of radiation to localized areas of the body sufficient to
result in radiation-induced fibrosis, fibrovascular atrophy, and thyroid dysfunc-
tion are considerably higher than the threshold dose for cataract induction.

Exposure of a pregnant woman to radiation may cause nonspecific determin-
istic effects in the embryo or fetus.  Such in utero effects may be expressed
clinically in the embryo or fetus or after the child’s birth.  The nature of these
effects and their severity are related to the radiation dose to the embryo or fetus
and the period of the pregnancy (gestation) in which the exposure occurred (Brent,
1999) (see Chapter 7).

Stochastic Effects

Radiation-induced damage that is incompletely or incorrectly repaired in-
creases the probability of genetic mutations in affected cells.  If the affected cells
are of the somatic type, that is, the type of cell that is not handed on to a person’s
offspring, the probability is increased for stochastic (late) effects such as cancer,
appearing in irradiated people years or even decades after exposure.  If the af-
fected cells are of the reproductive type—that is, they are transmitted to the next
generation—there also is a small probability of radiation-induced heritable ge-
netic effects in the progeny of those exposed.  Such effects, which are not pecu-
liar to radiation, occur randomly with frequencies and probabilities that increase
with increasing dose.  Their severity is unrelated to dose.  In the absence of
definitive biologic or epidemiologic data to the contrary, it is assumed that there
is no dose threshold below which the risk of stochastic effects is zero.

Cancer and the Carcinogenic Effect of Radiation Cancer is a collective term
used to describe many types of malignant diseases.  Their induction and develop-
ment follow a multistage process that is not yet fully understood but is known to
be influenced by many factors inside and outside the body.  Cancer occurs mainly
in older people.  The American Cancer Society estimates that 40-45% of the US
population develop some form of cancer during their lifetime and that cancer
accounts for about 25% of deaths in the United States (Jemal et al., 2004).
Exposure to radiation has been shown to increase the cancer risk in the exposed
population by some amount that is often related to the dose and to the normal or
background risk in the nonexposed population.

After exposure to radiation, mutations induced in somatic cells (cells whose
genes are not passed on to the next generation) of an exposed person may alter
cell proliferation and result in benign or noncancerous tumors.  Additional muta-
tions may then cause malignant changes whereby a benign tumor becomes malig-
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nant.  Theoretically, radiation-induced mutations in a single somatic cell can
eventually result in the cell and its progeny becoming malignant or cancerous;
this progression is complex and depends on a variety of factors, only some of
which have been characterized.  On the basis of animal and epidemiologic stud-
ies, factors known to influence radiation induction of tumors include age at the
time of exposure, sex, genetic background, and immune status; these host factors
and other known factors are discussed in more detail in Chapters 4 and 7.

In the absence of definitive data, scientists generally assume that all types of
cancers are susceptible to induction by ionizing radiation.  However, animal and
epidemiologic studies have shown some cancers to be more likely to have been
caused by radiation than others.  Various types of cancer grouped by the strength
of their statistical association with radiation and available risk estimates obtained
in analyses of data from epidemiologic studies of populations at risk of exposure
are shown in Table 3.6.

The time between the induction of any disease and its clinical detection or
diagnosis is known epidemiologically as the latent period.  Because we do not
know precisely when a tumor is induced after a radiation exposure, the latent
period of a radiation-induced tumor in an exposed person generally is taken to be
the time between exposure and detection or diagnosis of the tumor.  On the basis
of epidemiologic data, the minimum latent periods for radiation-induced leuke-
mia and most solid cancers usually are taken to be about 2 years and 10 years,
respectively.  For thyroid and bone cancers, the minimum latent periods are
estimated to be about 5 years.  Age-at-exposure and the magnitude of the radia-
tion dose have been shown in epidemiologic studies to influence the latent peri-
ods of some specific tumor types that have been causally associated with radia-
tion exposure.

The relative risk (RR) of developing leukemia (all types except CLL) after
radiation exposure appears to rise to a plateau about 15 years after exposure and
then about 25 years after exposure to begin a gradual decline toward the risk in
the general, or nonexposed, population.  The RRs for solid cancers appear to
increase to a plateau at about 25 years after exposure and to remain at that level
for an extended period—possibly for life, depending on the type of cancer.

Radiogenic cancers, cancers that can be attributed to radiation exposure, are
histopathologically and clinically indistinguishable from spontaneous, or natu-
rally occurring, cancers in nonexposed populations.  As is discussed later in this
chapter, attribution of cancer in general or of specific cancer types to radiation
therefore must depend on the observation of statistical differences between their
frequencies in populations exposed and those not exposed to radiation (other than
background exposures).

When a specific type of cancer is described as radiogenic it does not mean
that every cancer of that type was caused by radiation; rather, it means that it is a
type of cancer that has been statistically associated with radiation exposure in
studies of exposed populations.  Similar findings for a specific cancer type in
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several epidemiologically valid population studies confirm the association as
causal.

Most populations for which strong associations have been found between
increased risks of specific cancers and radiation, were exposed to moderate to
high doses of radiation at high dose rates.  The findings of updated studies of
several of those populations are discussed in Chapter 4.

TABLE 3.6 Susceptibility of Cancers to Induction by Radiation, Grouped by
Strength of Association with Radiationa

High susceptibility
Bone marrow (leukemia other than chronic lymphocytic leukemia, CLL)
Breast (female)
Salivary glands
Thyroid

Moderate susceptibility
Urinary bladder
Colon
Stomach
Liver
Lung
Ovary
Skin

Low susceptibility
Bone
Brain
Connective tissue
Kidney
Larynx
Nasal sinuses

Very low or absent susceptibility
Cervix of the uterus
Body of the uterus (endometrium)
Chronic lymphocytic leukemia
Oral cavity
Esophagus
Melanoma
Prostate
Pancreas
Rectum
Gallbladder
Hodgkin’s disease
Lymphatic system and myeloma
Testes
Muscle
Small intestine

aSOURCE: Adapted from Mettler and Upton, 1995.
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Heritable Genetic Effects. Radiation-induced mutations in the reproductive
cells of exposed people may lead to increases in the risk of genetic diseases in
their children or descendants.  That effect was observed originally in Drosophila
(fruit flies) by Muller (1928) and later in other animal species (Russell et al.,
1960).  However, in the absence of measurable increases in the risk of genetic
diseases in the offspring of the atomic-bomb survivors (Schull et al., 1981),
estimates of the risk of radiation-induced heritable genetic effects in humans are
based largely on data from laboratory animal studies (UNSCEAR, 2001).

RADIATION EPIDEMIOLOGY

Much of what is known about the long-term effects of ionizing radiation in
humans has been learned from epidemiologic studies of exposed populations at
risk of exposure.  Epidemiology is the study of determinants and distributions of
disease in human populations.  Humans cannot be exposed to radiation under the
same conditions as are used in experimental studies or clinical trials.  Thus,
investigators who want to conduct studies of radiation effects on human health
have had to take advantage of situations in which groups or populations of hu-
mans have already been exposed to radiation under conditions over which the
investigators have had no control.  Such situations are described as natural experi-
ments, and the studies are described as observational.  Radiation-epidemiology
studies conducted to date have involved populations previously exposed to radia-
tion accidentally, in military operations, medically, or occupationally.

Like epidemiologic studies in general, radiation-epidemiology studies can be
“descriptive” or “analytic.”  Descriptive studies are conducted to generate hy-
potheses to evaluate cause-effect relationships as a basis for risk estimation.
Analytic studies can then be used to test the hypotheses and to estimate exposure-
specific risks of disease or death.  Radiation epidemiology’s primary objective is
to estimate risks as related to radiation exposure or doses, and its risk estimates
take several forms.

Epidemiologic Study Designs

The epidemiologic studies discussed in later chapters are of several types.  It
is important to understand the strengths and limitations of each type of study
design in evaluating the relative importance of studies.  The four types of epide-
miologic studies commonly used in radiation research are cohort, case-control,
cross-sectional, and ecologic designs.  We briefly describe the designs in decreas-
ing order of importance and reliability.

Cohort Study

A cohort study is an observational study of a defined group of people who
are followed for the purpose of comparing outcomes (usually death or disease)
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between exposed subsets and unexposed or low-exposed subsets.  These studies
generally involve large samples, compare multiple outcomes (different causes of
death or disease), are the least susceptible to bias, and examine changes in out-
come patterns over time, so they are considered the most informative studies.
When individual exposures or doses are available, cohort studies typically use a
dose-response model and report estimates of relative or absolute risk as a func-
tion of exposure or dose.  When individual estimates of dose are not available,
mortalities often compared with that in an external referent population, usually
the US or state rates, and the result is a standardized mortality ratio (SMR).
When incidence is used, the analogous metric is the standardized incidence ratio
(SIR).  Although the cohort study is often described as prospective, there are also
retrospective or historical cohort studies where the cohort and its exposures are
defined from records.  True prospective studies are generally preferable because
all data regarding cohort characteristics needed for the eventual analysis can be
collected at the beginning of the study, and changes in subject characteristics are
added as they occur.  This design, however, is expensive, and it generally takes a
long time for cases to accumulate, particularly in a cancer study.  The atomic-
bomb survivors study and the Colorado Plateau Uranium Miners study are ex-
amples of prospective cohort studies.

The historical cohort has the advantage that a cohort is identified many years
in the past and is followed forward from that time with existing records.  This
type of cohort study can be completed in much less time and for less money, but
with much the same research strength as the true prospective study.  The studies
of workers exposed to radiation while engaged in nuclear-weapons development
in Department of Energy facilities are examples of historical, or retrospective,
cohort studies.  The disadvantage of this study is that exposure records not origi-
nally designed for epidemiologic research must be used to estimate exposures or
doses for individual cohort members.

Case-Control Study

A case-control study is an observational study that identifies the persons
with a disease of interest (cases), such as lung cancer, and a suitable control group
without the disease.  Comparisons are made between cases and controls with
respect to their exposure.  The comparisons are calculated as odds ratios (OR)
which are discussed in the next section.  If the disease is rare, these studies
provide an unbiased estimate of the RR with a major gain in efficiency over a
cohort study because far fewer subjects who do not develop the disease of interest
are needed to obtain an estimate of RR.  Another advantage is that case-control
studies are retrospective (cases occurred in the past), whereas cohort studies are
often prospective so that the investigator must wait for cases to occur.  Accord-
ingly, case-control studies can generally be done much more quickly than pro-
spective cohort studies.  Case-control studies have two major disadvantages: they
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can be used to study only one disease at a time, and, when the disease is not rare,
the OR overestimates the RR that would have been obtained with a cohort study
(unless it is corrected).

Cross-Sectional Study

A cross-sectional study is an observational study in which exposure and
disease are determined simultaneously at one time.  This design is also referred to
as a prevalence study.  When the study is designed primarily to estimate the
association of the presence or absence of disease and exposure to a hazardous
agent, the risk measure most commonly used is the prevalence OR.  The principal
disadvantage of the cross-sectional design is that temporal order of exposure and
disease cannot be determined; therefore, causal relationships cannot be deter-
mined, only associations between disease and exposure.  Another weakness of
this design is that the duration of the disease has a substantial effect on the
relationship between the prevalence and the incidence of the disease.  The preva-
lent cases may not be representative of all cases that developed in the population
over some period, either because the condition is detectable for only a short time,
or because it is lethal and affected persons are removed from the study by prema-
ture death.

Ecologic Study

The least reliable study for estimating risk posed by an exposure is the
ecologic study.  An ecologic study is an investigation of the association of a
disease and an exposure in groups.  For example, Cohen (Cohen, 1995) has
attempted to link average radon exposures in US counties to county lung-cancer
rates.  Using an ecologic design, he has reported negative exposure-response
relationships; that is, the higher the county radon average, the lower the lung-
cancer rate.  The problem with ecologic studies is that they cannot determine
whether the people who have the disease also had higher exposures.  This error in
ascribing to the members of a group characteristics that they do not have is
known as the ecologic fallacy.  These studies are often highly biased, so the
committee has chosen to avoid citing them in discussions of radiation risk
estimates.

Measures of Risk

Relative Risk

The term relative risk (RR) is used in several ways in epidemiologic studies.
In general, RR is the ratio of the risk of disease or death among the exposed
population to the risk of disease among the unexposed.  In practice, RR can be
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estimated in a number of ways, depending primarily on study design.  In a cohort
study, which compares the overall or cause-specific mortality with that in an
external referent population, such as the US population, the estimate of average
RR is often the SMR.  The SMR is the ratio of the number of observed deaths due
to some disease to the number expected in the referent population after stratifica-
tion on such factors as age, calendar year, race, and sex.  The SMR is usually
reported as a summary RR without regard to individual exposure levels.  The
summary ratio is reported as either the ratio of the observed to the expected
number of deaths or as that ratio multiplied by 100.  Since this inconsistency may
be confusing to the reader of the committee’s literature review, we will adopt the
convention of reporting the SMR as a ratio, regardless of the metric used by the
author(s).  When mortality or morbidity is examined in a cohort study with RR
models, the RR is estimated on the basis of the ratio of mortality or incidence
among those exposed to a given level of exposure to that among the unexposed or
low-exposed group.  In such analyses, the referent group is often a subset of the
cohort (internal comparison).

In case-control studies or cross-sectional studies, the RR is usually estimated
on the basis of the OR.  The OR is defined as the ratio of the odds of an event in
one group to the odds of the event in another group.  The odds is the number of
times (or proportion) that the event occurred divided by the number of times (or
proportion) that it did not occur.  That is in contrast with a probability, which is
the number of times the event occurred divided by the total number of times that
it could have occurred.  The OR is an accurate estimate of the RR when the
disease or condition being studied is rare in both the exposed and unexposed
populations, for example, when the incidence or prevalence is less than 10%.
When the prevalence is high, the OR will overestimate the RR when the RR is
over 1 and underestimate the RR when the RR is less than 1.  In this report, the
cancers and diseases are sufficiently rare that any cited OR is considered to be a
good estimate of RR.

Although the term relative risk is sometimes used in a general sense, in this
report the committee attempts to specify the type of RR estimate for any study
cited.

Absolute Risk

Absolute risk (AR) is the expression of risk in terms of the proportion of
persons with disease in some defined population or the number of cases of the
disease in a population of some defined size.  In epidemiologic studies, AR is
often discussed in terms of the difference in risks or rates, in contrast with RR
which is a ratio of risks or rates.  AR is generally reported as either a difference in
proportions (difference in percentages) or a difference in rates (difference in
number of cases per population size per unit time).  Understanding the nature of
those various measures of comparative risk is important for comprehending epi-
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demiologic study results.  When a disease is relatively rare, the RR can be large
and the AR reasonably small.  For example, if the annual baseline rate of leuke-
mia is 1 per 10,000 persons and the rate among a radiation-exposed population is
2 per 10,000, the RR is 2.0, but the AR is only one additional case per 10,000
persons or 0.0001 (10–4).  In contrast, common diseases may appear to have a low
RR in an epidemiologic study, but the number of additional cases may be large.
For example, a study of cardiovascular mortality may report a RR of 1.2, which
appears to be rather small, but the AR (often not reported) may indicate hundreds
of excess deaths in a large study population.

Excess Relative Risk vs Excess Absolute Risk

In discussing the results of epidemiologic studies, the terms excess relative
risk (ERR) or excess absolute risk (EAR) are often useful.  These are estimates of
the amount of risk due to the exposure of interest when the effects of all other
exposures are removed.  When RR estimates are used, ERR is defined as

ERR = RR – 1

When AR estimates are used, EAR is defined as

EAR = AR1 – AR0

where AR1 = total number of observed deaths or cases of disease per population
at risk in a specified period, and AR0 = number of deaths or cases of disease in the
unexposed population at risk in the same period.

For example, if the estimated RR is 2.5 for lung cancer in a group of uranium
miners, their ERR is 2.5 – 1 = 1.5.  If the AR is 200 deaths from leukemia per
10,000 persons up to the age of 70 years in a group exposed to external radiation
and AR0 is 150 per 10,000 persons up to the age of 70 years among those exposed
only to background radiation, then

EAR = 200 – 150 = 50 additional leukemia deaths per 10,000 persons up to
the age of 70 years

Most radiation studies have reported their results in ERR, but the importance
of EAR in complementing the ERR estimates has been widely recognized (Preston
et al., 2003).  The latest publications of risk estimates for the atomic-bomb
survivors report both types of estimates.  In considering the results of radiation
studies cited in Chapters 5 and 6, it is useful to examine how different the patterns
of ERR and EAR can be in the same population.  Figures 3.2 and 3.3 show
hypothetical examples of patterns in lung-cancer rates by age.  Lung cancer
mortality in the US population in 1990-1994 by age at death was used as the
referent population.  Figure 3.2 illustrates a hypothetical situation where the
number of additional lung-cancer deaths due to radiation (EAR) was a constant
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FIGURE 3.3 Lung-cancer constant ERR vs increasing EAR.

FIGURE 3.2 Lung-cancer decreasing ERR vs constant EAR.

50 deaths per 10,000 at each year of age.  The background (overall US lung-
cancer death rate) rises sharply with advancing age, so the constant-EAR sce-
nario results in ERRs that decrease rapidly with age.  In contrast, Figure 3.3
illustrates a hypothetical situation where ERR is a constant 0.50; that is, RR is 1.5
for all ages above 40 y, before which lung cancer is extremely rare.  In this
scenario, EAR would rise dramatically with age because the excess number of
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deaths would have to increase rapidly to maintain a 50% increase above the
increasing background rate.  That is indicated by the widening gap between the
US rate and the exposed-population rate in Figure 3.3.

It is important to understand the relationship between ERR and EAR because
many of the studies discussed in later chapters report that ERR decreases with
age.  Few studies report both ERR and EAR, so it is often impossible to discuss
both types of estimates when describing study results in later chapters.  The
decreasing ERR estimates, however, do not necessarily imply that EAR is also
decreasing with age.  As can be seen by examining Figures 3.2 and 3.3, a decreas-
ing ERR could be present in a population in which EAR is constant or even
increasing with age.  In short, when the mortality rate in the unexposed popula-
tion rises with age, as is the case with most health outcomes, a constant ERR
results in an increasing EAR, while a constant EAR implies a decreasing ERR.

Mortality and Incidence Studies

Many of the studies discussed in this report use death from a particular
cancer as the end point.  Virtually all lung-cancer and pancreatic-cancer studies
are mortality studies, because these cancers are often rapidly fatal.  Few incident
cases of pancreatic and lung cancer are missed in a longitudinal study.  In general,
mortality studies provide a good estimate of disease incidence when the case-
fatality rate is high and the duration of the disease is relatively short.  For diseases
that are not commonly fatal, the most useful end point is incidence (diagnosis) of
the disease.  An example of the latter type of disease in radiation research is
thyroid cancer.  A mortality study of thyroid cancer could be biased and have
marginal statistical power because most of the incident cases would be missed.

Cancer-incidence studies measure directly the rate at which cancers occur in
a population over time, so they would seem to be the design of choice.  There are
difficulties, however, in conducting cancer-incidence studies in the United States.
To conduct an incidence study, one has to be able to identify each new diagnosis
of the disease in the study population.  That is possible only in states where
cancer registries are available and have been in place throughout the period of
study.  Because many states do not have registries or the registries are relatively
new, cancer-incidence studies are often difficult to implement.  Even if a study is
done in a state with an existing registry, cases may be missed because of emigra-
tion to states without registries.  Accordingly, mortality studies are more com-
monly used in the United States because of the ease of identifying cases nation-
wide through the National Death Index.

Uncertainty in Risk Estimates

Risk estimates are based on limited information that reflects a lack of
perfect knowledge concerning the factors used to calculate the estimate.  For
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that reason, risk estimates are not always precise and always have an element of
uncertainty.

Uncertainty in a risk estimate may be the result of the amount of data avail-
able, the quality of the data, or both.  For example, in an epidemiologic study of
the relationship between radiation dose from an identified source and disease
frequency, little information might be available on the doses that people received.
In addition, the number of exposed persons in a study might be too small to
produce precise risk estimates.  Each of those situations increases the uncertainty
of the estimates of risk per unit dose that investigators can develop.

Uncertainty Intervals and Confidence Intervals

Because of the uncertainty in risk estimates that are made for different radia-
tion dose levels, scientists often include an interval surrounding a risk estimate.
The intervals can be confidence intervals or uncertainty intervals.  Confidence
intervals provide an upper and lower bound on the point estimate of risk that
accounts for sampling variability that causes error in the point estimate.  For
example, a 95% confidence interval (CI) associated with an estimate of RR from
a particular study means that if a study of the same size and age and dose
distributions were replicated 100 times, we would expect 95 of the intervals to
contain the true RR and 5 not to.  The width of a confidence interval decreases
with increasing sample size.

Uncertainty intervals are much wider because they attempt to account for the
uncertainty in all the factors that are used to estimate the risk.  These intervals are
also referred to as credibility intervals, and Bayesian methods are often used to
calculate the credibility bounds.  That is done by specifying uncertainty distribu-
tions for all risk factors and then drawing random samples from this family of
distributions in a Monte Carlo analysis using hundreds or thousands of realiza-
tions.  The credibility interval is then defined by percentiles of the Monte Carlo
sample.

Challenges for Studies on Radiation Health Effects

Several challenges arise in designing, conducting, and evaluating studies of
possible links between radiation exposure and specific illnesses in a selected
population.  They include the following

• Health effects can have causes other than radiation exposure. Although
studies have established a strong link between radiation and some types of can-
cer, radiation is not the only cause of these cancers.  Lung cancer is a good
example: smoking is a stronger risk factor than all but the highest radon expo-
sures in miners.
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• Generally, dose estimates are not available for individuals.  Without accu-
rate estimates, assessing reliably whether a detected health problem is connected
directly to radiation exposure is difficult.

• People are exposed to a variety of radiation sources.  In addition to spe-
cifically identified radiation exposures, people are exposed to natural sources of
radiation and radiation from medical and dental procedures, consumer goods
(such as tobacco products), and fallout from global nuclear-weapons testing.

• People are different, and their circumstances change.  People eat different
foods, have different lifestyles, and change their habits as they age.  All those
factors, and many others can directly or indirectly influence the probability of
radiogenic disease in individuals and populations.

• Health effects of low-level radiation exposure cannot be detected imme-
diately.  The delay between the time of exposure and the time when a health
effect occurs can be long.  That period of time, the latent period, varies among
diseases and among individuals.  For leukemia, the latent period can be as short
as about 2-5 years.  Thyroid cancer generally takes at least 5 years to grow
enough to be diagnosed.  Most thyroid cancers would be expected to appear
within 10-20 years after exposure; in some people, the delay could be much
longer.

Derivation of Radiation Risk Estimates

General approaches for estimating health risks (most specifically cancer
risks) posed by exposure to ionizing radiation have been developed by ICRP and
in the United States by the National Council on Radiation Protection and Mea-
surements (NCRP).  Those and other bodies have used the risk estimates as input
data to develop dose limits for radiation-protection purposes (ICRP, 1991; NCRP,
1997).

The epidemiologic data that have been used for estimating tumor risks posed
by low-dose exposures (a few mSv) have been obtained for much higher doses
(10s of mSv) as well.  The sources of the data are survivors of the atomic-bombs
at Hiroshima and Nagasaki and people exposed occupationally and medically.

To use those data on medium to high doses to estimate responses at much
lower doses, scientists have developed extrapolation methods.  The generally
accepted model for such an extrapolation for solid tumors is the linear non-
threshold (LNT) model (NCRP, 2001), which assumes that from very low doses
to much higher doses the stochastic cancer response is linear and that there is no
radiation dose that poses no risk of inducing cancer, however small it might be.
The best fit curve using the data for solid tumors at high and intermediate doses
for the atomic-bomb survivors is linear and the extrapolation to low doses is
considered to be conservative such that it does not underestimate the low-dose
risk (Pierce and Preston, 2000).  A similar conclusion holds when the new dosim-
etry system of the atomic-bomb survivors, DS02, is used (Preston et al., 2004).
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Given the relative paucity of human data and the extrapolation approaches
used, some degree of uncertainty is inevitable in the risk estimates calculated.
For leukemia, the dose-response curve based on the atomic-bomb survivor data is
nonlinear over the dose range studied.  In general terms, the slope of the curve
increases as the dose increases—an upwardly curving response (Preston et al.,
1994).

The slope of the line that is the best fit to the total solid-cancer mortality data
on the Japanese atomic-bomb survivors in the Life Span Study (LSS) has been
used to derive the risk coefficient for solid cancers in an exposed population
(ICRP, 1991).  The coefficient is presented as fatal cancers per 10,000 persons
per Sv of external radiation; we discuss this more fully below.  A similar ap-
proach has been used for developing risk coefficients for specific tumor types,
and these values are presented in Table 3.7.  An effort as part of the LSS is under
way to develop a similar set of risk coefficients for cancer incidence.

The total risk in a population exposed to external radiation is generally
considered in terms of a population of working age (adults) and the whole popu-
lation (adults and children).  For a population of working age composed of both
sexes, the lifetime risk of death from cancer is 8 × 10–2 per sievert for high doses
and high dose rates of external radiation and 4 × 10–2 per sievert for low doses and
low dose rates (ICRP, 1991).  The comparable values for the whole population
are slightly higher because of the increased sensitivity of young persons: they are
10 × 10–2 per sievert for high doses and dose rates and 5 × 10–2 per sievert for low
doses and dose rates.  Those values need to be considered in the context of a
background lifetime risk of about 15% of dying as a result of one of the cancers
listed as being radiogenic in RECA.

TABLE 3.7 Contributions of Organs to Total Cancer Risk for Populationa

Rate of Fatal Cancer
Site of Cancer (per 10,000 person-Sv)

Urinary bladder 30
Bone marrow 50
Bone surface 5
Breast 20
Colon 85
Liver 15
Lung 85
Esophagus 30
Ovary 10
Skin 2
Stomach 110
Thyroid 8

aSOURCE: Adapted from Table B-20 in ICRP Publication 60, 1991.
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The need to conduct epidemiologic studies for low exposure levels (in the
range of a few mSv) is clear.  Such work can yield a more direct measure of the
risk posed by low doses of radiation.  Such low-dose studies have been conducted
with cohorts of workers involved in the development of nuclear weapons in the
United States and several other countries.

In addition to the risk estimates described above for external radiation expo-
sure, scientists have developed separate estimates for specific exposure condi-
tions.  For example, the risk of lung cancer from radon exposure (for example,
from uranium mining) has been calculated (NRC, 1999).  Similar approaches
have also been used to calculate the thyroid-tumor risk from exposure to 131I
(discussed in NCRP, 1999, pages 155-162).

In general, risk assessments for deterministic noncancer effects (effects re-
sulting from tissue injury) are estimated on the basis of a threshold dose-response
such that, over the range of several hundred mSv, the radiation-induced response
does not differ from the response to background levels for any particular adverse
health outcome (ICRP, 1991).  Thus, for the range of doses estimated for the
great majority of environmental and occupational exposures, no increase in deter-
ministic noncancer effects is expected.

An informative general source that provides an overview of risk-assessment
practices is Radiation Carcinogenesis (Hall, 1994, chapter 19).

Probability of Causation/Assigned Share

In 2003, the National Cancer Institute and the Centers for Disease Control
and Prevention (NCI-CDC) produced an updated set of radioepidemiological
tables that associate a given dose of ionizing radiation with the likelihood that
exposure caused a given type of cancer (NCI-CDC, 2003).  The tables make a
broad set of assumptions of susceptibility and exposure that are applied more
properly to a subpopulation than to an individual.  Such an association has been
termed the probability of causation (PC), although it expresses strength of asso-
ciation rather than a mechanism of causation.  The tables generate PCs as a
function of a person’s estimated dose, sex, age at exposure, and age at diagnosis.
The tables are available as Web-based calculators for 22 specific cancers at http://
irep.nci.nih.gov.

In an exposed population of people who have developed a specific type of
cancer, PC is the ratio of their excess risk of that cancer to their overall risk of that
cancer.  More specifically,

PC = ERR/(1 + ERR)

The concept of PC has been applied to people (for example, in the Energy
Employees Occupational Illness Compensation Program Act) in much the same
way that clinical-prediction decision rules are routinely applied to individual
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patients in the clinical arena.  It differs, however, in that most clinical rules are
applied prospectively to predict the likelihood of an outcome or event whereas
the PC is applied retrospectively to analyze the likelihood that a known cancer
was caused by radiation.  In that respect it is akin to the statistical concept of
attributable risk.  In other words, clinical-prediction rules are conditioned on a set
of factors and a prior probability to predict a future event whereas the PC is
conditioned on the event’s having already occurred.  In some sense, clinical
predictions are a priori chances, whereas PCs are a posteriori chances.  Both are
probabilities, and both range from 0 to 1.  In recent years, when these analytic
likelihoods (PCs) have been applied to individuals, they have been called the
assigned share (AS) of the risk, and the sum of all such assignments (base plus
excess) equals unity.  The PC/AS concept is developed in detail in Chapter 5.
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4

Review of Recent Data on Radiation
Epidemiology, Biology, and Dosimetry

The statement of task from the Health Resources and Services Administra-
tion (HRSA) to the committee requests that we assess the most recent scientific
information related to radiation exposure and associated cancers to determine
whether there is new information that could affect the magnitude of radiation
cancer-risk estimates.  If there is, it would provide part of the information base
that is needed for considering the inclusion of new populations and new geo-
graphic areas in the Radiation Exposure Compensation Act (RECA) populations.

The risk estimates for human cancers after exposures to low-LET ionizing
radiation are based on human tumor frequencies, which come mainly from cancer
mortality data on the survivors of the atomic-bomb detonations at Hiroshima and
Nagasaki (NRC, 1990; ICRP, 1991; NCRP, 2001; reviewed in Wakeford, 2004).
Risk estimates for high-LET radiation are based on mortality data on uranium
and other underground miners exposed to radon (NRC, 1999) and on the radium-
dial painters (NRC, 1988; reviewed in Wakeford, 2004).  The responses at very
low exposures to low-LET radiation are estimated by extrapolation of data on
atomic-bomb survivors over the available low- to moderate-dose range (0.005–2
Sv).  The extrapolation model used is the linear nonthreshold (LNT) one (NCRP,
2001) that is discussed in Chapter 3.  Support for the use of the LNT model for
estimates of cancer risks posed by low-LET radiation comes from human epide-
miologic studies (medical and occupational), experimental-animal tumor studies,
and cellular-radiation studies (NCRP, 2001).  The data from similar but fewer
studies involving high-LET exposures support the use of the LNT model here
also (NCRP, 2001).  The same types of studies are used to provide estimates of
the effects of dose fractionation and dose protraction (NCRP, 2001).  Epidemio-
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logic studies are also used for estimating risks to specific exposed populations,
such as underground miners exposed to radon (NRC, 1999) and populations
exposed to iodine-131 (131I) (UNSCEAR, 2000).

The International Commission on Radiological Protection (ICRP) and the
National Council on Radiation Protection and Measurements (NCRP) are mov-
ing to use tumor incidence, rather than mortality, in their revised cancer risk
estimates.  Using tumor-incidence data for developing risk estimates provides an
additional useful measure of risk because morbidity entails health, emotional,
and financial costs to the individual and society.

In this chapter, we consider and present the evidence from new or updated
epidemiologic studies, radiation-biology advances, or dosimetry approaches
that could result in significant changes in the risk estimates for human cancer
induced by ionizing-radiation exposure.  This chapter brings together informa-
tion that could influence compensation for diseases currently covered by RECA
legislation.  In Chapter 7, we discuss additional diseases brought to our at-
tention by members of the public at a series of hearings held in response to
community invitations with a view to whether eligibility for coverage should be
extended thereto.  The following sections discuss what is new in those fields of
study.

RECENT DEVELOPMENTS IN RADIATION EPIDEMIOLOGY

Epidemiologic studies of the Japanese survivors of the atomic bombs and of
other populations exposed to radiation medically, occupationally, or accidentally
have characterized the long-term health effects of radiation (see Chapter 3).
Risks estimates for radiogenic cancers and nonmalignant diseases now compens-
able under RECA come primarily from epidemiologic studies of uranium and
other underground miners exposed to radon and from studies of the atomic-bomb
survivors.  The mining populations were exposed primarily to radon internally
while the atomic-bomb survivors were exposed primarily to external gamma
rays.  Risk estimates for thyroid cancer also come from populations exposed to
external x and gamma rays, and internally to radioiodine.  Studies of worker
populations exposed to low or very low doses of low LET radiations over long
periods provide radiogenic-cancer risk estimates with which the more precise
estimates obtained from the atomic-bomb survivors can be compared to evaluate
their applicability to populations chronically exposed to low radiation levels.
Extensive and detailed reviews of those studies have been reported previously
(NRC, 1990, 1998; 1999; ICRP, 1991; UNSCEAR, 1993, 2000; IARC, 2000;
2001).

A comprehensive reassessment of risk estimates is included in a companion,
forthcoming report from the National Research Council Committee on Biological
Effects of Ionizing Radiation (BEIR) specifically, the Committee on Health Risks
from Exposure to Low Levels of Ionizing Radiation (BEIR VII).
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Risks to the Health of Miners, Millers, and Ore Transporters

Studies of Uranium Miners

Epidemiologic studies of underground miners have identified an increased
risk of primary lung cancer associated with exposure to alpha-particle radiation
from decay products of inhaled radon (NRC, 1988).  Those studies generally
need relative-risk (RR) models; estimates are discussed below.  Although abso-
lute risk is important from a public-health perspective, we choose to discuss RR
and excess relative risk (ERR; ERR = RR – 1) because of their use in the cited
literature.

The most recent and widely recognized lung-cancer risk estimates associated
with radon exposure were reported in the BEIR VI report (NRC, 1999).  An
important finding of the BEIR VI committee relevant to some of the RECA
populations—identified as uranium miners, uranium millers, and ore transport-
ers—is that the ERR of radiogenic lung cancer decreases with increasing attained
age and time since exposure.  The eligible people now seeking compensation are
generally more than 60 years old and have been out of the mines for 30 years or
more.  Accordingly, they are at much lower RR for radiogenic lung cancer now
than they were in earlier years after retiring from mining uranium.  Using data on
11 international cohorts, the BEIR VI committee estimated that uranium miners
65-74 years old have about 25% of the ERR of radon-induced lung cancer that
miners in their 50s have.  The most recent analysis of the Colorado Plateau
uranium-miner data (Hornung et al., 1998) estimated that the ERR for lung
cancer in miners in their 70s was less than 10% of that of miners in their 50s.
Similarly, the BEIR VI committee estimated that miners of the same age who
have been out of the mines for more than 25 years have less than half the lung-
cancer ERR of recently retired miners.  The analysis of the Colorado Plateau
miner lung-cancer data indicated a 65% reduction in ERR for miners who have
been out of the mines for more than 25 years.

Those analyses also have shown a synergistic relationship between exposure
to radon and cigarette smoking.  That is, the ERR of radiogenic lung cancer in
smoking miners is greater than the sum of the ERRs of lung cancer associated
with smoking alone and radon alone.  The most recent analysis of the Colorado
Plateau uranium miners cohort (Hornung et al., 1998) and the pooled analysis of
11 miner cohorts in BEIR VI (NRC, 1999) each found that the joint effect was
greater than additive but less than multiplicative.  The nature of the interaction
was that never-smokers had about 3 times the ERR per WLM of ever-smokers in
both analyses.  These findings were supported by a study of non-smoking ura-
nium miners in the Colorado Plateau (Roscoe, 1997) who had an SMR = 12.7 for
lung cancer compared with the overall SMR = 5.8 in the entire cohort.

In the most recent update of all cancer mortality in the Colorado Plateau
uranium miners’ all-cause mortality study (Roscoe, 1997), the cohort of 3,238
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white male miners was followed to determine certified causes of deaths in 1960-
1990.  Their mortality experience was compared with the combined mortality in
neighboring states.  Most of the findings of the study were consistent with those
of previous studies of this miner population.  The standardized mortality ratios
(SMRs) for lung cancer and pneumoconiosis continued to show statistically sig-
nificant increases (371 deaths, SMR = 5.8, 95% CI [confidence interval] = 5.2-
6.4 and 41 deaths, SMR = 24.1, 95% CI = 16.0-33.7, respectively).  The SMRs
for lung cancer and pneumoconiosis increased with increasing level of radon-
decay products and with duration of employment in the mines.  Roscoe (1997)
concluded that lung cancer and pneumoconiosis remain the most important long-
term causes of death in this cohort.

The most definitive study of cancer other than lung cancer among miners
exposed to radon was the meta-analysis of data on the 11 international miner
cohorts reported by Darby et al. (1995).  The men in those cohorts (N = 64,209)
had been employed in underground mines for an average of 6.4 years; they had an
estimated average annual cumulative exposure to radon of 155 working-level
months (WLM) and an average followup of almost 17 years.  The RR of all
cancer causes of death combined other than lung cancer (N = 1,179) was similar
to the expected value (RR = 1.01, 95% CI = 0.95-1.07), on the basis of the
mortality of the general populations in areas around the mines.  Those results
should be interpreted cautiously since they are likely to underestimate the true
RR in the uranium miner population due to the Healthy Worker Effect.  The
authors concluded that the study provided strong evidence that high concentra-
tions of radon in air do not cause a substantial risk of mortality from cancer other
than lung cancer.

Studies of Uranium Millers and Ore Transporters

Risks to the health of uranium millers and ore transporters from occupational
exposure have not been as well characterized as the risks to miners’ health be-
cause of smaller sample sizes and little or no data on individual exposures.
Exposures to millers were primarily from inhalation of dusts containing uranium,
silica, and vanadium.  Their internal exposure posed potential health hazards
from radiation (alpha particles) and from the chemical toxicity of uranium
compounds arising during the conversion of uranium ore to yellow cake (see
Chapter 3).

A study of mortality among 662 millers from the Colorado Plateau who were
followed from 1950 through 1967 (Archer et al., 1973) found four deaths from
lymphatic and hematopoietic cancers combined (excluding leukemia), for a small
and nonstatistically significant increase over the rate in the US general popula-
tion.  A later larger and more powerful study evaluated mortality among an
expanded cohort of millers in the same area (N = 2,002) who were followed
through 1971 (Waxweiler et al., 1983).  They found no statistically significantly

Assessment of the Scientific Information for the Radiation Exposure Screening and Education Program

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11279


REVIEW OF RECENT DATA ON RADIATION EPIDEMIOLOGY, BIOLOGY, AND DOSIMETRY 77

increased RRs of mortality from any malignant (radiogenic or other) neoplasm,
including renal cancer.  The only statistically significant increase in disease risk
in that cohort was for nonmalignant respiratory disease (55 deaths, SMR = 1.63,
95% CI = 1.23-2.12); however, there was no evidence that the risk increased with
increasing length of employment.  A nonstatistically significant ERR of death
from chronic (nonmalignant) renal disease (6 deaths; SMR = 1.67, 95% CI =
0.60-3.5) was also found, but it did not appear to be related to work in the mills.

Pinkerton et al. (2004) updated the Waxweiler et al. study by extending the
vital-status followup by 27 years December 31, 1998.  The authors completely
reviewed and updated all work histories and recoded errors found in previous
files.  They also limited the study cohort to men who met the original cohort
definition, never worked in uranium mines, and worked in one or more of seven
mills whose personnel records were originally microfilmed.  That redefinition of
the study cohort resulted in a reduction in the size of the cohort from 2,002 in the
Waxweiler et al. study to 1,485.  Because exposure estimates were not available
for individual workers, Pinkerton et al. used life-table analyses to compare mor-
tality in the workers with that in the general US population.

Mortality from all causes combined (810 deaths, SMR = 0.92, 95% CI =
0.86-0.99), including all cancers (184 cancer deaths observed, SMR = 0.90, 95%
CI = 0.78-1.04), was less than expected on the basis of US rates.  A statistically
significant increase in nonmalignant respiratory disease mortality was found (100
deaths, SMR = 1.43, 95% CI = 1.16-1.73).  No statistically significant increase
was found in mortality from lung cancer (78 deaths, SMR = 1.13, 95% CI = 0.89-
2.35) or chronic renal disease (6 deaths, SMR = 1.35, 95% CI = 0.58-2.67).  No
positive trend in excess mortality from these or any other types of cancer with
duration of employment was found.

There have been few studies of morbidity among uranium millers.  Thun and
colleagues examined renal toxicity in a group of 39 uranium millers compared
with 36 cement-plant workers (Thun et al., 1985).  They found a weak dose-
response relationship for excretion of beta-2-microglobulin among millers work-
ing in the yellowcake drying and packaging area, the area with the highest expo-
sure to soluble uranium.  They concluded that the results suggested reabsorbtion
of low-molecular-weight proteins consistent with uranium nephrotoxicity.

More recently there have been two studies of uranium workers that were
engaged in production activities using the uranium coming from the mills.  A
study of uranium enrichment workers (McGeoghegan and Binks, 2000a) in the
UK found no overall excess mortality or morbidity due to any cancer when
compared to non-radiation workers.  They did find, however, a significant dose-
response relationship for bladder cancer when external radiation dose was lagged
by 20 years.  A similar study by the same investigators regarding workers involved
in the production of nuclear fuels and uranium hexafluoride (McGeoghegan and
Binks, 2000b) found no significant association of radiation exposure and any
cancer with the exception of Hodgkin’s disease (both mortality and morbidity).
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They also reported a significant association with morbidity due to nonHodgkin’s
lymphoma.  They noted that these associations were not likely to be causal.

The committee is unaware of any epidemiologic studies of ore transporters.
Like the millers’ exposure, their primary potentially hazardous exposure was to
ore dusts, probably with a greater risk of chemical toxicity than radiation toxicity.
The nature of their work makes it unlikely that their body burdens of soluble
uranium compounds exceeded renal thresholds for chemical toxicity or that their
exposure to radiation from the ores substantially exceeded normal background
levels.

Risks to Downwinders and Onsite Participants at US Nuclear Tests

Several populations have been at risk of exposure to ionizing radiation of
types similar to those of downwinders and onsite test participants.  Followup
studies of the other populations provide information about the long-term health
effects of such exposure; some also provide data from which estimates of the
risks of radiation-related or radiogenic diseases, primarily malignant diseases, are
calculated.  We discuss here new information from specific population studies
that adds to the knowledge and understanding of the types and magnitude of the
health risks for which downwinders and onsite test participants currently are
compensated.

Radiogenic Cancers and Other Diseases

Information on radiation risks is summarized in many of cited sources
(UNSCEAR, NRC, and NCRP) and chapters in several textbooks dealing with
the subject (Mettler and Upton, 1995; Hall, 2000).  Updated information is sched-
uled to appear shortly in a report from the BEIR VII committee.  The risk esti-
mates in BEIR VII take into account DS02 data for the atomic-bomb survivors
that were not available to this committee, and those data should be used whenever
there are significant discrepancies between findings we survey from literature
published in the last 20 years, and the BEIR VII update based on reanalysis of
current data.  Long-term studies of irradiated populations continue to provide
new information on effects from internal and external sources of exposure.  Ef-
fects of high-dose-rate exposure are chronicled in reports of findings in the Japa-
nese atomic-bomb survivors supplemented by data from several large studies of
radiation workers exposed to low-dose-rate radiation.  The lower dose-rate expo-
sures received by worker populations, along with data from medical-therapy
populations add to the current status of knowledge of the risks in humans of the
different radiogenic diseases with respect to rate and amount of radiation dose to
body organs and the total body.

Dose from internal emitters is protracted because it is delivered over the
decay time of the particular radionuclide.  Effects of internal emitters of low
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linear energy transfer (low LET) are less than those of comparable doses deliv-
ered in a single high-dose-rate exposure, because there is continuing repair of
sublethal damage when a dose is delivered at a low dose rate.  The need to expand
knowledge of radiation effects of 131I has led to many studies, some of which
continue.  The dose to the thyroid from 131I per unit intake is about 1,000 times
higher than the dose received by other normal organs.  The dose to different body
organs from other fallout radionuclides is much lower because of low uptake and
retention in different organs (CDC-NCI, 2001).  Increased incidence of thyroid
cancer has been observed in children who received high 131I doses, but no in-
crease in leukemia from the lower bone marrow doses received following 131I
doses from fallout has been statistically confirmed.  Continuing studies of health
effects in persons resident in Southern Utah during the high NTS fallout years
reveal marginally significant increases in thyroid neoplasms and leukemia in
children.

The studies of disease in the Japanese atomic-bomb survivors provide the
most reliable information for risk assessment for several reasons:

• They received a wide range of dose; and, unlike medical subjects, the
population is composed of people with a typical range of health conditions prior
to their exposure.

• Large numbers of subjects in well-defined cohorts have been studied over
many years.  Very good followup involving a range of ages and both sexes has
resulted in many person-years of followup which is needed for valid statistical
analyses.

• Good estimates of dose have been calculated for each member of the
cohort as a result of in-depth dosimetry studies (Dosimetry System 02, DS02).
The new dosimetry system recently introduced incorporates refinements taking
into account shielding histories and new information on neutrons (Preston et al.,
2004; DS02 to be published in 2005).

Periodic publications update findings from the joint US-Japanese Radiation
Effects Research Foundation studies of the several a priori-defined cohorts and
subcohorts of the survivors of the atomic bombs dropped in 1945.  The best
established information on cancer mortality and cancer incidence comes from the
large Life Span Study (LSS) cohort, buttressed by results of special studies of
cancer in children born of irradiated parents (Izumi et al., 2003), and  of leukemia
mortality in children who were in utero at the time of the bombs (Delongchamp et
al., 1997).  In the absence of statistically meaningful data from fallout-exposed
populations themselves, risk estimates from the atomic-bomb survivors are the
best data we have to assess the magnitude and kinds of effects expected
in downwinders and onsite test participants.  Thyroid cancer is discussed in a
separate section, which compares the results of studies in different irradiated
populations.
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Atomic-Bomb Survivor Studies

Important cancer-mortality findings reported since 1990 and the results of
new incidence studies are summarized below.

Cancer Mortality Cancer mortality through 1990 was analyzed on the basis of
the DS86 dosimetry system.  The major findings include

• Most of the excess deaths from leukemia occurred in the first 15 years
after exposure.

• For solid cancers, the excess risk was consistent with a life-long increase
in age-specific cancer risk.

• The excess relative lifetime risk per sievert for solid cancers in persons
exposed at the age of 30 was about three times greater than for persons exposed
at age 50, and the projected lifetime risks for those exposed at age 10 were 1.0 to
1.8 times higher than the estimates for those exposed at age of 30 years.

• Excess risks of solid cancers were linear up to about 3 Sv, but they were
nonlinear for leukemia, for an estimated risk at 0.1 Sv of about 1/20 the risk at 1.0
Sv (Pierce et al., 1996).

More recently, the findings were extended through 1997 (Preston et al.,
2003).  The study included 9,335 deaths from solid cancer and 31,881 deaths
from noncancer diseases on the basis of a 47-year followup.  About 440 (5%) of
the solid-cancer deaths were attributed to the radiation exposure.  The excess
risks of solid cancer were linearly related to dose down to the lowest dose studied
(0-150 mSv).  Results demonstrated that ERRs declined with increasing attained
age (age at death); another was that the ERR was highest for those exposed as
children.  There was no direct evidence of radiation effects after doses less than
about 0.5 Sv (Preston et al., 2003).

Cancer Incidence Cancer incidence in the atomic-bomb survivors is based on
data in the Hiroshima and Nagasaki tumor registries.

Among 79,972 individuals in the extended Life Span Study (LSS-E85),
8,613 had a first primary solid cancer diagnosed between 1958 and 1987 (Thomp-
son et al., 1994).  Cancer cases occurring among members of the LSS-E85 cohort
were identified in the Hiroshima and Nagasaki tumor registries and special ef-
forts were made to ensure complete case ascertainment, data quality, and data
consistency in the two cities.  Dosimetry System 1986 (DS86) organ doses were
used for computing risk estimates.

Ron et al. (1994) compared results from an analysis of 9,014 first primary
incident cancers diagnosed in 1958-1987 in LSS cohort members and compared
incidence with mortality rates based on analysis of 7,308 death certificates that
listed cancer as the underlying cause of death.  When deaths were limited to those
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occurring in the same interval in persons living in Hiroshima or Nagasaki, there
were 3,155 more incident cancer cases than cancer deaths overall and 1,262 more
incident cancers of the digestive system than deaths from cancers of this system.
For many cancers, the incidence series was at least twice as large as the compa-
rable mortality series, and both had significant dose-response relationships.  For
all solid tumors, the estimated ERR at 1 Sv (ERR1Sv) for incidence (ERR1Sv =
0.63) is 40% larger than the ERR based on mortality data from 1950-1987 in all
of Japan (ERR1Sv = 0.45).  The corresponding excess absolute risk (EAR) point
estimate is 2.7 times greater for incidence than for mortality.  For some cancer
sites, the difference in the magnitude of risk between incidence and mortality is
greater.  The differences reflect the greater diagnostic accuracy of the incidence
data and the lack of full representation of radiosensitive but relatively nonfatal
cancer, such as breast, skin, and thyroid cancers—in the mortality data.  Inci-
dence and mortality data provide complementary information for risk assessment
(Ron et al., 1994).

The observations made in the tumor-registry studies are summarized in
Table 4.1.

A survey of breast-cancer incidence in the LSS population found 1,093
breast cancers diagnosed during 1950-1990.  A linear and statistically highly
significant radiation dose-response relationship was found.  Exposure before the
age of 20 years was associated with higher ERR1Sv than exposure at greater ages,
with no evidence of consistent variation with age of exposure for ages under 20
years.  ERR1Sv was observed to decline with increasing attained age, with the
largest drop around the age of 35 years (Land et al., 2003).  The EAR was not
reported, but it probably changed in the opposite direction, but to a lesser extent.

The incidence of leukemia, lymphoma, and myeloma in the LSS cohort from
late 1950 through the end of 1987 was analyzed on the basis of followup of

TABLE 4.1 Tumor Incidence Rates Observed in the Japanese Atomic-Bomb
Survivors (1994)

EAR 10–4

Thompson et al., 1994 ERR1Sv PY Sv Ron et al., 1994 ERR1Sv

All solid cancer 0.63 29.7 Significant increased risk 0.63
Stomach 0.32 Significant increased risk
Colon 0.72 Significant increased risk
Lung 0.95 Significant increased risk
Breast 1.59 Significant increased risk
Ovary 0.99 Significant increased risk
Urinary bladder 1.02 Significant increased risk
Thyroid 1.15 Significant increased risk
Liver 0.49 Significant increased risk
Nonmelanoma skin 1.0 Not stated
Salivary gland Significant increased risk
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93,696 survivors accounting for 2,778,000 PY (Preston et al., 1994).  The analy-
ses added 9 years of followup for leukemia and 12 years for myeloma to previous
reports, and included the first analysis of lymphoma incidence in this cohort.  The
leukemia registry and the Hiroshima and Nagasaki tumor registries, included a
total of 290 leukemia, 229 lymphoma, and 73 myeloma.  The primary analyses
were restricted to first primary tumors diagnosed among residents of the cities or
surrounding areas with DS86 dose estimates of 0 - 4 Gy (231 leukemia, 208
lymphoma, and 62 myeloma) and used time-dependent models for the EAR.
Separate analyses were reported for acute lymphocytic leukemia (ALL), acute
myelogenous leukemia (AML), chronic myelocytic leukemia (CML), and adult
T-cell leukemia/lymphoma (ATL).  There were few cases of chronic lymphocytic
leukemia (CLL) in the Japanese population independent of radiation exposure, so
CLL was excluded from later leukemia risk analyses.  There was strong evidence
of radiation-induced risks for all subtypes except ATL, and there were substantial
subtype differences with respect to the effects of sex and age at exposure and in
the temporal pattern of risk.  The AML dose-response function was nonlinear,
whereas there was no evidence against linearity for the other subtypes.  When
averaged over the followup period, the EAR estimates (in cases per 104 PY Sv)
were 0.6, 1.1, and 0.9 for ALL, AML, and CML, respectively.  The correspond-
ing estimated average ERRs at 1 Sv are 9.1, 3.3, and 6.2 respectively.  There was
some evidence of an increased risk of lymphoma in males (EAR = 0.6 case per
104 PY Sv) but no evidence of any excess in females.  There was no evidence of
an excess risk of multiple myeloma in these analyses.

Mortality from Leukemia and Solid Cancers in
Children Exposed in Utero

Cancer mortality through 1992 was assessed in 807 atomic-bomb survivors
exposed in utero and in 5,545 survivors who were less than 6 years old at time of
exposure (Delongchamp et al., 1997). Doses in both groups were at least 0.01 Sv.
Mortality was compared with that in low-dose group (10,453 persons with little
or no exposure).  Ten cancer deaths were observed among in utero-exposed
persons, with a statistically significant dose-response relationship and an ERR
per sievert of 2.1 (90% CI = 0.2-6.0).  That estimate did not differ substantially
from that for survivors exposed during the first 5 years of life.  The cancer deaths
among those exposed in utero included leukemia (two), female-specific organs
(three), and digestive organs (five).  Nine of the deaths occurred in females (ERR/
Sv = 6.7, 90% CI = 1.6-17), and much of the effect was due to female-specific
cancers (ERR/Sv = 9.7, 90% CI = 0.7-42).  Those risks did not differ significantly
from those seen in females exposed as children.  No deaths from solid cancer
occurred in males exposed in utero.  Mortality in males and females differed even
when female-specific cancers were excluded from the comparison.  There were
only two leukemia deaths among those exposed in utero, but the leukemia death
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rate in this group was still marginally higher than in the comparison group (p =
0.054).  The authors expressed caution in the interpretation of the data because of
the number of cancer deaths was small, and because of the unexplained differ-
ence in mortality from solid cancer between sexes (Delongchamp et al., 1997).
Their tentative conclusions were that the study provided support for a somewhat
higher risk during the first trimester of pregnancy, that the increased risk per-
sisted through childhood into the adult years, and that the pattern of diseases was
similar after in utero and childhood exposure.  Because of the wide uncertainty
range, they concluded that their data did not exclude the possibility that the
cancer risk from in utero exposures could be several times higher than the risk
from childhood exposure.

A comprehensive review of the uncertainties contained in the different pub-
lished studies is provided by Boice and Miller (1999).  They discuss the con-
founding of reasons for referral with the risk of pelvimetry and conclude that
“although it is likely that in utero radiation presents a leukemia risk to the fetus,
the magnitude of the risk remains uncertain.”  They found the causal nature of the
risk of cancers other than leukemia to be less convincing, and the similar relative
risk (RR = 1.5) for virtually all forms of childhood cancer suggested an underly-
ing bias.  Chapter 8 in Mettler and Upton (1995) also provides a broad review of
current knowledge regarding the effects of radiation exposure in utero.

Conclusion Continuing investigations in the Japanese atomic-bomb survivors
confirm and extend the evidence defining cancer mortality and risk after total-
body high-dose-rate exposure.  The radiation risk is better defined than previ-
ously based on the analysis of the incidence data classified by types of cancer, by
age and sex at time of exposure.  The high risk from thyroid cancer in children is
consistent with the results of other studies (see thyroid cancer section).  Data on
cancer incidence and mortality from ongoing studies of the youngest survivors,
all of whom are now over 60 years old, will be important as they emerge from
studies.  Although the risk of particular cancers posed by radiation is better
described by incidence than by mortality, the number of documented cases in
each disease category are still small, so the uncertainty range is wide.  Continuing
followup will be needed to increase confidence in disease-specific risk coeffi-
cients.  The newest risk estimates are based on longer followup and better
dosimetry.

Thyroid Cancer

Thyroid cancer is a relatively rare disease, with about 1,000 deaths certified
and about 13 times as many new thyroid cancers reported each year in the United
States (http://seer.cancer.gov/csr/1973_1998/thyroid.pdf, accessed February 17,
2005).  A definite trend of increasing thyroid-cancer incidence during most of the
last 60 years has been attributed in part to radiation therapy of the head and neck
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given for benign conditions, a practice that has been discontinued since the 1950s
and 1960s.  Despite the increased incidence, primarily of the relatively benign
papillary form of the disease, thyroid-cancer mortality declined in most of the
ensuing years.  In recent years, the upward trend has been influenced by increased
case-finding brought about by routine use of ultrasonographic imaging of the
thyroid.  There are excellent reviews of the subject, including NCRP (1985, 1991,
and 2001); ICRP (1991); UNSCEAR (1994 and 2000); Chapter 5, Thyroid Can-
cer section, in Mettler and Upton (1995); Shore et al., (1993); and Thomas et al.,
(1999).

New information since RECA was enacted in 1990 reveals a wider geo-
graphic distribution of dose from 131I than was generally recognized when Con-
gress identified selected counties as affected areas for downwinder eligibility.  It
is now known that persons living in other states and in other counties in Utah
could have received as high or higher thyroid doses as did those living in areas
specified in RECA (NRC, 2003c).  Recognition by the public of disparities in
compensation created a need for further consideration of risk to the health of
persons in the affected areas posed by fallout.  The following text reviews the
current state of knowledge concerning the risk of thyroid cancer after exposure to
radiation from fallout and other sources of radiation exposure of the head and
neck.  For information on the distribution of dose from Nevada Test Site (NTS)
weapons tests to the US population, see Figures 4.1-4.4.

Studies of Populations Exposed to Fallout from Nuclear-Test Releases

Fallout from Nevada Test Site

Several epidemiologic studies of Utah schoolchildren exposed to fallout
from the NTS weapons tests have been conducted.  The first showed no increase
in thyroid disease (Rallison et al., 1974).  A second followup study found a
marginally significant increase when thyroid cancer was grouped together with
benign thyroid nodules (Rallison et al., 1990).  The 1990 cohort study compared
the prevalence of thyroid abnormalities in children born between 1947 and 1954
who lived near the NTS in two counties, one in Utah and the other in Nevada,
with a group selected from an Arizona county that was presumed to have had
little or no fallout from the NTS.

Thyroid nodules were found in 76 of the 4,818 children examined (15.8/
1,000).  Of the 76 thyroid nodules, 22 were diagnosed as neoplasms.  The rate of
thyroid neoplasm in the Utah-Nevada cohort (5.6/1,000) was higher than the rate
observed in the Arizona subjects (3.3/1,000) (RR = 1.7), but the difference was
not statistically significant.  In a 1985-1986 re-examination of the original study
subjects, thyroid nodules were found in 125 people (44.2/1,000), and 65 were
classified as neoplasms (benign and malignant).  The rate of thyroid neoplasm in
the Utah-Nevada cohort (24.6/1,000) was again slightly higher than in Arizona
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cohort (20.2/1,000) (RR = 1.2), but the difference was not statistically significant
(p = 0.65) (Rallison et al., 1990).

A third study (Kerber et al., 1993), estimated individual radiation doses and
current thyroid-disease status in members of the same cohort of 4,818 school-
children studied by Rallison et al.  The investigators collected questionnaire data
on dietary intake during the fallout period and estimated thyroid doses from 131I
for 2,473 of the subjects.  RR models adjusted for age, sex, and location (state)
were used to estimate prevalence data on thyroid carcinomas, benign neoplasms,
and nodules.  Doses ranged from 0 to 4,600 mGy, and averaged 170 mGy in
Utah.  There was a statistically significant excess of thyroid neoplasms (benign
and malignant; n = 19) and an increase in ERR of 0.7% per mGy.  A relative risk
of thyroid neoplasia of 3.4 was observed among 169 subjects exposed to doses
greater than 400 mGy.  Positive but nonsignificant dose-response slopes were
found for thyroid carcinomas and nodules (Kerber et al., 1993).

The only other cancer for which an increase attributed to NTS releases has
been suggested is leukemia (not including CLL).  Early studies by Lyon et al.
(1979) and Machado (1987) posited an increase, but statistical evidence failed to
support a significant dose-response relationship (Stevens et al., 1990).  However,
they did find a statistically significant association between leukemia and dose for
those who died at age 20 and those dying in the period 1952-1957, which is
surprisingly early, given the distribution for latent periods for nonCLL leukemia
observed in the atomic-bomb survivors.  The median dose for all subjects was 3.2
mGy (Simon et al., 1995).  When all subjects were included weak but non-
statistically significant dose relationship was found (Gilbert et al., 2002).  The
most important source of radiation dose to the bone marrow is not 131I taken into
the body, but external exposure to sources of radiation deposited on the ground
(Beck and Krey, 1983).  The maximum dose (internal and external) to the bone
marrow from NTS fallout was estimated to be 3 - 10 mGy (see Figures 5.3 and
5.4 and the draft feasibility study of Bouville et al., 2002).  The leukemia dou-
bling dose was estimated at 1.1 Sv (EPA, 1999).  There is no evidence to support
a statistically significant increase in leukemia or any other cancer besides thyroid
cancer from NTS releases in the heavily exposed southern Utah downwinders.  It
is unlikely that an increased incidence of leukemia or cancer, other than possibly
thyroid cancer, from NTS fallout in residents exposed to comparable or lower
doses in more distant locations in the United States would be detectable.

Marshall Island Studies

The Marshall Islanders resident on Rongelap and Utirik atolls received much
larger doses than those exposed to NTS fallout, largely from the BRAVO test,
one of the series of tests conducted by the United States at the Bikini atoll.  The
population has been under study since 1954.  The Rongelap population received
the highest thyroid dose, with estimates as high as 52 Gy in a 1 year old child, and
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as high as 13 Gy in an adult female.  An adult cancer patient on Utirik had an
estimated thyroid dose of 6.8 Gy.  The thyroid dose was 85% from short-lived
radionuclides of iodine, and about 15% of the dose was from 131I.  Thus, the type
of exposure differed substantially in amount and kind from that experienced by
the population living near the Nevada Test Site.  Medical followup of the most
heavily irradiated residents of Rongelap and Utirik was conducted by the Depart-
ment of Energy and its predecessors through 1991 (Howard et al., 1997).  These
studies are reported in a series from the Brookhaven National Laboratory (BNL)
(Howard et al., 1995, and Howard et al., 1997).  A special issue of Health Physics
(volume 73, 1997) was devoted to a review of the health consequences of nuclear
testing in the Marshall Islands.  Subsequent followup has been conducted by
other international teams.

The small size of the group exposed on Rongelap and Utirik, the low fraction
of the thyroid dose from 131I, uncertainties in the dosimetry, the intermittent use
of thyroxin suppression after 1965, and the absence of ultrasound screening prior
to 1994, taken together diminish the credibility of numerical risk estimates drawn
from these studies.  Thyroid nodules were first detected by palpation in 1963.
Adenomatous nodules in Rongelap (17/67) and Utirik (10/167) were diagnosed
and treated surgically.  Of the 12 individuals exposed in utero (4 in Rongelap, and
8 in Utirik), 3 (12%) were found to have thyroid nodules, and 1 had a suspect
papillary thyroid cancer.  Most of the adenomatous nodules occurred in children
under age 15 in Rongelap, with a risk estimated at 0.83 per 104 persons per mGy
per year.  There were 6 thyroid cancers diagnosed among the Rongelap exposed
(7.0%), and 11 in the Utirik exposed (6.6%); 7 of the 17 cancers were classified
as occult (microscopic) papillary cancers. Risk was estimated at 0.15 per 104

persons per mGy per year.  The ratio of benign to malignant disease in the Utirik
population was 3.5:1 in person’s age < 10 years at time of exposure (ATE), and
6.5:1 in those > 10 years ATE.  In Rongelap exposed persons over age 10 years
ATE, the benign to malignant ratio of nodules was 18:1.  This suggested a smaller
cancer risk when the thyroid dose exceeded 20 Gy, a decline that was presumed
to be due to cell killing (Howard et al., 1997, NRC, 2000).

Marshallese living on the many atolls which comprise the Republic of the
Marshall Islands (RMI) were exposed to a wide range of levels of fallout from the
many tests at Bikini.  A 10-year study examined 7,172 Marshallese (1993-1997)
Takahashi et al., 2001.  The investigators estimated thyroid dose based on re-
corded data for Utirik exposed individuals, but used 137Cs levels on the soil as a
surrogate for estimating dose from 131I to the persons living on the other atolls.
Exposed individuals in Rongelap were excluded in order to avoid non-linearity
noted due to cell killing at the higher dose levels.  They used ultrasound in their
investigations and found 38 new thyroid cancers adding to the 30 reported previ-
ously.  Summing over all the histological types, papillary variants comprised
77% of the 68 thyroid cancers with an additional 13% not classified as to cell
type.  Thyroid cancer was approximately twice as frequent in females as males.
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The absolute risk of thyroid cancer was not higher in persons exposed as children
than as adults, but they were unable to correct analytically for temporal differ-
ences in ascertainment.  Thyroid cancer risk was not significantly correlated with
dose in 3,378 people for whom dose estimates could be made.  Odds ratios were
greater than 1.0 for the two highest dose quartiles, but the trend was not statisti-
cally significant (p = 0.15).  The odds ratio for sex (female/male) was strongly
positive, 2.11 (1.14-3.89) (See Table 4.2)

Clinical study findings approximately 40 years after the BRAVO test indi-
cated that

• Disorders of thyroid function, such as hypothyroidism and Graves dis-
ease, were infrequent and had rates lower than or comparable with those in most
other countries.

• Autoimmune thyroiditis was rare in the Marshall Islands.
• There was a high prevalence of thyroid nodules (size > 4mm diameter), in

the Marshall Islanders (in about 50% of women over 60 years old).
• The frequency of thyroid nodules did not decrease with distance (a surro-

gate for dose) from Bikini, as had been suggested by Hamilton et al. (1987).

Conclusion The risk of thyroid nodules and thyroid cancer (papillary) on the
islands of Rongelap and Utirik was increased but uncertainties in dose, and the
fact that only 15% of the dose is believed to come from 131I, limits the quantita-
tive inferences that can be drawn for numerical comparisons of risk with other
131I exposed groups.  The evidence is strong for an increase in thyroid cancer and
thyroid nodules in the high-dose Rongelap group.  RECA compensation is not
relevant since residents of these islands are already covered for compensation by
separate legislation.

Semipalatinsk Test Site (STS) in Kazakhstan (former Russian
Nuclear Test Site)

Persons who lived downwind of the nuclear testing at the Semipalatinsk Test
Site (STS) in Kazakhstan (nuclear test period, 1949-1962) are being surveyed for

TABLE 4.2 Risk Factors of Thyroid Cancer Among 3,378 People Alive at
the BRAVO Test for Whom Dose Estimates Could Be Deriveda

Weighted Median Number of cases of thyroid cancer (%) Adjusted Odds Ratio
Dose (cGy) Male            Female         Total (for Total)  (95% CI)

0 – 3.4 (2.33) 3 (0.7) 8 (1.9) 11 (1.3) 1.0
3.4 – 7.5 (5.6) 6 (1.3) 4 (1.1) 10 (1.2) 0.99 (0.41-2.42)
7.5 – 18.7 (10.2) 2 (0.6) 12 (2.4) 14 (1.7) 1.37 (0.59-3.14)

18.7 – 677.7 (77) 4 (1.0) 11 (2.5) 15 (1.8) 1.67 (0.73-3.83)

aSOURCE: Adapted from Takahashi et al., 2001.
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radiation-related thyroid disease.  An initial small screening study was done in
1998 (1,990 subjects) and dosimetry has not been completed (Land et al., 2004).

Studies of Persons Exposed to Environmental Releases of
Radioactivity from Nuclear Plants and Accidents

Chornobyl Studies

The largest increase in absolute thyroid cancer risk after the Chornobyl
accident has been in children who were under 5 years old at the time of the
accident, with a progressive decrease in observed risk to the age 18 years
(Thomas et al., 1999).  Ecologic studies have reported significant correlations
between thyroid-cancer incidence and radiation exposure, but only two small
published case-control studies (Astakhova et al., 1998; Davis et al., 2004a;
Stepanenko et al., 2004) have shown higher estimated doses in the cases than in
the controls.  The Astakhova et al. study, in Belarus, found a strong trend for
increased thyroid cancer with increasing dose (preliminary dose estimates).
The Davis et al. study, in Russia, found a highly significant regression between
thyroid cancer and dose (p < 0.009).  The number of cases was small (26), and
the doses imprecise, and some bias may have been due to unblinded interview-
ers about disease status; but the results were internally consistent and in agree-
ment with other observations.  Larger cohort and case-control studies include
children in Ukraine and Belarus and are in progress based on measured thyroid
doses.  The method used to estimate individual thyroid doses in Belarus has
been published (Gavrilin et al., 2004).  Dosimetry methods and findings in
Ukraine have been published (Likhtarov et al., 2005) with a forthcoming publi-
cation containing thyroid-cancer risk estimates from a cohort study in Ukraine
(Tronko et al., Submitted).  When published, those studies should provide well-
grounded risk estimates of 131I that can be compared with those derived from
external exposures (atomic-bomb survivors, Table 4.3; and medically treated
subjects, Table 4.4).

The prevalence of noncancer thyroid disease in Chornobyl exposed children
was surveyed among children in the Bryansk and Kaluga regions who were 10
years old or under at the time of the accident.  Dose was estimated in about 2,500
of the children who were examined and had ultrasonography and thyroid-function
biochemical tests.  The diseases considered were thyroid nodules, cysts, and
chronic thyroiditis.  Diffuse goiter in young men (25 years old at the time of
examination) was the only positive finding (the odds ratio [OR] at 1 Gy was 1.36
(95% CI = 1.05-1.99) (Ivanov et al., 2005).  In contrast, a similar study of
Nagasaki atomic-bomb survivors exposed to external radiation did not show a
significant correlation with diffuse goiter but did have a significant dose-response
relationship for nodule prevalence (Nagataki et al., 1994).
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Hanford Releases: Hanford Thyroid Disease Study

The Hanford Thyroid Disease Study (HTDS) was mandated by Congress in
1988.  The epidemiologic study was designed to examine whether rates of thyroid
disease were higher than normal among people exposed to releases of radioactive
iodine from the Hanford site during the period of highest releases, 1944-1957.
The study was conducted by a team of investigators at the Fred Hutchinson
Cancer Research Center.  It covered 5,199 people identified from records of
births during 1940-1946 to mothers whose place of residence was in one of seven
higher-dose counties in Washington state.  The study was a screening study
consisting of a cohort selected on the basis of presumed past exposures to various
levels of 131I released to the atmosphere from Hanford operations.

The major end points were thyroid cancer, benign thyroid nodules, hypothy-
roidism, and autoimmune thyroiditis.  For each of those four categories, the study
found that people with high doses had about the same amount of disease as
people with low doses.  There was no evidence of a statistically significant
increase in any of the four diseases with increased radiation dose to the thyroid
(Davis et al., 2004b).  Problems associated with the dose correlations are inherent
in environmental epidemiology studies and are discussed below.

Retrospective dosimetry:  It is difficult to accurately estimate, and validate
absorbed dose in environmental epidemiology studies in general and in each of
the studies we have reviewed. The major uncertainties include the amount of
radioactivity taken into the body and interindividual variation in metabolism and
anatomy.  An estimate of the average dose to people in a region is better defined
than the dose to particular individuals.  Validated person-specific dose estimates
await the development of accurate tissue specific biomarkers.  In addition, when
different radiation sources are involved, other problems arise, as noted below.

Relative Biological Effectiveness: The effects from short-lived radionuclides
of iodine, 131I, result from x and gamma rays known to differ in amount, but not in
kind.  The absorbed dose distribution differs significantly between alpha-, beta-,
and gamma-emitting radionuclides, and short-range electrons emitted convey in-
tense dose to nearby structures.  The cancer risk coefficients for external x and
gamma rays to the thyroid are based on better thyroid absorbed-dose estimates than
those derived from internal-emitter studies, so the relative biological effectiveness
of 131I vs x rays is still an open question; but current estimates place it at values near
1 for cancer induction from low LET radiation (UNSCEAR, 1993, and 2000).  The
dose from short-lived radionuclides of iodine from the Chornobyl accident is be-
lieved to be relatively minor (Gavrilin et al., 2004), but it is presumed to have had
a substantial influence in the Marshall Islanders, in whom it constituted about 85%
of the dose (Lessard et al., 1984; Lessard et al., 1985).

Conclusion  The large increase in thyroid cancer observed in young children
exposed to 131I intake from the Chornobyl accident is the first reliable evidence in
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humans of an increased thyroid-cancer rate after relatively large exposure to 131I.
It adds to the information derived from observations of the Marshall Islanders,
who received even larger doses, mostly from radioactive isotopes of iodine other
than 131I.

Studies of Thyroid Cancer after External Irradiation

The first data on radiation-induced thyroid cancer came from x-ray therapy
of the head and neck in children.  Followup of many medically irradiated popula-
tions has contributed much of the information on the magnitude of the risk,
especially to children.  Data on the risk to both children and adults also come
from studies of the Japanese atomic-bomb survivors.  Table 4.3 contains average
ERR (AERR) at 1 Sv, and average excess absolute risk (AEAR) (104 PY per Sv)
and summarizes the observed thyroid cancer risks estimated since 1990 in the
major studies.

A 1994 incidence study of persons in the Life Span Study (LSS) includes
817,600 person-years of followup (Thompson et al., 1994).  There were 132
observed cases of thyroid cancer, with higher risk coefficients in males than in
females and a stepwise decrease with age in both.

The LSS cohort sample included 375,600 person years at risk for persons
who were 0-19 years old at the time of the bomb (ATB).  There were 59 thyroid-
cancer deaths vs 22.2 expected, with a mean dose of 0.26 Sv.  The AERR1Sv was
6.3 (95% CI = 5.1-10.1) and the AEAR was 3.8 (95% CI = 3.8 (2.7-5.4), values
within the range of those observed in the incidence study; see Table 4.3.

The various medical studies summarized in Table 4.4 all found a significant
increase in thyroid cancer after doses of 0.1-12.5 Sv.  Variations in the risk
coefficients may reflect differences in radiation sensitivity of children to different
diseases for which radiation was administered and dosimetry uncertainties.  Other

TABLE 4.3 Thyroid Cancer Incidence in the Japanese Atomic-Bomb
Survivors.  Average ERR, and Average EAR of Thyroid Cancer with
Increasing Agea

Mean AEAR
Category Observed Expected Dose (Sv) PY AERR1Sv 104 PYSv–1

Male 22 14.9 0.27 307,167 1.80 0.87
Female 110 79.4 0.26 510,388 1.49 2.32
ATBb 0-9 24 7.6 0.21 185,507 10.25 4.21
ATB 10-19 35 14.6 0.31 190,087 4.50 3.46
ATB 20-29 18 17.5 0.28 132,738 0.10 0.13
ATB > 30 55 54.5 0.25 309,224 0.04 0.06
ATB All 132 94.3 0.26 817,600 1.5 (0.5-2.1) 1.8 (0.8-2.5)

aModified from Table 17, UNSCEAR, 2000; page 408.
bAge at time of bomb.
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possible explanations include differences in case ascertainment and in surgical
removal of suspected thyroid neoplasms.  The relative risk between 131I and exter-
nal radiation is not well established.  As in many of the other risk comparisons, the
data on the atomic-bomb survivors provides the best information on risk as a
function of age at exposure and dose.  Ron et al. (1995) used a pooled analysis of
data from seven cohort studies (atomic-bomb survivors, children treated for tinea
capitis, two studies of children irradiated for enlarged tonsils, and infants irradiated
for enlarged thymus), and two case-control studies of patients with cervical cancer
and childhood cancer.  The studies were conducted on almost 120,000 people about
58,000 exposed to a wide range of doses and 61,000 nonexposed subjects) and
included nearly 700 thyroid cancers and 3,000,000 person years of followup.  For
persons exposed to radiation before the age of 15 years, a linear dose-response
relationship best described the data down to 0.10 Gy.  For childhood exposures, the
pooled excess relative risk per Gy (ERR/Gy) was 7.7 (95% CI = 2.1-28.7) and the
excess absolute risk per 104 PY per Gy (EAR/104 PY-Gy) was 4.4 (95% CI = 1.9-
10.1).  The ERR was greater (p = 0.07) for females than for males, but the findings
from the individual studies were not consistent.  The ERR began to decline about
30 years after exposure but was still increased at 40 years.  Risk decreased signifi-
cantly with increasing age at exposure; little risk was apparent after the age of 20
years.  On the basis of the data, there was a suggestion that spreading dose over time
(from a few days to over a year) may lower risk, possibly because of the opportu-
nity for cellular repair mechanisms to operate.  The thyroid gland in children has
one of the highest risk coefficients of any organ, and there is convincing evidence
of increased risk at 1.10 Gy (Ron et al., 1995).

TABLE 4.4 Risk of Thyroid Cancer After External Radiation Exposure in
Children

Mean AEAR
Study Observed Expected Dose (Sv) PY AERR1Sv 104 PYSv–1

Shore et al.,   37 2.7 1.4 82,204 9.5 (6.9-12.7) 3.0 (2.2-4.0)
1993
Tucker et al.,   23 0.4 12.5 50,609 4.5 (301-6.4) 0.4 (0.2-0.5)
1991
Lundell et al.,   17 7.5 0.26 40,6395 4.9 (1.3-10.2) 0.9 (0.2-1.9)
1994
Lindberg et al.,   15 8.0 0.12 37,0517 7.5 (0.4-18.1) 1.6 (0.09-3.9)
1995
Ron et al.,   43 10.7 0.10 27,4180 34 (23-47) 13 (9.0-18)
1989
Shore, 1990   13 5.4 0.24 34,700 5.9 (1.8-11.8) 9.1 (2.7-18.3)
Schneider et al., 309 110.4 0.60 88,101 3.0 (2.6-3.5) 37.6 (32-43)
1993
Ron et al., 436 NA NA NA 12.0 (6.6-20) 3.5 (2.0-5.9)
1995
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A high proportion of the thyroid cancers in the atomic-bomb survivors are
accounted for by exposure at young ages.  Little (2002) reports that over 50% of
the excess cases associated with either the atomic bomb radiation or natural
background radiation are linked to exposures under the age of 20 years, irrespec-
tive of the assumed risk model or natural background dose rate.  The excess risk
is overwhelmingly concentrated among females, again irrespective of the as-
sumed model or natural background dose rate.  Depending on the assumed natu-
ral background dose rate (in the range 0.5-2.0 mSv/year) between 17.3 and 32.0%
of the thyroid cancers in this cohort may be associated with natural background
radiation if an absolute-risk model applies; between 4.2 and 17.1% of the thyroid
cancers may be associated with natural background radiation if the relative-risk
model applies.  The proportion of the thyroid tumors attributed to the atomic
bomb radiation is between 21.1 and 22.0% for the absolute risk model, and is
between 18.7 and 19.1% for the relative-risk model, in both cases irrespective of
the assumed background radiation dose. The proportion of thyroid cancers ac-
counted for by natural background radiation progressively increases with attained
age, from 0.3% of cancers among those under the age of 15 years to 30.5% for
those over the age of 60 years, assuming that the absolute-risk model applies.
There is a similar increase in this percentage if it assumed that the relative-risk
model applies (Little, 2002).

Conclusion The thyroid in children is highly sensitive to ionizing radiation
from x rays and an increased incidence of thyroid cancer has been noted in some
populations after doses as low as 0.1 Gy (Ron et al., 1995; Ron et al., 1989).  The
highest risk observed is in the youngest children, especially in females, and the
increase in risk lasts for 40 years or more but at a decreasing rate in the later
years.

Studies of Thyroid Cancer after Medical Administration of 131I

Two studies of children given 131I in diagnostic doses have reported small
increases in the appearance of thyroid cancer.  A Swedish study found 50 thyroid
cancers when 39.4 were expected (SIR = 1.27, 95% CI = 0.94-1.71) after a mean
dose of 0.5 Gy (range, 0-40.5) (Hall et al., 1996a).  However, the study included
a very small number of young children.  No increase was noted when persons
referred with the diagnosis of suspected tumors were excluded (Holm et al.,
1988).

A study conducted, by the US Public Health Service, found five thyroid
cancers when 2.53 were expected after a mean dose of 0.9 Gy (range =  0-20)
(Hamilton et al., 1987).  Three studies of mostly adults given 131I in therapeutic
doses have been reported from Sweden, England, and the United States.  The
Swedish incidence study found 18 thyroid-cancer cases when 13.9 were expected
(SIR = 1.29; 95% CI = 0.76-2.03) after doses over 100 Gy (Holm et al., 1991).
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The British study of cancer mortality after radioactive-iodine treatment of 7,417
thyrotoxic patients found decreased overall mortality (SIR= 0.83; 95% CI = 0.77-
0.90) (634 observed/761 expected).  Overall cancer mortality in the study was
also decreased (SMR = 0.90, 95% CI = 0.82-0.98) (448 observed/499 expected).
The thyroid cancer incidence, however was increased (SIR = 3.25, 95% CI =
1.69-6.25) (9 observed/2.8 expected) (Franklyn et al., 1999).

The US (NCI) mortality followup study found 24 thyroid cancer deaths when
6.09 were expected (OR=3.94, 95% CI = 2.52-5.86) after a mean dose of 50-70
Gy (Ron et al., 1998a).  If one assumes a 5-year latent period and excludes deaths
in the first 5 years after therapy, the OR falls to 2.6, which is of marginal statis-
tical significance.  Although doses to the thyroid could not be estimated ad-
equately, no exposure-response was observed when administered activity was
used as a proxy measure of dose.

Conclusions The thyroid cancer risk after medical 131I exposure is poorly docu-
mented, whereas the risk after exposure to external radiation is very well docu-
mented.  The small number of children who received 131I in medical studies, and
the medical considerations for the procedure, complicate interpretation of the
findings, so there is little confidence in the results of the studies.  The 131I risk
coefficients derived from environmental-epidemiology studies are likely to be
more reliable despite dosimetry uncertainties, which are being reduced by efforts
to compute individual doses for Chornobyl and other populations exposed to 131I.

Thyroid Nodules after 131I Exposure

Thyroid nodules are common in the general population, and they increase in
number with age (Tan and Gharib, 1997).  Before the 1980s, most thyroid epide-
miology studies report thyroid nodules on the basis of manual palpation; more
recent studies report results based on thyroid ultrasonography.  In both circum-
stances, the findings are buttressed by fine-needle aspiration or surgical biopsy,
which provides the information needed to distinguish benign from malignant
nodules.  They are more prevalent in regions where the diet is low in iodine
(Gembicki et al., 1997).  When ultrasonography is used, the prevalence of nod-
ules is about 60% in persons over 70 years old.  Thyroid nodules are relatively
rare in children under 18 years old (Mettler and Upton, 1995).  The risk coeffi-
cients for thyroid nodules reported in heavily exposed (high-thyroid-dose) popu-
lations (Marshall Islanders) are up to 8 times higher than the risk coefficients for
thyroid cancer.

A Food and Drug Administration-sponsored study of children who received
diagnostic 131I (mean dose, 0.9 Gy) reported an ERR/Gy of 2.0 (95% CI = –0.5-
12.5) for thyroid nodules (Hamilton et al., 1987).  The frequency of thyroid
nodules in 1,005 women given 131I for diagnostic function and imaging tests was
compared with that in a comparison group of women (248) attending a mammog-
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raphy screening clinic in a Swedish study (Hall et al., 1996b).  The mean dose to
the thyroid was 0.54 Gy, and the average age was 26 years old.  The study found
an ERR of 0.9 per Gy (95% CI = 0.2-1.9), but no difference in the ERR between
those exposed under the age of 20 years, and those exposed after the age of 20
years.

External Radiations: Japanese Atomic-Bomb Survivors

The frequency of nodules was assessed with ultrasonographic screening in
the Nagasaki Adult Health Study in 2,587 persons (61% women) 40 years old
after exposure to the atomic bomb.  The average dose was 0.77 Sv, and thyroid
nodules were detected in 39 men and 151 women.  A statistically significant
increase in solid nodules was found only in women, but the authors did not
describe the power of the test, nor did they calculate the ERR/Sv from their
findings (Nagataki et al., 1994).

Conclusion Thyroid nodules increase in frequency with age, restricted intake
of iodine in the diet, and radiation exposure. Only a small fraction of thyroid
nodules become malignant.  Given our review of the data and the fact that screen-
ing for thyroid nodules was considered and rejected by the Institute of Medicine
for use in irradiated populations, we find no basis for reversing that recommenda-
tion. Thyroid nodules that progress and are diagnosed as malignant are covered
under RECA.

STUDIES OF POPULATIONS OCCUPATIONALLY
EXPOSED TO RADIATION

The causal association between exposure to ionizing radiation and the ap-
pearance of late effects, primarily cancer, was first recognized among groups of
early radiation workers.  Populations at risk for occupational exposure to radia-
tion since the early 1940s have been subject to increasingly stringent occupa-
tional radiation-protection standards (Jones, 2004).  Epidemiologic studies of
such populations continue to make important contributions to the understanding
of radiation-induced disease, particularly of the risks of late effects after low
doses (< ~200 mGy [< ~20 rad]) that often are of public concern.  The epidemio-
logic strengths and weaknesses of such studies must be borne in mind when
reviewing their findings.

The strengths of the occupational population studies include the availability
of large numbers of people, many of whom were individually monitored for
radiation exposure on the job and have long periods of followup.  In many
instances, records exist of individual workers’ work and occupational-medicine
histories and of the operations and processes.  A weakness or limitation of the
studies is that the worker populations have been predominantly healthy white
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adult males 18-65 year old, often with regular access to health care, and do not
include representative numbers of people who are unemployed because of illness
or other factors and other segments of the general population, such as women,
children, and other races—all factors that can influence health.  Thus, results of
many of the low-dose studies cannot be extended to other segments of the general
population.  Also, the characteristics of worker populations are recognized as
contributing favorably to their mortality and illness experiences relative to the
general population, a bias described as the healthy-worker effect (McMichael,
1975).  However, that effect is generally considered to be greater for noncancer
death or disease rates among workers when they are compared with segments of
the general population of similar age, sex, and race than when those rates are
compared with cancer rates, because it is difficult to screen from the workforce
those who might develop cancer in the future.  The average cumulative radiation
doses to individual workers generally are low with the uncertainties that are
inherent in monitoring data on individual workers, so total population dose tends
to be both low and poorly estimated.  Those limitations diminish the statistical
power of the worker studies to evaluate the risk of radiation-induction of disease,
primarily radiogenic cancers, at low doses.  Other factors that can limit evalua-
tion of the risks of disease at low doses are exposures to multiple agents, includ-
ing one or more additional types of ionizing radiation from external and internal
sources, and to chemicals and other workplace hazards and individuals’ lifestyle
habits, often undocumented, such as smoking.  Those factors limit the ability to
detect and confirm a radiation-induced effect at low doses.  Those issues have
been discussed recently in more detail by Gilbert (2001) and Howe (2004).

In addition to uranium miners, millers, and ore transporters, several other
groups of workers at risk of exposure to radiation have been followed over long
periods to identify increases in causes of death relative to nonexposed compari-
son populations and to evaluate statistically significant relationships between
such increases and occupational radiation exposures.  The results have been
increasingly available since the middle 1980s.  They have particular relevance in
considering the risks to the downwinders and onsite participant RECA popula-
tions because of the similarities between their radiation-exposure experiences
and those of the occupationally exposed populations.  Both these population
groups were at risk of exposure to one or more types of radiation from external
and internal sources at low doses and low dose rates over extended periods.  They
also probably had some similar non-occupational risk factors.  Descriptions of
most of the individual worker populations and findings published through the late
1990s are summarized in UN Scientific Committee on Effects of Atomic Radia-
tion (UNSCEAR) reports (UNSCEAR 1994; 2000).  For the purposes of this
section, we discuss additional and updated epidemiologic studies of workers,
other than uranium miners, millers, and ore transporters, who potentially were at
risk of exposure to radiation on the job.  The populations of interest are consid-
ered as five main but not always mutually exclusive groups; specifically:
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1. Nuclear-Industry workers;
2. Commercial nuclear power-plant workers;
3. Nuclear shipyard workers;
4. Medical personnel; and
5. Military participants at nuclear-weapons test sites and US nuclear

submariners.

To address the committee’s charge regarding new epidemiologic informa-
tion that might affect radiation risk estimates, the more recently reported findings
of the major occupational epidemiologic studies, other than those involving ura-
nium miners and millers, are summarized here.

Studies of Nuclear-Industry Workers

Epidemiologic studies involving nuclear-industry workers have been con-
ducted or are in progress in several countries (UNSCEAR, 1994; 2000).  Some of
these studies have since been updated or have served as the basis of more focused
studies of workers at the same or multiple sites and of specific cancers.  Reports
also are available of completed studies of workers at additional sites.  They
include studies of populations of civilians employed in the post-uranium-milling
production and research and development operations of nuclear-energy and
weapons-development programs at multiple facilities in the United States (US),
United Kingdom (UK), Canada, the Russian Federation (formerly part of the
Soviet Union), Japan, and France.  In some of those countries, the operations
began in the early 1940s.

Followup studies of mortality from all causes conducted during the 1970s and
1980s for a number of facility-specific populations of nuclear program workers in
the US, the UK and Canada (NRC, 1990; UNSCEAR, 1994; UNSCEAR, 2000).
The more robust of those studies established a basis for combined population
studies in the individual countries (Gilbert and Marks, 1979; Smith and Douglas,
1986; Beral et al., 1985; Beral et al., 1988; Howe et al., 1987) and across all three
countries (Cardis et al., 1995), external low LET radiation being the primary expo-
sure of interest.  Workers in nuclear industry operations in the UK, Canada, and
Japan also are included in national registries of radiation workers.

Depending on the characteristics of their jobs, nuclear-industry workers were
at risk for chronic exposure to low doses of various types of radiation primarily
from external or internal sources, or both, and other potentially hazardous agents
present in the workplace.  Mortality from all and specific causes, including all
types of cancers, generally is measured as the ratio of the number of deaths
observed in the study population to a number expected in the comparison or
“nonexposed” group (standardized mortality ratio [SMR]) and is the main result
reported in most of the studies.   In many of those and other previously reported
studies of nuclear-industry workers, the SMRs for total mortality and noncancer
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system-specific diseases are less than unity, reflecting a healthy-worker effect.
Cancer mortality typically is similar to that expected among the general popula-
tion, although some statistically significant increases in various site- or type-
specific cancer mortality are noted.  However, with the exception of nonCLL
leukemia, there is a lack of evidence of a consistent pattern of such increases
(Telle-Lamberton et al., 2004) or of their attribution to occupational radiation
exposure.  A causal association between chronic exposure to low doses of low
LET radiation and multiple myeloma remains equivocal.  In some studies,
nonexposed workers or workers in different dose or job groups at the same
facility are used as internal controls when radiation dose-response relationships
are examined for all or site-specific solid cancers and leukemia, thereby taking
the healthy-worker effect into account.  The major, more robust studies have
provided risk estimates expressed as excess relative or absolute risks (ERR, EAR,
respectively) for radiation induction of radiogenic cancers and nonCLL leukemia
respectively.  To date, only a few morbidity studies of nuclear-industry workers
have been conducted.  Those have tended to focus on subcohorts of workers at
nuclear facilities, who also were at risk of exposure to specific radionuclides,
such as plutonium or nonradioactive toxic metals or chemicals.

Some previously evaluated facility-specific studies of nuclear workers have
since been updated or have served as the basis of more focused studies of workers
at the same or multiple facilities and of workers with specific exposures or
cancers.  Reports on recent studies of workers at additional nuclear sites also are
available in the peer-reviewed literature.  In Table 4.5, we reference the major
studies in those categories and summarize their significant findings with respect
to a risk for radiation-induced cancers and nonCLL leukemia as available.

Studies of Commercial Nuclear Power-Plant Workers

Workers at commercial nuclear power plants (CNPPs) are primarily at risk
of chronic exposure to low external doses of high-energy penetrating radiation (x
and gamma), and to a lesser extent to neutrons  externally and possibly of alpha-
particle emitters (such as, uranium, radium, and radon) and low energy beta
emitters (such as, tritium,3H) internally.  The findings of two large combined-
population cohort mortality studies have recently been reported; both focused a
priori on evaluation of relationships between radiation and the risk of solid can-
cers and leukemia (except CLL).

Zablotska et al. (2004) followed a cohort of 37,735 male and 7,733 female
employed and monitored for at least 1 year at four Canadian nuclear power plants
in 1957-1994 with a total of almost 608,000 person year at risk (individual mean =
13.4 year).  Cumulative radiation exposures (equivalent doses) for individual work-
ers ranged from 0 (31.6%) to 498.9 mSv (49.9 rem) (mean = 13.5 mSv [1.25
rem]).  Compared with the Canadian general population, mortality in male and
female workers combined from all causes (1,599 deaths; SMR = 0.63, 95%
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CI = 0.60-0.66) and all cancers (531 deaths; SMR = 0.74, 95% CI = 0.68-0.80)
demonstrated a “healthy-worker” effect typical of a relatively young workforce.
Deaths due to leukemia except CLL, for males and females combined, were fewer
than expected, but the deficit was not statistically significant (18 deaths; SMR =
0.80; 95% CI = 0.47-1.26).  The RRs for nonCLL leukemia increased monotoni-
cally across the four dose groups (<1, 1-49, 50-99, and >100 mSv) on the basis of
one death in each of the two highest dose groups.  ERR/Sv for all solid cancers
(2.80, 95% CI = –0.038-7.13), and nonCLL leukemia (52.5, 95% CI = 0.205-291)
were higher than those for the atomic-bomb survivors (Little and Muirhead, 1998)
and the International Association for Research on Cancer (IARC) combined analy-
sis of nuclear workers (Cardis et al., 1995), but the authors considered that they
could have been due to chance.  Uncertainties associated with the relatively small
numbers of deaths to date also could have contributed to the findings.

A companion study (Howe et al., 2004) of US CNPP workers evaluated
noncancer and cancer mortality among a predominantly male cohort (N = 53,698)
with individual radiation monitoring data for at least a year while they were
employed at 52 facilities nationwide some time between 1979 and 1997.  As in
the study by Zablotska et al. (2004), a marked healthy-worker effect was seen for
noncancer deaths (773 deaths; SMR = 0.34, 95% CI= 0.32-0.36) and all solid-
cancers deaths (368 deaths; SMR = 0.65, 95% CI = 0.59-0.72) relative to the
general US population.  However, positive but not statistically significant asso-
ciations with radiation dose were seen for nonCLL leukemia (26 deaths; ERR/Sv
= 5.67, 95% CI = –2.56-30.41) and for all solid cancers (368 deaths; ERR/Sv =
0.506, 95% CI = –2.01 - 4.64).  The finding of a high mortality risk, ERR/Sv 8.78
(90% CI = 2.19-20.0) from arteriosclerotic heart disease in the worker population
is considerably higher than reported in the LSS where the authors also found a
significantly increased heart disease mortality risk (ERR/Sv = 0.17, 90% CI =
0.08-0.26) p = 0.001 (Preston et al., 2003).  In contrast, the incidence of heart
disease in the adult health study for about 10,000 participants during the period
1958-1998 (Yamada et al., 2004) showed no significant relationship with radia-
tion dose for any of the cardiovascular diseases.  The high rate of heart disease
observed by Howe et al. (2004) was noted as being out of line with other obser-
vations, and they advised that further attention to the issue was warranted.
McGale and Darby (2005) systematically reviewed  the published findings of
studies of mortality (25 studies) and morbidity (one study) from circulatory dis-
ease among various populations, including some worker populations at risk for
exposure to radiation doses between 0-5 Sv. The authors concluded that there is
no clear epidemiologic evidence of a risk of circulatory diseases at 0-4 Sv, as was
suggested by the study of atomic-bomb survivors (Preston et al., 2003).

Because the commercial nuclear-power industry was established somewhat
later than the nuclear-energy and weapons-development programs, mortality and
the years of followup available for CNPP workers are less than for workers in the
nuclear-development programs, so the statistical power of these studies is more

Assessment of the Scientific Information for the Radiation Exposure Screening and Education Program

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11279


100 RADIATION EXPOSURE SCREENING AND EDUCATION PROGRAM

limited.  However, CNPPs provide the opportunity for followup studies of large
cohorts of individually monitored people at risk of exposure to radiation at occu-
pationally low levels, and both cohorts are included in the combined analysis of
mortality among nuclear workers in 15 countries that is being coordinated by
IARC.

As illustrated by the summary reviews, there are benefits to being able to
evaluate the human risks posed by exposure to low levels of radiation through
direct observation and measurement of exposed populations.  They allow evalu-
ation of the cancer risks estimated with extrapolation from data on populations
such as the atomic-bomb survivors, who were exposed at high dose rates over a
much wider range of doses—from very low doses to several Gy—than those
measured directly in the low-dose and low-dose-rate populations.  Such compari-
sons can show whether the cancer risk estimates obtained by extrapolation for
low exposure levels significantly underestimate or overestimate the risks obtained
through direct measurement.  Also, despite their limitations, the multiple low-
level exposure studies contribute to the “weight of evidence” with respect to the
validity of the cancer risk estimates obtained by extrapolation that contribute to
the basis of current radiation-protection standards.

Studies of Nuclear Shipyard Workers

Between the early 1950s and 1970s civilians were employed in the US naval
nuclear propulsion program at facilities nationwide where they were involved in
building and overhaul of US nuclear naval vessels.  In those activities, workers
were at risk of external exposure to gamma radiation from cobalt-60 and other
radionuclides deposited in the nuclear reactor systems and to asbestos and indus-
trial chemicals.

A recent study by Silver et al. (2004) has updated through 1996 the mortality
experience with respect to radiation status of an expanded cohort of 37,853
predominantly white civilian men and women employed at the Portsmouth Naval
Shipyard (PNS), Kittery, Maine, some time between 1952 and 1992.  This popu-
lation originally was the subject of a proportional mortality analysis that found
greater than expected proportions of leukemia and all cancers among the men
(Najarian and Colton, 1978).  Reports of those findings, attributed to method-
ologic shortcomings, contributed to the concerns raised in 1978 that led to the
formulation and eventual enactment of RECA 1990 as described in Chapter 2.

More rigorous  followup studies of  mortality from all causes (Rinsky et al.,
1981), leukemia (Stern et al., 1986), and lung cancer (Rinsky et al., 1988) in a
cohort of almost 25,000 white civilian men employed at PNS some time between
1952 and 1977 found leukemia and all-cancer mortality within the range ex-
pected among a comparable component of the US population, an increased risk of
lung cancer in workers with career doses of at least 1 rem (10 mSv) externally
and at least 15 years after first exposure and an increased risk of nonCLL leuke-
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mia in workers in the same group exposed to at least 1 rem (10 mSv)—with no
latent interval period.  However, the increased lung-cancer risk with respect to
radiation appeared to be smaller when exposures to asbestos and welding fumes
were taken into account, and no statistically significant association was found
between leukemia and radiation or solvent exposure, although there was an in-
creased risk of leukemia in electricians and welders.

PNS employees also were included in a combined population study of mor-
tality that involved almost 62,000 civilian workers at eight US naval shipyards
that serviced nuclear powered vessels (Matanoski, 1991).  This study was de-
signed to determine whether there was an excess risk of leukemia or other cancers
in the population that was associated with their occupational radiation exposure
to low doses of gamma radiation.  Three subcohorts were identified for compari-
son; they were: nonradiation workers; radiation workers with individual cumula-
tive external doses of 0.5 rem (5 mSv) or less; and radiation workers with more
than 0.5 rem (5 mSv).  The overall mortality risks in all three groups were
generally similar to those in the US general population but were highest for the
nonradiation-worker group and significantly lower than expected for the > 0.5
rem subcohort.  The risks of nonCLL leukemia and lymphoma in the radiation
worker groups were lower than those for the general population and the non-
radiation workers.  However, the risk for the > 5 rem group was greater than that
for the < 0.5 rem group.  The lung cancer risk was higher in the nonradiation
worker group relative to the general population and slightly, but not significantly
higher in both groups of radiation workers.  However, this increased risk ap-
peared to be associated with the effects of workers’ exposure to asbestos rather
than to radiation.

In the updated study of the PNS cohort  (Silver et al., 2004), the healthy-
worker effect was less evident than previously observed by Rinsky et al. (1981);
overall mortality in the full cohort was similar to that expected for the US
population (12,393 deaths; SMR = 0.95, 95% CI = 0.93-0.96).  Mortality from
all cancers (3,192 death; SMR = 1.06, 95% CI = 1.02-1. 10) was statistically
greater than expected, owing in large part to increased risks that were statisti-
cally significant for cancers of the trachea, bronchus, and lung in exposed
radiation workers (monitored with > 0.0 mSv) and workers who were not moni-
tored for radiation; confounding was associated with asbestos exposure in the
radiation workers and smoking in the nonmonitored workers.  Leukemia mor-
tality in the full cohort, although slightly increased was similar to that in the
general population (115 deaths; SMR = 1.01, 95% CI = 0.84-1.22) but was
lower among the exposed and unexposed monitored subcohorts, whereas it was
nonstatistically increased among the nonmonitored subcohort.  However, a
positive dose-response relationship was observed between leukemia and cumu-
lative external radiation dose; the authors interpreted this as being consistent
with the conclusions of other reviews of leukemia among nuclear workers
(Schubauer-Berigan and Wenzl, 2001).
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Studies of Medical Personnel

Radiologists and Radiotherapists

Since the discovery of x rays by Roentgen in 1896, many physicians, tech-
nologists and physicists have been occupationally exposed to radiation at dose
levels that changed substantially over time.  Before 1920, when the British Ra-
diological Society was formed and procedural standards were formulated, high
doses were received by practitioners.  Therapists who used manually inserted
radium needles received very high doses to the fingers, and many lost digits from
overexposure.  Diagnostic radiologists did not wear protective shields, and they
received much higher doses than was the norm in later years.  The doses to those
radiation workers were fractionated, delivered over many years, and very high by
current standards.  The turning point with respect to the protection of radiation
workers in the United States was a 1928 international meeting that led to the
adoption of the roentgen as the radiation unit and the creation of the group that
led to the formation of ICRP and the introduction of occupational radiation-
protection standards in the United States.

All followup studies on radiologists are hampered by lack of individual dose
data.  During the 1920s and 1930s, doses to individual radiologists were esti-
mated to be 1 Sv per year (Braestrup, 1957).  Smith and Doll (1981) estimated
annual doses to British radiologists at 0.1 Sv before the 1950s and perhaps 0.05
Sv in the early 1950s, and they declined to 0.5 mSv by 1993 (Hughes and
O’Riordan, 1993).  The total number of 8 cases of leukemia were observed
among British radiologists who had registered with a radiological society after
1920.  The fact that radiation pioneers received doses likely to have been higher
than the pre-1950 annual average (0.1 Sv) is a potential source of bias.

A report on mortality among almost 2,700 British radiologists who practiced
in 1897-1997 reveals a number of important findings regarding the particular
tumors that were increased and the periods involved (Berrington et al., 2001).
Although the number of cancer deaths among radiologists registered after 1920
was similar to that expected among all medical practitioners, there was a statisti-
cally significant trend (p = 0.002) toward increasing cancer mortality with time
since entry into practice (registration with the British Radiological Society), so
that those registered for more than 40 years after 1920 had a 41% excess risk of
cancer mortality (SMR  = 1.41, 95% CI = 1.03-1.90).  Practitioners who entered
practice after 1954 did not show increased mortality from cancer, so the trend
was most likely due to the highest mortality risk in the earliest period.  In those
registered after 1920 when the first recommendations for radiological protection
were published in Britain, the death rates from cancer in radiologists were not
greater than the death rates in all other medical practitioners combined (SMR =
1.04, 95% CI = 0.89-1.21).  No evidence was found of increased mortality other
than from cancer even in the earliest radiologists despite the fact that the esti-
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mated dose they received has been associated with more than a twofold increase
in death rate in the Japanese atomic-bomb survivors.  The greatest proportional
excess in the post-1920 radiologists was in leukemia.  Mortality from noncancer
causes was lower than in the comparison populations even in the pre-1921 radi-
ologists, who would have received the highest doses.  The latter finding is at odds
with recent noncancer-mortality data on the Japanese atomic-bomb survivors.

Parallel studies of radiologists carried out in the United States reached many
of the same conclusions (Seltser and Sartwell, 1965; Matanoski et al., 1975a, b,
1984 cited in Yoshinaga et al., 2004).  The turning point in the United States was
a 1928 international meeting that led to the adoption of the roentgen as the
radiation unit and the creation of the group that led to the formation of ICRP.  The
SMRs for US radiologists compared with other specialists were 1.38 for all
cancers and 2.01 and 1.0 for leukemia for those who entered the specialty during
the periods 1920-1939, and 1940-1969 respectively.  SMRs for leukemia in the
UK radiologists were 2.5, 2.7, 2.29, and 1.16 for those who registered with the
British Radiological Society in the periods 1897-1920, 1921-1935, 1936-1954,
and 1955-1979, respectively.  For all cancers, the UK radiologist’ SMRs were
1.58, 1.04, 0.91, and 0.78 for the same period.  Thus, similar trends in leukemia
and all-cancer mortality were observed in both groups.

Matanoski et al. (1984) noted a nonstatistically significant relative risk
(RR = 2.1) for multiple myeloma in the US radiologists who joined the Radio-
logical Society of North America in 1940-1969 when compared with other phy-
sician specialty groups.  No increase was seen among the earlier member cohort
(1920-1939).  Berrington et al. (2001) also noted a similar increase in the risk for
multiple myeloma (2.32) on the basis of four deaths among the later UK radiolo-
gists (> 1940-1969) but not for the earlier cohort (>1920-1939).  Several hypoth-
eses have been offered for the finding that the risks for nonCLL leukemia for the
later cohort at entry appear to decrease while the risk for multiple myeloma
increased but to date it remains unexplained (Matanoski et al., 1984).

Radiological Technologists

There are many more radiologic technologists than radiologists, and they
spend more hours in conducting procedures.  It is estimated that there are 2.3
million medical-radiation workers worldwide.  About 146,000 radiologic tech-
nologists were followed for mortality through 1990 (Doody et al., 1998, Mohan
et al., 2003).  The cohort included all technologists living in the US who were
certified for at least 2 years between 1926 and 1982.  The cohort was composed
primarily of women, in contrast with the radiologist cohorts analyzed that were
limited to men.  A smaller cohort consisted of 6,500 male x-ray technologists
trained by the army during World War II.  They were followed through 1963
(Miller and Jablon, 1970) and 1974 (Jablon and Miller, 1978) with death certifi-
cates obtained through Veterans Administration files (See Tables 4.6 and 4.7).

Assessment of the Scientific Information for the Radiation Exposure Screening and Education Program

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11279


104 RADIATION EXPOSURE SCREENING AND EDUCATION PROGRAM

Higher leukemia SMRs were found in Japanese male x-ray technologists
(Mohan et al., 2003), and higher leukemia SIRs were found in Chinese male and
female x-ray workers than in US radiation technologists (Sigurdson et al., 2003).
The higher rates are presumed to reflect higher exposures.  The SMRs and SIRs
observed in radiologists and technologists working in the US, UK, Japan, China,
and Denmark have been summarized by Yoshinaga et al. (2004).  As was found
for the radiologists studied, the most consistent observation was an increased
leukemia risk in the early cohorts of medical-radiation workers.  The lack of
individual dose estimates in the years before personal dosimetry was in wide use
compromises the ability to capture dose-response information from the historical
studies.  Future data should not be so limited, albeit with lower individual expo-
sure doses.

TABLE 4.6 Mortality Risks Observed in Radiology Technologist Studies

SMR/Number of Deaths Observed in Study Population

Technologists Sex All causes All cancer Leukemia

US 1926-1982 Female 0.76/7567 0.86/2558 0.92a/98c

Mohan et al., 2003

US 1926-1982 Male 0.76/5057 0.73/1137 0.95a/60c

Mohan et al., 2003

US Army, 1946-1963 Male 1.06/289 1.05/55 1.25b/8
Jablon and Miller, 1978

aComparison vs US population.
bComparison vs pharmacy and lab technologists.
cNot including CLL.

TABLE 4.7 Standardized Incidence Ratios/Number of Persons Observed in
US Radiation Technologist Studies

SIR/Number of Cases Observed in Study Population

Technologists Sex All causes All cancer Leukemiaa

US 1926-1982 Female NA 1.07/2408 1.12/48
Sigurdson et al.,
2003

US 1926-1982 Male NA 0.94/884 1.04b/27
Sigurdson et al.,
2003

aAll types of leukemia including CLL.
bComparison vs US SEER Program.
NA = Not applicable.
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Military Participants at Nuclear-Weapons Test Sites

More than 200,000 US military personnel participated in atmospheric
nuclear-weapons tests between 1945 to 1963.  In the late 1970s concern about the
long-term health of the participants in those tests, particularly the risk of leuke-
mia and other cancers, prompted a series of followup studies, primarily of mortal-
ity among groups of military personnel identified as having participated onsite at
the ‘SMOKY’ (1957) or at least one of five other test series conducted at the
Nevada (NTS) or Pacific (PTS) Test Sites between 1953 and 1956 (Caldwell et
al., 1980; Caldwell et al., 1983; MFU, 1985). Those studies found no consistent
disease patterns.  Compared to the US population, leukemia incidence and mor-
tality was significantly increased among the more than 3,000 SMOKY partici-
pants, based on small numbers of leukemia deaths, but not in some of the other
groups.  Average individual and the total population radiation doses accumulated
during the test periods were generally low, although a few participants received
> 50 mSv (5 rem) during the test year; dose-response relationships were not
evaluated.

Subsequent studies by Watanabe et al. (1995b) and Johnson et al. (1996)
updated and evaluated mortality among 8,554 and approximately 40,000 US
Navy veterans who participated in HARDTACK I (PTS 1958) and CROSS-
ROADS (Bikini 1946) tests, respectively.  Followup for the HARDTACK 1
cohort was from September 1, 1958 through September 1, 1991; it was through
December 1992 for the five series test study.  Veterans who had not participated
in the tests comprised the comparison groups for these studies.  The median dose
of gamma radiation was 3.88 mSv (388 mrem) among the HARDTACK I veter-
ans.  Comparing unadjusted mortality ratios for the HARDACK 1 veterans and
their comparison group, Watanabe et al. (1995b) found a statistically significant
increase in deaths from all causes (1,083 deaths, RR = 1.10, 95% CI = 1.02,
1.19), but a nonsignificant deficit in leukemia deaths (6 deaths; RR = 0.69, 95%
CI = 0.27-1.78).  Mortality from other cancer causes, except for cancers of the
digestive organs, was similar in both groups; only digestive organ cancer mortal-
ity was statistically significantly increased (66 deaths, RR = 1.47, 95% CI = 1.06 -
2.04).  The dosimetry data available for the CROSSROADS study were consid-
ered unsuitable for epidemiologic analyses, so mortality was compared for three
surrogate exposure groups: veterans who boarded target ships and thought to be
at highest risk of exposure; those who did not, and a special tasks group.  In that
study all causes mortality among participants was slightly increased (~5%) com-
pared with the nonparticipant veteran group.  Small increases seen in mortality
from all cancers (1.4%) and leukemia (2.0%) were not statistically significant.
Thus, results of those studies were equivocal with respect to a radiation effect.

Subsequently, a mortality study was designed to update the five test series
study and to analyze the timing and causes of death of about 70,000 servicemen
who participated in at least one of five selected nuclear-weapons test series in the
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1950s; almost 65,000 comparable nonparticipants served as the comparison
group.  More than 5 million person/year of mortality followup information was
obtained.  Overall, the participants and the comparison group had similar risks of
death and cancer except that the participants had a 14% higher risk of leukemia
than the comparison group.  That higher risk was not statistically significant and
was possibly real but also could have been a chance finding (IOM, 2000).

A study was conducted of 1,010 US veterans who had received the highest
gamma-radiation doses (50 mSv [5 rem] or more per year) during the 1958
HARDTACK I test series.  Cancer rates were compared with those in a group of
2,870 participants in lower-dose tests.  Mortality from all causes (RR = 1.22,
CI = 1.04-1.44) and from all lymphopoietic cancers (RR = 3.72, CI = 1.28-10.83)
was significantly higher in the high-dose cohort than in the low-dose controls
(Dalager et al., 2000).

Mortality and incidence of cancer in participants in the United Kingdom’s
(UK) weapons tests held during the 1950s and 1960s at bases on islands in the
Pacific Ocean and in Australia, was updated through 1991 for 21,358 service
personnel and civilians and a control group of 22,333 nonparticipants (Darby et
al., 1993a), most of whom were included in an earlier followup study (Darby et
al., 1988).  During the seven years of further followup, the number of deaths in
the test participants were fewer than expected from national rates. SMRs for all
causes were 0.86, all neoplasms 0.85, leukemia 0.57, and multiple myeloma 0.46.
In the period more than 10 years after initial participation, relative risk in the
participants was near unity for all causes (0.99 CI = 0.95-1.04) and all neoplasms
(0.95 CI = 0.87-1.04).  Leukemia mortality was equal to that expected from
national rates but greater than in controls for both the followup period (1.75 CI =
1.01-3.06) and the period 2-25 years after the tests (3.38 CI = 1.45-8.25).  The
authors concluded that participation in nuclear weapons tests had no detectable
effect on life expectancy or on the development of cancer.  They attributed the
apparent increase in leukemia in participants to an apparent deficit in rates
observed in the controls, although a small risk of leukemia could not be excluded.

Mortality and cancer incidence between 1957 and 1987 were evaluated
among a small cohort of New Zealand naval personnel (n = 528) who participated
in UK nuclear weapons tests in 1957 and 1958 at Pacific island bases and 1504
nonparticipant naval controls (Pearce, 1996; Pearce et al. 1997).  Mortality from
all causes combined, all causes other than cancers and all cancers combined,
though increased in the participants relative to the nonparticipants in some cases,
was as expected.  The RRs for cancer incidence overall (RR = 1.12, 90% CI =
0.78-1.60); and the incidence of cancers other than hematological malignancies
(RR = 1.14, 90% CI = 0.69-1.83) were slightly but not statistically significantly
increased.  Hematological cancers accounted for seven deaths among the partici-
pants (RR = 3.25, 90% CI = 1.12.-9.64) including four from leukemia (RR =
5.58, 90% CI = 1.04-41.6), one of which was the CLL type (Pearce et al., 1997).
No cases of multiple myeloma were identified among the participants.  The small
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numbers of leukemia and the wide confidence intervals do not provide strong
evidence of a radiation effect although it cannot be ruled out.

The committee comes to the same conclusion as the authors of the different
reports concerning the mortality experience of military participants at nuclear test
sites: the lack of a consistent pattern of cancer excess, with the only statistically
significant increased mortality for lymphopoietic cancers suggests that factors
other than or in addition to radiation may have been involved.

Study of US Nuclear Submariners

Mortality rates for all-cause and specific-disease categories in a cohort of
76,160 men who served in US nuclear submarines between January 1, 1969 and
June 30, 1982 were compared with those in the comparable segment of the US
population (Charpentier et al., 1993).  During the study period the cohort accu-
mulated almost 595,800 person/year and about 32,000 person/rem (mean cumu-
lative dose to individuals 1.70 mSv [.0.17 mrem]).  Notably, a statistically signifi-
cant deficit of mortality was seen for all causes of death (811 deaths, SMR = 0.62,
95% CI = 0.58-0.66) combined and all cancers (77deaths; SMR = 0.71, 95% CI =
0.56-0.88) combined.  However, as the authors noted, the study findings should
be interpreted cautiously, because in addition to a marked healthy-worker effect,
the cohort was relatively young (mortality through the study period of just over
10%) and the periods of radiation exposure and followup were relatively short.
The authors evaluated mortality with respect to several measures including radia-
tion dose, but did not develop cancer risk estimates.

Conclusion Except for leukemia in some but not in all studies reviewed, the
epidemiologic studies of populations occupationally at risk from chronic expo-
sure to low doses of ionizing radiation continue to show a lack of a consistent
pattern of statistically-significant mortality excesses related to radiation dose for
the radiogenic cancers that currently are compensable under RECA (Table 2.1).
A causal association between chronic exposure to low doses of low LET radia-
tion and multiple myeloma remains equivocal.  Apparent excess mortality from
other specific cancers identified among the various worker populations were
described by the study authors as chance findings, or were attributed to small
numbers of deaths, or to factors other than radiation, including exposure to other
workplace hazards.  To date, studies of these populations also fail to show any
evidence of increased mortality risks related to dose for cancers identified in
Table 3.6 that are not compensated under RECA.

Conclusions The committee reviewed information about the long-term risks to
human health posed by radiation exposure that has been published since the BEIR III
report in 1980, which was the basis of the original RECA legislation in 1990.  Our
review focused on epidemiologic studies that we considered pertinent to the RECA
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populations with respect to the types of radiation to which they were potentially
exposed, the duration and magnitude of their exposure, and the cancers and other
diseases that are compensable under RECA.  We included data on all the cancers for
which a radiation risk increase has been documented.  In some of the less common
cancers, such as cancers of the salivary gland and the small intestine, the data were too
sparse and no numerical risk estimates were found in our review of the literature.

We found no evidence that the results of epidemiologic studies of radiation-
exposed populations reported since RECA was formulated, substantially change
the current estimates of risk of radiation-induced diseases among the RECA
populations.

We concluded that to date the risk estimates for radiation-induced cancers and
nonCLL leukemia obtained from the more statistically-powerful occupational stud-
ies for exposure to chronic low doses generally are consistent with those estimated
for the low dose range obtained by extrapolation from the atomic-bomb survivors’
data.

While recognizing the limitations of the epidemiologic studies of popula-
tions occupationally at risk of chronic exposure to low doses of low LET radia-
tion, our review of the studies of such populations has provided little evidence of
increased risks for disease related to low radiation doses, particularly for most of
the site- or type-specific cancers compensable under RECA.  These findings
suggest that it is unlikely that onsite participants and the downwinders, particu-
larly those who may have been exposed as adults to fallout from US nuclear
weapons operations, are at significantly increased risk for cancers that are cur-
rently compensable under RECA, except possibly for nonCLL.

RECENT DEVELOPMENTS IN RADIATION BIOLOGY

This section discusses recent findings in radiation biology that might have
a direct or indirect effect on cancer risk coefficients. Such information might
result in a reconsideration of populations and geographic regions that RECA
covers.

The dose-response relationship for the induction of tumors by ionizing radia-
tion is generally described as being a LNT response.  The risk assessment for
cancer is based on human tumor data and so, relies directly neither on the use of
cellular- and molecular-biology data, nor on the frequencies of radiation-induced
tumors and genetic effects in laboratory animals.  However, such data are used as
part of the evidence for the LNT hypothesis.  Thus, the committee does consider
factors that might influence the shape of tumor dose-response the effects of
genetic variation.  Those may become important if, as has been discussed by
UNSCEAR (2001), for example, future dose-response approaches to risk assess-
ment are more biologically based than is currently the case.

Cellular and molecular radiation-biology studies have been used extensively
to provide support to the LNT approach for extrapolation of tumor responses
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from low or medium doses to those at very low doses (NCRP, 2001).  Gene
mutations and chromosomal alterations have been shown to be involved in the
formation of tumors, including radiation-induced ones (reviewed in Meltzer et
al., 2002 and NCRP, 2001).  Many studies have demonstrated that gene muta-
tions and chromosomal alterations increase with radiation dose and that they are
induced in a LNT manner at low doses (under 5 mGy).  However, in recent years,
several radiation-induced processes have been described by which radiation might
either increase or reduce the frequency of those genetic alterations at very low
doses compared with the currently accepted LNT extrapolation from low or
medium doses.  No effect of those cellular processes on cancer risk has been
established at this time (Morgan, 2003).

Bystander Effects

The bystander effect is described as a response in cells that are not directly
traversed by a radiation-particle track.  The majority of such responses have been
described for high-LET exposures (such as to alpha particles) because it is possible,
using a microbeam or specific dose, to define the cells traversed or the proportion of
the cell population irradiated.  For low LET radiation (such as x-rays and gamma
rays), unless specific energy microbeams are used, all cells are traversed by mul-
tiple ionization tracks.  Thus, no measurable bystander effect will occur.

The bystander effect has been observed in several experimental in vitro
systems and a variety of mechanisms have been proposed to explain it (Mothersill
and Seymour, 2001).  The lack of consensus illustrates the degree of speculation
that is involved in the interpretation of bystander experiments, and this in turn
results in an inability to relate the phenomenon directly to risk.  Whether a
bystander effect can be induced after in vivo irradiation is still quite uncertain.
Thus, a concern remains as to just how relevant the in vitro cellular results are for
predicting in vivo responses and how pertinent they are to the process of tumor
induction.  Certainly, the organization of tissues, as compared to cell cultures,
and the nature of cell-cell interactions in vivo vs those in vitro support an overall
concern about the relevance of the in vitro studies.

Two recent studies support the view that the use of in vitro approaches does
not necessarily predict in vivo outcomes.  Weaver et al. (2002) showed in an
elegant set of studies that tumor cells in a three-dimensional organization re-
sponded to apoptotic (programmed cell-death) signals differently from the same
cells grown on flat tissue-culture substrates.  The data show that analyzing cell
interactions in a more natural three-dimensional setting provides a view that is
closer to what happens in living organisms.  Prise et al. (2002) lend support to
that view.  They showed that multicellular, tissue-based models provide evidence
of competing bystander processes at low doses of high-LET radiation, both pro-
tective and adverse ones.  Those outcomes are quite different from the responses
described for in vitro cellular systems.
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Genomic Instability

The development of widespread genomic instability is a hallmark of tumor
development.  Such instability is both a cause and a consequence of the cancer
process.  The type of genomic instability described after radiation exposure is
different from and much more limited than that observed in tumors (Little, 1998).
Most studies that have investigated genomic instability have involved irradiating
cells in vitro and observing the appearance of de novo genetic changes in descen-
dants of irradiated cells.  A few studies have shown increased genetic damage in
descendants of irradiated cells that have been transplanted into whole animals, but
there is no substantial evidence of the effects being induced and transmitted in vivo.

Adaptive Response

An adaptive response to radiation exposure has been described for chromo-
somal alterations and mutations for both in vitro and in vivo exposure
(UNSCEAR, 1994).  The phenomenon is one whereby the frequency of chromo-
somal aberrations was found to be approximately 50% lower after a small prim-
ing dose (such as 10 mGy) followed by a challenge dose of 1 Gy or more
compared to the frequency after a challenge dose of 1Gy or more without a
priming dose.

A number of possible explanations of the adaptive-response phenomenon
have been proffered, but none has convincingly explained it.  In addition, the
adaptive response is highly variable and depends on the cellular (or tissue) sys-
tem used.  For human cell studies, samples from some people show an adaptive
response, and those from others do not.  The induction of an adaptive response
appears to be transitory, that is, the protective effect of the priming dose generally
lasts for only a few hours.  Furthermore, very small doses and dose rates, of the
kind encountered environmentally, do not seem to induce an adaptive response.
Having reviewed the literature on the induction of an adaptive response, National
Council on Radiation Protection and Measurements (NCRP) Report 136 (NCRP,
2001) concluded that the data are generally interpreted not to exclude the LNT
model and thus do not provide sufficient grounds for rejecting the LNT dose-
response model as a basis for assessing the risks posed by low-level ionizing
radiation in radiation protection.

Genetic Susceptibility

The evidence is clear that certain genotypes enhance susceptibility to can-
cer of different types. A subset of those genotypes can confer sensitivity to
radiation-induced cancer.  At the population level, these mutations are pre-
dicted to have little overall effect on cancer risk estimates, because their fre-
quency in the population is very low (around 1 per 10,000 live births).  That
view is supported by computational modeling approaches conducted by the
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International Commission on Radiological Protection (ICRP, 1998) for assess-
ing the effect of autosomal dominant or recessive mutations on radiation-
induced tumor frequencies.

However, at the individual level, persons in such susceptible groups face the
potential of an increased risk at the individual level.  ICRP (1998) in its report
Genetic Susceptibility to Cancer concluded:

The principal conclusion by the Commission is that, on current knowledge, the
presence of familial cancer disorders does not impose unacceptable distortions
in the distribution of radiation cancer risk in typical human populations. For
individuals with familial cancer disorders, radiation cancer risks relative to base-
line are judged by the Commission to be small at low doses and insufficient to
form the basis of special precautions.  It seems likely however those risks to
those with familial cancer disorders will become important at the high doses
received during radiotherapy.

NCRP in its Report 136 (NCRP, 2001, page 194) endorsed the ICRP state-
ment on the effect of susceptibility mutations at the population level:

The studies to date of the rare genetic mutations do not suggest they will have a
major impact on total irradiated-population risk or on the shape of the dose-
response.

Again, it is the effect at the individual level that would probably be influ-
enced by mutations for susceptibility to radiation-induced cancer at the high
doses received during therapy.  No information is available on a specific sensitiv-
ity to cancer induction by low doses received occupationally, medically, or envi-
ronmentally of people who carry susceptibility mutations.  However, for people
with such mutations, exposure to a given dose of radiation might be more likely
to induce a cancer but the individual’s baseline risk is also elevated.

In recent years, the approaches for identifying single-nucleotide polymor-
phisms in the human population have improved substantially (Carlson et al., 2004;
Belmont and Gibbs, 2004).  In addition, recent studies have provided evidence of
links between specific polymorphisms and increased disease outcome (Houlston
and Peto, 2004).  Such studies do not include radiation-induced cancers.  However,
given the prevalence of polymorphisms in the population and their relative fre-
quency (over 1% by definition), scientists and risk assessors need to follow the
research in this field to determine whether specific genetic polymorphisms can
enhance individual risks of radiation-induced tumors.

Minisatellite Alterations and Hereditary Risk

Minisatellites are variable regions of DNA characterized by a series of repeat
nucleotide sequences that usually occur in noncoding regions of DNA.  Muta-
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tions in minisatellite regions involve changes in the number of repeat sequences,
and they are about 1,000 times more common than base-change mutations that
occur in protein-coding genes.  Because of their high mutability by ionizing
radiation (for example, about 4% in the exposed people discussed in Dubrova et
al., 2002a), minisatellite mutations have been proposed for use in measuring
hereditary effects of radiation exposure.

Dubrova and colleagues have conducted several studies on populations ex-
posed to fallout from the Chornobyl accident (Dubrova et al., 1996, 1997, 2002b)
and on families living in the vicinity of the Semipalatinsk nuclear test site
(Dubrova et al., 2002a).  They have demonstrated a 1.6- to 2.0-fold increase in
minisatellite mutations in the offspring of irradiated parents.  However, not only
does the increase appear to be independent of the dose received, but also no
mechanism has been identified by which radiation could induce such changes in
the number of repeats in a particular minisatellite region.

Using a similar technique, Weinberg et al. (2001) reported a 7-fold increase
in repeat sequence mutations in people born to fathers who were involved in
cleanup at the Chornobyl plant.  However, Jeffreys and Dubrova (2001) re-
sponded by describing the method used by Weinberg et al. (2001) as unreliable
and concluded that the mutants detected had to be validated.  That has not been
done, so the study by Weinberg et al. (2001) remains controversial.

Other studies of radiation-exposed populations have failed to demonstrate an
increase in minsatellite mutations in the offspring of exposed fathers.  They
include two studies of Chornobyl cleanup workers (Livshits et al., 2001; Kiuru et
al., 2001) and a study of the offspring of the Japanese atomic-bomb survivors
(Kodaira et al., 1995).  In addition, no evidence of increased minisatellite muta-
tions was observed in the sperm of radiotherapy patients sampled at various times
after treatment (May et al., 2000).

The UK National Radiological Protection Board (NRPB) has recently com-
mented on the studies conducted at Semipalatinsk by Dubrova et al. (2002a),
noting that although all other studies have had negative results or been method-
ologically flawed, Dubrova et al. (2002a) provides the most convincing demon-
stration to date of a radiation-induced effect on minisatellite mutation frequency
(Bouffler and Lloyd, 2002).  However, in concluding that, Bouffler and Lloyd
(2002) noted Dubrova et al. (2002a) reported a 1.8-fold increase in minisatellite
mutation frequency for doses cited as greater than 1 Sv.  That value is broadly
consistent with the genetic doubling dose of 1 Sv used by ICRP (1991) and
UNSCEAR (2001).

In a recent comprehensive review of the basis and derivation of genetic risks,
UNSCEAR (2001) discussed the work of Dubrova and colleagues and concluded
that “minisatellite variations very rarely have phenotypic effects.”  UNSCEAR
did not include data on minisatellite mutations in its genetic risk estimates.  Where
associations between minisatellite variations and phenotypic effects have been
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found, they have been for multifactorial diseases whose complex etiology in-
volves multiple genes and interaction with environmental factors.  Such diseases
are far less responsive to an increase in mutation rate than those due to single
gene mutations (UNSCEAR, 2001).  Bouffler and Lloyd (2002) concluded that
minisatellite mutations are unlikely to affect the incidence of heritable disease
substantially.

We can conclude that no new evidence on radiation-induced minisatellite
mutations has been published that requires revision of the human heritable risk
posed by radiation exposure.

In summary, recent studies in cellular and molecular radiation biology are
providing new insights into how radiation interacts with cellular components and
how signals can be transferred from “hit” cells to “unhit” ones.  The information
should improve understanding of the underlying cellular changes that might be
involved in the induction of mutations and how the changes are related to an
excess risk of cancer or hereditary disorders after radiation exposure.  In this
context, radiation risk assessments and consequent risk estimates are disease-
based.  That is, they are derived from the findings of epidemiologic studies of
exposed human populations buttressed by the results of experimental studies of
irradiated laboratory animals.  Thus, they do not rely directly on mechanistic
considerations.  Furthermore, risk-assessment approaches are supported by infor-
mation on the dose-response relationships obtained for a variety of mutational
end points known to be associated with carcinogenesis and hereditary effects.
Reviews by various authoritative international and national scientific bodies of
the risks to health arising from exposure to low doses of radiation have included
knowledge of potential novel biologic mechanisms; they include the recent NCRP
review that led to Report 136 (NCRP, 2001).

None of those reviews concluded that the epigenetic phenomena require
modification of the LNT dose-response model that forms the basis of current risk
estimates.  A move to a more biologically based risk-assessment approach would
require consideration of potentially confounding factors for low-dose response.
With respect to genetic susceptibility to radiation-induced tumors, the current
position of both ICRP and NCRP is that the effect of susceptibility mutations on
population risk would be very small.  For individual risk, there would be a minor
effect of susceptibility mutations at low doses; they might have a much larger
effect at the high doses received in therapy.  The effect of single-nucleotide
polymorphisms on sensitivity to tumor induction by radiation is not known.

Conclusions The committee concludes, on the basis of recent data on radiation-
induced responses at the cellular and molecular levels discussed in this section,
that current cancer risk estimates do not need revision.  That conclusion is also
based on the fact that current risk estimates are developed directly from human
tumor frequencies.
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The committee further concludes that continued monitoring of research in
cellular and molecular radiation biology as related to radiation-induced cancer
risk is needed.

RECENT DEVELOPMENTS IN RADIATION DOSIMETRY AND
RADIATION DOSE AND RISK ASSESSMENT

Radiation Dosimetry

Estimates of health risks to exposed cohorts in the HRSA program have
historically been obtained from dose assessment or retrospective dosimetry.  This
was necessary because many of the people, in particular downwinders, did not
have personal dosimeters and there was a lack of comprehensive workplace or
environmental monitoring.  Reconstructing the external dose requires informa-
tion on fallout deposition patterns, life styles, shielding by building materials and
dose conversion factors.  Reconstructing the dose from internal emitters involves
detailed studies of the movement of the deposited radionuclides through the
food chain into the body and the resultant organ doses obtained by using
physiologically based pharmacokinetic (PBPK) models.  Descriptions of these
procedures for fallout are presented by Bouville et al. (2002) and Simon and
Bouville (2002).

There are continuing efforts to update conversion factors relating radioactiv-
ity to dose for both internal and external exposures.  Conversion coefficients for
external radiation for use in radiologic protection have been revised by ICRP
(ICRP, 1996) and the US Environmental Protection Agency (EPA) (Eckerman
and Ryman, 1993).  A summary of procedures for dose estimation from radionu-
clides in the environment has also been published by the International Commis-
sion on Radiation Units and Measurements (ICRU) (ICRU, 2002).  Doses from
internally deposited radionuclides were estimated with physiologically based
pharmacokinetic (PBPK) models, such as those developed by ICRP (1979).  Dose-
conversion factors for internal deposition of radionuclides have been revised by
EPA (Eckerman et al., 1988).

Tissue weighting factors, wT are defined as the fractions of stochastic risk of
carcinogenesis or hereditary effects resulting from radiation exposure of organ T,
relative to the total risk posed by uniform exposure of the entire body (ICRP,
1991).  The most recent accepted values are shown in Table 3.7.  Modifications to
wT are being reviewed by ICRP on the basis of the latest assessment of cancer
incidence from epidemiologic studies.  The wT for the gonads may be reduced by
a factor of 5 to 0.04.  The value of wT may increase for breast cancer from 0.05 to
0.12.  There should be no changes in the wT proposed for thyroid cancer or
respiratory cancers.  There has been complete revision of the model for the
human respiratory tract (ICRP, 1994) and of basic anatomic data on the skeleton
(ICRP, 1995).
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Collectively, the revisions in dose-conversion factors and other dosimetry
measures should reduce uncertainty in estimates of dose, but they will not sub-
stantially change the general assessment of risk to cohorts in the HRSA program.

The revised PBPK model for the human respiratory tract does not include
dosimetry for inhalation of radon or the short-lived descendants of radon that are
referred to as radon daughters.  Historically, the risks posed by radon have been
related to the time-integrated concentration of potential alpha energy from short-
lived radon daughters, usually expressed in working level month (WLM).  The
committee does not expect that practice to be revised.  Any changes in risk
estimates associated with radon will be related to radiation biology or observed
cancer incidence rather than to a revised paradigm for dosimetry.

The most comprehensive database of risks associated with external exposure
from ionizing radiation is the Life Span Study of Japanese atomic-bomb survivors
conducted by the Radiation Effects Research Foundation.  Previous estimates of
risk were related to dose assessments for each person according to a system called
DS86 (NRC, 1987).  In 2001, a National Research Council report made recommen-
dations regarding revisions to DS86 to reduce uncertainty in dose assessments
(NRC, 2001).  The revisions have been completed and will be published as DS02 in
2005.  The protocol has been used to obtain revised estimates of dose for each
person in the study.  The new data indicate that cancer-mortality risk factors (rela-
tive risk per unit dose) will decrease by about 8% because of changes in dosimetry.
That is principally because of an increase in the gamma-ray dose for both cities.
There are, however, no changes in the apparent shape of the dose-response curve or
the age and time-since-exposure patterns of risk. Efforts are under way to evaluate
and reduce uncertainties in the risk estimates for mortality and to develop risk
estimates for cancer incidence (Preston et al., 2004).

The risk of thyroid cancer in people exposed to 131I has now been conclu-
sively demonstrated as a result of the 1986 Chornobyl accident.  The Institute of
Medicine and National Research Council discussed the early skepticism that met
reports of increased thyroid-cancer incidence at Chornobyl and the later findings
showing that irradiation of the thyroid by 131I is almost, if not equally, as effective
as irradiation by external radiation (IOM-NRC, 1999).  Most of the radiation-
induced thyroid cancers incurred after that accident are papillary thyroid cancers,
the latent period is short, and there are indications that they are more aggressive
than usual.  Recent findings on the dosimetry of 131I exposure from Chornobyl
and its related risk may clarify uncertainties in estimating their health effects.

Radiation Dose and Risk Assessment

National Cancer Institute 1997 131I Study

Since RECA was enacted in 1990, the National Cancer Institute (NCI) has
completed a comprehensive study of radiation doses to the thyroid from 131I
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released from tests at the Nevada Test Site (NTS) (NCI, 1997).  The study uses
fallout measurements, atmospheric modeling, and statistical analysis to estimate
131I fallout deposition density in each county of the continental United States and
the corresponding radiation doses to the thyroid for each atmospheric test at the
NTS.  NCI took into account the ages of those at risk of exposure and their
consumption of milk and other foodstuffs.  NCI presented its results in tables and
in a series of maps showing the doses in all counties for four milk-consumption
rates for people born in selected years from 1930 to 1962; NCI also produced
maps showing doses for different test series.

NCI has provided the committee with updated versions of several of the
maps, and we present them in this report.  The maps show the radiation doses to
people by county.  They include the latest revisions to the dose calculations and
show the doses based on contours.  Thus, they offer a more accurate representa-
tion than the earlier NCI maps in that the doses are based on where the fallout was
deposited and did not stop at county boundaries.

Figure 4.1 shows the estimate of the dose to the thyroid of a child born on
January 1, 1951, for average milk consumption.  Estimated doses range from less
than 1 mGy to greater than 100 mGy.  The map gives the total thyroid dose from
both external and internal radiation.  The great majority of the dose, however, is
from the ingestion of 131I in foodstuffs, particularly milk.

The dose to the thyroid from 131I depended significantly on the age of the
person when the exposure was received.  Because of the relatively higher uptake
of iodine in young children and the smaller thyroid, which resulted in a greater

FIGURE 4.1 Geographic distribution of estimated total (external + internal) dose (mGy)
from all NTS tests to the thyroid of children born on 1 January 1951 and who were
average milk drinkers (map courtesy of National Cancer Institute).
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iodine concentration, the thyroid dose in young children is higher than that in
other age groups for the same amount of fallout and the same dietary intake of
131I.  The dependence of dose on age at exposure tends to decrease with age until
adulthood when dose varies little with age.

Because of the dependence of dose on age at exposure in young children,
maps of thyroid doses to people born at other times may differ from Figure 4.1.
Such maps—for example, for a person born on January 1, 1954—would reflect
the influence of 131I deposited in fallout from tests occurring while that person
was a small child.

For comparison, Figure 4.2 shows the thyroid doses from all tests at the NTS
to people who were adults during the time of nuclear testing.

Figures 4.1 and 4.2 show that people living in many parts of the United
States, not just those living near the NTS, received high thyroid doses as a result
of nuclear tests.  For example, for children born on January 1, 1951, thyroid doses
in areas in Idaho, Montana, and Colorado, were also higher, and thyroid doses in
other areas, such as the Midwest and up-state New York and Vermont, were
elevated.

Much of the geographic distribution is due to the dynamics of 131I.  First,
once away from the NTS, 131I is deposited mainly through precipitation (“wet”
deposition), so areas that receive precipitation when a fallout cloud is passing
overhead are more likely to have high deposition.  Second, once it is deposited,
the main exposure pathway is ingestion of milk from cattle or goats that grazed
on pasture that received the fallout.  Consequently, thyroid doses tend to be

FIGURE 4.2 Geographic distribution of estimated total (external + internal) dose (mGy)
from all NTS tests to the thyroid of those of adult age at the time of exposure and who
were average milk drinkers (map courtesy of National Cancer Institute).
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elevated in areas receiving fallout through wet deposition where entry into the
milk pathway is possible.

On the basis of the 1997 study (NCI, 1997), NCI developed a 131I dose
calculator that was published on the Web at http://ntsi131.nci.nih.gov/.  The user
supplies date of birth, sex, locations and dates of residence, and milk-consumption
pattern.  The calculator then uses the results of the 1997 study to estimate the
thyroid dose from 131I and its 90% credibility interval.

Institute of Medicine-National Research Council Review of 1997 National
Cancer Institute 131I Study

The NCI 131I study was reviewed by an Institute of Medicine-National Re-
search Council committee in 1999 (IOM-NRC, 1999).  That committee stated
that the NCI approach was generally reasonable, but found that the county-
specific estimates of thyroid dose were too uncertain to be useful in estimating
individual doses.

Individual doses depend strongly on specific variables, such as age at expo-
sure and amount of milk consumed, which are not considered in the county doses.
Estimating individual doses is possible but highly uncertain because important
data are not available or are of questionable reliability.  The committee also
observed that there was little epidemiologic evidence of a widespread increase in
thyroid cancer.

Centers for Disease Control and Prevention-National Cancer Institute
2001 Draft Feasibility Study

In 2001, the Centers for Disease Control and Prevention (CDC) and NCI
published a draft feasibility study of the health consequences of nuclear-weapons
testing on the American population (CDC-NCI, 2001).  The report considered all
radionuclides that contributed substantially to the radiation dose, and estimated
the effective dose and the dose equivalent to the organs at risk.  Both NTS fallout
and global fallout were considered.  Global fallout included not only the fallout
from American tests but also the contribution from tests of other nations.  The
draft feasibility study concluded that a full dose assessment was possible but that
it would be a major effort comparable with the NCI 131I study discussed above.

The CDC-NCI study used the 131I fallout deposition densities found in the
1997 NCI study as a starting point to calculate the deposition densities from NTS
fallout of the 33 other radionuclides that contributed substantially to the radiation
dose.  The study then calculated the doses from both internal and external expo-
sure to those radionuclides.  Only the dose to the thyroid from 131I resulted in an
internal radiation dose that substantially exceeded the dose from external radia-
tion.  As a result, most organ doses (except to the thyroid) were roughly the same.
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NCI has prepared updated maps showing the current best estimates of dose
to various organs and made them available to the committee.  The maps are used
in this report rather than the original maps in the 2001 draft feasibility study.  In
Figures 4.3 and 4.4, the dose to the red bone marrow from nuclear tests at the
NTS is shown as representative of the other organ doses for an adult and a child
born on January 1, 1951.

Both the 1997 NCI study and the 2001 CDC-NCI draft feasibility study
estimated doses to the thyroid from 131I at the NTS.  Although the study results
are similar, they are not identical.  The difference is discussed briefly in the 2001
report and attributed to differences in estimating the amount of fallout retained by
vegetation.  In addition, the 2001 results are preliminary in that they are for the
draft feasibility study, and did not include uncertainties.

In addition to estimates of doses from NTS fallout, the 2001 draft feasibility
study evaluated doses from global fallout.  The doses to red bone marrow were
found to be slightly higher from global fallout than from NTS fallout but less for
the thyroid.

The 2001 CDC-NCI draft feasibility study presents maps similar to Figures
4.3 and 4.4 for global-fallout red marrow doses by county in the United States
(CDC-NCI, 2001).  The study did not estimate the 131I doses to the thyroid from
global fallout by county (although some 131I was occasionally present), because
of lack of data.  The 131I doses were given for the United States as a whole.  Doses
from 3H and 14C, which affect the hydrological and carbon cycles, respectively,

FIGURE 4.3 Geographic distribution of estimated total (external + internal) dose (mGy)
from all NTS tests to the red bone marrow of children born on 1 January 1951 (map
courtesy of National Cancer Institute).
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were also estimated for the United States as a whole.  The report notes that the
proportion of global fallout due to US weapons testing can be roughly determined
from the fission yield of the US tests relative to the total fission yield from all
high-yield nuclear testing.

National Research Council Review of Centers for Disease Control and
Prevention-National Cancer Institute 2001 Draft Feasibility Study

The study was reviewed by a National Research Council committee that
published its report in 2003 (NRC, 2003c).  Among its conclusions and recom-
mendations, the National Research Council found the following:

• The 131I fallout data and the resulting dose and thyroid-cancer risk should
be reanalyzed to include the new dosimetry and risk estimates from Chornobyl to
update the 1997 NCI report.

• On the basis of the results of the draft feasibility study, further work with
fallout radionuclides other than 131I would not be warranted, because of the very
low levels of associated exposure and the uncertainties in their distribution over
time and location.

• In agreement with the authors of the draft feasibility study, the dose and
risk estimates that were presented were developed as population averages and
should not be used to estimate risks to specific individuals.

FIGURE 4.4 Geographic distribution of estimated total (external + internal) dose (mGy)
from all NTS tests to the red bone marrow of those of adult age at the time of exposure
(map courtesy of National Cancer Institute).
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• A program should be established to examine and archive fallout-related
documents from sites operated by the Department of Energy and the Department
of Defense and other relevant sites.

National Cancer Institute and Centers for Disease Control and Prevention
Working Group 2003 Revision of NIH Radioepidemiology Tables

An NCI and CDC working group (NCI-CDC, 2003) reviewed and revised
the 1985 National Institutes of Health radio-epidemiology tables (NIH, 1985).
The revision was principally based on the 1958–1987 Life Span Study Tumor
Registry data on the atomic-bomb survivors at Hiroshima and Nagasaki.  The
computer program Interactive Radio-Epidemiological Program (IREP, version
5.3) incorporated the results of this work to give probability of causation/as-
signed share values for individual radiation exposures.

Risk coefficients and associated PC/AS values in some cases have been
substantially changed, both from the original NIH tables and from their 1988
revision by the Committee on Interagency Radiation Research and Policy Co-
ordination (CIRRPC) (CIRRPC, 1988).  The NCI-CDC report used cancer-
incidence data on the atomic-bomb survivors, rather than the cancer mortality
data on most cancers used for the 1985 report.  For thyroid cancer, the NCI-
CDC report used a compilation of seven studies (Ron et al., 1995), which was
considerably more extensive than that used by the NIH report.

CIRRPC also assumed that, for a particular cancer, an applicant had a low
baseline risk at the 10th percentile of the cancer risk distribution and that the ERR
varied inversely with the baseline risk.  The NCI-CDC revision did not use those
assumptions, which had accounted for a factor of two increase in the ERR for
most cancers (NCI-CDC, 2003).

CONCLUSION

This chapter has presented the results of recent studies in radiation epidemi-
ology, biology, and dosimetry.  The overall aim is to develop a database that
forms part of the consideration of new populations or geographic areas for cover-
age by RECA.  Chapters 5 and 6 consider the issue of additions to RECA.
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5

Expanding RECA Eligibility:
Scientific Issues

The committee was charged with making recommendations to the Health
Resources and Services Administration (HRSA) that are based on scientific
knowledge and principles:

whether other classes of individuals or additional geographic areas should be
covered under the Radiation Exposure Compensation Act (RECA) program.

The present criteria for downwinder eligibility include diagnosis of a com-
pensable disease and proof of residence in selected counties of Arizona, Nevada,
and Utah during the period of atmospheric testing at the Nevada Test site (NTS)
(see Map 2.2).  The committee reviewed the criteria and compared them with
those of other compensation programs related to radiation exposure (Chapter 2,
Table 2.4).  This chapter describes a process for expanding geographic areas for
coverage of people who may have been exposed to radiation from fallout from
US nuclear-weapons testing that is based on diagnosis of disease and on scientific
methods to determine the extent to which radiation was responsible for the dis-
ease.  The objective is to suggest a process that would not take an inordinately
long time to develop and implement.

In an attempt to identify an appropriate way to consider geographic areas for
compensation of people who may have been exposed to radiation from fallout
from US nuclear-weapons testing, the committee began evaluating the current
system of eligibility on the basis of residence alone.  One method that the com-
mittee used was to estimate the absorbed dose of radiation for populations living
in affected areas surrounding the NTS.  People can be exposed to radiation from
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fallout by many pathways including external radiation as a plume or cloud passes
over the region, external exposure to radioactivity deposited on the ground
and remaining there for extended periods, and internal exposure to radioactivity
that accumulates in the body from inhalation or ingestion of plants, meat, and
milk.

A collection of data is available to map exposure rates across the United
States from radioactivity deposited on the ground as a result of fallout (NCI,
1997).  Analysis of the data has revealed that doses from external radiation to
radiosensitive tissues are small and, in all but a few cases, not significantly
greater than those from natural background radiation (CDC-NCI, 2001).

The most important pathway is the ingestion of iodine through the consump-
tion of milk (NCI, 1997).  Iodine is absorbed rapidly in the gastrointestinal tract
and almost completely transferred to the blood through the small intestine.  Of the
iodine in the blood, about 30% is transferred to the thyroid, and the remainder is
eliminated by excretion.  Stable iodine in the thyroid is reduced by 50% in
approximately 120 days.  The isotope iodine-131 (131I) has a radioactive half-life
of 8 days.  Thus, more than 90% of the atoms of 131I taken up in the thyroid will
decay there.  Beta particles from that decay deliver a substantial dose to the
thyroid.

There has therefore been an extensive effort to determine the dose to popula-
tions from 131I originating in the atmospheric weapons-testing program at the
NTS.  The decade-long effort has produced a dose calculator that can conve-
niently be used to estimate the dose to a person on the basis of age, location, and
milk consumption (NCI, 1997) (http://ntsi131.nci.nih.gov/).

We have used the calculator to provide information that might be useful in
identifying geographic areas in the continental United States that might be eligible
for compensation through RECA.  To begin the process, we created an imaginary
person.  The person was a male born on January 1, 1948, who remained in a
single county throughout the testing period.  He consistently drank one to three
glasses of processed milk from local dairies.  We computed the total dose to the
person’s thyroid.  We repeated that process for every county in Utah.  Several
counties with sufficient fallout data were subdivided into regions, and we per-
formed the dose calculation for each region separately.  Figure 5.1 shows the
results of our calculations.  Each circle represents the computed dose for a spe-
cific county or sub-county region in Utah.  The counties on the X axis are
arranged from the highest thyroid dose to the lowest.

The variation in dose is large, ranging from 30 mGy for the lowest value in
Iron County to 210 mGy in Washington County.

We assumed that the person was diagnosed with thyroid cancer some time
after the testing at the NTS stopped.  We then determined whether he was eligible
for compensation through RECA.  The solid circles in Figure 5.1 represent coun-
ties where he would be eligible for compensation, and the open circles represent
counties in which he would not.  Some counties with relatively low doses are
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included in RECA, and some with relatively high doses are not.  That result leads
to confusion and concern.

We repeated the computation with different persons of different ages and
sexes.  When plotted on a graph, the data were always similar to those in Figure
5.1. We then extended the computation to include counties is some states other
than Utah.  The results are shown in Figure 5.2.  The solid circles represent
counties in Utah where the person would be eligible for compensation through
RECA.  The open circles represent counties in the states listed.

This is not a comprehensive survey of all counties in the continental United
States.  It does however demonstrate that thyroid doses in other regions of the
country can be greater that for counties currently eligible for compensation.  We
would expect similar results for other cancers, but have not made these computa-
tions because the dose calculators have not been thoroughly developed at this
time.

That simple exercise does illustrate the problem one encounters when at-
tempting to recommend extensions of RECA coverage for exposure to fallout.
Doing so might well include counties throughout most of the United States.  The
committee also recognized that including absorbed dose in the determination of
eligibility for compensation would not be sufficient because the risk of radiation-
induced cancer depends on the age at exposure and age at diagnosis in addition to
dose.  A process based on risk would therefore use dose and the other criteria to
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FIGURE 5.1 Calculated absorbed dose to the thyroid of a person born in 1948 who
resided in same county in Utah for entire period of NTS testing.
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determine the probability that an identified cancer was caused by radiation rather
than by other agents.

The mandate before the committee involved scientific justification.  One
approach that is being used in other compensation programs, both in the United
States and in the UK, is referred to as probability of causation (PC) or assigned
share (AS).  That approach has been reviewed extensively in the literature and
has been used for tort litigation in many situations related to exposure to ionizing
radiation.  This chapter presents the history and implementation of PC in issues
related to ionizing radiation.  It defines PC in the context of compensation and
presents examples that illustrate the process.  Chapter 6 applies the PC process
specifically to the task of expanding RECA eligibility.

PROBABILITY OF CAUSATION

Litigation for damages from ionizing radiation first became an issue after
reports documented the hazards experienced by radium-dial painters (Martland,
1929).  Many cases have since been adjudicated in the United States for medical,
industrial, and environmental exposures to radiation.  The problem faced by the
legal system is that no specific form of cancer is caused only by radiation.  Fur-

FIGURE 5.2 Calculated absorbed dose to the thyroid of a person born in 1948 who
resided in same county for entire period of NTS testing.  The solid circles are for counties
in Utah that are currently eligible for compensation in RECA and the open circles are
counties in states other than Utah.
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thermore, features of a cancer caused by radiation cannot be distinguished from
those of the same cancer caused by other mechanisms.  Legal decisions were
often based on the opinions of experts who determined whether radiation was
likely to be the cause of cancer in a particular person.  That combination of
circumstances created considerable controversy.  In 1983, Congress instructed
the National Institutes of Health (NIH) to develop data that would provide a
scientific basis for determining whether a cancer diagnosed in a person was
caused by a documented dose of radiation.  The data were ultimately published in
the form of tables that were entitled the probability of causation.1

The tables were based on information from epidemiologic studies of many
groups of people.  Technically, PC is the fraction of a group of identical persons
in whom a radiation-induced cancer would be expected to occur at some speci-
fied time after a dose of radiation was received.  In that sense, PC is a prospective
concept applied to a population.  In practice, however, PC is applied to a single
exposed person in whom cancer has already been diagnosed; that is, it is used
retrospectively.  It has been suggested that the term “assigned share” is more
appropriate for that situation because the value of PC for a group has been
“assigned” to an individual.  It is therefore the individual’s “share” of the total
cancer risk due to radiation (NIH, 1985).  PC and AS are numerically the same.
The committee has adopted the nomenclature PC/AS for the purposes of this
report.  PC/AS is now widely used for claims against the government or its
contractors in compensation programs such as Radiation-Exposed Veterans Com-
pensation Act (REVCA) and Energy Employees Occupational Illness Compensa-
tion Program Act (EEOICPA).

Much of the information used to generate PC/AS for leukemias and solid
tumors has been obtained from long-term followup of Japanese atomic-bomb
survivors.  Data on lung cancer resulting from exposure to radon decay products
are obtained from studies of underground uranium miners.  Estimates of the risk
of thyroid cancer used for existing values of PC have been obtained, in part, from
patients receiving diagnostic medical examinations involving the thyroid.

Risk-projection models are often required when information on specific doses
is unavailable.  In particular, that occurs for low doses of radiation when the
spontaneous risk of cancer is at least as large as the risk of cancer from radiation.
The models generally agree with a linear nonthreshold (LNT) hypothesis for
radiation effects.  They predict that there is some chance that a cancer will occur
at any dose.  The probability of occurrence is proportional to dose and does not
reach zero until the dose is zero.  Cigarette-smoking is the only other risk factor
that is considered in the PC tables for radiation; it is applied only to the calcula-
tions for lung cancer.

1The original radioepidemiological tables (NIH, 1985) were mandated under Public Law 97-414
(known as the “Orphan Drug Act”).
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A significant issue that needs to be addressed is how to choose a value of PC/
AS that is accepted as “proof” that radiation was responsible for the diagnosed
cancer in an individual.  If the PC/AS has a value of exactly 0.5, it implies that it
is as likely as not that the cancer was caused by radiation.  For a PC/AS greater
than 0.5, it is assumed that it is more likely than not that the cancer was caused by
radiation.  Most tort cases are based on a decision value of PC/AS equal to or
greater than 0.5 (at least as likely as not that the cancer was caused by radiation).
That criterion is discussed below, as are uncertainty in determining PC/AS and
how uncertainty is incorporated into the decision-making process.

Definitions of PC/AS

If a person is exposed to radiation, the risk that a specific radiation-induced
cancer will develop at a given age is referred to as Rrad.  It depends on the
absorbed dose to the organ, sex, age at the time of exposure, and age at the time
of diagnosis.  The risk that a specific cancer from all other causes will develop at
the same age at diagnosis can be referred to as Rbaseline.  Probability of causation,
PC/AS, is defined as

PC AS
R

R R
rad

rad baseline

/ ( )=
+

1

In most cases, the risks posed by radiation must be obtained from risk-
projection models based on epidemiology.  For example, when a relative-risk
(RR) model is used,

Rtotal = Rrad + Rbaseline = RR · Rbaseline, (2)
Rrad = (RR – 1) · Rbaseline, and (3)
Rrad =  ERR · Rbaseline, (4)

where RR is relative risk factor and ERR is excess relative risk factor (see
Chapter 3).2  Useful relationships among PC/AS, RR, and ERR are

PC AS
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PC AS
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= −

=
+

1
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and

The relationship between PC/AS and ERR is plotted in Figure 5.3.

2ERR is sometimes used only for a linear risk model.  In this case, however, the committee is using
it in its more general form, ERR = RR – 1, as discussed in Chapter 4.
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For example, suppose that a person receives an absorbed dose to the thyroid
and is later diagnosed with thyroid cancer.  Presume that the risk of developing
thyroid cancer from that absorbed dose and the person’s age at exposure is found
to be twice the baseline risk of thyroid cancer.  Then

R R R R

RR
total rad baseline baseline

= + =

=

2 7

2 8

, ( )

, ( ))

,

/ . ( )

ERR RR

PC AS
ERR

ERR

= − =

=
+

=

1 1

1
0 5 10

and (9)

That leads to the intuitive result that if the risk added by radiation exposure is just
equal to the baseline risk (ERR = 1), then there is an equal chance (PC/AS = 0.5)
that the diagnosed cancer was caused by the absorbed dose from radiation in
comparison with all other factors.

The process of obtaining PC/AS is in effect a process of determining the
ERR for a person exposed to radiation and diagnosed with cancer.  The determi-
nation of ERR for a particular person must rely on dosimetry to determine dose

FIGURE 5.3 PC/AS as function of ERR.  If excess risk from dose of radiation is 10
times baseline risk, PC is 0.91 (that is, 10/(10+1).
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and how the ERR depends on dose.  Very often, the dose is not measured directly
but is estimated through a dose-reconstruction process that relies on many as-
sumptions.  In addition, risk is modified by factors that depend on the type of
radiation, the dose rate, age at time of exposure, and age when disease is diag-
nosed.  Variations in baseline risk also depend on life style and socioeconomic
factors.

All components used to estimate ERR have uncertainty.  They are combined
to form a probability distribution for ERR that reflects the combined uncertainty
of all the components used to obtain ERR.  Figure 5.4 is an example of a distribu-
tion of ERR.

On Figure 5.4, the median value of ERR is 1.0 (half the estimates of ERR are
smaller than 1.0, and half are greater than 1.0).  The average value of ERR is 1.8,
and there is a small chance that the ERR could be as high as 10.  That distribution
can be converted to a probability distribution of PC/AS by using the relationship
shown in Equation 6.  For illustration, several examples of the combined uncer-
tainty (credibility) of PC/AS are shown in Figure 5.5.  Each plot, A-D, is the
resulting distribution of PC/AS obtained from different hypothetical situations
for dose and risk.

Figures 5.5 shows that for any given case, the range of possible values can be
very large.  The arrow represents the median, or central, value of PC/AS (half the

Distribution of Excess Relative Risk
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FIGURE 5.4 A probability distribution of excess relative risk, ERR resulting from un-
certainties in estimates of the absorbed dose and associated cancer risks.  Arrow indicates
median value.
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estimates are larger than this value, and half are smaller).  The vertical line
corresponds to a PC/AS of 0.5.  If the true value of PC is greater than 0.5, it is
more likely than not that the diagnosed cancer for this person was caused by
radiation.  The true value is not known exactly, so the graphs, including all the
uncertainties, must be used to determine eligibility for compensation.

One possible criterion for awarding compensation under RECA is if the
median value of the PC/AS distribution is equal to or greater than 0.5, that is,
odds are at least 1 to 1 that the cancer was caused by radiation.  For such a case,
the persons represented by A and B in Figure 5.5 would be eligible, but the
persons represented by C and D would not be eligible.  Another possible criterion
is a median value of the PC/AS distribution is equal to or greater than 0.2, that is,
odds are at least 1 to 4 that the cancer was caused by radiation.  For such a case,
the persons represented by A, B, and C would be eligible, but the person repre-
sented by D would not be eligible.

A third possible criterion is whether some portion of the distribution exceeds
0.5.  EEOICPA and the Department of Veterans Affairs (VA) award compensa-
tion if at least 1% of the distribution is greater than 0.5.  In effect, only a small
fraction of the right-hand tail of the distribution needs to exceed 0.5.  In that case,
the persons represented by A, B, and D would be eligible, but the person repre-
sented by C would not be eligible.

At first, one could conclude that using the 1% rule always gives the benefit
of the doubt to the claimant.  There are circumstances, as in D, where the average
and the median values of PC/AS are small, but compensation is awarded because
the uncertainty (the spread of the distribution) is very large.  That often happens
in the case of cancers where the association with radiation is not well established
and the corresponding  risk factors have large uncertainties.  However, even
though person C has a median value of PC/AS that is higher than person D, C
would not receive compensation, because of the confidence that the true value of
PC/AS is less than 0.5.

TOOLS FOR DETERMINING PC/AS

NIH Radioepidemiological Tables

The original radioepidemiological tables that ultimately served as a basis for
determining PC/AS were mandated under Public Law 97-414, the Orphan Drug
Act (NIH, 1985).  A section of that law, pertaining to the development of
radioepidemiological tables, was originally introduced by Senator Orrin Hatch
(R-Utah) as a part of Senate bill S 1483, which became the Radiation Exposure
Compensation Act.  The tables were intended to provide a means for estimating
the likelihood that a person who has or had any of several radiogenic cancers
developed it as a result of exposure to ionizing radiation from the nuclear-weapons
tests in Nevada.
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The term radiogenic means that credible research has established a connec-
tion between exposure to radiation and an increased risk of the disease in human
populations.  In general, a radiation-induced cancer cannot be distinguished from
the large number of similar cancers that are related to other causes.  Public Law
97-414 required the US Public Health Service to develop radioepidemiological
tables that set forth the relationships between PC/AS and radiation dose for
various cancers.  The main purpose of the tables has been to provide a mechanism
for making decisions for compensation after exposure to ionizing radiation.

A committee of the National Research Council was formed to review the
development of the radioepidemiological tables (NRC, 1984).  The committee
objected to the use of the term probability of causation and recommended the use
of assigned share.3

An ad hoc working group of NIH developed the first radioepidemiological
tables for estimating PC/AS in 1985.  Its report (NIH, 1985) identified 13 differ-
ent cancer sites that had statistical evidence of an association between absorbed
dose and cancer in human populations.4

The final NIH report was issued in 1985 and has been used by VA as a guide
to adjudicating compensation claims, through the Veterans Dioxin and Radiation
Exposure Compensation Act, for cancers diagnosed in persons who were ex-
posed during military service.

Tables Created by the Committee on Interagency Radiation Research
 and Policy Coordination

In 1988, the Committee on Interagency Radiation Research and Policy Coor-
dination (CIRRPC) developed tables to be used in screening claims of radiation-
induced cancer.  The tables made extensive use of uncertainties in the values of
PC/AS listed in the 1985 NIH report.  A person passed the screening test when
there was at least 1% probability that the estimated PC/AS exceeds 0.5.  The
CIRRPC report noted that

this procedure is designed to insure that cases which have even a small chance
of a true PC that is 0.5 (50%) or greater (i.e., that meet the “at least as likely as
not” criterion), are developed for assessment of causality, yet will avoid de-
tailed development of those cases for which there is virtually no chance that the
true PC would be as large as 50%.

3The committee noted that the so-called probability of causation was strictly speaking not a prob-
ability, but rather an estimate of the proportion of cancers that were caused by exposure in a large
(hypothetical) group of similarly exposed cases—an estimate that was then assigned to all members
of the group.

4Cancer sites covered by the 1985 radioepidemiological tables are: bone and joint, breast, colon,
esophagus, kidney and bladder, leukemia, liver, lung, pancreas, salivary gland, stomach, and thyroid
gland.
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Revision of the Radioepidemiological Tables

In 2003, a working group of the National Cancer Institute (NCI) and the
Centers for Disease Control and Prevention (CDC) reviewed and updated the
1985 NIH radioepidemiological tables (NCI-CDC, 2003, available at http://
dceg.cancer.gov/docs/Report03.pdf, accessed February 22, 2005.).  Rather than
publish a new set of tables, the working group developed the computer program
Interactive Radio-Epidemiological Program (IREP 5.3), which can be used to
estimate PC/AS with the revised radioepidemiological tables.  The program in-
corporates the following revisions for the process of estimating PC/AS:

• New incidence and mortality risk data.
• Calculation of risk and AS for all ages at exposure starting at birth.
• New cancer sites including some less strongly associated with radiation

exposure.
• New analytic approaches and ways to summarize data.
• More attention to uncertainty and presentation of risk.
• Use of organ-specific equivalent dose, in sievert (Sv).

The 2003 revision is based on two working assumptions:  most types of
cancer can, in principle, be induced by radiation; and the most important question
is the magnitude of the risk associated with a particular exposure.  In all, more
than 25 cancers and groups of cancers are considered, including several cancer
types not strongly associated with an absorbed dose of ionizing radiation.  A list
is shown in Table 5.1.  The revised treatment of uncertainty included information
from the original report and a more recent information (NCRP, 1996, 1997).
Essentially, the method involves the calculation of a distribution of ERR similar
to that shown in Figure 5.2 for a person in whom cancer has been diagnosed and
who had been exposed to ionizing radiation.

The 2003 working group had access to expanded cancer-incidence data from
atomic-bomb survivors participating in the Life Span Study being conducted by
the Radiation Effects Research Foundation (RERF).  Those data are not only
more recent but based on more timely and accurate diagnoses of disease than
were previously available from death certificates.  Incidence data are also more
relevant than mortality to compensation claims for cancers of delayed or low
fatality.  Direct access to RERF data allowed the working group to conduct its
own analyses directed at the needs of that report, including modeling of dose-
response modifiers, such as age at exposure, and including cancer types not
strongly associated with radiation exposure.

The 2003 report is based on linear dose-response models for all solid can-
cers, which included dose and dose-rate reduction effectiveness factors (DDREFs)
to allow for the possibility that risk per unit dose decreases with decreasing dose
and dose rate.  The 2003 report also treats the relative biological effectiveness
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TABLE 5.1 Cancer Sites Covered by 2003 Radioepidemiological Program

Solid-cancer sites
1. Oral cavity and pharynx

2. Digestive system
• Esophagus
• Stomach
• Colon
• Rectum
• Liver
• Gallbladder
• Pancreas
• Other digestive

3. Respiratory system
• Trachea, bronchus, and lung
• Other respiratory cancers

4. Bone

5. Skin
• Basal cell carcinoma
• Other non-melanoma skin cancer

6. Female breast

7. Female genital
• Ovary
• Other female genital

8. Male genital
• Prostate gland
• Other male genital

9. Urinary system
• Bladder
• Kidney and residual urinary organs

10. Nervous system

11. Thyroid gland

12. Other and ill-defined sites (residual solid cancers)

Hematopoietic cancers
1. Leukemia, all types (except chronic lymphocytic leukemia)
2. Acute myelogenous leukemia
3. Acute lymphocytic leukemia
4. Chronic myelogenous leukemia
5. Lymphoma and multiple myeloma

Assessment of the Scientific Information for the Radiation Exposure Screening and Education Program

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11279


EXPANDING RECA ELIGIBILITY: SCIENTIFIC ISSUES 135

(RBE) of densely compared with sparsely ionizing radiation as an uncertain
quantity.  The 2003 report does not include chronic lymphocytic leukemia (CLL)
as a radiogenic disease, because data at the time were insufficient to formulate a
relationship.  And it does not address the health consequences of in utero expo-
sure to ionizing radiation.

The PC/AS for lung cancer associated with radon exposure is given sepa-
rately from lung cancer associated with other types of exposure.  The estimates of
risk for radon-related exposures are based on an analysis of data from a report to
the US Department of Justice in 1996 (DOJ, 1996).  A more comprehensive
analysis based on risk estimates published by the National Research Council
(BEIR VI), was available at the time (NRC, 1999), but implementation of BEIR
VI into a PC/AS framework would have required more computational and staff
resources than had been available to the NCI-CDC working group.

Interactive Radio-Epidemiological Program (IREP version 5.3)

The 2003 NCI-CDC working group replaced the tabular format for probabil-
ity of causation with IREP version 5.3.  That program eliminates nearly all the
computational labor of estimating PC/AS values and their uncertainties, but per-
mits a more detailed and comprehensive expression of the various components of
the calculation and their uncertainties.

IREP version 5.3 includes the updates in the 2003 NCI-CDC report.  That
version is accessible at the NCI Web site at http://irep.nci.nih.gov (accessed
February 22, 2005).  It enables the user to calculate the PC/AS for a particular
cancer in a person exposed to a given dose of radiation and certain modifying
factors such as the person’s age and sex.  The PC/AS calculations are based on
cancer-incidence data from the study of the Japanese atomic-bomb survivors and
radon-induced lung cancer.  The computer code allows consideration of uncer-
tainty in an estimated dose and uncertainties in all the other items that enter into
a calculation of PC/AS.  The code computes the median (central estimate) of PC/
AS value for a specified dose and the upper 95% and 99% percentiles of PC/AS,
taking into account all uncertainties.

Implementation of IREP in Compensation Programs

The National Institute for Occupational Safety and Health (NIOSH) had
adopted the 1985 NIH tables and added a few cancers to the original cancers, and
it was using the results of earlier versions of IREP.  It has now adopted the results
of the 2003 NCI-CDC working group and is using the program NIOSH-IREP
version 5.3, a modified version of the NCI-CDC code.

EEOICPA is using the modified version of the program prepared by NIOSH.
The NIOSH version is accessible on the internet at http://www.niosh-irep.com/
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irep_niosh/, accessed February 22, 2005.  The original NCI-CDC version is
maintained at http://irep.nci.nih.gov for archival and research purposes.

USE OF PC/AS IN ADJUDICATION

PC or AS has been used to adjudicate claims in the United States and the UK.
The following sections summarize some of the situations in which it is used.

United Kingdom

In 1982, British Nuclear Fuels Ltd. (BNFL) and trade unions representing
employees initiated a compensation program based on PC and cancer mortality.
In 1987, the program was extended to cancer incidence.  The program, which is
voluntary and offered as an alternative to litigation, is now known as the Com-
pensation Scheme for Radiation-Linked Diseases (CSRLD) and has been ex-
tended to UK nuclear electricity generators, the Ministry of Defense, and the
Atomic Weapons Establishment (Wakeford et al., 1998).

Values of PC for the CSRLD are adapted from risk-projection models
developed by BEIR V (NRC, 1990), which are based principally on the Life
Span Study of the Japanese atomic-bomb survivors.  The CSRLD covers all
cancers except CLL, malignant melanoma of the skin, and Hodgkin’s lym-
phoma.  Those cancers are excluded because there was no evidence of an
association with radiation exposure.  The CSRLD also excludes mesothelioma
because it is associated almost exclusively with exposure to asbestos rather
than radiation.  Breast cancer and cancer of the digestive tract are included but
are treated separately.  There was a concern related to transferring risk esti-
mates between populations in Japan and the UK for cancers that have different
background rates in the two countries.

The CSRLD uses a sliding scale for compensation.  Cancer victims with
estimated values of PC/AS that are 0.5 or higher receive full awards.  Persons
whose estimates are between 0.2 and 0.5 receive graduated partial awards.  The
sliding scale is shown in Figure 5.6.  Information posted on the CSRLD indicates
that over 1,000 claims have been assessed. Compensation has been awarded to 97
claimants.  Over half of the awards were for a PC/AS less than 0.5 (http://www.
csrld.org.uk/html/scheme_history.php, accessed February 22, 2005).

Department of Veterans Affairs

In 1988, Congress passed PL 100-321, the Radiation-Exposed Veterans Com-
pensation Act.  Under that law, it is presumed that a veteran’s disease was caused
by radiation if the veteran was present during a nuclear detonation regardless of
the dose received.  Thirteen radiogenic cancers were included in the list of pre-
sumptive diseases.  A second regulation (38 CFR 3.311) governs diseases that are
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not presumed to be caused by radiation but could be associated with radiation if
the dose was large enough.

VA has used the process developed by CIRRPC to evaluate claims (NRC,
2003b).  CIRRPC produced tables that give the dose that would produce a PC/AS
of 0.5 for various organs.  To give the benefit of the doubt to the veteran, VA has
chosen to use a threshold dose associated with a 99% credibility limit.  At that
dose, there is 99% confidence that the true PC is not greater than 0.5.

The PC/AS process is one of several tools in the medical decision process.  It
is not the only factor used in deciding whether a veteran with a nonpresumptive
radiogenic disease receives compensation for service-connected exposures to
radiation.  However, the VA does not deny a claim if the PC/AS criterion is
satisfied as long as all the other necessary conditions are fulfilled.

Department of Labor

Congress passed the EEOICPA in 2000 for persons who have worked for the
Department of Energy or at any other facility involved in the development of
nuclear weapons.  In May 2002, the Department of Health and Human Services
published its final rule on the guidelines to be used by the Department of Labor

FIGURE 5.6 Percentage of full compensation based on PC/AS, (a) as used in the BNFL
Compensation Scheme for Radiation-Linked Diseases (solid line) and (b) for a smooth
linear scale (circles).
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(DOL) for determining whether a cancer included in an EEOICPA claim was
caused by occupational exposure to radiation during nuclear-weapons produc-
tion.  DOL was advised to make such a determination by using a dose reconstruc-
tion provided by NIOSH and an estimate of PC/AS based on it.  A person is
eligible for compensation if DOL determines that the PC/AS was at least 0.5 (that
is, at least as likely as not).  Compensation is denied when there is a 99% chance
that the estimate of PC/AS is less than 0.5 (that is, there is less than a 1% chance
that PC/AS is at least 0.5).

APPLICATION OF PC/AS FOR FALLOUT FROM
ATMOSPHERIC WEAPONS TESTING

This section presents a hypothetical example to illustrate the capabilities for
determining PC/AS with existing tools and methods for a situation related to
RECA.  It involves thyroid cancer diagnosed in a person who was exposed to 131I
from fallout.  It shows how PC/AS is determined with user-friendly computer
programs available on the Internet and developed by NCI.  The process consists
of two steps.  The first step is a computation of the absorbed dose to the thyroid,
and the second step is estimation of PC/AS on the basis of the dose and a
diagnosis of cancer.  The next section shows a sample calculation with Monte
Carlo methods that demonstrate the procedures embedded in IREP.

For the hypothetical example, we consider a male born on January 1, 1951,
in an area that received little fallout.  On January 1, 1952, he moved to and lived
in a location that received a large amount of fallout.  He then returned to the
original area on January 1, 1953.  While in the high-fallout area, he consumed
1-3 glasses of milk a day.5  Thyroid cancer was diagnosed in 2004.

NCI Dose Calculator

The NCI calculator was used to estimate the absorbed dose to the thyroid
from 131I (http://ntsi131.nci.nih.gov/, accessed February 22, 2005).  The result
was 0.32 Gy (32 rad), with a range of 0.032-5.2 Gy (3.2-520 rad).  That 95%
confidence interval can be approximated using a lognormal distribution with a
geometric mean of 0.32 Gy (32 rad) and a geometric standard deviation of 4.0.

The next step was to determine PC/AS with IREP Version 5.3 at http://
www.irep.nci.nih.gov/, accessed February 22, 2005.  For simplicity, the small
radiation doses incurred during residence at the location where the fallout was
low have been ignored.  Other input values supplied to the program are

• An exposure in 1952.

5The actual locations used were San Diego County, California, for the lower fallout area, and
Custer County, Idaho, for the higher fallout area.
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• Chronic exposure rate.
• Radiation type—electrons with energy greater than 15 keV.
• Organ dose lognormally distributed with a mean dose of 0.32 Gy (32 rad)

and geometric standard deviation of 4.0.

The median value of PC/AS was 0.67, and this was assigned to the person.
That value indicates that it is more probable than not that the thyroid cancer was
due to radiation exposure.

Age at exposure is important in determining both the dose to the thyroid and
the PC/AS of thyroid cancer from radiation exposure.  In the above example, if
the person had been born in 1931 rather than 1951 and all other information were
the same (residence during 1952 and milk consumption of 1-3 glasses per day),
the NCI dose calculator would yield a dose of 0.036 Gy (3.6 rad) with a range of
0.0037-0.65 Gy (0.37-65 rad).  That result was considered to be a lognormal
distribution of dose with a geometric mean of 0.036 Gy (3.6 rad) and a geometric
standard deviation of 4.2.  IREP would compute a median value of PC/AS of
0.04; it would be very unlikely that the thyroid cancer was related to the dose
received from 131I in 1952.

We have also made an independent computation of PC/AS for the first
scenario.  We used data obtained directly from the NCI-CDC working group to
compute ERR and used a Monte Carlo process to estimate the uncertainty (cred-
ibility limits).  Details of the computation are presented in an annex to this
chapter.

CONCERNS WITH USING PC/AS IN COMPENSATION PROGRAMS

Several authors, including those of the National Research Council 1984
committee and 2000 subcommittee reports, have pointed out various inequities
that can arise in a compensation scheme that provides full payment to claimants
with an estimated PC/AS greater than 0.5 but no payment to those with PC/AS
less than 0.5 (NRC, 1984; NRC, 2000).  For example, two people with cancer
could have almost identical likelihood that their cancer was caused by exposure
to radiation, but one applicant might have a PC/AS of 0.51 and the other a PC/AS
of 0.49.  If 0.5 were used as a bright line cut point, the first person would receive
full compensation and the second none.  A large difference in compensation at a
single cut point does not recognize the large degree of uncertainty in the determi-
nation of PC/AS, and it assumes differences in PC/AS where statistically none
exists.

Figure 5.5-D illustrates a situation where the estimated PC/AS has a wide
credibility interval because of large uncertainties in estimated dose and the corre-
sponding risk for a particular organ.  For these situations, the true PC/AS might
be very low, but the upper tail of the distribution could exceed established eligi-
bility criteria.
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A compensation scheme based on a sliding scale avoids that problem to
some extent, in that people with PC/AS slightly below the value for full compen-
sation would receive at least partial compensation.  The 1984 National Research
Council committee reviewed several alternative compensation schemes, includ-
ing one in which compensation is proportional to PC/AS and another scheme in
which full compensation would be received for PC/AS at least 0.5, no compensa-
tion for PC/AS is less than 0.1, and compensation scaled to PC/AS for values
between 0.1 and 0.5 (NRC, 1984).

As noted above, the UK CSRLD has used a sliding compensation scale since
1982.  That scale is not related linearly to PC/AS but has discontinuities at 0.2,
0.3, 0.4, and 0.5 (see Figure 5.6).

Robins and Greenland (1991) examined compensation procedures in which
compensation is paid in proportion to PC/AS and compared them with a proce-
dure in which compensation is proportional to years of life lost (YLL).  They
found shortcomings in both methods, but the YLL procedure had the advantages
of being “robust” to model misspecification and “economically rational.”  Pay-
ment schemes can be “potentially optimal,” and a scheme based on actual but
unknown, biologic mechanisms and population heterogeneity is “truly optimal.”
They define a payment scheme as robust if the average payment to a worker
harmed by a radiation exposure equals the average payment under a truly optimal
scheme.  Schemes are economically rational if the total damages that a defendant
pays equal the total damages assessed under a truly optimal scheme.  Robins and
Greenland (1991) concluded, however, that “in certain settings, payments in
proportion to probability of causation might be preferred to payments in propor-
tion to years of life lost for social, ethical and/or legal reasons.”

Robins re-emphasized several issues about PC/AS in a recent paper (Robins,
2004):

• The PC/AS cannot be unambiguously calculated with epidemiologic data, be-
cause of the lack of knowledge of the underlying biological mechanisms of cancer.

• PC/AS compensates only for the occurrence of a cancer; it does not com-
pletely account for the harm done to a person.  For example, a person who dies
from a compensable cancer at the age of 45 years suffers a greater loss than an
individual dying from the same cancer at 70, but both would receive the same
compensation.

• PC/AS encourages counterproductive public-health practices.  In the ex-
ample of radiation workers, if the radiation dose and resulting risk is spread out
over many people rather than over just a few, PC/AS values could be kept
small, and no one would receive compensation.  The collective dose to a group
of workers could remain the same and in many cases increase.  With a linear
risk model, the total number of cancers may be the same or larger, even though
none are compensable.

Robins suggested a two-step compensation scheme based on the total YLL
of the group, which is independent of the actual distribution of YLL among the
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people in the group.  The program would first determine the total YLL of the
group and set the compensation amount in proportion to that number.  Then the
distribution of compensation among the members of the group would be negoti-
ated in some manner because it is not possible to determine the YLL for each
member.  That proposal could address the second and third issues noted above
and optimize the response to the first one.

Other programs, as noted in previous sections, award compensation when
there is at least a 1% chance (99% credibility limit) that PC/AS is greater than
0.5.  That takes into account the uncertainty associated with PC/AS.  The 2000
National Research Council subcommittee report criticized such an approach as
favoring compensation for cancers whose connection with radiation is not well
established (where the estimates of PC/AS have large uncertainties) over com-
pensation for cancers that are clearly associated with radiation (NRC, 2000).

A similar concern could be applied to the estimation of dose. The absorbed
dose to a person living far from a fallout monitoring station would typically have
greater uncertainty than that of a person living closer to a station (NCI, 1997).  If
they contracted the same cancer and all risk factors were equal, the PC/AS of one
might be 0.4 with 99% credibility limits of (0.35, 0.45), and that of the other
might be 0.4 with 99% credibility limits of (0.25, 0.55).  The first person would
not be compensated, and the second would be because the 99% credibility limits
included 0.5.

The National Research Council 2000 subcommittee recommended that the
full probability distribution be taken into account.  Although it did not recom-
mend any particular compensation scheme, it suggested as an example consider-
ation of schemes in which compensation is scaled according to the probability
that PC/AS exceeds 0.5 or according to a direct function of the central value of
PC/AS.  The subcommittee also noted that the PC/AS method does not take
degree of harm into account, in contrast with such a method as compensating
according to YLL.  It recognized, however, “that the current policy is grounded
on the notion of AS, and we do not wish to discredit the efforts of the working
group by implying that its estimates are not useful as a basis for resolving such
claims, even in the face of fundamental problems of interpretation” (NRC, 2000).

CONCLUSION

The development of PC/AS was mandated by Congress to provide a more
scientific basis for awarding compensation to persons who have been exposed to
radiation and later have a diagnosed radiogenic disease.  The concept is used in
many compensation programs that involve radiation exposure.  There is a well-
documented infrastructure of tools and methods that has taken many years to
develop.

The National Council on Radiation Protection and Measurements (NCRP)
statement The Probability That a Particular Malignancy May Have Been Caused
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by a Specific Irradiation (NCRP, 1992) concluded that PC/AS provided a logical
procedure for addressing the issue of radiation-induced malignancy that had no
other scientific or medical solution.  It had the advantage that the process could
be cast into a formula that would yield a figure of merit for the presumption of
causation.  A recognized limitation of the PC/AS approach was that population-
based data were applied to individuals.  That implies that a person has average
susceptibility to cancer.  PC/AS thus provides a probability, rather than proof of
causation.  It can, however, be tailored to individuals by using dose, sex, age at
exposure, age at diagnosis, and type of malignancy.

The committee does not make specific recommendations on establishing a
threshold value of PC/AS for compensation.  However, we have compared sev-
eral approaches to determine compensation on the basis of both point estimates of
PC/AS and the entire distribution of PC/AS as illustrated in Figure 5.5 (see Table
5.2).

The first five schemes base compensation on point estimates of PC/AS.  The
term, PC/ASmed, represents the median, or central, value of the distribution.  PC/
AS0.99 represents the upper tail of the distribution where there is a 1% chance that
PC/AS exceeds this value.  PC/ASdist represents the entire distribution estimated
for a person.  The last scheme uses the linear scale shown in Figure 5.6 weighted
by PC/ASdist.  That is to say, you compute the fraction of compensation for each
value of PC/AS multiplied the probability that the person’s PC/AS might be this
value and then sum up over all possible values of PC/AS from 0 to 1. This avoids
the problem of selecting a single payment threshold value of PC/AS (vertical line
in Figure 5.5) and eliminates the need to base the decision on a single point
estimate of PC/AS for a person.

The committee has considered criticisms of the PC/AS approach.  Alterna-
tive schemes also have serious shortcomings.  They would require time and
resources to develop for RECA.  Implementation could lead to confusion and

TABLE 5.2  Examples of Compensation on the Basis of PC/AS Using
Several Criteria with Distributions Illustrated in Figure 5.5

A B C D
(0.83) (0.5) (0.26) (0.10)

PC/ASmed
a ≥ 0.5 100%b 100% 0 0

PC/ASmed ≥ 0.2 100% 100% 100% 0
PC/AS0.99 ≥ 0.5 (EEOICPA) 100% 100% 0 100%
PC/ASmed with BNFL scale (Figure 5.6) 100% 100% 25% 0
PC/ASmed with linear scale (Figure 5.6) 100% 100% 20% 0
Fraction of PCdist ≥ 0.5 100% 50% 0 2%
Integrate PC/ASdist with linear scale 100% 81% 23% 8%

aPC/Asmed refers to the median value for each distribution, shown in parentheses at the head of each
column.
bThe numbers represent a percent of the maximum award for each scheme.
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possible conflicts with the other compensations programs.  It is not obvious that
the alternative schemes would be more favorable or equitable to claimants.  A
compensation scheme based on PC/AS has sufficient flexibility to provide a
scientifically based process for including persons who are not in geographic areas
that are now eligible for compensation under RECA.

ANNEX

Calculation of PC/AS for Thyroid Cancer with Monte Carlo Method

To understand the process of determining PC/AS in more detail, the estimate
of risk posed by exposure to 131I was obtained with an independent calculation.  A
Monte Carlo calculation was performed with the computer code Crystal Ball®
2000.2, which was developed and distributed by Decisioneering (2001).

The NCI-CDC working group (2003) used the following expression to
determine the ERR of solid tumors caused by low-dose low-dose-rate radiation
exposure:

ERR REF
R

DDREF
D

L

H= × ×γ

γ

, ( )11

where

REFL is the radiation effectiveness factor for the radiation type and cancer
type,

Rγ,H is the ERR per Gy at high doses and high dose rates of the reference high-
energy gamma radiation,

L and H refer to low and high doses and dose rates,
DDREFγ is the dose and dose-rate effectiveness factor, and
D is the estimated absorbed dose (Gy).

Rγ,H must be modified for the exposure scenario being considered. In this
example, for low-dose low-dose-rate (chronic) radiation primarily from electrons
(beta particles from the 131I decay), that was done by using REFL and DDREFγ.
For clarity, the committee followed the NCI-CDC working group and used the
terminology “Rγ,H” for the uncorrected ERR per Gy, and “ERR per Gy” for the
ERR per Gy properly adjusted for the dose, dose rate, and radiation effectiveness
factor.  Then

ERR Gy
REF R

DDREF
L Hper =

× γ

γ

, ( )12

Values for the four terms in Equation 11 all have associated uncertainties.  In
practice, a distribution of values is assigned to each term, depending on support-
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ing scientific evidence, and the ERR is calculated by choosing values for each of
the four terms that depend on the assigned distribution.  Typically, the ERR is
then calculated a number of times using a Monte Carlo sampling method, and the
PC computed from each calculated value of the ERR.  This process then deter-
mines the distribution of the PC.

The four terms in Equation 11 are as follows:

REFL = 1 (NCI-CDC, 2003, p. 65) for electrons with energies greater than 15 keV.

Rγ,H is the ERR per rad at high doses and high dose rates for high-energy gamma
radiation.  The NCI-CDC working group based its risk estimates for thyroid
cancer on an analysis of seven studies by Ron et al. (1995).  The resulting risk
values depend on age at exposure, taken to be lognormally distributed, and are
shown in Table 5.3 and Figure 5.7.

DDREFγ , the dose and dose-rate effectiveness factor for gamma radiation, for
this example of chronic exposure, is a discrete probability distribution given in
Table 5.4.  In this context, chronic exposure to radiation occurs when the dose
rate is less than 6 mGy/h (600 mrad/h) averaged over the first few hours (NCI-
CDC, 2003, p. 32).  The 6 mGy/hr dose rate is higher than what would occur for
the 131I thyroid doses considered here as long as the total dose from one exposure
is less than about 150 rad.

D, the absorbed dose, is the result of the NCI dose calculator, which is lognor-
mally distributed with a geometric mean of 0.32 Gy (32 rad) and geometric
standard deviation (GSD) of 4.

TABLE 5.3 Excess Relative Risk per Absorbed Dose (Gy) for Thyroid
Cancer, High-Dose and High-Dose-Rate Gamma Radiationa

Geometric
Age at Exposure, Rγ,H/rad Standard
Year (Geometric Mean) Deviation

0 9.463 2.183
5 6.262 1.924
10 4.136 1.976
15 2.732 2.16
20 1.804 2.301
25 1.192 2.367
30 0.788 2.365
35 0.521 2.379
40 0.345 2.732
45 0.228 3.14
50 0.151 3.611

aSOURCE: NCI-CDC, 2003, p. 55.
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The calculation was repeated 500,000 times for this person, each time with a
different value of each of the four terms in Equation 11, randomly chosen accord-
ing to its statistical distribution.  Results of the Monte Carlo calculation are
shown in Figures 5.8a, 5.8b, and 5.8c.  The computations were repeated for the
case in which the person was born in 1931 and was thus 20 years old at the time
of exposure.  The PC/AS for that scenario is also shown in Figure 5.8c.

Figure 5.8c displays the results as a complementary cumulative distribution.
The vertical axis represents the probability that PC/AS is greater than the value
on the horizontal axis.  For example, the median value of PC/AS (the point where
the probability is 0.5 on the vertical axis) for exposure at the age of 20 is 0.04,
compared with 0.67 at the age of 1 year.  Drawing a vertical line that intersects
the horizontal axis at 0.5 shows that there is a 1% chance that PC/AS is greater
than 0.5 at the age of 20 years and a 65% chance that PC/AS is greater than 0.5 at
the age of 1 year.

FIGURE 5.7 Excess relative risk per absorbed dose for thyroid cancer at high doses and
high dose rates for gamma radiation (from NCI-CDC, 2003, p. 55).
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TABLE 5.4 Probability Distribution for the Dose and Dose-Rate
Effectiveness Factora

DDREFγ Probability

0.5 0.01
0.7 0.04
1.0 0.35
1.5 0.23
2.0 0.23
3.0 0.10
4.0 0.04

aSOURCE: NCI-CDC, 2003, p. 60.
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Dose for Thyroid Exposure to 131I at Age = 1
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FIGURE 5.8a Distribution of absorbed dose to thyroid from exposure to 131I in fallout
at age of 1.  Median value of distribution is 32 rad, as indicated by arrow.

FIGURE 5.8b Distribution of excess relative risk of thyroid cancer from exposure to
131I in fallout at age of 1.  Median value of distribution is 2.0 as shown by arrow.
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FIGURE 5.8c Complementary cumulative distribution of PC/AS for exposure of thy-
roid to 131I at age of 1 and age of 20.  Curves show probability that PC/AC is greater than
given value on X axis.
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6

Expanding RECA Eligibility:
Implementation

The committee was charged with making recommendations to the Health
Resources and Services Administration (HRSA) as to whether the Radiation
Exposure Compensation Act (RECA) should cover additional geographic areas.
This chapter discusses some of the issues related to the current RECA down-
winder areas, which include only people living in specific counties near the
Nevada Test Site (NTS).  It confirms the need to include additional geographic
areas, and it proposes a procedure based on risk and probability of causation/
assigned share (PC/AS) to determine which people would be eligible for compen-
sation under RECA.

Eligibility for compensation through RECA depends on many factors.  The
committee believes that compensation for loss of health caused by exposure to
radiation resulting from the United States government’s nuclear-weapons pro-
gram should be the first priority of any amendment to modify eligibility for
compensation under RECA.  Thus, we determined that epidemiologically based
methods should be developed to identify additional populations and geographic
areas that could be considered by Congress for inclusion in RECA.

PROBABILITY OF CAUSATION/ASSIGNED SHARE

Background

An important health detriment after exposure to ionizing radiation is the
increased risk of several types of cancers, referred to as radiogenic, that can be
caused by radiation.  Such radiogenic cancers can also be caused by other agents
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or factors.  No symptom or marker has been found that can identify a specific
cancer as having been caused by radiation.  That creates a problem when one is
trying to establish eligibility for compensation for radiogenic cancer.

A method using probability of causation/assigned share (PC/AS) has been
developed to address this issue.  PC/AS was introduced and discussed in general
terms in Chapter 5.  We consider here how PC/AS could be used in determining
eligibility under RECA to avoid some of the problems described in Chapter 5.

In Chapter 5, we noted several possible schemes for dealing with compensa-
tion that differ from the classical PC/AS or use a PC/AS with various adjustments
with reference to the threshold for compensation and credibility interval.  These
include compensation based on years of life lost (YLL), compensation propor-
tioned according to the posterior probability that PC/AS exceeds 0.5 or some
other cutoff value, and compensation based on the values of the payment sched-
ule weighted by the probability of having each value of PC/AS as determined
with respect to the credibility distribution.

The committee recognizes the merit of those alternatives and how they ad-
dress shortcomings in the classical PC/AS approach.  After considerable discus-
sion, however, the committee crafted its recommendations in terms of solely PC/
AS (including credibility interval).  Two positive factors affecting the committee’s
decision to adopt PC/AS are its widespread use in current compensation pro-
grams and the availability of user-friendly tools designed to implement the PC/
AS approach.  In addition, a compensation scheme based on YLL would neglect
most individuals suffering from radiation-induced papillary thyroid cancer, the
primary disease shown to be related to 131I dose, because of thyroid cancer’s
small effect on longevity.  A modified YLL method based on incidence rather
than mortality, such as quality-adjusted years of life lost, was also considered and
may be more reasonable.  A compensation scheme based on YLL would be
difficult to implement because the calculation of an individual’s YLL would be a
very uncertain projection.  Compensation proportional to the area of the upper tail
of the PC/AS distribution and compensation weighted by the PC/AS distribution
are also attractive alternatives.  Such approaches fall within the bounds of the
committee’s suggestion about PC/AS-based eligibility and merely adjust the
amount that an individual would be awarded in compensation, which is not, in
itself, a scientific decision.

The committee notes that compensation schemes based on other approaches
may ultimately be preferable if the infrastructure is developed to support them.
The committee would endorse such approaches if they provided for a more equi-
table distribution of compensation than would be possible with a PC/AS system.

In Chapter 1, we noted that the values of the threshold for compensation and
the associated credibility interval result from societal decisions rather than scien-
tific decisions.  Later in this chapter, we recommend that Congress establish
criteria for awarding compensation on the basis of computed distributions of PC/
AS for any persons making such a claim.  This chapter presents several examples
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using different thresholds for compensation; these are only examples and are not
meant to suggest any specific value for the threshold for compensation or the
credibility interval.

Use of PC/AS to Identify Geographic Areas for RECA Compensation

RECA explicitly defines the geographic areas in which people must have
lived to be eligible for compensation for a cancer that could have been caused by
their exposure to radiation as downwinders relative to nuclear tests at the NTS.  It
specifies portions of Utah, Nevada, and Arizona as areas whose residents may be
eligible for compensation.

The committee considered whether other geographic areas should be added
to the previously defined areas on the basis that residents had been at similar or
higher risks from exposure to fallout from United States nuclear tests.  We con-
sidered a range of possible expansions of the downwinder geographic areas cur-
rently included under RECA.  In the next sections we will develop and present
our recommendation that compensation be fundamentally based on a consistent
PC/AS-based process rather than a priori solely on residence in specific geo-
graphic areas. We will propose that PC/AS criteria be used for both: 1) a pre-
assessment to guide potential claimants and the implementing agency regarding
which diseases, groups of individuals and geographic areas may satisfy RECA
eligibility and 2) subsequently, a determination of individual claimant eligibility
for RECA compensation.  We then describe the underlying reasons that led the
committee to this conclusion.

We arrived at this conclusion, in part, on the basis of the results of the 1997
National Cancer Institute’s (NCI’s) iodine-131 (131I) report and the 2001 Centers
for Disease Control and Prevention (CDC)-NCI draft feasibility study discussed
in Chapter 4.  The NCI 131I report shows that estimated doses and associated risks
for radiation-induced thyroid cancer from ingestion of 131I depend not only on
location but also on diet and age at exposure.  Areas in which estimated thyroid
doses were increased are not only near the NTS but also in such distant locations
in the United States as the Midwest and upstate New York and Vermont (prima-
rily the result of precipitation-borne fallout after test Simon).  The distribution of
those estimated doses is difficult to define geographically, especially because
they also depend on diet and age at exposure.  In addition, cancer risks from
exposure to radiation depend not only on dose but also on other factors, including
on the risk coefficient (see Chapter 5), which itself also depends on age at expo-
sure.  The risks to two individuals of different ages living in the same county
would differ not only because their estimated doses may be different but also
because their risk coefficients may be different.

Similarly, the 2001 draft feasibility study by the CDC-NCI shows the impor-
tance of factors other than location in the estimate of doses that individuals may
have received from other radionuclides in fallout.  The associated radiation risks
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of many radiogenic diseases also depend on such factors as age at exposure and
age at diagnosis.  Simple expansion of RECA eligibility based on location alone
would not be equitable in that for some cancers it may fail to compensate higher-
risk people in ineligible areas, such as those exposed to 131I in fallout as new-
borns, and may compensate lower-risk people in eligible areas, such as those
exposed to fallout at an advanced age.

It should also be recognized that, with the currently estimated levels of
radiation and associated risk coefficients for cancer, it is unlikely that a very large
number of individuals with cancer, even thyroid cancer, would be newly eligible
for compensation.  The actual number will depend on the threshold criteria estab-
lished by Congress.

EXPOSURE TO FALLOUT RADIATION

Exposure of the Thyroid to NTS Fallout Radiation

Chapter 5 showed the distribution of the estimated thyroid dose from 131I in
fallout across all counties in Utah and showed which counties are compensated
under RECA 2000 from NTS operations.  As an example, the committee consid-
ered a male in each Utah County, born on January 1, 1948, residing in the same
county during the nuclear-test period, and consuming an average amount of milk
daily.  That example showed that persons in one county (for example Joab
County), who later developed thyroid cancer, would currently not receive com-
pensation under RECA, whereas persons in other counties (such as Iron County)
would receive compensation, even though the estimated doses in some of these
other counties were substantially smaller (see Figure 5.1).

This section discusses additional variations in a person’s risk of radiogenic
thyroid cancer that the current RECA scheme does not take into account.  Esti-
mated thyroid doses vary not only between counties but also can vary consider-
ably within a given county.  The risk of thyroid cancer will vary even more
markedly within a county than the thyroid dose, because the thyroid risk coeffi-
cient also varies with age at exposure and other factors.

For the RECA-compensable cancers, the current PC/AS tables and calcula-
tors do not take coincident factors into account except for lung cancer (smoking).
As noted earlier, the committee has chosen to use the current PC/AS approach
because it is available and practical; it recognizes that improvements and refine-
ments could be and perhaps should be made.

The 1997 NCI 131I report contains an extensive series of maps showing all
counties in the continental United States and the estimated thyroid doses that
would be received by county residents born from January 1, 1930, to January 1,
1962, from 131I intake from NTS weapons tests given four milk-consumption
scenarios (no, average, and high cow’s milk intake from store-purchased milk,
and high milk intake from a backyard cow).  The Institute of Medicine-National
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Research Council committee that reviewed the NCI 131I report noted that the
within-county variability in many cases exceeds the between-county variability.
Age at exposure, sources of milk, and amount of milk ingested are particularly
important risk factors expected to influence the occurrence of thyroid cancer in a
person exposed to radiation.

As an example, the present committee considered the thyroid doses from 131I
for a person living in Custer County, Idaho, one of the counties identified in the
1997 NCI report as having a relatively high per capita thyroid dose from NTS
operations.  Although that county does not have the highest per capita thyroid
dose (the county with the highest estimated per capita dose is Meagher County,
Montana), it represents the general issue.  Our committee noted that people who
lived only in counties in Idaho or Montana during the nuclear-testing era are not
eligible for compensation under RECA, even though some of these counties were
among the ones that received the highest per capita thyroid dose.

Figure 6.1 shows the best estimate and upper and lower 90% bounds of the
thyroid doses from ingestion of 131I from all NTS tests for a male living in Custer
County.  The figure shows the estimated doses by year of birth and for average
milk consumption (the upper 90% bound was over 1 Gy for birth years 1932-
1953 and is not shown in the figure).  We calculated the thyroid doses for male
residents of this county with NCI’s on-line thyroid-dose calculator, assuming that
a person was born on January 1 of each year (doses for persons born on other days
of the year may be different) and resided in the same county during 1951-1971.
For example, the 0.2 Gy estimated dose shown for a person born on January 1,
1953, would be the estimated dose received from the aboveground tests con-
ducted from 1953 through 1962, when aboveground testing at the NTS ended.
The estimated dose also includes a small component from in utero exposure to
fallout from tests in 1952, which would affect individuals born in the early part of
1953.

Residents of Custer County received most of their total estimated dose in
1952 from the Tumbler-Snapper series of tests that were conducted that year at
the NTS, when the county was in the path of the fallout.  As seen in the figure, the
highest estimated dose for this set of birth dates occurred to people born on
January 1, 1952, who were newborns during that test series.  People born in 1948-
1951 were infants and young children in 1952 and therefore had higher estimated
thyroid doses than those born before 1948 or after 1952.  Estimated dose de-
creases as the year of birth moves earlier from 1952; people born in 1930 (or
before) would receive an estimated dose less than 10% that received by people
born in 1952, even though they were residing in the same county.  The estimated
dose is also sharply lower for people born after 1952 because the major fallout
events for this particular county occurred before their births.  That illustrates
further a problem in defining a geographic area for future RECA compensation:
any such area would include people who received estimated doses that varied
over a wide range, some of which would not be significant.
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The highest thyroid dose in this set of people was estimated by the NCI
thyroid dose calculator to be 0.61 Gy, for a person born on January 1, 1952.  The
uncertainties in the dose estimates are large; the 90% uncertainty limits are 0.11
to 8.4 Gy.  By comparison, most residents of the United States would receive a
thyroid dose from background radiation of about 0.001 Gy per year (estimated
from NCRP, 1987).  In the roughly eight years covered by atmospheric nuclear
testing, they would receive a cumulative dose of 0.008 Gy to the thyroid from
background radiation.

Several factors combine to increase the estimated 131I thyroid dose to infants
and young children, including the relatively higher uptake of ingested iodine
because of increased thyroid metabolism at those ages and the smaller size of the
thyroid, which increased iodine concentration relative to older children and adults
(NCI, 1997).

Thyroid Dose (Gy) vs Year of Birth:
Average Milk Consumption
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FIGURE 6.1 Thyroid dose (Gy) that the NCI dose calculator estimates a male resident
of Custer County, Idaho, born on January 1, would have received from all NTS tests vs.
year of birth for average milk consumption.  The “step-like” structure of the graph is due
to age-interval-based assumptions about variables, such as food consumption, and dose-
conversion factors in dose calculator.
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As noted earlier in this chapter, the variability of fallout-related cancer risks
among residents of the same county reflects the variability of the estimated
thyroid doses, which depend on age at exposure and diet, and also the variability
of the thyroid cancer risk coefficients, which also depend on age at exposure.  As
discussed in Chapter 5, the risk of thyroid cancer posed by a given thyroid dose is
highest in newborns and decreases until the risk is small after the age of 20 years.
As an example, Figure 6.2 reproduces from Figure 6.1 the estimated thyroid
doses that residents of Custer County received from fallout from atmospheric
tests.  Assuming that a person developed thyroid cancer that was diagnosed in
2000, PC/AS can be found for that person’s cancer depending on his or her
estimated thyroid dose and age at exposure.  Figure 6.2 shows these PC/AS
values, and also the PC/AS compensation thresholds of 0.5 and 0.3 (two of the
values used in other compensation schemes) and the effect on eligibility for
compensation.  The PC/AS curve in Figure 6.2 is the 50th percentile value of PC/

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1910 1920 1930 1940 1950 1960 1970

Year of Birth

T
hy

ro
id

 D
o

se
 (

G
y)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

P
C

/A
S

 (
u

n
it

le
ss

)

eligible for
compensation

PC/AS = 0.5

PC/AS

Thyroid Dose

PC/AS = 0.3

FIGURE 6.2 Estimated thyroid absorbed dose (Gy) from all NTS tests, and 50th per-
centile PC/AS, for a person living in Custer County, Idaho, born on January 1, by year of
birth.  Assumptions include average milk consumption, diagnosis of thyroid cancer in
2000, and exposures from NTS operations.  The “step-like” structure of graph is due to
age-interval-based assumptions about variables, such as food consumption, and dose-
conversion factors in dose calculator.  NOTE: PC/AS is not calculated for 1953 and 1958.
Dose to individuals born on January 1 in those years included dose from the previous year
because of in utero exposure.  IREP is not currently designed to evaluate doses from in
utero exposure.
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AS by year of birth.  (The 50th percentile value of the PC/AS value of 0.5 or 0.3
was chosen for convenience.  Other percentile values, such as 99th percentile
used in other compensation programs, can also be used.)  The figure shows that
PC/AS values for people born before the maximum dose period in 1952 decrease
even more rapidly than dose with age at exposure.

PC/AS and estimated thyroid dose are highest for a newborn and decrease
with age at exposure.  If, for example, the compensation criterion is that the
diagnosed thyroid cancer has to be “as likely as not” due to fallout radiation
exposure, PC/AS would have to be at least 0.5.  The figure shows that if a PC/AS
threshold of 0.5 were used for compensation, people who were born in 1946-
1952 would be eligible for compensation.  Others would not be eligible.  The age-
at-exposure dependence of the thyroid-cancer risk coefficient complicates further
the use of geographic areas as the sole criteria for RECA compensation.

Different groups of people may be eligible for compensation if other PC/AS
thresholds for compensation are used.  For example, if a scheme similar to that
used by British Nuclear Fuels Ltd. (BNFL) were adopted, partial compensation
would occur at PC/AS of 0.2, 0.3 (shown in Figure 6.2), and 0.4.

The above scenario represented by Figure 6.2 uses consumption of pur-
chased cow’s milk to illustrate how the general outline of the dose distribution
within a county depends on age at exposure.  Other scenarios—such as using
goat’s milk, obtaining milk from a backyard cow, or consuming no fresh milk—
are possible; they would give higher or lower estimated doses depending on
which scenario is examined.

Another perspective on the relation of age at exposure and PC/AS is shown
in Figure 6.3.  The committee used NCI’s Interactive RadioEpidemiological
Program (IREP) version 5.3 to estimate the thyroid doses that gave a PC/AS of
0.5 at the 50th and 95th percentiles for geometric standard deviations (GSD) of
the thyroid dose of 2 and 4 (the GSD is used because dose distributions are found
to be skewed to the right and assumed to be lognormal).  Those doses, which
depend strongly on age at exposure, are shown in Figure 6.3.  The curves for GSD
equal to 2 and 4 for the 50th percentile coincide, because the 50th percentile
value, or median, of the distribution is insensitive to the spread of the distribution
given by the GSD.  The figure shows that a person would have a PC/AS = 0.5 at
the 50th percentile if the person received 0.15 Gy as a newborn, or 0.35 Gy as a
10-year old.  If the person only received 0.15 Gy as a 10-year-old, the PC/AS
value would not reach 0.5.

For the 95th percentile, the GSD = 4 curve lies below the GSD = 2 curve.  As
discussed in Chapter 5 and illustrated in Figure 5.5D, the wider spread of the
distribution for GSD = 4 causes the tail of the distribution to cross the 0.5 PC/AS
value for lower values of the estimated dose than for GSD = 2.  Consequently, as
seen from the figure, the PC/AS of a 30-year old with an estimated thyroid dose
of 0.15 Gy and GSD = 4 would exceed 0.5 for the 95th percentile, while that of a
30-year old with the same estimated dose but a GSD = 2 would not.  An estimated
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dose of about 0.26 Gy would be needed for the PC/AS of the second person to
exceed 0.5.

As an example of a possible PC/AS-based approach, to determine PC/AS for a
particular person born in Custer County, Idaho, on January 1, 1950, the NCI dose
calculator would be used to estimate the thyroid dose received from 131I each year.
This illustrative use of the calculator yielded the doses shown in Table 6.1.

The thyroid doses for the years not shown in the table are equal to zero.  If
the person had a diagnosed thyroid cancer, PC/AS could be calculated.  The
estimated doses are then entered into the NCI IREP program with the years of
exposures, the date of birth, and the year of diagnosis to give the results presented
in Table 6.2.

The 50th percentile value of PC/AS is 0.67 (66.55%), indicating that it is more
likely than not that the person’s cancer was due to exposure to 131I in fallout.  If the
threshold for compensation were set at the 95th or 99th percentile, rather than the
50th percentile, the person would of course also qualify for compensation.

If one wants to ensure that people whose thyroid dose from NTS operations
contributed substantially to the development of their thyroid cancer are properly
compensated, a possible mechanism is to determine the estimated thyroid dose to a
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FIGURE 6.3.  Estimated thyroid dose (Gy) for which PC/AS = 0.5 for different ages at
exposure.  Dose is given for 50th percentile and 95th percentile.  The geometric standard
deviation was assumed to be 2 and 4.  Curves for the 50th percentile GSD = 2 and GSD =
4 coincide with each other.
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person who has a diagnosed thyroid cancer on the basis of the person’s date of birth,
milk-consumption pattern, and place and time of residence.  The estimated thyroid
dose and age at exposure would be used to determine PC/AS.  If a designated PC/
AS percentile equals or exceeds a threshold for compensation (such as 0.5), the
person would be compensated.  That procedure could be used for any person in the
United States, and not be limited to particular geographic areas.

Exposure of Other Organs or Tissues to NTS Fallout Radiation

The committee also examined PC/AS for radiogenic cancers in addition to
thyroid cancer for people in areas receiving NTS fallout.  We used NCI’s IREP
version 5.3.  For estimating doses, we relied on the information in the CDC-NCI
draft feasibility study (CDC-NCI, 2001).  The committee agrees with the authors
of the draft feasibility study that the dose estimates would have to be defined

TABLE 6.1 Estimated Annual Thyroid Doses Estimated Using the NCI Dose
Calculator for a Person Born on January 1, 1950, and Living in Custer County,
Idahoa

Estimated Thyroid Dose (Gy)

Uncertainty Rangeb

Year of Exposure Best Estimate Low Estimate High Estimate

1951 0.0014 0.000093 0.028
1952 0.33 0.028 5.2
1953 0.0048 0.0011 0.028
1955 0.0024 0.00057 0.023
1957 0.03 0.0074 0.18
1962 0.000062 0.0000012 0.0037
1965 0.000018 0.00000019 0.0024

aDoses do not add to total dose shown in Figure 6.1; best estimates are medians of lognormal
distributions and are not additive.
bUncertainty range given by NCI dose calculator corresponds to “credibility intervals” used in this report.

TABLE 6.2 PC/AS for Person Who Received Thyroid Doses Shown in Table
6.1 and Had a Thyroid Cancer Diagnosed in 2000a

Percentile PC/AS

1st 15.00%
5th 26.83%
50th 66.55%
95th 92.10%
99th 95.67%

aFor example, the 50th percentile shows the PC/AS value (66.55%) that exceeds 50% of the calcu-
lated values of the PC/AS distribution.
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better before they could be used for individuals, so we are using the information
here only for illustration.  If the PC/AS approach is adopted, the dose estimates
for other organs and tissues, for example, red bone marrow, will need to be
completed and finalized.

An important difference between the thyroid and other cancer sites with
respect to the radiation dose from fallout is that the thyroid is the only organ
exposed to radiation from NTS tests for which the NTS-derived internal dose
exceeds the external dose (CDC-NCI, 2001).  For all other organs and tissues, the
external dose from fallout is higher than the internal dose.  The external dose is
relatively uniformly distributed over the body.  The most important organs for
consideration are those most susceptible to cancer induction by evenly distrib-
uted whole body radiation.

The committee specifically examined the estimated dose to red bone marrow
because of its susceptibility to induction by radiation exposure of all types of
leukemia except of chronic lymphocytic leukemia (CLL).

The draft feasibility study concluded that the maximum total (internal +
external) estimated dose from NTS fallout to red bone marrow was 3-10 mGy
(CDC-NCI, 2001) (see Figures 4.3 and 4.4 of the present report).  CDC-NCI
noted, however, that differences in such variables as rainfall in a county might
have resulted in higher estimated doses.  Because of the importance of external
radiation from fallout deposited on the ground, the time a person spent outdoors
would also affect the estimated dose.  In the draft feasibility study, the uncertain-
ties in estimated dose were not thoroughly studied, but we considered a higher-
upper bound dose to investigate the possible range of PC/AS for leukemia.  We
only considered median values of PC/AS in this example because the uncertainty
intervals for estimated dose were not determined.

To estimate the possible higher values of PC/AS for leukemia, the committee
used the NCI’s IREP version 5.3 calculator to estimate PC/AS for the highest
estimated dose to red bone marrow (10 mGy), as determined by the draft feasibility
study, and to estimate an upper bound on the maximum estimated dose (40 mGy).
For simplicity, the committee assumed that the entire dose occurred in one year
(1952), although in actuality people would have incurred doses from the longer-
lived radionuclides well beyond that date.  Assuming that all the dose occurs in one
year maximizes PC/AS because of its dependence on age at exposure.

In contrast to radiation-induced thyroid cancer, the age at diagnosis of radia-
tion-induced leukemia is an important factor in addition to age at exposure and
dose.  PC/AS values for a newborn and a 10-year-old are shown in Figure 6.4 for
different years of diagnosis.

As noted above, the PC/AS values were calculated for two different values of
the estimated dose to the red bone marrow, 10 mGy and 40 mGy.  Figures 4.3,
4.4, and 6.4 indicate that people who received the typical maximum estimated red
bone marrow dose of 10 mGy would not have a PC/AS over 0.5.  However,
individual variations may exist within the average values used for the dose as-
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sessment; such variations may increase the estimate of the dose and were dis-
cussed but not specifically included in the dose estimates in the draft feasibility
study.  A person born in 1952 who received an estimated bone marrow dose of 40
mGy would have a PC/AS greater than 0.5 if the disease were diagnosed within
3-9 years of the exposure, whereas for a person born in 1942, the PC/AS would
exceed 0.5 if the disease were diagnosed 3-6 years after exposure.  If a compen-
sation scheme like that used by BNFL were chosen, partial compensation would
occur at other values of PC/AS, such as 0.3, as shown in Figure 6.4; people born
in 1952 who received 10 mGy and developed leukemia would receive some
compensation if the disease was diagnosed in 1956 or 1957.

For perspective, those estimated bone marrow doses can be compared with
the dose a person could receive from natural background radiation.  The type of
radiation received from fallout is dominated by external gamma radiation, for
which 10 mGy corresponds to 10 mSv.  As pointed out in Table 3.2, a person
living in the United States typically receives an effective dose of 0.6 mSv/year
from external radiation from natural background (cosmic radiation and terrestrial
radioactivity).  The effective dose from external background radiation can be as
much as 1.2 mSv/year for a person living in the mountains.  This effective dose
can be taken to equal the bone marrow dose from natural background external
radiation.  In the roughly 8 years of atmospheric testing at the NTS, the total bone
marrow dose from natural background was 4.8-9.6 mSv.  Consequently, the
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radiation dose of 10 mSv received by organs other than the thyroid from NTS
fallout is roughly of the same order of magnitude as that received from natural
background in the same time frame.

Because of the high sensitivity of bone marrow to radiation-induced malig-
nancy, the PC/AS values for other, less sensitive organs or tissues would not be
expected to exceed 0.5 unless individual variability results in a higher dose.  PC/
AS values for other high-sensitivity organs, however, such as lung and female
breast, may also exceed 0.5 in some cases but these were not thoroughly evalu-
ated by the committee.

In some circumstances that the committee expects to be infrequent, PC/AS
values for cancers other than thyroid cancer may exceed the compensation crite-
ria.  That would typically correspond to special maximal-exposure situations in
which specific organ doses were higher than those found in the draft feasibility
study but within the range noted in that report.  No excess cancers of those types
have been found epidemiologically, but compensation may be warranted in some
circumstances.

Later in this chapter, the committee discusses the need for a preimple-
mentation assessment to identify classes of people at higher risk for radiation-
induced cancers on the basis of such factors as age at exposure, age at diagnosis,
diet, and geographic area who would be eligible for compensation.  The pre-
assessment would use PC/AS-based compensation criteria set by Congress.  It
would provide guidance to potential claimants and the implementing agency that
would focus the compensation program on those classes of higher-risk people.
This would educate and inform affected parties and, ultimately, simplify imple-
mentation for all concerned.

Exposure from Global Fallout

The previous discussion considered exposure from fallout created by tests
conducted at the NTS.  In addition to those tests, the United States detonated
weapons at several sites in the Pacific, in the south Atlantic, and in the United
States outside the NTS (DOE, 2000).

Global fallout resulted principally from debris injected into the stratosphere
from high-yield nuclear tests, such as many of those conducted by the United
States in the Pacific.  That material was then mixed with stratospheric debris from
high-yield nuclear tests of other nations.  Residence times of the material in the
stratosphere are relatively long, typically around a year.  As a result, the shorter-
lived radionuclides, such as 131I, generally will decay before returning to the
earth’s surface.  In contrast with NTS fallout, global fallout consists primarily of
longer lived radionuclides, such as 90Sr (T1/2 = 29 years), 137Cs (T1/2 = 30 years),
and 95Zr (T1/2 = 64 days)–95Nb(T1/2 = 35 days but in equilibrium with 95Zr).

The CDC-NCI draft feasibility study reviewed the health consequences for
the US population of global fallout as well as NTS fallout (CDC-NCI, 2001).
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The study included estimates of organ doses and cancer risks from those materi-
als.  As noted earlier in the case of dose estimates to organs and tissues other than
thyroid from NTS fallout, the global-fallout dose estimates, although they have
been released in a predecisional draft for peer review and public comment, are
tentative because the report has not been finalized.  In addition, as the authors of
the draft feasibility study pointed out, the actual dose estimates themselves, even
when they become finalized, are preliminary and support a feasibility study that
shows that more detailed and accurate dose estimates are possible, but still must
be developed (CDC-NCI, 2001).  Considerable work would need to be performed
to obtain dose estimates suitable for individual PC/AS calculations.

For example, the authors of the feasibility study noted that only a “crude
model was developed to describe the geographical variation in Sr-90 deposition
density . . .”  Determination of the 90Sr deposition density in each county across
the United States, which was calculated from each county’s precipitation and its
estimated 90Sr concentration, was essential in estimating the radiation dose to
residents of those counties from most of the other fallout radionuclides.  As a
result, the study’s authors stated that “the specific county estimates or estimates
for years prior to 1958… may be quite uncertain and should be used with discre-
tion” (CDC-NCI 2001).  They also had serious reservations about current dose
estimates from the small amount of 131I that does return to the earth’s surface in
global fallout and the estimated doses from global fallout of 3H and 14C due to
their entry into the hydrological and carbon cycles, respectively.

Once debris from a particular test enters the upper atmosphere, it mixes with
debris from some of the other tests conducted by the US and other nations.
Global fallout is a mixture of debris from all those tests.  The United Nations
Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) has esti-
mated the fraction of 90Sr deposition due to the nuclear testing programs of each
country, including the United States, on the basis of their fission yields
(UNSCEAR, 2000).  The CDC-NCI draft feasibility study also indicated that the
relative contribution of a country’s tests to global fallout could be roughly deter-
mined from the relative fission yield of its tests compared with that from tests
conducted by other countries.  In principle, then, the fraction of global fallout due
to the US tests can be estimated, albeit roughly, from the fission yields of its tests.

Because RECA was established to compensate people for harm incurred as a
result of the US nuclear-weapons program, radiation doses and associated risks
from exposure to the US fraction of global fallout should be included in RECA.
However, the discussion above indicates that the information and methods needed
to estimate individual doses and risks from global fallout are still in a preliminary
stage, and a more detailed understanding of global fallout needs to be developed
before they can be determined.  Consequently, the committee will recommend in
the next section that a detailed preassessment of fallout doses be performed.  That
includes determining and finalizing the global fallout doses, and identifying geo-
graphic areas in the US in which the estimated doses from fallout for people with
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diagnosed RECA-specified cancer could result in a PC/AS value high enough to
qualify for compensation on the basis of PC/AS criteria established by Congress.

Recommendations for Expanding Eligibility for People Exposed to Radia-
tion from Fallout

The committee recommends that Congress establish a process using prob-
ability of causation/assigned share (PC/AS) to determine the eligibility of
any new claim for compensation for a specified RECA-compensable disease
in people who may have been exposed to radiation from fallout from US
nuclear-weapons testing.  The committee further recommends that Congress
establish criteria for awarding compensation on the basis of computed dis-
tributions of PC/AS for any persons making such a claim.

• Prior to implementation of the revised compensation program, the Na-
tional Cancer Institute (NCI) or other appropriate agencies should perform a
population-based preassessment of all radiogenic diseases using PC/AS to pro-
vide guidance to individuals who might apply for compensation by determining
the likelihood any individuals in a given population of being compensated.  This
analysis would be determined by disease identified, places of residence at the
time of exposure, ages at the time of exposure and at diagnosis, and other demo-
graphic factors using the PC/AS criteria (including consideration of the upper
credibility intervals) established by Congress.  The calculation would use data for
the maximal doses that such individuals may have received from fallout.  In
settings where variability is important in evaluating risk, there may be several
such defined populations, and each would be evaluated on its own merits.  The
criteria for evaluating such population-based preassessments should be the same
as those established by Congress for compensation of claims under RECA.1, 2

The preassessments should be made for the following two purposes:

1Although agreeing with the general PC/AS and preassessment approach, committee member
Kathleen N. Lohr wishes to emphasize one aspect of the committee’s suggested plans for the
preassessment activities of particular concern to her.  The acceptability of the PC/AS approach and
the proposed equivalency of RECA compensation criteria and population-based preassessment crite-
ria rests on the assumption that the preassessments will be done using values for variables in the
calculations that will in fact mimic “worst-case” scenarios and produce the highest possible dose
estimates for the population groups in question.  In this way, possible bias against individuals with
specific characteristics different from the majority of the population group under consideration can
be minimized.

2Although concurring in principle with the PC/AS approach and with the concept of population-
based preassessment to enhance efficiency, committee member Stephen G. Pauker points out that if
the criteria for evaluating population-based preassessments are quantitatively the same as the criteria
for compensation, a bias may be introduced against some individuals whose PC/AS is substantially
greater than the majority of the population.  Rather, the criteria for evaluating preassessments might
need to be quantitatively less strict than the compensation criteria to avoid such bias.
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a. To provide guidance to potential claimants and the implementing
agency as to which diseases may satisfy the compensation criteria established by
Congress.

b. To provide guidance to potential claimants and the implementing
agency as to which population groups or geographic areas may satisfy the com-
pensation criteria established by Congress.

• The recommendation applies to residents of the continental US, Alaska,
Hawaii, and overseas US territories who have been diagnosed with one of the
specified RECA-compensable diseases and who may have been exposed, includ-
ing exposure in utero, to radiation from US nuclear-weapons testing fallout.  Both
Nevada Test Site fallout and the US fraction of global fallout should be
considered.

• PC/AS for any individual should be obtained from an estimate of the
radiation dose resulting from US nuclear-weapons testing and the risk estimate
associated with such dose.

• Uncertainties in PC/AS cannot be avoided and may be part of the com-
pensation decision process.  Because of substantial gaps in the existing data, the
uncertainties in estimated doses3 incurred by people exposed to radiation from
fallout, and consequently the uncertainties in the associated PC/AS estimate, are
large.  This emphasizes the need to choose compensation criteria carefully.  For
example, a PC/AS value associated with a high percentile of uncertainty could
exceed the criteria for compensation even for some very small median doses.
The challenge Congress faces will be to decide if it is best to define criteria that
avoid rewarding compensation in cases in which there is very low risk, but the
uncertainty associated with its PC/AS is very large, because the connection of
these cancers with radiation is not well established or the estimated doses are not
well known.

• To support the use of the PC/AS process for compensation, The Centers
for Disease Control and Prevention (CDC) and the NCI or other appropriate
agencies should complete dose estimates for all significant radionuclides in fall-
out from US nuclear weapons testing to the population groups identified above.
This should include all the major sources of dose related to US nuclear-weapons
tests considered to have potential health consequences that the CDC-NCI 2001
draft feasibility study described.

• An updated dose calculator, similar to the existing NCI dose calculator for
131I, should be developed for determining dose to the thyroid and other important

3The dose estimates depend on the measured deposition of radionuclides taken at the time of the
nuclear weapons tests.  Given the very small number of monitoring stations, most estimates represent
interpolations over very large areas.  Among the 3000 plus counties in the continental United States,
fallout monitoring in areas other than a limited region in Nevada and its neighboring states occurred
at never more than 95 stations through the years of aboveground US nuclear-weapons testing.  See
Chapter 5 and sections of this chapter for further discussion.
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organs from fallout.  Such an updated dose calculator should be directly coupled
to a risk calculator similar to IREP Version 5.3 that can compute PC/AS and
propagate uncertainties for establishing credibility intervals.

• NCI or other appropriate agencies should maintain and revise the param-
eters in the models or calculators for estimating PC/AS based on risk estimates
recommended by the National Research Council Committee on Biological Ef-
fects of Ionizing Radiation, report number 7 (BEIR VII).  Over time, the agency
should update the PC/AS calculators with the latest risk parameters.

IMPLEMENTATION AND ANTICIPATED IMPACT OF THE
RECOMMENDATION TO EXPAND THE SCOPE OF RECA

TO ADDITIONAL GEOGRAPHIC AREAS

The recommendation would remove the a priori requirements based solely
on geographic location (but would continue to require the presence of a RECA-
specified disease) to establish eligibility for compensation.  However, it is criti-
cally important to provide procedures to ensure that claims that are likely to be
eligible for compensation could be processed efficiently and rapidly.  Thus,
before this modification to RECA is implemented, the NCI or other appropriate
agencies is expected to perform population-based preassessments of PC/AS for
different diseases, geographic areas and population groups in those areas.  A
population-based dose reconstruction is considered part of a detailed preassess-
ment in this sense.  The preassessments would provide information to potential
claimants and the implementing agency as to whether a person might be eligible
for RECA compensation under the new criteria that Congress establishes.

For example, the previous discussion noted the strong dependence of thyroid-
cancer risk on age at exposure.  The preassessment may show that people diag-
nosed with thyroid cancer who were children in some areas of the United States
when testing occurred have PC/AS values eligible for compensation but that
persons with the same diagnosis who were adults in those same areas during the
same time period do not.  RECA implementation would then encourage claims
from people who were living in those areas while they were children.  Thus, the
preassessment would provide information about conditions based on age at expo-
sure that would encourage submission of claims that have a chance of success
while discouraging other claims.

That conclusion is especially true for diseases other than thyroid cancer.  As
discussed earlier, the CDC-NCI draft feasibility study found that estimated radia-
tion doses to organs and tissues other than the thyroid were less than 10 mGy in
a typical exposure scenario.  If a person who received that dose developed a
cancer other than thyroid cancer, the PC/AS value would be low no matter where
the person lived at the time of exposure.  Although the person’s specific eligibil-
ity for RECA compensation would depend on the criteria for compensation that
Congress establishes, the radiation risks of almost all the nonthyroid cancers at
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those low doses suggest that eligibility for RECA compensation for these cancers
would be infrequent.

For example, the previous discussion in this chapter showed that even for
exposures of highly radiosensitive bone marrow, doses considerably greater than
10 mGy were needed for PC/AS values to satisfy the PC/AS criterion of 0.5 or
above at the 50th percentile for induction of leukemia and only if the disease had
been diagnosed within a few years after exposure.  The preassessment, based on
these criteria, would demonstrate that there could be large regions of the country
where people could not have received doses (with their associated uncertainties,
as may be applicable under the criteria) sufficient to be eligible for compensation.
Preassessments would, therefore, greatly streamline implementation of the modi-
fied RECA program.

The committee also evaluated several other cancer types.  We used, as an
example, a PC/AS of 0.5 at the 50th percentile.  (Other criteria would lead to
different results.)  As noted in the paragraph above, bone marrow is highly
radiosensitive, and a dose greater than 10 mGy is needed for the PC/AS to
exceed 0.5 for leukemia.  Because other organs and tissues are not as radiosen-
sitive as bone marrow, that finding suggests that other organ doses must be
considerably greater than 10 mGy for the PC/AS in those cases to exceed 0.5.
If the criterion for compensation were a PC/AS of 0.5 at the 50th percentile,
applying for compensation for the cancers that may have resulted from these
other organ doses would be unwarranted.  But, of course, if Congress estab-
lished the criterion to be based on the upper limit of the 99th percentile credibil-
ity interval, compensation of some populations for some other radiogenic can-
cers might be possible.

Population-based preassessments would greatly simplify implementation of
the RECA program in those areas.  The simplification would be essential for the
PC/AS procedure to be useful for determining eligibility for RECA compensa-
tion.  Without it, a person diagnosed with a RECA-compensable disease would
not know whether he or she was eligible for compensation until his or her appli-
cation was reviewed and the person’s PC/AS determined.  The preassessment is
intended to encourage potential claimants to submit only viable applications for
compensation.  This will improve the efficiency of the administrative process and
reduce delays in awarding compensation to people who are eligible.  Hence,
preassessment information would be communicated in advance by the imple-
menting agency to the affected public.

The outcome of the preassessment could be presented in several ways.  One
could be a set of tables for each compensable disease, population group or geo-
graphic area that would be likely to satisfy the criteria for compensation.  Another
possibility would be a series of maps that show areas of eligibility, similar to
those presented in the NCI report on 131I.  It might also be useful to develop a
web-based program, similar to the NCI dose calculator or IREP that would allow
a potential claimant or agency staff member to enter variables from the claimant’s
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history.  The results would then indicate if an applicant should consider submit-
ting a formal application.

Uncertainties in Dose and PC/AS Estimates

The committee notes an important difference between the precision of the
dose determination of people exposed to radiation from fallout with the precision
of dose determination in other compensation programs using PC/AS, such as the
compensation programs that apply to military veterans and the Energy Employ-
ees Occupational Illness Compensation Program (EEOICPA).  These programs
award compensation if a person’s PC/AS exceeds 0.5 at the upper 99th percentile
level.

The NCI and CDC determined doses for the people exposed to fallout from
dose-assessment models based on environmental measurements taken at the time
of the tests.  In some cases, the estimated doses were based only on atmospheric-
transport models, which tracked a fallout cloud from the point of detonation to
the location of the downwind resident and included no environmental measure-
ments.  Estimates of deposition of fallout based on these models have consider-
able uncertainty.  In addition, even when measurements had been made, fallout
deposition in large areas of the United States was estimated by interpolation
among up to 95 fallout monitoring stations (Beck, 1980).  Estimating fallout
across the entire United States with such a small number of stations also involves
large uncertainties.

Dose estimates based on such methods are not as precise as those based on
measurements more directly associated with the person.  Data from measure-
ments are routinely available for many of the claimants in the other compensation
programs.  In the EEOICPA program, for example, many workers wore personal
dosimeters from which to estimate the external radiation dose and participated in
bioassay programs to estimate the internal dose.  People exposed to fallout rarely
had similar personal dosimetry.

As a result, the uncertainties in the estimated doses incurred by people ex-
posed to radiation from fallout, and consequently the associated PC/AS esti-
mates, are generally much larger than many of those for the other programs.
Geometric standard deviations (GSD) of 4 are not unusual for some of the fallout
dose estimates; thus, for example, an estimated dose of 10 mGy could range from
0.6 to 160 mGy at the 95th percentile level (i.e., 2 standard deviations).  If
Congress were to adopt compensation criteria for RECA that include some high
percentile of the uncertainty, as in the other compensation programs, the PC/AS
value at this high percentile value could exceed the criteria even for some very
small estimated doses.  That obviously could make the compensation program
very large and difficult to administer.  This emphasizes the importance of choos-
ing compensation criteria carefully.
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We have chosen an example to demonstrate the combined effects of uncer-
tainty in the dose estimated and the selected criteria for compensation.  It is meant
to illustrate some consequences of implementing PC/AS, but should not be inter-
preted as an endorsement of any specific criterion for compensation.  For this case,
a person at age 25 is exposed to 131I resulting from fallout.  The person is diagnosed
with thyroid cancer at age 35.  A dose assessment is made and yields a geometric
mean estimated dose of 80 mGy (8 rads) that is distributed log normally.  The
distribution of PC/AS is determined using the methodology described in IREP and
presented in Chapter 5.  Figure 6.5 shows the results of this computation in terms of
the value of PC/AS corresponding to the median (central value) of the distribution,
as well as the 75th percentile, 95th percentile and 99th percentile, as a function of
increasing uncertainty based on the geometric standard deviation, GSD, in the
estimate of thyroid dose.  The PC/AS associated with a true dose of 80 mGy is 0.06.
This corresponds to the median value of PC/AS shown in Figure 6.5.

The median value remains constant at 0.06 even when the GSD in the esti-
mate of dose increases from 1.5 to 4.0.  The 75th percentile for PC/AS increases
with GSD, but remains below 0.2.  The 95th percentile for PC/AS increases as the
uncertainty of the estimated dose increases and eventually exceeds 0.5 when the
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FIGURE 6.5 Values of PC/AS based on the median, 75th percentile, 95th percentile,
and 99th percentile of the distribution for PC/AS as a function of the uncertainty based on
the geometric standard deviation for a distribution of dose having a geometric mean of 80
mGy (8 rads).
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GSD reaches 4.0.  The 99th percentile of PS/AS is even more sensitive to uncer-
tainty in the estimate of dose; it exceeds 0.5 when the GSD reaches 2.0.  If the
latter case were selected as the criteria for compensation, many claims would
satisfy the criteria because of uncertainty in estimated dose rather than the central
estimate of dose.  Other examples using fixed cut-off criteria, as well as sliding
scales for compensation, were presented in Table 5.2 using the complete distribu-
tions of PC/AS shown in Figure 5.5.

Uncertainties in PC/AS cannot be avoided and will be part of the compensa-
tion decision process.  The challenge Congress faces will be to decide if it is best
to define criteria that avoid rewarding compensation in cases in which there is
very low risk, but the uncertainty associated with its PC/AS is very large, because
the connection of these cancers with radiation is not well established or the
estimated doses are not well known.

URANIUM MINERS, MILLERS, AND ORE TRANSPORTERS
IN OTHER GEOGRAPHIC AREAS

The committee considered whether any circumstances warrant the extension
of RECA to include workers who were employed in uranium mining and milling
in geographic areas not now covered by RECA.  The committee noted that RECA
already covers uranium miners, millers, and ore transporters who worked in the
RECA-designated uranium mining areas in 1942-1971, regardless of where they
are now employed (see Figure 2.1).

RECA has a provision that allows individual states not covered under the
uranium mining and milling sections to apply for inclusion in RECA if uranium
mining occurred in the state during the period January 1, 1942-December 31, 1971.

The committee recommends that the provision which allows individual states
not currently covered under Section 5 of the Radiation Exposure Compensa-
tion Act to apply for inclusion under RECA if uranium mining occurred in
the state during the January 1, 1942 to December 31, 1971 period be ex-
panded to include not only uranium mining but also uranium milling and
ore transportation occurring during that period in support of the US nuclear-
weapons program.

Probability of Causation/Assigned Share for
White and Navajo Uranium Miners

The 2002 amendment to RECA added the duration-of-exposure option to the
criteria for compensation.  Uranium miners may now be compensated if they
have accumulated 40 WLM or worked one year or more in uranium mines.  The
committee investigated how that decision affected the PC/AS for lung cancer
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associated with exposure to radon daughters in the mines.  The committee used
the relative-risk model developed in BEIR VI (NRC, 1999), which included a
factor for duration of exposure.  Data from the National Institute for Occupational
Safety and Health study of 4,102 underground uranium miners were used to
obtain all the estimates that study included 3,347 white miners and 755 Navajo
miners who worked in the mines during the period 1950 to about 1970 (Hornung
et al., 1998; Roscoe, 1997).  The BEIR VI model was applied to four strata
defined by Navajos and whites, each divided by duration of mining (less than 1
year vs. 1 year or longer).  The BEIR VI model provides different estimates of
relative risk for lung cancer for five increasing durations of exposure.  Relative
risk appears to increase for a fixed level of WLM as duration of exposure in-
creases.  The model is similar to that developed specifically for the Colorado
Plateau uranium miners (Hornung et al., 1998).  Accordingly, miners who have
worked one year or more are estimated to have higher relative risk per WLM than
those working less than one year.

Table 6.3 presents the results of the BEIR VI lung cancer model applied to
the four strata described above.  Results are provided for the median and the 5th,
and 95th percentiles of the exposure distribution in each stratum.  The exposure
distributions are similar for Navajo and white miners.  It is clear from examina-
tion of the table that most of the miners who worked more than one year had PC/
AS greater than 0.50.  The typical miner who worked less than one year (as
defined by the median exposure) had PC/AS less than 0.50.  However, about 10%
of the short-duration miners had PC/AS over 0.50.  By contrast, PC/AS for the
RECA requirement of 40 WLM for compensation is 0.18 for short-duration
miners and 0.70 for workers who accumulated 40 WLM in working more than
five years underground.

CONCLUSION

The committee calculated thyroid doses and associated PC/AS values by
using the on-line NCI dose calculator and IREP programs.  The committee found
that estimated thyroid doses and associated radiation risks and PC/AS values
varied substantially both among different counties and among individuals in the
same county.  Age at exposure and diet were important factors affecting the
within-county variability.  Identification of RECA eligibility solely on the basis
of geographic area would be scientifically problematic because a given area
would contain residents having both relatively high and virtually nonexistent
risks of radiation-induced thyroid cancer, depending on such factors as age at
exposure.  Consequently, the committee has recommended that compensation be
based on diagnosis of thyroid cancer in an individual and the associated PC/AS,
which takes those factors into account.

The committee also recommended extending the PC/AS-based compensa-
tion system to other eligible cancers in downwinders.  However, performing an
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initial population-based PC/AS preassessment is essential if the approach is to be
efficient and timely.  The population-based preassessment would provide guid-
ance concerning the extent of the problem and identify locations and population
groups in which compensation would be viable.  Estimated radiation doses to
organs other than thyroid and the corresponding PC/AS values for the tissues at
risk are substantially lower than those for the thyroid.  Because of the low radia-
tion doses estimated for organs other than the thyroid, the committee suggests
that the preassessment would enable the implementing agency to focus on se-
lected diseases, areas and population groups.  The results of the preassessment,
however, would depend greatly on the PC/AS criterion for compensation that is
eventually adopted.

We presented an example showing the importance of the PC/AS criterion,
especially the influence of the percentile of the PC/AS distribution that is
specified for awarding compensation.  If Congress chooses a 95th or 99th
percentile, compensation would be awarded for very low values of estimated

TABLE 6.3 PC/AS of Diagnosed Lung Cancer in White and Navajo Uranium
Miners in Colorado Plateau

White miners
Duration: < 1 year N = 515

Exposure (WLM) RR PC/AS

Median 46.5 1.26 0.20
5th percentile 2.1 1.01 0.01
95th percentile 262.4 2.44 0.59

Duration: ≥ 1 year N = 2,832

Exposure (WLM) RR PC/AS

Median 563.5 11.40 0.91
5th percentile 67.9 3.8 0.74
95th percentile 3059.8 49.6 0.98

Navajo miners
Duration: < 1 year N = 101

Exposure (WLM) RR PC/AS

Median 43.7 1.24 0.19
5th percentile 2.1 1.01 0.01
95th percentile 271.0 2.49 0.60

Duration: ≥ 1 year N = 654
Exposure (WLM) RR PC/AS

Median 513.9 10.64 0.91
5th percentile 66.3 3.79 0.74
95th percentile 2604.7 42.6 0.98
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dose and PC/AS.  This outcome is due to the large uncertainties in the dose
estimates, which generally depend on an environmental measurement grid that
had a limited number of fallout sampling stations to cover the majority of the
United States.  If the 50th percentile is chosen as the criterion, compensation
would be based on the median value of the PC/AS distribution.  As a conse-
quence, the decision to award compensation would not be dominated by the
large uncertainties in the measurements.

The committee also reviewed the geographic areas and population groups
that RECA now covers for uranium mining, milling, and ore transporting.  The
committee recommended that the RECA provision allowing states not currently
covered for uranium mining to apply for coverage be expanded to include ura-
nium milling and ore transporting as well.  The committee evaluated the PC/AS
values for uranium miners meeting current RECA eligibility requirements and
found that the miners who worked for more than 1 year generally would have PC/
AS values greater than 0.5.  The PC/AS values for miners having exposure of 40
WLM would depend heavily on the duration of the exposure.
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7

Diseases, Populations, and
Other Issues of Public Concern

In oral and written testimony presented to the committee at or in response to
its information-gathering meetings, members of the public voiced their concerns
and raised questions about diseases or conditions for which individuals in one or
more of the populations designated in the Radiation Exposure Compensation Act
(RECA) of 1990, and as later amended, are not entitled to compensation.  These
included some cancers and benign neoplasms, and several diseases with known
or suspect autoimmune basis, and we have reviewed the literature on those condi-
tions.  The public also drew the committee’s attention to groups of people that
may have been occupationally or environmentally at risk for radiation exposure
from nuclear-weapons development programs but who are ineligible for RECA
compensation because they do not otherwise meet certain eligibility criteria.
Such groups include

• US civilians residing or working in areas overseas that are not designated
by RECA but that may have been contaminated by fallout from US atmospheric
nuclear tests conducted in the region.

• People living in the vicinity of mill tailings or in dwellings built with mill
tailing or other mill or mine residues.

• People who were at risk for radiation exposure fell outside RECA-desig-
nated periods or who were ineligible based on their failure to meet the relevant
residence requirement in the defined time interval between exposure and disease.

The committee reviewed epidemiologic and other pertinent scientific and
clinical literature to identify new information about the specific diseases of inter-
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est, including their characteristics in the general or “nonexposed” population and
their known or suspected causes.  We looked particularly for new information
about relationships between exposure to ionizing radiation and other potential
hazards during activities similar to those experienced by the designated RECA
population and the individual diseases and conditions identified by the public.
We reviewed new information about the effects of in utero exposure to radiation
and the psychologic consequences of exposure or suspected exposure to radia-
tion, and reviewed information related to the potential for exposure of other
populations not eligible for RECA compensation but with circumstances and
potential for exposure that may have been similar to those of RECA-eligible
populations, such as those who were in utero and at risk during the nuclear-
testing period.  We also address other issues regarding eligibility for RECA
compensation which the public brought to the committee’s attention.  These
include concerns in two areas about claimants failed attempts to use affidavits in
establishing proof of eligibility.

Our findings are reported here for diseases not currently compensable under
RECA for some RECA-eligible populations and for specific populations that are
not listed among those eligible for compensation.  The diseases are categorized as
malignant (or cancerous) and nonmalignant (or noncancerous).

MALIGNANT DISEASES

Leukemia

Members of the public drew the committee’s attention to an apparent incon-
sistency in compensation under RECA: all types of leukemia except chronic
lymphocytic leukemia (CLL) are compensable as radiogenic diseases for down-
winders and onsite participants but not for uranium miners, millers, or ore
transporters.  Non CLL leukemia is compensable in a number of other exposed
populations.

Leukemia in Uranium Miners

As reported in Chapter 4, a strong association between radiation and all
types of leukemia other than CLL has been identified in several populations
exposed to external penetrating radiation (gamma and x rays) at doses generally
greater than 200 mSv and at high dose rates.  However, as noted in Chapter 4,
uranium miners are exposed primarily to alpha-particle radiation from inhaled
radon.  No exposure pathway has been established whereby immature blood
cells are exposed to radiation from radon daughters suspended in air.  However,
a pathway has been proposed on the basis of the transfer of radon gas from the
pulmonary region of the lung into the blood and from the blood to fat cells
distributed in the bone marrow (Eatough and Henshaw, 1993).  Allen and
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colleagues (1995) explored that proposed pathway using marrow fat content in
a sample of 20 human ribs.  They concluded that the bone marrow fat fraction
is the important variable related to the alpha-particle radiation dose from radon
in fat.  Beta particles from lead-214 (214Pb) and bismuth-214 (214Bi) have
sufficient range to deliver a dose of radiation to neighboring bone marrow cells,
and this is the proposed pathway of the induction of leukemia in underground
uranium miners.

According to a recent report by the National Research Council Committee on
Biological Effects of Ionizing Radiation, BEIR VI (NRC, 1999), no significant
excess of leukemia cases has been found among mining cohorts.  As discussed in
Chapter 5, the most definitive study of cancers other than the lung was the pooled
study of 11 mining cohorts reported by Darby and colleagues (Darby et al.,
1995).  They found that the relative risk (RR) of all lung cancer deaths combined
(n = 1,179) was close to expected (RR = 1.01, 95% CI = 0.95-1.07).  For leuke-
mia, there was a statistically significant increase in the RR for miners employed
in the mines for less than 10 years (21 deaths; RR = 1.93, 95% CI = 1.19-2.95),
but there was no increase in the RR for workers employed more than 10 years (48
deaths; RR = 0.99, 95% CI = 0.73-1.31).  The overall RR was not significantly
increased (69 deaths; RR = 1.16, 95% CI = 0.90-1.47).  Darby et al. (1995) thus
concluded that protection standards for radon exposure should continue to focus
on lung cancer alone.  Mortality from leukemia in radon-exposed mining popula-
tions has also been summarized (UNSCEAR, 2000).  The trend in mortality from
leukemia with dose (mean Working Level Month [WLM] = 155) was not statis-
tically significant.  Roscoe (1997) reported a nonsignificant increase in the RR of
leukemia mortality in uranium miners (13 deaths; standardized mortality ratio
[SMR] = 1.6, 95% CI = 0.8-2.7).

In addition to the studies of uranium miners, several ecologic studies have
been done of the relationship between leukemia and indoor radon.  Their results
have been equivocal; some indicate a significant association, and others do not
show a relationship.  A review of 19 ecologic studies, six miner studies, and eight
case-control studies (Laurier et al., 2001) concluded that the overall epidemio-
logic results do not provide evidence of an association between indoor radon
exposure and leukemia.

Leukemia in Millers and Ore Transporters

Uranium millers and ore transporters were at risk for exposure primarily to
soluble uranium dusts of low radioactivity, most of which is rapidly cleared from
the body.  Thus, the probability of radiation-induced leukemia was low in those
populations.  Pinkerton et al. (2004) show fewer than the expected number of
deaths among the cohort of Colorado Plateau uranium mill workers from all types
of leukemia, including CLL, compared with the US general population (5 deaths,
SMR = 0.66, 95% CI = 0.21-1.53).  The committee is unaware of any studies of
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leukemia in ore transporters and assumes that their risks would be similar to or
less than those of uranium millers.

Conclusion On the basis of the epidemiologic evidence, the committee con-
cludes that the uranium miner and miller populations now identified by RECA
are not at significantly greater risk of dying from leukemia than males of similar
age in the US general population.  The leukemia risk to ore transporters is as-
sumed to be similar to or less than the risk to millers.  Thus, there is no epidemio-
logic basis for designating leukemia as a RECA-compensable disease for those
populations.

Myelodysplastic Syndrome

The terms myelodysplasia and myelodysplastic syndromes (MDS) identify
an imprecisely defined group of clonal hematologic disorders characterized by
abnormal appearance of the bone marrow hematopoietic progenitor cells, ineffec-
tive hematopoiesis, peripheral blood cytopenias, and frequent evolution into the
complete clinical picture of acute myeloid leukemia (AML).  The disorders,
which include aplastic anemia, may occur de novo without apparent cause at any
age but mostly at the age of 60-80 years.  Approximately 7,000-12,000 new cases
of MDS are diagnosed each year in the United States.  Secondary forms may
occur at any age after the use of intensive chemotherapy with alkylating agents or
the combination of chemotherapy and radiation therapy.  The frequent progres-
sion of both de novo and secondary or therapy-induced MDS to clinically appar-
ent AML suggests that the syndrome represents various steps in the continuous
process of malignant transformation to leukemia.  The natural progression of
MDS syndrome is such that when the number of typical immature blast cells
increases above a defined point in the peripheral blood, the diagnosis is changed
from MDS to AML.

Leukemia studies in the Japanese atomic-bomb survivors have identified
cases of MDS, but results of autopsy-based case studies could not be converted
into a dose-response projection (Finch, 2004).

Conclusion The committee concludes that radiation exposures of downwinders
and onsite participants are likely to be well below the doses at which MDS has
been noted in prior studies and that MDS itself should not be included as an
additional compensable disease under RECA.  If leukemia is diagnosed, it may
be compensable on those grounds based on PC/AS criteria adopted by RECA.

Multiple Myeloma

Multiple myeloma is compensated under RECA except in uranium miners,
uranium millers, and ore transporters, and the committee was asked to reevaluate
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the justification for this exclusion.  Multiple myeloma is a malignant disease of
the blood characterized by an abnormality in plasma cells and possibly in the
bone marrow stroma.  An increased incidence of and mortality from multiple
myeloma have been reported in the Japanese atomic-bomb survivors (Preston et
al., 1994; Pierce et al., 1996).  A similar conclusion was reached by the National
Research Council BEIR V committee (NRC, 1990).

Nuclear-industry workers exposed to low LET radiations at lower doses and
lower dose rates than the atomic-bomb survivors have not shown statistically
significant increases although some of the findings have been of borderline statis-
tical significance (Gilbert et al., 1979; Gilbert et al., 1993).

Estimated risks of multiple myeloma among persons exposed to alpha-par-
ticle radiation have generally been negative.  The most recent update of the
Colorado Plateau uranium miners study (Roscoe, 1997) showed a nonsignificant
increase in RR of death from multiple myeloma (6 deaths; SMR = 1.8, 95% CI =
0.6-3.8), with no exposure-response trend.  Similarly, the pooled study of 11
miner cohorts (Darby et al., 1995) found a nonsignificant RR of death from
multiple myeloma (26 deaths; SMR = 1.30, 95% CI = 0.85-1.90).  The most
recent study of uranium millers (Pinkerton et al., 2004) found the mortality from
multiple myeloma to be about equal to that expected in the US population (3
deaths; SMR = 1.02, 95% CI = 0.21-3.00).

Conclusion Multiple myeloma is classified as having very low or no suscepti-
bility to radiation induction.  Incidence is related to low LET dose in some
studies, and it is compensated in downwinders and onsite participants.  However,
there is no convincing epidemiologic evidence to warrant inclusion of miners,
millers, or ore transporters for RECA compensation from multiple myeloma.

Renal Cancer

Under RECA, uranium millers and ore transporters are compensated for renal
cancer, but miners, downwinder and onsite participants are not (see Table 2.1).

Renal cancer accounts for about 3% of all cancer deaths annually in males in
the US general population. It is about 3 times more frequent in men than in
women and generally occurs in people in their 60s and 70s.  Of all renal cancers
in adults, 85-95% are renal cell carcinomas, which develop from the epithelial
cells lining the kidney tubules.  A strong association has been observed between
cigarette-, pipe-, and cigar-smoking and death from renal cancer (Bennington,
1973).

Although the atomic-bomb survivors and some populations exposed medi-
cally to penetrating low LET radiation at high doses and high dose rates have
been found to be at increased risk for renal cancer (NRC, 1990), susceptibility to
induction of renal cancer by such radiation is considered to be low (see Chapter 4,
Table 4.1 in Mettler and Upton, 1995).
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Renal Cancer in Miners

The most recent update of the Colorado Plateau uranium miners study
(Roscoe, 1997) found a deficit of deaths due to renal cancer (SMR = 0.4, 95%
CI = 0.05-1.4).  In their collaborative analysis of mortality in 11 cohorts of
underground miners, Darby et al. (1995) also found no statistically significant
deficit of deaths due to renal cancer (44 deaths, 9 deaths; SMR = 0.91, 95%
CI = 0.66-1.22).

Studies of mortality among several cohorts of uranium processors in the US
nuclear industry whose occupational risk of exposure to uranium was primarily to
insoluble uranium compounds with low to high enrichment (< 5% to > 90%) also
failed to find any significantly increased risk of renal cancer (Polednak and
Frome, 1981; Checkoway et al., 1988; Loomis et al., 1996; Ritz et al., 1999a and
1999b).  None of those negative studies provided dose-response estimates for
radiation-induced renal cancer.

Conclusion The committee concludes that there is no epidemiologic evidence
that indicates that uranium miners are at greater risk for death from renal cancer
than men of similar ages in the United States.  Therefore, there is no epidemio-
logic justification for adding renal cancer to the list of cancers for which uranium
miners are compensated under RECA.

Renal Cancer Among Downwinders and Onsite Participants

In addition to the risk of exposure to 131I, downwinders and onsite partici-
pants also were at risk for external exposure to low LET radiation from fallout,
albeit at lower levels.  A study of the incidence of solid cancers between 1958 and
1987 among 79,972 people in the Life-Span Study (LSS) cohort of atomic-bomb
survivors found no significant radiation effect of cancer of the kidney (Thompson
et al., 1994).  On the basis of 73 incident renal cancer cases (0.8% of all the solid
cancer cases ascertained in this study), radiation exposure was estimated to be
associated with an excess relative risk (ERR) of 0.71/Sv (95% CI = 0.21-2.25),
and an excess attributable risk (EAR) of 0.29/104 person-years Sv (95% CI =
0.50-0.79), with an AR of 15.2% (95% CI = 2.6-41.3).  For renal cancer, similar
ERRs were obtained by using either attained age or age at exposure in the
model.

In a more recent study of mortality from solid cancers between 1950 and
1997 among 86,572 members of the LSS cohort of atomic-bomb survivors, 60%
of whom had radiation doses of at least 5 mSv (0.5 rem), Preston et al. (2003) did
not specifically report risk estimates for renal cancer mortality, but in an example
they gave the estimated risk of renal cancer at the age of 70 years in a woman who
was 30 years old at exposure as an ERR of 0.97/ Sv (90% CI = <3-40), and an
EAR of 0.14 (90% CI = < –0.1-0.4), with an AR of 14% (90% CI = <3-42).
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Probably more pertinent to evaluating the risk of renal cancer among the
downwinders and onsite participants in the absence of  site-specific cancer stud-
ies of these populations are the studies, primarily of mortality, among several
cohorts of military personnel who participated onsite in nuclear-weapons tests
conducted by the United States and the UK at test sites in the United States and
Pacific islands and in New Zealand, respectively (Darby et al., 1993a, and 1993
b; Pearce, 1996; Pearce et al., 1997, Watanabe, 1995a, and 1995b; Johnson et al.,
1996; IOM, 1999).  In none of those studies was mortality due to renal cancer
statistically significantly greater than that in the comparison group.

Conclusion On the basis of current epidemiologic evidence, the downwinders
and civilian onsite participants covered by RECA are probably not at increased
risk for death from renal cancer.

Skin Cancer

None of the RECA populations identified by RECA is eligible for compensa-
tion for any type of skin cancer.  Nonetheless, the committee was asked to
reevaluate the justification for this exclusion. Two histologic types of skin cancer
are described here: nonmelanoma skin cancer (NMSC) and melanoma.

NMSC is the commonest type of cancer found among Caucasians world-
wide, among whom the incidence is increasing because the risk increases with
age.  NMSC now accounts for an estimated 1 million new cases of skin cancer
each year in the United States.  The fatality rate is extremely low, and typically
neither incidence nor mortality data are reported by cancer registries.  NMSC is
somewhat more common in men than in women.  It comprises two main patho-
logic conditions: basal cell carcinoma (BCC) and squamous cell carcinoma
(SCC), which occur in a ratio of about 4:1.  Exposed areas of the face and head
are the common sites of both types, but BCC occurs on the trunk and legs more
frequently than SCC.  Several environmental and host risk factors have been
described for both types; the major ones are exposure to ultraviolet (UV) radia-
tion from the sun (which is nonionizing), genetic predisposition, and lack of
much skin pigmentation (Schottenfeld and Winawer, 1996).

NMSC is considered to be moderately susceptible to induction by ionizing
radiation at high doses and high dose rates, and it was the first type of cancer to be
causally associated with exposure to ionizing radiation.  Relationships between
NMSC and exposure to ionizing radiations have been extensively reviewed by the
International Commission on Radiological Protection (ICRP, 1991) and the United
Scientific Committee on the Effects of Atomic Radiation (UNSCEAR, 2000).  The
latent period varies widely and averages just over 20 years.  Epidemiologic studies
have suggested a synergistic interaction between UV and ionizing radiation that is
more than additive (Shore, 1990), but this was not confirmed in a more recent study
of skin cancer risk among atomic-bomb survivors (Ron et al., 1998b).
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Melanoma or malignant melanoma is a relatively rare type of cancer—about
55,000 new cases (4% of cancers) in US males and females are predicted in 2004
(Jemal et al., 2004)—but its incidence is increasing more rapidly than that of any
other kind of cancer around the world, particularly among people of Caucasian
origin.  It has a much higher fatality rate than NMSC.  Epidemiologic studies
indicate that exposure to sunlight (UV radiation) is the major causative factor
(Schottenfeld and Winawer, 1996).

Melanoma is generally regarded as nonradiogenic with respect to ionizing
radiation; this conclusion is based on limited information (UNSCEAR, 2000).
However, followup by  Reynolds and Austin (1985) of an earlier finding (Aus-
tin et al., 1981) of a 4-fold excess incidence of melanoma among employees at
the Lawrence Livermore National Laboratory (LLNL), Livermore, California,
found statistically significant increases in the incidence of melanoma among
males (21 cases observed, 6.46 cases expected) and females (7 cases observed/
1.35 expected).  No other increase was found in incidence of groups of cancers
recognized as being susceptible to induction by ionizing radiation.  A more
recent followup study (Austin and Reynolds, 1997) compared 31 melanoma
cases diagnosed in LLNL employees between 1969 and 1980 with 110 indi-
vidually matched controls with respect to established or suspected several risk
factors, including occupational exposure history.  Several occupational risk
factors, including working around radiation sources (odds ratio [OR] = 3.7),
were strongly associated with the cases.  Multivariate analyses of the risk
associations suggested that these factors did not act as confounders to the
radiation/melanoma relationship, that is, they were independent risk factors.
After adjustment for constitutional and occupational risk factors of interest, the
OR for the association with radiation status remained increased (OR = 2.3, 95%
CI = 1.0-7.6.  However, the finding of increased melanoma risk at LLNL
remains equivocal since none of the several epidemiologic studies of workers at
other US federal nuclear plants or national laboratory facilities has found in-
creases in the risk of melanoma.  A nonsignificant increase in melanoma found
among US radiologic technologists employed for > 5 years before 1950 (Freed-
man et al., 2003) suggests a need for further studies to evaluate the role, if any,
of ionizing radiation in its induction.

Skin Cancer in Uranium Miners, Millers, and Ore Transporters

Tomasek et al. (1993) and Denman et al. (2003) suggested that ambient
conditions in underground mines might cause cancers at sites other than the lung.
Specifically, they suggested that radon in ambient air might be responsible for
excess risks of skin cancer and leukemia.  The committee has reviewed the
pertinent literature to assess the scientific strength of that suggestion.

The risk of NMSC in radon-rich atmospheres is not associated with inhala-
tion or other intake of radioactivity (see Appendix B) but is related to the plate

Assessment of the Scientific Information for the Radiation Exposure Screening and Education Program

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11279


180 RADIATION EXPOSURE SCREENING AND EDUCATION PROGRAM

out of radon daughters on the skin.  The dose to the germinal layer of cells in the
skin depends on the concentration of radioactivity on the skin surface and the
ability of alpha particles from polonium-218 (218Po) and polonium-214 (214Po) to
penetrate down to the location of sensitive cells.  Previous studies of the process
have used a nominal value of 70 µm as the depth of the basal cell layer at the base
of the epidermis.  Recent measurements have indicated large variation in the
depth of those cells, and this could lead to higher radiation doses to the basal cell
layer than were previously expected (Eatough, 1997).

The incidence of skin cancer was reported (Sevcova et al., 1978) to be higher
in Czech uranium miners than in nonminers in the Czech general population
(observed = 28.6 per 10,000 workers, [95% CI = 14.4-51.2], expected = 6.3 per
10,000).  Most of the excess was found in miners employed underground for
more than 10 years.  In all cases, the tumors were surgically removed, and there
was no sign of recurrence.  In a followup of the same cohort, Sevcova and
colleagues (1978) again found a significantly higher incidence of basal cell carci-
noma, with an attributable annual risk of 1 per 10,000 workers per year per 1 Sv.
Not unexpectedly, because of its low fatality rate, no statistically significant
increase in the RR of death from skin cancer was found in either the Czech study
(Sevcova et al., 1978) or in the pooled study of 11 uranium-miner cohorts (Darby
et al., 1995).  Similarly, the most recent update of the Colorado Plateau uranium-
miner mortality study (Roscoe, 1997) found a nonsignificant excess of skin can-
cer deaths among miners compared with the US population (2 deaths, SMR = 2.5,
95% CI = 0.3-9.2).  The pooled study by Darby and colleagues (Darby et al.,
1995) found a deficit of malignant-melanoma deaths (18 deaths; SMR = 0.92,
95% CI = 0.54-1.45).  The committee found no reported risk estimates for skin
cancer among uranium millers or ore transporters.

The lifetime risk of death from skin cancer after whole-body exposure to
ionizing radiation is 2 × 10–4/Sv (ICRP, 1991, p 139).  That translates to a risk of
1 × 10–7/WLM.  The lifetime risk of lung cancer from inhalation of radon daugh-
ters is 2 × 10–4/WLM (ICRP, 1991, p 139).  Thus, the risk of death from skin
cancer is about 1/2,000 the risk of lung cancer for the same exposure to radon
daughters (see Appendix B).

Conclusion The committee found no convincing epidemiologic or dosimetric
evidence that uranium miners are at increased risk for death from basal-cell or
other type of NMSC.  However, the one study that examined the incidence of
basal-cell cancer in miners (Sevcova et al., 1978) found an excess incidence
among those more heavily exposed to radon decay products.  Basal cell cancer is
very rarely fatal, is the most common of all cancers, is caused primarily by
exposure to sunlight, and causes no change in quality of life; the committee
therefore found insufficient evidence to add basal-cell carcinoma to the list of
RECA-covered.
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Skin Cancer Among Downwinders and Onsite Participants

A study of cancer incidence among the extended LSS cohort of atomic-bomb
survivors (n = 79,972) found an increased risk of NMSC in the high-dose group
(over 1 Sv [100 rem], mean = 2.22 Sv) compared with the referent (less than 0.01
Sv) group and low dose group (0.01-0.99 Sv, mean = 0.18 Sv); in this study, the
ERR for NMSC at 1 Sv was estimated to be 1.0 (95% CI = 0.41-1.89) (Thompson
et al., 1994).  The more recent study by Ron et al. (1998b) of skin tumor risk
among the same cohort of atomic-bomb survivors found a strong nonlinear dose-
response relationship for basal-cell carcinoma (80 cases ascertained) (ERR at 1
Sv = 1.9, 90% CI = 0.83-3.3) but not for squamous-cell carcinoma (69 cases) or
melanoma (10 cases).  As in earlier studies, age at exposure was found to be
predictive of skin cancer development; the risk was highest among those exposed
when young.

A recent study of NMSC among US radiologic technologists (Yoshinaga et
al., 2005) found small increases in risk for basal cell carcinoma but not squamous
cell carcinoma among technologists who first worked before 1960 compared with
those who first worked after 1960.  The effects were greater among those with
light complexions compared with those with darker hair and eye color.  The
findings suggest that further studies are needed to evaluate the role of chronic
exposure to low to moderate doses of ionizing radiation in the induction of basal
call carcinoma and modification of the risk by pigmentation levels.

Conclusion The committee concludes that currently no epidemiologic or dosi-
metric evidence that the radiation doses received by either the downwinders or
the onsite participants increased their risk of NMSC or melanoma relative to that
of the US general population.  Thus, there is no epidemiologic justification for
adding NMSC or melanoma to the list of compensable diseases under RECA.

Hodgkin’s Disease

Hodgkin’s disease (HD), sometimes called Hodgkin’s lymphoma, is not com-
pensated under RECA and the committee was asked to reevaluate the justifica-
tion for this exclusion.

HD has not been associated epidemiologically with exposure to ionizing
radiation.  That finding (Boice, 1992) is supported by more recent reviews
(UNSCEAR, 2000), and susceptibility of HD to radiation induction is catego-
rized as very low or absent (Mettler and Upton, 1995).

HD is a rare condition (less than 1% of all new cancers diagnosed in the
United States) that is morphologically distinct from non-Hodgkin’s lymphoma,
almost never has a leukemic component, and has clinical and histologic features
that suggest a chronic infectious process.  It is more common in males than
females and more common among whites than blacks.  It has a bimodal age
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distribution with peaks in young adulthood and after the age of 60 years.  The
overall incidence of HD has been decreasing, but it is increasing in young adults
and decreasing more in adults over 40 years old. Survival rates have improved
dramatically during the last 3 decades because of improved treatment methods.
Various risk factors have been evaluated, including viral infections, particularly
those associated with Epstein-Barr virus; occupational exposures to chemicals,
particularly those used in woodworking industries and in the form of herbicides
and pesticides; genetic factors; and primary immune deficiency (Schottenfeld
and Winawer, 1996).

Conclusion Epidemiologic studies fail to show any significant association be-
tween HD and exposure to ionizing radiation.  The committee found no epidemio-
logic basis for designating Hodgkin’s Disease as a RECA-compensable disease.

Colon Cancer

Downwinders and onsite participants are eligible for compensation under
RECA for colon cancer, but uranium miners, millers, and ore transporters are not
and the committee was asked to reevaluate the justification for this exclusion.

Colon or colorectal cancer is the third most common type of cancer and
accounts for 10% of all cancer deaths among men and women in the United
States (Jemal et al., 2004).  Several risk factors have been identified, including
genetic predisposition and other familial and hereditary factors, diet, and inflam-
matory bowel disease (Schottenfeld and Winawer, 1996).

Colon cancer is moderately susceptible to induction by radiation and has
been associated with external exposure to low LET radiation at high doses and
high dose rates in the atomic-bomb survivors and in some groups of patients
treated with radiation for ankylosing spondylitis or for gynecologic conditions
(NRC, 1990).  Radiation doses to the colon from internally deposited uranium
are, however, very low (UNSCEAR, 2001).

Neither uranium miners nor millers have been found to be at increased risk
for colon cancer (Roscoe, 1997; Pinkerton et al., 2004).  Roscoe found a deficit in
intestinal-cancer mortality among Colorado Plateau uranium miners (SMR = 0.7,
95% CI = 0.4-1.2).  Similarly, Pinkerton and colleagues found a deficit in colon-
cancer mortality among uranium millers on the basis of 12 deaths (SMR = 0.63,
95% CI = 0.33-1.11).  Although a statistically significant increase in deaths from
colon cancer (24 deaths, SMR = 1.56, P = 0.025) was reported among workers
employed in the United States as radium-dial painters before 1930, when large
quantities of radium were ingested, the increase was found not to be related to
initial radium intake (Stebbings et al., 1984).  Studies by Clarke et al. (1996),
Voelz et al. (1997), and Wing et al. (2004) have also failed to find any evidence
of an increased risk of colon cancer among worker populations exposed to radia-
tion from internally deposited radium or plutonium.
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Conclusion There is epidemiologic evidence of a dose-related increase in the
relative risk for colon cancer in the Japanese atomic-bomb survivors and in some
patient populations externally exposed to low LET radiations.  However, there is
no evidence of an increased risk of colon cancer in miners, millers, or ore trans-
porters associated with their internal exposure to alpha-particle radiation.  Thus,
we found no basis for designating colon cancer in these occupational groups as
compensable under RECA.

Testicular Cancer

Testicular cancer is another type that is not compensable in any of the popu-
lations designated under RECA or under other radiation compensation programs
in the United States.  Nonetheless, the committee was asked to reevaluate the
justification for this exclusion.  The susceptibility of testicular cancer to radiation
induction is deemed very low or absent.  It is generally regarded as being
nonradiogenic, and risk estimates of the incidence of or death from this cancer
type have typically not been asserted (Preston et al., 1994; UNSCEAR, 2001;
Preston et al., 2003).

Testicular cancer, which is rare in the United States (about 1% of all
cancers in males), is more common worldwide among whites than blacks or
Hispanics.  It is due almost exclusively to undifferentiated germ cells remain-
ing in the testis.  Its age distribution is bimodal; embryonal carcinoma peaks
between the ages of 15 and 35 years, and declines after the age of 40 years, and
a small rise after the age of 75 years is reported because of the increasing
incidence of testicular lymphoma.  Maldescent of a testis (cryptorchidism) is
the major risk factor associated with testicular cancer but is unlikely to be the
initiating event.  Exposure of the mother to exogenous steroids (such as dieth-
ylstilbestrol) during pregnancy may play a minor role in the development of
testicular cancer (Roth et al., 1992).

Conclusion No epidemiologic evidence suggests that testicular cancer is in-
duced by ionizing radiation.  Thus, there is no basis for designating testicular
cancer as compensable under RECA.

Prostate Cancer

Prostate cancer is not listed as a compensable disease for any of the RECA
populations.  Nonetheless, the committee was asked to elaborate on the justifica-
tion for its exclusion.  Prostate cancer is the most common type of cancer diag-
nosed and the second most common cause of cancer death after lung cancer (32%
in men in the United States in 2004).  The American Cancer Society estimates
that prostate cancer will account for 13% (about 230,000) of all new cancer cases
and 10% (about 30,000) of all cancer deaths in US males (Jemal, 2004).  It occurs
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only rarely in men less than 40 years old, but the incidence doubles for each
decade of life thereafter (Ross and Schottenfeld, 1996).

Under RECA, none of the designated populations is compensated for pros-
tate cancer.  On the basis of earlier epidemiologic studies, the susceptibility of
prostate cancer to induction by ionizing radiation is very low or absent, especially
in connection with the chronic or low exposure potentially experienced by the
RECA populations.  Studies of incidence and mortality among the atomic-bomb
survivors have shown little indication of increased risks of prostate cancer during
the 45 years of followup (Preston et al., 1994; Preston et al., 2003).  There is no
epidemiologic evidence that uranium miners are at increased risk for prostate
cancer (Roscoe, 1997).

A study of a cohort of workers employed at the UK Atomic Energy Author-
ity found an increased risk of prostate cancer among a small group of workers
who had relatively high total external radiation doses and who also had been
monitored for internal radionuclide contamination (Beral et al., 1985).  A followup
case-control study (136 cases in men with prostate cancer diagnosed between
1946 and 1986 and 404 matched controls) explored the relationship between
cases and occupational exposures, particularly to radionuclides (Rooney et al.,
1993).  Although prostate cancer was statistically significantly increased in men
known to be internally contaminated with or at risk of exposure to any of several
radionuclides, no association was found with exposure to uranium.  The most
recent update of mortality (1946 through 1997) in this cohort (Atkinson et al.,
2004) found no significantly increased risk of prostate cancer (200 deaths,
SMR = 92, 95% CI = 79.9-102.2).  That finding is consistent with those of the
several followup studies of other cohorts of nuclear-industry workers in the United
States, the UK, and Canada (Cardis et al. 1995; Zablotska et al., 2004; Howe,
2004; Howe et al., 2004).

Conclusion There is no convincing epidemiologic evidence that prostate cancer
is a radiogenic disease or that the RECA populations are at increased risk for it.

Uterine Cancer

Members of the public asked why downwinders are not eligible under RECA
for compensation for uterine cancer but are compensated for ovarian cancer.

The main reason for the apparent discrepancy in compensability is that ova-
rian and uterine cancers differ in their susceptibility to induction by radiation.  On
the basis of earlier epidemiologic studies, ovarian tissue is moderately suscep-
tible to radiation induction of cancer, whereas the susceptibility of uterine tissues
is very low to absent (Mettler and Upton, 1995).  Neither BEIR V, ICRP (1991),
nor UNSCEAR (2000) has reported risk estimates for uterine cancer.  The most
recent report of mortality among the atomic-bomb survivors also failed to show
an increased risk of uterine cancer (Preston et al., 2003); the incidence of benign
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uterine tumors (Yamada et al., 2004) showed a dose-related increase in risk that
decreased with time since exposure.

Conclusion No convincing epidemiologic evidence suggests that uterine can-
cer is induced by ionizing radiation, so there is no basis for its compensation
under RECA.

Brain Tumors

Nonmalignant brain tumors are not compensable under RECA in any RECA-
eligible populations.

A well-documented increased incidence of meningioma has been found in
Hiroshima atomic-bomb survivors.  The incidence increased with dose and time.
The incidence of meningioma among the Hiroshima survivors in 5-year intervals
after 1975 was 5.3, 7.4, 10.1, and 14.9 cases 10-5 PY.  The incidence classified by
a distance from the hypocenter of 1.5-2.0 km, 1.0-1.5 km, and less than 1.0 km
was 6.3, 7.6, and 20.0 cases 10-5 PY, respectively.  The incidence classified by
dose to the brain of 0-0.099 Sv, 0.1-0.99 Sv, and more than 1.0 Sv was 7.7, 9.2,
and 18.2 cases 10-5 PY, respectively (Shintani et al., 1999).

A later study by Preston et al. (2002) of the same cohort of atomic-bomb
survivors with respect to radiation dose found a statistically significant dose-
related excess of nervous-system tumors (NSTs), (ERR/Sv = 1.2, 95% CI = 0.6-
2.1), schwannoma separately (ERR/Sv = 4.5, 95% CI = 1.9-9.2), and all NSTs
other than schwannomas (ERR/Sv = 0.6, 95% CI = 0.1-1.3).  The risks of several
of the other individual NSTs, including meningioma, were increased, but the
increases were not statistically significant.  On the basis of those findings, the
authors concluded that there was an increased risk of NSTs even with radiation
doses of under 1 Sv (100 rem).

A 2004 study (Yonehara et al., 2004) of the medical histories of some 80,160
Japanese atomic-bomb survivors found about a 6% increase in the risk of some type
of tumor in the brain or spinal cord over a lifetime.  However, for schwannomas, the
risk rose to about 40%, although even with this increase these tumors are rare.
Schwannomas are tumors of the nerve sheath and usually occur along nerves of the
spine and along the auditory nerve in the brain; they are dangerous because of their
location.  Of the more than 80,000 survivors, the authors found 55 cases of sch-
wannoma, which is about 20 more than would be expected to occur in a typical
population without known radiation exposure.  They also found 35 pituitary ad-
enomas and 88 meningiomas.  As in the 1999 Shintani study, there was a strong
dose dependence for meningiomas (P = 0.004) but no significant correlation be-
tween incidence rate and age atexposure.

Conclusion RECA did not include compensation for benign tumors.  Two
benign brain tumors, intracranial meningiomas and intracranial schwannomas,
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have been found to be increased following high dose, high-dose rate exposures in
the atomic-bomb survivors.  Due to the low brain doses received by downwinders
and onsite participants, there is little likelihood that an increased occurrence or
incidence will be noted that could be attributed to nuclear-weapons testing.

Cancer Clusters

Several members of families with thyroid disease were brought to the atten-
tion of the committee as indicative of cancer clusters related to radiation from
fallout.  Familial clusters of disease are well known and new knowledge of
genetics adds new tools for use in epidemiology inquiries into their pathologic
basis.  Individual immunologic differences and differences in intensity of expo-
sure to agents in the environment modulate disease susceptibility, and recent
advances in genetics make it increasingly possible to identify persons who are
more likely than others to develop a disease, whether it is infectious or malignant.
Inherited genes confer differences in cancer risk proclivity, and mutations that
develop during life also influence individual risk.  Ovarian, breast, and thyroid
cancer are examples of cancers of which there is familial clustering, with multiple
members of a family likely to be afflicted.  In some cases, family members share
the gene mutation; in others, the genetic basis is less well established.  The
apparent clustering of thyroid disease in some families in high-dose areas is
consistent with the familial linkage that is a common feature of thyroid disease.
The frequency of such clusters would be expected to increase in populations in
which the incidence of thyroid nodules and thyroid cancer is increased, as in
heavily exposed regions.

Knowledge regarding the clustering of cancer in specific people is hampered
by many factors: multiple causative agents, long latent periods, inherited familial
disease patterns, and the lack of a signature of a specific cause, especially when
multiple factors are involved.

It is well known that cancer is common and that common things can aggre-
gate.  A simple example illustrates the frequency with which one might expect to
sense an apparent cluster of cancers in a family, a neighborhood, or a community
(Tversky and Kahneman, 1974; Rothman, 1987).  Cancer causes about 25% of
deaths in the United States (National Vital Statistics Report, 2002; 50:16:13).  In
a family of two, if there were no common cause, there would be a 75% × 75% =
56% chance of no cancers, a 18.75% × 18.75% = 38% chance of one cancer, a
25% × 25% = 6% chance of two cancers, and therefore a 44% chance of one or
two cancers.  In a family of three, there would be a 75% × 75% × 75% = 42%
chance of no cancers, a 42% chance of one cancer, a 14% chance of two cancers,
a 2% chance of three cancers, and therefore a 16% chance of two or more cancers.
In a family of five, there would be a 37% chance of two or more cancers and a
10% chance of three or more cancers.  In a neighborhood of 20 people, it can be
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shown that there would be a 91% chance of three or more cancers, a 59% chance
of five or more cancers, and a 10% chance of eight or more cancers.  In a small
village of 100 people, it is virtually certain that there will be 20 or more cancers
and an 85% chance that there will be 30 or more cancers.  Because such statistical
clustering may be perceived as having a common cause, it will be worrisome and
more likely recalled.  The increased availability of examples and the inference of
a common cause may lead many people to assume that they were caused by
exposure to ionizing radiation whereas in reality they may merely demonstrate
that common things are common.

The issue regarding potential cancer clusters is complicated for several
reasons:

• Many suspect cancer clusters are reported, and almost all are readily
discounted on minor inquiry.  Every year, state and local health departments are
asked to respond to more than 1,000 inquiries on such matters, and they are able
to respond to only a few inquiries.

• Environmental clusters are especially difficult because it is hard to estab-
lish the potential cause, and to select appropriate comparison groups for statisti-
cal analysis.

• Rare events often appear to come in groups.  If the outcome is winning in
gambling, that is agreeable and accepted as the way things should be.  If the
outcome is undesired, such as an adverse health effect, one seeks to identify its
cause to avoid further unwanted consequences, and one seeks compensation if it
is available.  As the population ages, cancer incidence and mortality increase, and
increased numbers of cancer clusters among old people are to be expected.

• Environmental contamination from any source attracts concern regarding
possible adverse health effects. Cancer distribution in populations living near
nuclear power plants has been investigated to evaluate possible increases in ra-
diation-related disease, but epidemiologic studies have failed to find a positive
correlation; this might be expected because the low radiation doses released in
normal plant operations (Jablon et al., 1991).

Conclusion Validated clusters of disease have involved particular exposures
resulting in disease of a specific or closely related type (such as infectious dis-
ease, and industrial exposures).  Many diseases of similar types occur sporadi-
cally and most clusters can not be attributed to specific causes.  When they occur
with increased frequency and in greater intensity, then a causal connection may
be established.  No evidence of unusual or unexpected clustering cancer or other
diseases in exposed populations is known to the committee, although our atten-
tion was called to a possible association with multiple sclerosis.  Compensation
for persons with RECA-eligible disease should be compensated on the basis of
their radiogenicity and the PC/AS value adopted by RECA.
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Other Cancers

RECA compensated downwinders and onsite participants for specific can-
cers (see Table 2.1).  No questions were addressed to the committee regarding the
cancers not addressed specifically in this section.  Those include cancers of the
bile ducts, esophagus, gall bladder, non-Hodgkins’ lymphoma, pancreas, phar-
ynx, small intestine, stomach, and urinary bladder.  Risk coefficients increased
above those expected in a nonexposed population were the basis for their current
RECA compensation, and no suggestions for changes were brought to our atten-
tion in the information-gathering meetings or in our review of new published
findings.  Data from the atomic-bomb survivors provides the major quantitative
basis for RECA decisions concerning compensation for those conditions.

NONMALIGNANT DISEASES

Chronic Renal Disease Among Uranium Miners

It was brought to the committee’s attention that under RECA, uranium miners
are not eligible for compensation for chronic renal disease (CRD), a nonradiogenic
disease, although uranium millers and ore transporters are eligible for such com-
pensation (see Table 2.1).  The committee asked to justify that exclusion.

Scientists have established that exposure to high doses of soluble uranium
causes CRD and other damage to the kidneys in animals and humans (Hursh and
Spoor, 1973).  However, insoluble uranium, as generally found in uranium ore, has
not been associated with CDR (Clayton and Clayton, 1981).  As noted in Chapter 4,
uranium millers, in contrast with miners, have the potential for exposure to soluble
compounds of uranium during conversion of uranium ore to yellowcake, and renal
dysfunction among actively employed millers has been identified, although the
clinical significance of the finding is unclear (Thun et al., 1985).  Millers may have
a potential for the chemically toxic effects of uranium compounds to the kidneys.
However, the recently updated studies of mortality among uranium miners (Darby
et al., 1995; Roscoe, 1997) and millers (Pinkerton et al., 2004) have failed to show
an increase in the risk of CRD in miners or to support earlier findings of a statisti-
cally significant risk of CRD in millers.  Those studies are limited by small num-
bers and other methodologic problems in their ability to identify such risks.

Conclusion The committee concludes that there is no good epidemiologic evi-
dence of increased risk of CRD among uranium miners and thus no epidemio-
logic basis for including it as a compensable disease in miners.

Chronic Lung Disease

Cor pulmonale, pneumoconiosis, pulmonary fibrosis, and silicosis are cur-
rently compensated under RECA for uranium miners, millers, and ore transport-
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ers.  No issues relating to compensation for those diseases were raised at the four
information-gathering meetings.

Autoimmune Disorders

Several people asked the committee for its recommendations directed toward
a reappraisal of the justification for reimbursement for specific autoimmune dis-
eases.  The pathophysiologic mechanisms underlying autoimmune disorders (such
as rheumatoid arthritis, lupus erythematosus, multiple sclerosis, type 1 diabetes,
autoimmune thyroiditis, multiple sclerosis, and related diseases) are not well
understood, but they are presumed to share some common features, each condi-
tion having variable presentations.  With the possible exception of autoimmune
thyroiditis, none has a clear relation to radiation exposure.

Autoimmune processes with increased circulating antithyroid antibodies can
lead to clinically manifest hypothyroidism.  A definitive diagnosis of autoim-
mune thyroiditis according to current WHO standards is complex.  It depends on
various combinations of specified concentrations of antithyroid peroxidase, anti-
thyroid globulin, and thyroid-stimulating hormone in combination with thyroid
abnormalities detected with ultrasonography, palpation, cytology (when avail-
able), and surgical pathology (when available).  The different studies of irradiated
populations rarely provide data adequate to support a definitive diagnosis.  And a
positive correlation with dose is rarely demonstrated.

Of the many published studies on irradiated populations, the only one in
which many of those considerations were addressed involved 27 cases of autoim-
mune thyroiditis that were observed in 2,587 members of the Adult Health Study
(atomic-bomb survivors).  A positive correlation was found with doses up to
about 0.7 Gy; the correlation inexplicably decreased at higher doses (much below
cell-killing levels).  None of the studies of other irradiated populations (Chor-
nobyl, Marshall Islands, Southern Utah, and Hanford) has demonstrated a posi-
tive correlation between autoimmune thyroiditis and thyroid dose.  Current co-
hort studies by the National Cancer Institute (NCI) of children after the Chornobyl
accident may afford a more definitive answer when the prevalence data and dose
correlations are analyzed.

Conclusion There are no convincing epidemiologic data from which to calcu-
late radiation risk estimates for autoimmune diseases and thereby to justify their
inclusion as a new compensable category of disease under RECA.

Benign Tumors:  Thyroid Nodules

Thyroid Nodules

None of the RECA populations is compensated for thyroid nodules.  Thyroid
nodules are common in the general population, and they increase in number with
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age.  Benign thyroid nodules are more frequent in persons who live in regions
with low dietary iodine.  The diagnosis of thyroid nodules is based on palpation
of a neck mass, ultrasonographic or nuclear-medicine screening, and an open or
closed biopsy (typically a fine-needle aspiration) to determine the nature of the
lesion.  At operation and at autopsy, pathologists frequently find microscopic
clusters of cells (micropapillary-microfollicular lesions), which are often referred
to as occult cancer, or “pathologist’s cancer,” as opposed to cancers that are
thought to affect health adversely.  While conducting routine autopsies at the
Mayo Clinic, Woolner LB (Surgical Forum, 1954) (Mortensen et al., 1955) found,
as they took more sections through the thyroids of persons who died from
nonthyroid diseases, a proportionate increase in the number of microscopic nests
of thyroid-cancer cells.  The literature does not ordinarily classify such lesions as
clinically significant.  Occult cancers are by definition found only when the
glands are removed surgically or at autopsy.

Benign thyroid nodules have been found to be increased after high thyroid
doses from radiation beams (typically x rays) and in patients after exposure to
iodine-131 (131I).  In heavily exposed Marshall Islanders, thyroid nodules were
increased by as much as 8 fold more than thyroid cancer especially after child-
hood irradiation (Robbins and Adams, 1989).  The Republic of the Marshall
Islands settlement has compensated exposed persons who had thyroid cancer and
benign thyroid nodules (the differential compensation depended on whether sur-
gery was performed and, if so, its extent).  Among Hanford downwinders, thyroid
nodules were increased in frequency, but the magnitude of the increase was not
significant at the low 131I doses received (Davis et al., 2004b).

Hypothyroidism

Data on the induction of hypothyroidism after exposure to high radiation
doses come from the radiation-therapy literature.  No reports of an increase in
hypothyroid rates in children who received x ray therapy for other than thyroid
conditions (tinea capitis, thymic enlargement, and lymph-node Rx) have been
published.  It is difficult to attribute diminished thyroid-function (hypothyroid-
ism) to low doses of 131I administered to patients in whom there was reason to
suspect the presence of a thyroid disease at the time the dose was administered.
After higher doses used in therapy for hyperthyroidism, the results are more clear
cut.  A large fraction of adults given high doses of 131I in therapy for thyrotoxico-
sis become hypothyroid.  After the first year, thyrotoxicosis patients treated with
131I become hypothyroid at a constant rate of 2.3-4.4% per year (the increment
depends on 131I dosage) (Becker et al., 1971).  A review of thyroid-function status
after 131I therapy for Graves’ disease in 116 patients under 20 years old revealed
a similar but steeper response.  After doses of around 50 Gy, 30% of the children
were hypothyroid in a year.  The rate of increase slowed thereafter; 40-50% of the
subjects were hypothyroid in 10 years (Read et al., 2004).
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In patients with autoimmune diseases, such as Graves’ disease, the body reacts
against the gland; by what is now known to be an autoimmune process.  It is not
clear how much of the decrease in thyroid function after 131I is due to the radiation
and how much is due to the immunologic damage to the gland’s functional capac-
ity.  It is likely that the same level of damage from 131I to a normal thyroid gland
would require a higher dose than would a Graves’ disease patient’s gland.  A
threshold dose of 2-4 Gy has been postulated for hypothyroidism induced after
external beam radiation with x or gamma rays (Williams, 1991).  Threshold doses
of 10 Gy for hypothyroidism after 131I and 2 Gy after external x- or gamma-ray
radiation have also been suggested (NCRP, 1991).  Both internal and external
photon sources were noted to have induced hypothyroidism with thresholds of
about 50 and 20 Gy, respectively.  No increased incidence of hypothyroidism has
been found among the NTS downwinder, Hanford or Chornobyl populations, and it
is unlikely that thyroid doses from NTS fallout could exceed threshold levels in
persons without preexisting thyroid abnormalities.

Conclusion Hypothyroidism is increased after high radiation doses delivered
externally or internally.  Data on the incidence of hypothyroidism caused by 131I
in normal populations are lacking.  A strong dose-related increase has been noted
in patients who have autoimmune thyroid disease.  No evidence of an increased
incidence of hypothyroidism has been noted in any of the populations exposed to
increased doses from 131I.  There is no convincing evidence that the incidence of
hypothyroidism is likely to be increased by the doses received from NTS fallout
by RECA-defined populations.

Type 2 Diabetes

Although Type 2 diabetes (non-insulin-dependent) is not known to be in-
creased after radiation exposure, the disease is reported to be increased in Native
American populations.  A disproportionately high fraction of uranium miners
were Native Americans.  The complications of diabetes include CRD, which
cannot be differentiated clinically from effects of high doses of uranium in the
kidney.  The doses of soluble uranium compounds that miners are likely to
achieve are unlikely to reach or exceed thresholds at which CRD has been ob-
served.  However, the committee considered the possibility that there is a syner-
gistic interaction between diabetes (and its propensity for CRD) and enhanced
sensitivity to uranium compounds.  The question is being addressed by research
at the University of New Mexico, so further consideration of this issue awaits
release of the study results.

Conclusion There is no convincing evidence that the incidence of type 2 diabe-
tes is likely to be increased by the radiation doses received by RECA-defined
populations.
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Cardiovascular Disease and Stroke

A small but statistically significant increase in cardiovascular-disease and
stroke mortality (in 1950-1985) with increasing dose was identified among
atomic-bomb survivors (Shimizu et al., 1992).  The dose-response data indicate
that the risk is likely to be negligible below 0.5 Sv.  Analysis of data on mortality
(1950-1997) from noncancer diseases except diseases of the blood and blood-
forming organs has strengthened but not explained the association with respect to
nonmalignant circulatory, respiratory, and digestive system diseases (Preston et
al., 2003).  The increase in risk is about 14%/Sv, which is about 10% less than the
increase in the risk of radiogenic cancer and appears not to be influenced by age
at exposure or attained age.  A review of data from 26 studies of populations
exposed to radiation doses of 0-5 Sv, showed that six of the studies had reason-
able power to detect a cardiovascular effect if one existed.  One study found
supporting evidence, but five did not.  McGale and Darby (2005) concluded that
epidemiologic data have not provided clear evidence of increased risk of circula-
tory diseases after doses of 0-4 Sv, as had been suggested by the atomic-bomb
survivor studies.

Conclusion There is no convincing evidence that cardiovascular or cerebrovas-
cular disease is likely to be increased by the radiation doses of the magnitude
received by RECA-defined populations.

Cataracts

Radiation-induced cataracts are known to occur after high doses of ionizing
radiation to the lens of the eyes.  Most of the reported cases have been in adults
who received relatively high doses in occupational exposures.  Studies in the
atomic-bomb survivors documented cataracts in children within the first 10 years
after their exposure; some of the increase was attributed to neutrons.  Radiation-
protection standards have long recognized this fact and assigned high relative
biological effectiveness factors (RBEs) to neutrons and charged particles (ICRP,
1991).  Reports on the Chornobyl accident have also suggested an increased
incidence in cataracts in adults (Junk et al., 1998).

Well-documented studies carried out in Scandinavia in infants less than 1
year old who received radiation therapy to the face (for treatment of hemangio-
mas) found a significant increase in cataracts many years later.  Typically, there
was a big difference in the dose to the two eyes and a strong correlation between
cataract frequency and dose to the eyes closest to the beam.  The increased
frequency of cataracts was best represented by a linear dose-response relation-
ship (Wilde and Sjostrand, 1997).  The lowest dose (0.1 Gy) at which very mild
effects were noted was higher than that expected from NTS fallout (CDC-NCI,
2001).
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Conclusion There is no convincing evidence that the incidence of cataracts is likely
to be increased by the radiation doses received by RECA-defined populations.

In Utero Exposure to Radiation

Increased sensitivity of the fetus to the effects of many toxic agents, includ-
ing ionizing radiation, is well documented.  The subject has been reviewed re-
cently and extensively in ICRP (2001a; 2001b) and UNSCEAR (1993, 2000) and
in Mettler and Upton (1995, Chapter 8).  Much of the detailed information is
derived from animal studies buttressed by human data.  In the first week of
pregnancy, the fetus is growing most rapidly, and fetal sensitivity to radiation and
other toxins is highest at this stage.  The probability of damage depends on the
amount and kind of fetal exposure (radiation, chemical, viral, hypoxia, and so on)
and the time during pregnancy when the injury is received.  The earliest effect
noted in animal studies during the preimplantation period is loss of the shedding
of the damaged embryo.  Effects induced later in pregnancy depend on the fetal
tissues; most sensitive are tissues that are experiencing the greatest growth rate
then.  Effects can include somatic or germline mutations, congenital malforma-
tions, and decreased organ cell mass (the functional impact expressed as de-
creased functional capacity observed later in life).  Mental retardation has been
noted in offspring of Japanese atomic-bomb survivors who were exposed during
weeks 8-15 in utero, when neuronal migration rates are highest.  On the basis of
early estimates of dose (gamma and neutron), the risk is compatible with a linear
nonthreshold, but a threshold dose of around 20 rem could not be excluded
(UNSCEAR, 1993; ICRP, 2001a and 2001b).

Data on cancer after whole-body irradiation of the fetus come from studies of
the Japanese atomic-bomb survivors, and from studies of results of using diag-
nostic medical x-ray during pregnancy (pelvimetry).  Two cases of leukemia
were observed among 807 atomic-bomb survivors exposed in utero—marginally
higher than the number observed in the comparison group (P = 0.054).  There was
no evidence of a dose response correlation in the in utero period, as there were no
cases of leukemia in the higher dose groups (Delongchamp et al., 1997).

X-ray pelvimetry was a common diagnostic procedure in the era before
ultrasonography, and magnetic resonance imaging became available.  It was used
to detect and avoid delivery problems due to disproportions between the maternal
pelvic anatomy and fetal anatomy, particularly head size and fetal position.  Epi-
demiologic studies have documented an increased incidence of leukemia in the
exposed offspring.  Current estimates indicate that the doses received by the fetus
were 10-20 mGy and that there was about a 1.4 fold increase in the risk of
leukemia thereafter (MacMahon and Hutchinson, 1964); a British study reported
an OR of 1.23 (95% CI = 1.04-1.48) (Mole, 1990).  The lack of consistency
between the findings in the atomic-bomb survivors and in x-ray pelvimetry pa-
tients raised concern that the selection of patients for pelvimetry may have been
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biased by inclusion of mothers who had problems that foretold complications. In
such a case, the maternal condition would have been in some individuals respon-
sible for the procedure—that is, an effect caused the procedure, rather than the
procedure causing the effect—thereby compromising the validity of cause-effect
conclusions.  Additional pertinent discussion is presented in Boice and Miller
(1999), Mettler and Upton (1995), and Brent (1999).

The radiation dose to the fetus from radionuclides in the environment de-
pends on the element, on the amount ingested or inhaled by the mother, on
whether the material passes via the placenta into the fetus and how long it re-
mains in the different organs.  The primary radionuclides of interest from fallout
are iodine-131 (131I), cesium-137 (137Cs), and strontium-90 (90Sr).

Radioactive Iodine

131I taken into the mother’s body concentrates in her thyroid, and what is in
the body that does not concentrate there can cross the placenta and accumulate in
the fetus’s thyroid.  The dose it receives depends on the mother’s intake and the
fetal stage of development.  The fetal thyroid first appears as a discernable organ
at 10-12 weeks after fertilization, so 131I intake before then is not thought to be
detrimental to its subsequent structure or function.  The risk of thyroid damage is
presumably highest around the transition from the first to second trimester, and
131I continues to be a threat to the fetal thyroid throughout the rest of pregnancy.
Additional fetal total-body dose is received from gamma rays from 131I in the
mother, but the fetal thyroid dose is 0.1-1% of what the fetal thyroid would have
received if the 131I had been there.  Similarly, the dose to fetal tissues from 131I in
the mother is less than 1% of the dose received by the mother’s thyroid.

In extreme circumstances, very high doses to the fetal thyroid can lead to
thyroid ablation and severe problems (cretinism) in the newborn if not rapidly
corrected.  Smaller doses can lead to depressed thyroid function.  The risk of
thyroid complications is likely to be highest after in utero exposure, although the
magnitude of the risk is not well established.  Of the 12 people who were exposed
in utero to fallout at the Marshall Islands, two were found to have adenomatous
nodules (one exposed to 190 cGy at 10 weeks of gestation, and one to 870 cGy at
23 weeks), and one had a probable occult papillary cancer (after exposure to 110
cGy at 33 weeks) (Howard et al., 1995).  Three cases with pathology in a popula-
tion of 12 (25%) is a remarkably high incidence rate.

Radioactive Cesium

Cesium behaves like potassium in the body.  It accumulates in circulating
blood cells and in muscle.  Intake into the body is primarily through the eating of
meat from animals that grazed on contaminated lands, but it can also be through the
eating of other foods when surface contamination is high.  The estimated thyroid
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and red marrow doses to an adult from NTS fallout was estimated at 0.009 mGy for
those tissues from 137Cs  and 0.002 mGy from 134Cs, both of which radionuclides
emit beta and gamma rays (NCI-CDC, 2003).  Stannard (1988) reviewed research
related to fallout radionuclides in the environment.  For more detailed data, see
http://www.atsdr.cdc.gov/toxprofiles/tp157-c3.pdf, accessed February 28, 2005.

Radioactive Strontium

Strontium behaves like calcium in the body and localizes primarily in bone.
The organs with the highest dose are bone, bone marrow, and the lower large
intestinal wall.  More data based on direct measurements in bone are available on
90Sr than on any of the other fallout nuclides (ICRP, 2001a; 2001b). The range of
ratios of activity of 90Sr in fetal bones to activity in maternal bones is 0.5-1.0
(Roedler, 1987).  The dose to adult bone marrow from NTS fallout to the adult
bone marrow is 0.02 mGy.

The Environmental Protection Agency (EPA) has published a set of internal-
dose conversion factors for standard persons of various ages (newborn; 1, 5, 10,
and 15 years old; and adult) in its Federal Guidance Report No. 13 (EPA, 1999).
For example, EPA has estimated that the dose equivalents after ingestion of 1 Bq
of 90Sr are 2.77 × 10–8 and 2.77 × 10–7 Sv, respectively, for the adult and infant
(assuming an integration time of 50 years for an adult following the initial expo-
sure).  For 89Sr, these values are 2.57 × 10–9 Sv and 3.59 × 10–8 Sv, respectively.
Age-specific dose coefficients for inhalation and ingestion of any of the radioac-
tive isotopes of strontium by the general public can be found in ICRP 71 (ICRP,
1995) and 72 (ICRP, 1996), respectively. Dose coefficients for inhalation and
ingestion of strontium radionuclides can be found in EPA Federal Guidance
Report No. 11 (EPA, 1988). Dose coefficients for external exposure to radioiso-
topes of strontium in air, surface water, or soil contaminated to various depths
can be found in EPA Federal Guidance Report No. 12 (EPA, 1993).  There is no
evidence that 90Sr doses from NTS fallout would rise to the point where increased
incidence or mortality from bone cancer or leukemia would be detectable.

Beta or gamma emitters taken into the mother’s body and from external
radiation from terrestrial activity during pregnancy contribute to doses to the
mother and fetus (whole-body dose, including dose to thyroid, bone marrow, and
other organs).  Fallout from the NTS weapons tests occurred during a long span
of time relevant to an individual fetus’s vulnerable period.  It is unlikely that
detrimental effects would be discernible from the low doses received during in
utero exposure.  However, due to heightened radiation sensitivity assigned to the
in utero period, it should be added to the NTS testing period during which the
mother was eligible for RECA-defined benefits.

Conclusion Sensitivity to radiation exposure is higher in utero than at any other
time of life.  In the downwinders, the largest dose contribution to the fetus came
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from 131I and from external exposure.  The contributions from 137Cs and 90Sr
taken into the body are significantly less than the other pathways.  The committee
concludes that it is important that the in utero period be included in determining
residence eligibility and radiation dose of NTS releases for all subjects at risk
during the fallout-testing interval.

PSYCHOLOGIC CONSEQUENCES OF RADIOLOGIC THREATS

No radiobiologic evidence indicates that interactions between radiation and
molecules in the body cause the psychologic conditions or sequelae chronicled in
humans after an event that involves a threat or actual release of radiation or
radioactive materials.  Thus, there is no credible evidence of a positive dose-
effect correlation.

In recent decades, however, physicians and other scientists have become
increasingly aware of the psychological consequences of a variety of real or
perceived threats, including those involving ionizing radiation; they have docu-
mented that such responses can seriously affect the health of individuals and
communities (IOM, 2003a; Schlenger and Jernigan, 2003).  Various articles and
reviews have also reported findings of several studies of the psychologic conse-
quences observed among survivors of radiologic threats that occurred before
1990 (Bromet et al., 1990; IAC, 1991; Ricks et al., 1991); these studies confirmed
earlier findings of increased emotional, behavioral, and psychologic stress that in
some cases have persisted for many years in survivors of radiation accidents.

More recent information on the cascade of effects of emotional threats that
involve radiation covers the nature of and risk factors in psychologic responses to
such threats and their health consequences (Ginzberg, 1993).  Psychologic effects
have been described as the major public-health outcomes seen to date of the
Three Mile Island (Kemeny, 1979) and Chornobyl reactor accidents (NEA/
OECD, 2002).  Separating effects that may have been related to the accidents
themselves from those triggered by their social, economic, and institutional ef-
fects is difficult; adding to the complexity, in the case of the Chornobyl accident,
was the dissolution of the former Soviet Union.

The psychologic outcomes observed among individuals and populations af-
ter sudden and unexpected radiation threats or events range from mild transient
signs and symptoms of anxiety—in its more severe form, generalized anxiety
disorder (GAD)—to major depression or minor depression (dysthymia) and post-
traumatic stress disorder (PTSD).  Those conditions, of course, are not peculiar to
radiation threats or events.

In the aftermath of sudden and unexpected events, those diagnoses have been
most prevalent in people with acute radiation injuries, physically unharmed chil-
dren, mothers of young children, and the disadvantaged.  They tend to persist for
long periods after the event but gradually decline in intensity; they can be exacer-
bated by events such as anniversaries and heightened media interest that rekindle
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memories of the event.  The effects can also be seen in physically unharmed
persons at locations remote (low dose) from threats or events.  However, their
duration declines with increasing distance from the site of the threat (Collins and
de Carvalho, 1993; Ursano et al., 1994; Becker et al., 2001; Adams et al., 2002;
Bromet et al., 2002; Yamada and Izumi, 2002) and presumably with decreasing
intensity of news reports concerning the incident.  Lee (1996) introduced the term
chronic environmental stress disorder to describe the psychologic effects ob-
served in populations subject to additional stressors associated with an sudden
catastrophe, such as the Chornobyl accident.

The populations at risk of radiation exposure from the US nuclear-weapons
program with which we are concerned in this report did not, by most accounts,
undergo sudden, unexpected catastrophic events, nor did the weapons program
cause or threaten serious physical or emotional harm in the short term.  Rather, as
described to the committee by members of the public, the atmospheric tests often
were exciting, apparently safe, sometimes dramatic events and spectacles that
were announced in advance.  The public and test-site workers observed the events,
sometimes with encouragement to do so, with little or no guidance as to personal
safety or protection.  They and many physicians and scientists were largely
unaware, especially in the early years of the nuclear-testing program, of the
potential for long-term harm from fallout.

Later observations of unexpected, unaccounted-for health effects, accumu-
lating knowledge and growing public awareness about the delayed health risks of
radiation exposure, and gradual loss of trust in authority and professional figures
could have prompted considerable stress in those populations and increased their
risk of GAD, depression, and other psychiatric disorders.  In contrast, uranium
miners were working in environments already known to be harmful but without
adequate information or protections to limit radon exposure.  Their loss or lack of
trust in the system as they or their colleagues developed lung cancer and other
respiratory diseases that had previously been linked to their work exposures also
could have contributed to stress-related anxieties and depression.  The committee
has been unable to identify any data that show that the psychologic effects of such
chronic environmental factors have been evaluated either during the testing and
mining periods or, more recently, among the RECA or other populations with
similar radiation-exposure experiences.

Anxiety disorders of the types observed most frequently after radiation events
also are among the more common psychiatric conditions among the US general
population.  Many are treatable but often go unrecognized.  Prevalence rates from
community-based surveys are 1.8-3.3% for depression within the preceding
month and 4.9 -17.1% for depression at any time in life (Pignone et al., 2002); an
earlier report put the lifetime prevalence of depression at about 20% (Mulrow et
al., 1999).  The lifetime prevalence of GAD is estimated to be 5% (Fricchone,
2004).  It is unlikely that former or current psychiatric disorders in individuals in
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the RECA populations are directly attributable to the biologic interactions be-
tween radiation and DNA or other cellular targets.

Conclusion There is no convincing epidemiologic evidence that the incidence
of mental disorders is increased by the radiation doses associated with the radia-
tion exposure of the downwinders or other RECA-eligible populations.  And,
there are no data whereby the psychologic effects of the exposure experiences
can be evaluated in the RECA populations.  Thus, there is no epidemiologic basis
of compensation under RECA for psychologic disorders that developed during or
since the end of the US weapons programs, but screening for depression may
warrant consideration because RECA populations as a group might be at higher
risk than the general population.

Based on currently available scientific evidence, the committee recom-
mends that no additional diseases be added to the list of diseases that should
be considered for compensation under RECA.

ADDITIONAL POPULATIONS OCCUPATIONALLY
AT RISK FOR RADIATION EXPOSURE

Additional Occupational Groups Working in Underground Mines

The committee also considered additional occupational groups at risk for
radiation exposure in uranium mining and milling operations, specifically, core
drillers and geologists.  The committee concludes that core drillers and geologists
who worked in the underground mines should be considered in the same category
as uranium miners.  They worked side by side with the miners collecting samples
to assay the ore bodies, and they would have been subject to the same exposures
as the miners.

Core Drillers and Geologists Working on the Surface

Many core drillers and geologists were involved in exploratory work on the
surface.  Using drilling and other techniques, they sampled the subsurface soil to
locate and define the extent of ore bodies.  The committee could not locate
sufficient sampling data on their work environment to evaluate the magnitude of
possible exposures.  Their work generated dust loading, but much of the material
drilled through is overburden rather than uranium ore, so in general the dust
would not be expected to have radionuclide concentrations as high as the ore
itself.  Exposure to radon and its decay products would be expected to be rela-
tively low because the work was on the surface.

Such exposure to airborne dust could lead to a nonradiation hazard and give
rise to some forms of nonmalignant respiratory disease, such as silicosis.  The
severity of those exposures depends highly on the type of soil that is being drilled
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and the resulting air concentrations.  Crystalline silica in particular has a low
threshold limit value time-weighted average as recommended by the American
Conference of Governmental Industrial Hygienists (ACGIH, 2004), but the com-
mittee is not aware of any epidemiologic studies that indicated an increased
incidence of nonmalignant respiratory disease among the workers in question.

Conclusion The committee concludes that there is no convincing evidence that
radiation exposure of core drillers and geologists performing exploratory work in
uranium areas resulted in adverse health effects.  The committee proposes that the
National Institute for Occupational Safety and Health or another appropriate
government agency conduct a hazard assessment of the conditions in which
exploratory core drillers and geologists worked and determine whether there was
a significant risk of exposure to hazards linked to RECA-compensable diseases.
If so, the committee proposes that these workers be considered for inclusion
under RECA.

ADDITIONAL POPULATIONS ENVIRONMENTALLY AT RISK FOR
RADIATION EXPOSURE

Nuclear Testing: Downwinders and Onsite Participants

The committee reviewed the locations where nuclear-weapons tests were
performed.  The current RECA downwinder population is concentrated in the
area around the NTS, and the 1997 NCI 131I report (NCI, 1997) dealt with emis-
sions from the NTS.

In RECA, Congress found that fallout from  atmospheric nuclear tests ex-
posed people to radiation that is presumed to have caused an excess of cancer and
that this risk was borne by these people to serve the national security interests of
the United States.  The United States has conducted nuclear-weapons tests in
areas other than the NTS, and populations exposed to fallout from these tests may
also be considered as possible candidates for RECA compensation if Congress so
chooses.  The tests in question include the Trinity test near Alamogordo, New
Mexico, and the Pacific tests.  Onsite participants in the tests are already included
under RECA, but RECA coverage may be extended to the downwinder popula-
tions in those areas.

Over the last several years, there has been a concern about the health effects
associated with radioactive fallout that reached Guam during the testing of nuclear
weapons in Micronesia.  The Pacific Association for Radiation Survivors was
formed.  In 2002, a blue ribbon panel, authorized by the government of Guam,
submitted the Committee Action Report on Radioactive Contamination in Guam
between 1946 and 1958.

In March 2004, Robert Celestial provided written and oral testimony to the
committee indicating that Guam did receive fallout from nuclear-weapons testing
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in the Pacific.  He included statements from retired Navy Lt. Bert Schreiber, who
testified that “the Geiger counters were off scale” in November 1952.  In addition
to this, various support ships deployed at Bikini Atoll during Operation Cross-
roads were sent to Guam and elsewhere for decontamination.

In April 2004, the congressional delegation from the Pacific Island Territory
of Guam submitted a petition to Congress to amend RECA to include Guam in
the jurisdiction of downwinders and onsite participants.

The committee initiated an independent assessment of the radiologic conse-
quences related to the weapons tests in the Pacific to people living on Guam.  The
details of the assessment are presented in Appendix C.

Conclusions As a result of its analysis, the committee concludes that Guam did
receive measurable fallout from atmospheric testing of nuclear weapons
in the Pacific.  Residents of Guam during that period should be eligible for
compensation under RECA in a way similar to that of persons considered to be
downwinders.

The committee concludes that available evidence does not show that the
general population of Guam was subjected to unwarranted radiation exposure
resulting from the decontamination of naval vessels.  Persons who have proof of
their employment by a federal agency or its contractor in the process of decon-
taminating ships affected by fallout are already eligible for compensation as
onsite participants under RECA.

Uranium Mining and Milling Materials Used for
Construction or Other Purposes

The committee received testimony about the use of pre-December 31, 1971,
uranium mine tailings and overburden in home construction.  The experience
with the use of uranium mill tailings in construction of homes and other buildings
in uranium-mining areas indicates the potential hazard of this practice especially
given that most people spend most of their time at home and many live in the
same homes for decades.  Others spend much time working in buildings that may
contain tailings.  Consequently, even a relatively small exposure rate could lead
to an appreciable lifetime exposure.

This is a potentially important source of radiation exposure to the public.  In
the case of uranium mill tailings, the subject was addressed through the Uranium
Mill Tailings Radiation Control Program, which evaluated and remediated “vi-
cinity properties” and inactive mill-tailings piles and mills at 22 inactive mill
sites across the United States.  Earlier work had also been done by the federal
government and the state of Colorado to remediate properties at Grand Junction,
Colorado.  That work was accompanied by some 4,000 measurements of indoor
radon and radon decay products primarily in Grand Junction but also near other
uranium mill locations, to determine whether particular buildings had radon con-
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centrations high enough to require remediation.  Uranium mine tailings would
not be expected to have radionuclide concentrations as high as mill tailings, but
the potential does exist for above-background concentrations of radium-226
(226Ra) that would cause high radon concentrations in buildings.

The committee recognizes the hazard posed by the use of mine tailings in
buildings.  Historically, this has been addressed by remedial action programs,
including scoping surveys to evaluate the extent of possible problems, and ac-
tions, if needed, to restore buildings to acceptable radon concentrations.  The
question for the committee is whether compensation should be available for
people whose health has been affected by the use of tailings in building material.

Compensation is awarded by the US government under RECA because of
its responsibility for the direct harm produced by nuclear-weapons develop-
ment—mining, milling, ore transporting, and activities associated with
aboveground testing.  Responsibility for harm resulting from the use of mine
and mill tailings by others for activities outside the scope of nuclear-weapons
production is complex.  First, such harm is an indirect rather than direct conse-
quence of nuclear-weapons development.  Second, it is plausible that shared
responsibility exists for the harm produced, especially in cases in which the
potential hazards associated with the tailings were known by both the citizen-
procurer and the mill or mine under contract to the United States.  The respon-
sibility would rest with the user of the materials, the US government, and
possibly the contractor who controlled the materials.  Whether one party bore
more responsibility than another is, in part, an empirical question about knowl-
edge of harm, control of materials, contractual arrangements, and so on.  Third,
if all parties were ignorant of the potential hazards associated with use of the
materials, the duty to compensate weakens; compensation would be become
supererogatory, “beyond the call of duty.”

The subject is ethically and empirically complex.  The committee recom-
mends that the appropriate agency reviews the data on radiation exposure
levels obtained inside dwellings constructed from mill and mine tailings.
The committee also recommends that their findings regarding potential
health consequences of such exposures be evaluated to determine whether
the PC/AS values based on these exposures rise to or exceed the levels used in
RECA compensation.

Emissions from Uranium Mines or Mills

People living near uranium mines and mills may be exposed to airborne and
waterborne effluents from them.  Resulting radiation-associated risks are ex-
pected to be dominated by exposure to radon and its decay products.  Radon
emissions from underground uranium mines increased during the late 1950s when
the mines began intensive ventilation.  Radon is released from uranium mill
tailings piles, as well as mine and mill ore storage piles.  Windblown particulate
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emissions were also generated from mine and mill operations, tailings piles, ore
storage piles, and overburden storage piles.

Liquid discharges included water from uranium mines where the ore bod-
ies were in aquifers and seepage of process liquids from mills.  Radiation doses
from those discharges generally are not expected to exceed those from the air-
borne emissions.

The committee is not aware of any measurements of radon concentrations in
offsite areas from uranium mining (as opposed to uranium milling) from 1942 to
1971.  Radon concentrations were measured in the 1960s by the Public Health
Service around uranium mills at Durango and Grand Junction, Colorado, and
Monticello and Salt Lake City, Utah (Shearer and Sill, 1969).  Of 44 stations in
areas around but not over the tailings piles, only two had above-background
annual average radon concentrations of at least 37 Bq/m3 (1 pCi/L), specifically,
37 Bq/m3 (1 pCi/L) and 96 Bq/m3 (2.6 pCi/L).  Using the 96-Bq/m3 concentra-
tion, an equilibrium fraction of 0.4, and an indoor fraction of 0.7, as used by the
EPA (Marcinowski et al., 1994), we calculate a bounding radon exposure of 0.38
WLM/year.  A person (nonsmoker) born in 1927, exposed at 0.38 WLM/year for
30 years (1942–1971), and having lung cancer diagnosed in 1990 at the age of 63
years, would have a PC/AS of 0.12 (BEIR VI duration model) or 0.25 (BEIR VI
concentration model).

The committee recommends that the appropriate agency reviews his-
torical data on radon concentrations in off-site areas near tailings piles of
uranium mills used to produce uranium for the US nuclear-weapons pro-
gram.  The agency should determine whether exposures to those concentra-
tions in off-site areas could result in PC/AS values that meet or exceed the
RECA compensation criteria.  If so, the agency should take the necessary
steps to have these populations included in RECA.

DEFINED INTERVALS FOR WHICH COMPENSATION IS GRANTED

Uranium Mining, Milling, and Ore Transporting

During the public information-gathering meetings, the committee was asked
to consider recommending extension of the uranium mining and milling interval
in Section 5(a) of RECA.  RECA compensation applies to uranium miners, mill-
ers, and ore transporters who worked between January 1, 1942 and December 31,
1971.  The decision to stop compensation in December 1971 was taken because
the United States purchased no uranium for weapons programs after that date.
The decision was based on the issue of responsibility and liability rather than
radiation exposure and the resulting health effects.

With respect to radon and its decay products, no significant difference exists
between exposures in 1971, which are covered under RECA, and those in 1972,
which are not.  Any decision to compensate uranium workers exposed after 1971,
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however, would be based on considerations of limits of responsibility.  Such
issues would be outside the scientific considerations discussed in this report.

Onsite Participants and Downwinders

The period covered by RECA for onsite participants and downwinders (Janu-
ary 21, 1951-October 31, 1958, and June 30-July 31, 1962) is the period of
atmospheric testing of nuclear weapons at the NTS.

Radioactive material was also released from tests at the NTS other than the
atmospheric tests.  For instance, the underground Baneberry Test in 1970 inad-
vertently vented and was reported to have released 3.0 × 1015 Bq (80 kCi) of 131I
(NCI, 1997).  Releases from such tests were generally not as large as those from
the atmospheric tests, and the tests were included in the 1997 NCI 131I study.

The committee recommends that the radiation doses and estimates of
risks from the radioactive releases from all NTS nuclear weapons tests,
including underground tests that resulted in atmospheric releases, be in-
cluded in determining the PC/AS.

GROUPS AT RISK OF EXPOSURE OUTSIDE RECA’S
TIME-SINCE-EXPOSURE INTERVALS

Several people testified to the committee that, in practice, the length of time
spent in an affected area or since the first exposure is determined by date of birth
and does not include the period in utero.  This discrepancy means that some
people are ineligible for RECA compensation because they do not meet the
existing “time-since-exposure” criterion even though they were in utero and their
pregnant mothers were in the area and at risk for exposure during the testing
period.

In Chapter 6, the committee has recommended that a PC/AS-based process
be used to determine the eligibility of compensation claims for people exposed to
radiation in fallout.  The PC/AS is determined from an estimate of the radiation
dose that a person has received, and this dose must include any dose received in
utero.  In addition, determining PC/AS will take into account latency periods of
each cancer type.  Consequently, the committee’s recommendation already con-
siders in utero exposures in determining eligibility.

OTHER ISSUES OF PUBLIC CONCERN REGARDING
ELIGIBILITY FOR COMPENSATION

As pointed in Chapter 1, we heard an argument from the Navajo Nation that
miners can use affidavits under some circumstances to establish employment
history but that millers and ore transporters cannot.  People are concerned about
their failed attempts at using affidavits in establishing proofs of eligibility.  The
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Department of Justice confirms that uranium-mining employment history may be
substantiated by affidavit under certain circumstances, but the use of affidavits to
establish employment as a miller or ore transporter is not allowed (Federal Reg-
ister, Vol 69, No. 56, pgs. 13630-1).  The committee could find no relevant
difference to warrant that restriction on the use of affidavits and believes that it
creates an unjustified inequity.  This is not, strictly speaking, a scientific matter.
The Congress may wish to consider re-examining the restriction and allow mill-
ers and ore transporters to submit affidavits as proof of employment.

Likewise, we heard argument from the Navajo Nation that an affidavit should
be allowed as proof of presence or residence for downwinder claimants.  The
Department of Justice confirmed that an affidavit is not allowed as proof of
presence for Native American downwinder claimants, although they are allowed
to use them to establish employment (responses from the Department of Justice
to the committee’s questions, March 16, 2004).  Members of the Native Ameri-
can community did not have the proofs of presence—such as utility bills, tele-
phone bills, and mailing addresses—that were available to those living off reser-
vations.  The Department of Justice works as well as it is able within the current
law to help such people.  The committee finds a relevant difference between the
Native American’s ability to establish residence and that expected of the non-
Native American population.  To achieve equity of treatment regarding the pro-
cessing of claims, the committee believes that Native Americans should be al-
lowed to submit affidavits as proof of residency.  The Congress may wish to
consider re-evaluating this restriction.
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8

Ethical Framework

Ethics, justice, and equity were recurring themes in the messages of
many people who spoke to the committee at its information-gathering meet-
ings in Arizona, Utah, and Washington, DC.  Those themes held a central
place in the information presented to the National Research Council represen-
tatives in Idaho, and in the letters sent by citizens who could not attend an
information-gathering session.  People wanted the committee to hear their
distress over what they believed were past unethical actions or what they
perceived as current inequitable legislation. The testimony persuaded the
committee to include in this report a discussion of the ethical framework
within which the Radiation Exposure Compensation Act (RECA) and Health
Resources and Services Administration (HRSA) policies for the Radiation
Exposure Screening and Education Program (RESEP) reside. That ethical
framework includes

• The ethics of a compensation program and the concomitant duties to
– Right a wrong.
– Ameliorate or restore a loss.
– Compensate for the effects of a loss.

• The ethics of medical and compensational screening.

We discuss each of those aspects of the ethical framework in the sections below
to bring some clarity to the concerns expressed to us by the many people who
shared them with us.
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THE ETHICS OF A COMPENSATION PROGRAM:
RECTIFICATORY AND DISTRIBUTIVE JUSTICE1

Justice is the part of ethics that is concerned with fairness.  In his work
Nicomachean Ethics, the Greek philosopher Aristotle introduces us to justice as a
multifaceted phenomenon (Aristotle, Book V), focusing on distributive and
rectificatory justice. In our own century, notable work on justice has expanded
our understanding of this important ideal (Rawls, 1971; Nozick, 1974).  Although
scholars of ethics and practitioners of justice have studied the subject of justice
since the early Greek philosophers, it is only in the last century that they have
focused on rectificatory justice (Roberts, 2002).

Rectificatory justice plays the main role in providing an ethical framework
for legislation like RECA that seeks to compensate people.  Rectificatory justice
concerns fairness in transactions between people who have experienced a wrong.
The concepts of rectificatory justice help us to understand how to remedy wrongs.
Distributive justice concerns fairness in the allocation of a good and helps to
answer some questions about how one equitably distributes compensation across
a population.

Rectificatory Justice

Three elements are at the heart of rectificatory justice: a wrong, a loss, and
the effects of a loss.  Duties or obligations are associated with each of those
elements.  In the case of a wrong, the duty is to right the wrong; with respect to
the loss, the duty is to ameliorate or restore the loss; regarding the effects of the
loss, the duty is to compensate for them (Roberts, 2002).  Those elements, their
concomitant duties, and their remedies are explored below.

The Duty To Right a Wrong

The committee heard much oral testimony and read pages of written testi-
mony about disease, loss of life, and pain and suffering that were attributed to
exposure associated with the US government’s nuclear-weapons program.  People
called those matters to our attention on ethical grounds, claiming that the federal
government had wronged them.

What is a wrong?  Moral philosophers and legal scholars generally agree
that, under the concept of justice, a wrong is related to an action that is taken
against another’s  rights.  How do we tell if an action invades another’s rights?

1The ethical framework we provide for compensation legislation is similar to the scholarship in
legal studies that applies the concept of corrective or rectificatory justice to theories of tort law.  The
main figures in this field include George Fletcher (1972),  Richard A. Epstein (1973), Richard Posner
(1981), and Jules Coleman (1982).
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As one scholar puts it, “If I take something of yours over which you have the
power to exclude and alienate, then I wrong you.  On the other hand, if I take
something of yours over which you have a power only to demand compensation,
then (provided I compensate you) I have not wronged you” (Coleman, 1994).

Whether or not the federal government and its agents engaged in an unjusti-
fied wrong depends on a number of factors.  Although stakeholders hold the
government responsible, there may have been activities during some periods for
which no moral responsibility exists or in which the government was justified in
its actions.  The need for strict secrecy, the lack of knowledge of radiation effects,
and the unavailability of hazard-protection technology in part justified the federal
government activities and in other circumstances excused the federal government
from culpability.  However, as events progressed, and secrecy became less im-
portant in achieving desired outcomes, as knowledge of radiation effects in-
creased and hazard protections were available but ignored, the moral responsibil-
ity of the federal government and its agents increased with respect to not merely
the infringement, but the violation of persons’ rights2 (ACHRE, 1995).

There were two common themes in people’s characterization of the wrong.
Those who spoke with or wrote to the committee believe that they were dispro-
portionately subjected to unnecessary risks and costs to their health and life.
They often asked, “Why did we have to experience these things?”  They also
believe that it was wrong not to seek their consent to bear the risks.  They asked,
“Why weren’t we told so that we could have protected ourselves or been pro-
tected by our parents, teachers, employers, and others in authority?”  One’s life
and choices in how to live it are, generally, those things one should be able to
retain power over.  Many of the people who contacted the committee perceived
the actions of the federal government as an invasion of their rights to life and to
the exercise of autonomy to make decisions in how to live their life.

If these wrongs did occur, how to we right them?  What is the appropriate
remedy for the wrong incurred?  Ethicists agree that an apology is an appropriate
remedy (Gill, 2002).  The importance of the apology is that it acknowledges the
wrong.  An apology is a significant part of rectificatory justice.  Without an
apology, there is no formal admission of moral responsibility.  Sometimes the
lack of an apology is appropriate, particularly when there is no moral responsibil-
ity.  When it is not, however—that is, when a wrong occurs—justice requires an
apology.  The reason is that an apology which is offered in an appropriate form
addresses directly the injustice itself; it names the wrong, and it acknowledges
responsibility.  RECA included a formal of apology in its 1990 legislation.  “The
Congress apologizes on behalf of the Nation to the individuals described in

2This passage implies that there are distinctions to be made between moral culpability vs. respon-
sibility and violation of rights vs infringement of rights which we do not develop here.  For further
discussion see Coleman, 1994.
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subsection (a) and their families for the hardships they have endured” (Public
Law 101-426, October 15, 1990).

It is helpful to distinguish righting a wrong from restoring a loss incurred as
a result of the wrong.  Some people who lived in areas downwind of or were
participants at the nuclear test sites, worked in mines or mining operations, or
transported the ore may have been wronged. They might not, however, have
experienced any loss of health because of the unjust action; they might not have
contracted a disease.  Not having experienced a loss of health does not negate the
wrong.  Those people may not need remedies that will ameliorate a loss,3 nor are
they owed compensation for the effects of such a loss, but they are owed an
apology for having been subjected to the injustice of failing to respect their
personhood for no apparent relevant moral reasons.  Although an apology is an
appropriate response to the wrong itself, it should not be confused with ameliora-
tion, restoration, or compensation.  An apology is not a form of compensation,
and it does not restore a loss.  Nonetheless, it is an important element of recti-
ficatory justice.

The Duty To Ameliorate or Restore a Loss4

Rectificatory justice is concerned with the loss that may occur when a person
experiences a wrong.5 As we noted above, many people who contacted the commit-
tee asserted that the losses they experienced were due to wrongs committed by the
federal government or its agents.  Coleman has put it as follows: “The duty imposed
by corrective justice—namely to render compensation—requires not just a loss, but
a wrongful one, and not just causation, but responsibility (Coleman, 1994).

What constitutes a loss for the RECA population? Some testimony to the
committee identified a person’s loss from the time of possible exposure of the
body to ionizing radiation under the belief that such exposure permanently al-
tered cell structure.  The committee considered the possibility that a loss might be
construed as an unknown future harm that is currently present at the cellular
level.  However, the radiation signature is undefinable in that way.  For that
reason, we focused our examination in Chapters 4 and 7 on diagnosable diseases.

Until a disease presents itself, a person has only an increase in the probability
that exposure to ionizing radiation will result in loss of health and life.  Those
who were exposed only to natural background radiation do not have that increase

3The loss could include psychological health.  RECA does not cover psychological disorders, as
defined by the Diagnostic and Statistical Manual for Mental Disorders (DSM), version IV, such as
posttraumatic stress disorder, for reasons we discuss in later chapters.

4Loss and harm are often used interchangeably in law and in common parlance. One could stipu-
late definitions that would distinguish the measurable damages of losses from the damages that are
harder to measure that we call harms.  For simplicity, we do not stipulate distinct definitions.

5Rectificatory justice is also concerned with gains that may occur when a person experiences a
wrong. For our purposes in this report we limit our discussion to loss.
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in probability due to NTS fallout (see Chapters 5 and 7).  Nevertheless, some
persons assert that having been put at such risk is sufficient to establish a loss.
For that to count as a loss under tort law the risk must cause an injury.  The type
of injury we associate with risk is a loss in security (Simon, 1992; Weinrib, 1987;
Coleman, 1982).  RECA compensation is not based on that view of loss.6 Never-
theless, as we pointed out in Chapter 6, probability plays an important role in
establishing eligibility for remedies once a disease is diagnosed.

The remedy for the loss sustained is restoration.  “Restoring the exact same
thing that was taken ensures that no tangible loss remains accounted for” (Rob-
erts, 2002, page 15).  Logically, restoring the loss due to disease means restoring
the person to health.  Clearly, if life is lost, restoration is not possible; but it is also
true that, without returning a person to a premorbid state, restoration in the strict
sense also may not be possible.  Restoring someone to health is not the same as,
for example, returning a stolen necklace to its rightful owner.  For that reason, we
also use the word amelioration when we describe the remedy associated with a
wrongful loss.  Amelioration allows us to include a range of medical practices,
from screening to medical treatments, aimed at benefiting a person’s health.

The medical screening and education program provided by RESEP can be
understood as a remedy by forestalling (early diagnosis and care) or ameliorating
a loss of health that may have resulted from the government’s actions.  Legisla-
tors claim to have created RESEP to provide an opportunity for an early interven-
tion to protect against such a loss.

Other responses to the ethical concern of amelioration of the loss of health
are possible or even morally preferable.  For example, RECA populations are
unevenly covered through existing additional compensatory legislation for the
medical services associated with the eligible diseases.  As we saw in Chapter 2,
some RECA populations will receive medical services for their diseases from the
time they file a successful claim if they also qualify for compensation under the
Energy Employees Occupational Illness Compensation Program Act (EEOICPA)
and the Radiation-Exposed Veterans Compensation Act (REVCA).  Other popu-
lations have medical services covered under other programs or hospital practices,
such as Medicare, Medicaid, private health insurance, and indigent care.  But,
none of those programs or practices is intended as a remedy for a loss of health
due to a person’s involvement in the development of nuclear weapons.

Restoration or amelioration of a loss is not identical with compensating a
person for the effects of such a loss of health and life.  The distinction does not
rest on what can be restored and what cannot be (or is not) restored.  It is a
distinction between the loss and its effects. The important distinction between
restoring or ameliorating a loss and compensating for the effects of a loss was

6Michael Simon considers that treating risk exposure itself as an injury for which compensation in
tort law is possible but rejects this view as incoherent. He argues, instead, for a public law (like
criminal law) that provides compensation for victims.
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expressed in the following statement by Senator Orrin Hatch (R-Utah) on the eve
of passage of PL 1515:

I am extremely grateful to the interested and concerned constituents who helped
in the drafting of the RECA amendments.  Many times, their heartfelt stories
helped lead to provisions in the legislation which can only help improve the
program.  For example, in one meeting on the bill held in St. George, Utah,
a woman explained to my office that the compensation program, while well-
intended, could never make families who had experienced radiation-caused ill-
ness whole again.  She expressed her feeling that the greater good could come not
from compensating individuals, but from instituting programs which will help
families detect potential illness earlier, allowing them to be treated more success-
fully and cost-effectively.  From that conversation was born the new prevention
grant program, which I believe will prove to be extremely successful.

The woman points out the difference between the diseases for which access to
successful, cost-effective remedies was not available and compensation paid out
which did not affect such health-related remedies.  Compensation is not intended to
and will not directly restore health or life.  However, if some measures are available
to ameliorate the loss of health, rectificatory justice requires that they be considered
in proportion to the loss incurred.  Nonetheless, several people testified about their
large medical bills that have exhausted their compensation payments, leaving un-
paid balances.  The remedy best associated with the loss of health is some explicit
provision of medical services for the diseases associated with radiation exposure.
RECA does not make that provision; other programs, such as EEIOCPA and
REVCA, do.  Which measures are taken may be a matter of utility, depending on
the costs, risks, and benefits associated with them.  We discuss this in more detail,
including a recommendation, in Chapter 10.

The Duty To Compensate for the Effects of a Loss

A loss has its effects, ranging from the immediate pain and suffering due to
the loss to longer-term effects in the quality of life that a person experiences.
Justice asks us to compensate for those effects, to soften their impact if possible,
or to make them easier to bear.  What remedy is available to provide for that?

Compensation is generally regarded as the appropriate response in rectifying
the effects of a loss.  Compensation represents an attempt to rectify the imbalance
resulting from the effects.   Compensation is full insofar as it is equivalent to the
value of what is lost, including the cost represented by the pain and suffering
associated with the loss.  Throughout RECA, compensation is described as par-
tial.  Generally, when compensation and an apology are accepted, although the
loss has not been restored, the moral debt is met.

Not all compensation programs are based on the effects of a wrongful loss.
In fact, having to experience the effects of a loss of health and life has been
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reason enough for the US government to compensate individual citizens and their
families.  Veteran compensation programs are generally based on that reasoning.
In the act of soldiering, when risks are revealed as much as is practically possible
and are minimized, no wrong is incurred when a soldier is injured in war, but
compensating people for the effects of their loss is nevertheless appropriate.  The
decision may be made to compensate people for the effects of a loss even if their
ownership rights or rights to enjoyment or some other rights were not violated.
For example, a group may be compensated for the effects of some loss for the
sake of social solidarity, or to send a message of compassion to the larger society
even though there is no obligation under a wrongful loss to compensate.  Com-
pensation may be offered prospectively to people for their willingness to accept
additional risks, such as special payments to military person serving in special
capacities or to entities willing to accept environmental risks.  We have various
reasons for wanting to provide compensation for a loss, but they are not all based
in a wrongful loss.  According to its history (see Chapter 2), RECA does appear
to be based on rectificatory justice.

Equity

Are there any additional ethical requirements in compensating for the effects
of such a loss? RECA stakeholders who testified before the committee were
concerned about how compensation was allocated. They pointed to perceived
inequities in the eligibility criteria for compensation—differences in age at dis-
ease onset, differences in county of residence, differences in diseases compen-
sated, differences in work history or job performed, and difference in access to
equitable allocation of compensation based on ethnicity.

It is appropriate to challenge the criteria that establish eligibility if like cases are
not treated alike.  Many uncompensated downwinders found it difficult to distinguish
between themselves and compensated downwinders living in nearby counties.  To
some uranium workers, such as core drillers, there seemed to be no difference be-
tween the diseases they contracted and those contracted by their fellow miners and
millers.  To Navajos, it seemed unfair that the requirements of proof were still
impossible for them to produce even though their residence and work history were
well known among the members of the Navajo Nation.  Finally, researchers who
testified to the committee believed that there was little evidence that would establish
important differences between hazards to persons living within 300 miles of one of
the atmospheric testing grounds and those living within 3,000 miles.

Justice seeks to treat people fairly.7  That does not mean that all persons must
be treated equally.  Distributive justice allows for differences in how people treat

7Justice as fairness is one of the central ideas of John Rawls.  Other conceptions of justice, for example,
utilitarian, communitarian, and so on have been advanced by scholars.  For a discussion of those theories as
well as the distinction between formal and material principles of justice, see Beauchamp and Childress, 2001.

Assessment of the Scientific Information for the Radiation Exposure Screening and Education Program

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11279


212 RADIATION EXPOSURE SCREENING AND EDUCATION PROGRAM

each other.  People do not need to be treated equally to be treated equitably; in
fact, treating people equally may be a violation of equity.  To treat people equita-
bly is to give them what is due to them, which is not necessarily exactly what
everyone else gets.  Equity is a moral concept of right proportionality.  Equity
allows us to treat persons differently if there are relevant differences between
them, but it enjoins us to not discriminate when there are no such differences.

Equity requires consistency of treatment.  Like cases should be treated alike.
The investigations of this committee revealed widespread inconsistencies and
differences in who receives compensation for harm incurred when there seem to
be no relevant differences between people.  As we noted in Chapters 5 and 6, the
committee faced the ethical challenge of finding a scientific basis for compensa-
tion that enhances equity so that like cases are treated alike.  What is it that makes
establishing a PC/AS-based compensation methodology equitable?  We develop
an answer to this below.

Causation

Tort law seeks to preserve equity by requiring that the same set of conditions
be used to establish negligence and eligibility for compensation.  A key element
of tort law is the establishment of a proximate cause or a “reasonably close causal
connection between the conduct and the resulting injury” (Prosser, 1971).  An
important health detriment that follows exposure to ionizing radiation is the
increased risk of developing any of several types of cancers, referred to as radio-
genic cancers. Can we say that there is a reasonably close causal connection
between the activities of uranium mining, milling, and ore transporting and lung
cancer, and other nonradiogenic diseases?  We are able to make that claim for
miners’ activities, on the basis of the amount of exposure and the observed
disease in the miners, but we are less so with respect to the lower doses and risks
posed by fallout.

Radiogenic cancers can be caused by other agents or factors.  No symptom or
marker has been identified that unambiguously identifies that an individual can-
cer was caused by radiation.  Thus, when cancer is diagnosed in a person, it is not
possible to determine with absolute certainty whether it was caused by radiation
or by some other factor.  That creates a problem in trying to establish eligibility
for compensation for radiogenic cancer.

As we noted in Chapter 2, failures to win remediation in the court system led
citizens to turn to their congressional representatives for redress through legisla-
tion.  The legislative history of RECA portrays a weakening of the use of causa-
tion as a basis of compensation.  That is at least in part because of the difficulties
in establishing causation owing to the state of scientific and medical knowledge.
On the eve of the passage of the RECA amendments of 2000, Senator Orrin
Hatch (R-Utah) stated:
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Through advances in science, we now know so much more about the effects of
that radiation than we did in the late 1950s and 1960s.  In fact, we know so
much more today than we did in 1990 when Congress passed the original com-
pensation program, the Radiation Exposure Compensation Act.  Our current
state of scientific knowledge allows us to pinpoint with more accuracy which
diseases are reasonably believed to be related to radiation exposure, and that is
what necessitated the legislation we are considering today.

In cases where there is sound scientific evidence of harm, it is reasonable to
award compensation.  The science is still evolving, and the committee was espe-
cially challenged to find a scientific method with which to recommend a more
equitable approach to establishing eligibility for compensation.  We believe that
the use of probability of causation/assigned share provides this equitably ap-
proach to compensation.

Compensating on Probabilities

Nevertheless, significant ethical questions remain in compensating on prob-
abilities.  Those questions become more challenging since knowledge of a
disease’s cause in a specific person is almost never known with certainty. At least
three questions complicate compensation decisions.  First, when there is little
way to know whether a given person has sustained a loss to health even if we
assume that many people who have sustained it, what is the best way to compen-
sate?  Second, as Upton and Wilson (2000) have asked, “How does society
compensate someone who has a disease which has a number of possible causes
and for which the assignment of causation can only be expressed on a probabilis-
tic basis?” Third, how is fairness achieved in a compensation program for the
effects of a loss when those effects can differ widely from one individual to
another?

We may agree in general that the exposures from nuclear testing and fallout
did contribute to some additional cancers, but because each individual’s excess
risk could be small in some RECA and other populations, we have little ability to
say which cancers were caused and which cancers were not caused by radiation.
As we saw in Chapter 5, the PC method seeks to rectify this concern by account-
ing for the possibility that one’s disease could have been caused by factors other
than radiation exposure from the activities associated with nuclear-weapons de-
velopment.  It also provides ways of taking into account age, place and time of
exposure, milk consumption, and estimated radiation dose.

We saw in Table 2.4 and in our discussions in Chapters 5 and 6 that other
US radiation exposure compensation programs (REVCA and EEOICPA) use
PC and compensate people by using either a complex formula or a single flat
rate.  To remind the reader, in 1982, British Nuclear Fuels Ltd. (BNFL) and
related trade unions initiated a compensation program based on PC and cancer
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mortality.  In 1987, the program was extended to cancer incidence, for which
people were compensated but at different rates; compensation is awarded on a
sliding scale based on selected PC values.  Upton and Wilson (2000) suggest
that a decision first be made on a sum for compensation for the disease in
question and people then be paid a fraction of the sum equal to the sum times
the PC, with a de minimis cutoff at some selected figure.  Some compensation
schemes try to account for the differing effects of a loss. Discussions of the
duty to compensate become more challenging if there is very limited informa-
tion to use in distinguishing the particular people who have suffered losses.
Should whole communities, rather than individuals, be compensated?  Do the
difficulties associated with individualized causation require that we abandon
compensation payments to individual persons?  Programs that use PC/AS allow
the AS to establish eligibility for an individual, not for a community, because of
widely varied doses in communities and because of the presumption that indi-
viduals sustain the harm.  Nevertheless, there is no simple logic that will tell us
how compensation schemes should work.  It is beyond the scope of what sci-
ence can tell us.

In sum, attending to the ethical foundation of a compensation program is
critical.  The ethical basis rests in rectificatory justice.  It is important to provide
the appropriate remedies to the various aspects of such justice.  Table 8.1 displays
those remedies and the extent to which RECA and RESEP accommodate them.

THE ETHICS OF MEDICAL AND COMPENSATIONAL SCREENING

The RESEP legislation proposes screening for 19 malignancies in down-
winders and seven malignant and nonmalignant conditions in uranium miners,
millers, and ore transporters (see Chapter 2).  In its interim report (NRC, 2003a),

TABLE 8.1 Ethical Concerns and Remedies in RECA and RESEP

Ethical Concern Remedy RECA and RESEP

Righting the wrong or Offering an apology RECA includes an apology
injustice itself

Ameliorating or restoring Providing medical RECA provides no medical
the loss of health services services directly; medical services

are provided only indirectly to
some RECA populations and
through other programs, such as
REVCA (atomic veterans) and
EEOICPA; RESEP supports
detection of disease

Compensating for the Compensation RECA provides monetary
effects of the loss payments at a flat rate
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the present committee addressed the ethical issues associated with such screen-
ing.  Just as the committee expands its discussion of screening in Chapters 9 and
10, it expands its discussion of the ethics of screening here.

We necessarily divide screening into medical screening and compensational
screening.  Medical screening has the underlying purpose of improving health
outcomes (see Chapter 9).  Most uses of the term screening refer to medical
screening.  But the possibility of receiving compensation for a detected disease
lies in the background of any screening program that RESEP grantees promote,
so it is helpful to define another type of screening, compensational screening.
Compensational screening has the underlying purpose of identifying persons who
may be eligible for compensation under RECA, but not the improvement of
health outcomes (see Chapter 10).

The populations we visited and the grantees we heard from presented them-
selves or are recruited for screening both because of its medical benefits and
because of the possibility that a compensable disease may be detected.  Screening
for either of those reasons could be supportive of the other.

We pointed out in our interim report (NRC, 2003a) and in Chapter 9 that
routine medical screening is generally not recommended for RECA diseases
except for cancers of the breast and colon and for chronic renal disease; screening
for other cancers is medically problematic.  The criteria used to determine whether
a cancer screening program is useful are the general principles of screening
adopted by most medical practitioners.  Therapeutic benefits, high prevalence,
perhaps high sensitivity,8 and adequate specificity tests are needed, and these are
discussed in detail in Chapters 9 and 10.

The same general screening principles affirm the ethical preferability of
screening for some non-RECA eligible diseases.  In Chapter 9, the committee
examines those diseases to determine whether there are sufficient grounds for
recommending screening.  In a few instances, although the diseases do not have
sufficient support for RECA eligibility, the committee nevertheless finds reason
to comment on screening for them as a good medical practice.  The duty to act
beneficently by providing a good rather than the duty to right an injustice by
ameliorating a wrongful loss is what justifies this recommendation to screen.
Depression is such a disease.  Screening is not recommended as a remedy to
restore a loss because there is no proven connection between the disease and
radiation.  It is not justified as a measure of rectificatory justice but HRSA may
want to consider screening as a beneficent act.  Were such diseases to become
RECA-eligible, their screening protocols would probably remain unchanged, but
the rationale for screening would change, and the costs of screening could be
covered as part of the remedy to ameliorate or restore a loss.

8A somewhat insensitive but specific test may be reasonable for screening, depending on the
circumstances.
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The committee found that it not only is medically unsound to screen for
many RECA diseases but also may be morally irresponsible or unethical.  The
practices and principles of medical screening are infused with ethical consider-
ations.  Ethics is not tacked onto the practices.  The utilitarian approach is widely
used in the decision to screen.  That tradition affirms the use of a calculus to
achieve an acceptable balance between the risk of harm and the probability of
benefits of a particular action (directly), program, or policy.  The moral objective
of the utilitarian approach is to determine which action or a rule (indirectly)
brings about the greatest good or prevents the most harm.  The principle of utility
may be applied to both individual actions and population wide programs or
policies.  Ethical duties (actions or rules) are derivatives of the calculus.  That
means that how one ought to act or what moral rule one should follow is deter-
mined by the value that the action or the use of the rule produces (Bentham, 1961;
Mill, 1998).

The decision to screen is complex, as discussed in Chapters 9 and 10.  The
utility calculus is itself complex and based on several assumptions.  Insofar as we
can rely on the truth of the empirical information used in the method, we have
developed a valuable tool for medical screening decisions.

Another equally respected tradition in ethics is the deontologic tradition,
derived from the Greek word for duty (deon), which focuses on the action or rule
itself, and not on its consequences, to determine one’s moral duties.  That tradi-
tion reflects the primary value that we place on autonomy (freedom) and respect
for persons.  Actions that reflect such respect for a person’s ability to choose for
himself or herself are morally permissible, not because engaging in them brings
about some extrinsic value (the greatest good or prevention harm) but simply
because of their intrinsic value or rightness.

Discussing that other tradition is important when we articulate the ethics of
screening. A utility calculus may not have all the answers.  A potential RECA
stakeholder may ask to be screened for one of the diseases for which the scien-
tific and medical communities do not recommend screening.  To ensure that a
person’s autonomy is respected, a medical practitioner must take time to inform
the stakeholder of the potential harm, the unlikely benefits, and the costs of
screening.  Valuing autonomy is not necessarily in conflict with valuing utility.
Nonetheless, the stakeholder may persist in his or her request for a screening
test.  The stakeholder’s desire to engage in what is judged to be a futile screen-
ing protocol does not oblige a medical practitioner to offer the screening proto-
col.  Respecting the stakeholder’s autonomy might instead entail the negative
duty of not preventing him or her from pursuing this course of action.  That
raises further questions about autonomy and its place in a hierarchy of
values, including prevention of harm to the patient (Beauchamp and Childress,
2001).
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Moral philosophers have given the action of overriding a person’s autonomy
for her or his own good a name—paternalism.9  Some instances of paternalism
are clearly morally permissible, or even morally required or obligatory, espe-
cially when the ability to make informed choices is curtailed by age or inability to
comprehend.  That type of paternalism is referred to as soft paternalism.  Hard
paternalism, however, is generally more difficult to defend when informed con-
sent is reliable, because it requires that the stakeholder’s autonomy be overridden
in favor of the medical practitioner’s judgment of potential harm.10

The ethics of screening is further complicated by compensational screening.
The stakeholder who wishes to be screened (or the grantee who creates screening
programs with establishment of eligibility as the primary purpose) is perceived to
have miscalculated the real harm of screening with no offsetting or overriding
benefits.  Again, that might not be true.  Knowing full well the harm of screening,
stakeholders may wish to exercise their freedom to make a risky choice.

A stakeholder’s decision must be truly his or her decision and not the result
of having been overreached by enthusiastic and well-meaning medical practitio-
ners or family members.  Although persuasion and some forms of influence are
morally acceptable, coercion is not.  The prospect or hope of receiving compen-
sation exerts its own pressure on the stakeholder.  To add to that pressure by
recruiting people into screening programs that are unlikely to have medical ben-
efit is unethical.  Families that stand to gain from compensation might do well to
avoid overzealous screening and wait for postmortem examinations.  At the same
time, a stakeholder’s decision must be based on information that he or she is
capable of understanding (Dworkin, 1976).11  How information is valued compli-
cates matters.  In some populations covered by RECA, people come from cul-
tures that devalue modern medicine or supplement it with alternative medical
practices. And in some cultures, imparting negative information to a patient may
fly directly in the face of cherished values.  For example, although their findings
apply primarily to traditional Navajos, Carrese and Thodes (1995) conclude that
discussing negative information conflicts with the Navajo concept of hozho and
was viewed as harmful by the Navajo informants in their study. A participant’s

9Because the gender of the medical practitioner that prevents ill-advised screening may be either
female or male, it might be more appropriate to call this maternalism or parentalism; the common
parlance in medical ethics is paternalism, however, and the analysis that makes the important distinc-
tion between “hard” and “soft” is historically related to paternalism.

10Not all instances of paternalism represent the distinction between utility and autonomy. In many
cases, the judgments of utility simply differ. The patient may see more benefit in the screening
protocol, on the basis of different values and assumptions in the utility calculus, than does the
medical practitioner.

11Gerald Dworkin calls these features of autonomy authenticity and procedural independence.
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beliefs about the effectiveness of allopathic medicine or alternative medical prac-
tices or views about the value of disclosure of risks are not by themselves suffi-
cient evidence that a participant lacks the characteristics needed to exercise inde-
pendent, nonstandard judgment.

To enhance the autonomy of a stakeholder who pursues compensational
screening, we advise counseling that provides evidence-based information about
screening while respecting a stakeholder’s choice.  At a minimum, no stakeholder
should be screened for purposes of compensation without first meeting other
administrative eligibility conditions—such as residence, occupation, or other cri-
teria, such as PC/AS, if established by Congress.  We continue this discussion in
detail in Chapters 9 and 10.

CONCLUSION

In response to the many ethical concerns voiced by the stakeholders and
experts who testified before the committee, we provide an ethical framework
before proceeding to address the committee’s charge.  We clarify and discuss the
ethical concerns in this chapter to which we have referred in earlier and upcoming
chapters of our report.  These concerns are included in two main subjects: the
ethics of a compensation program and the ethics of medical and compensational
screening.
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9

Medical Screening

In this chapter and the next, the committee turns to issues of screening in the
context of the Radiation Exposure Screening and Education Program (RESEP),
which is administered by the Health Resources and Services Administration
(HRSA) in the Department of Health and Human Services.  The broader frame-
work is the role that RESEP plays relative to the Radiation Exposure Compensa-
tion Act (RECA) and its amendments, as administered by the Department of
Justice (DOJ).

HISTORICAL CONTEXT OF SCREENING IN RESEP

The original 1990 RECA legislation does not mention screening for the
diseases it covers.  The omission may have arisen because RECA’s primary
purpose is compensation.  The inaccessibility to services for determining eligibil-
ity for compensation led to a change in the original RECA statute, but Sec. 2,
“Findings” of the RECA amendments of 2000, still does not explicitly mention
screening.  However, screening could be construed as implied in Congress’ sixth
finding (Public Law 106-245 [S. 1515] July 10, 2000 Radiation Exposure Com-
pensation Act Amendments of 2000 106 PL 245; 114 Stat. 501) that

it should be the responsibility of Federal Government in partnership with State
and local governments and appropriate healthcare organizations, to initiate and
support programs designed for the early detection, prevention and education on
radiogenic diseases in approved States to aid the thousands of individuals ad-
versely affected by the mining of uranium and the testing of nuclear weapons
for the Nation’s weapons arsenal. (emphasis added)
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Sec. 4 of the RECA amendments gives an explicit requirement for screening.
The HRSA administrator must make competitive grants available “for the pur-
pose of carrying out programs to screen individuals described under section
4(a)(1)(A)(i) or 5(a)(1)(A) of the Radiation Exposure Compensation Act (42
U.S.C. 2210 note) for cancer as a preventative health measure” (PL 106-245 Sec.
417C(b)(1)) (emphasis added).  In other words, RECA, as amended, does require
cancer screening as a preventive health intervention for the purpose of early
detection (CFR, Vol. 67, No. 83, page 21256).

To carry out that mandate, HRSA created RESEP and announced the first
fiscal-year competitive application cycle on April 30, 2000, in the Federal Regis-
ter.  In its announcement, HRSA described the legislation as providing the au-
thority for competitive grants for “individual cancer screening” (CFR, Vol. 67,
No. 83, page 21257).  Although the amended legislation might be read as linking
screening to cancer, this CFR section provides for the “availability of $3.0 mil-
lion to eligible entities for the purpose of carrying out programs to screen eligible
individuals for cancer and other radiogenic diseases” (ibid) (emphasis added).
Because RECA legislation covers both nonmalignant and malignant radiogenic
diseases, RESEP is consistent with the overall intent of the amended RECA in
not limiting screening to cancer.

HRSA charges its Bureau of Primary Health Care with administering the
RESEP grant program.  On May 2, 2002, and June 5, 2003, HRSA published a
program information notice providing guidance to potential grantees about the
RESEP competitive process.  This guidance includes eligibility requirements,
program expectations, review criteria, and award factors for the grants.

RESEP grantees are expected to pursue multiple core activities: education,
screening and early detection, referrals for medical treatment, eligibility assis-
tance, quality assurance, staffing, data collection, finance, performance reports,
and outreach.  We examine only the screening and early detection component
here.

Screening and Early Detection in RESEP

HRSA treats screening and early detection as a single activity.  The notice
did distinguish between nonmalignant and malignant radiogenic diseases.  RESEP
identifies basic screening protocols and differentiates basic screening and an
array of steps collectively considered referrals for medical treatment (advanced
testing, diagnosis, evaluation, and treatment), as follows:

Screening and early detection:
• Basic screening protocols.
Referrals for medical treatment:
• Advanced testing.
• Diagnosis.
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• Evaluation.
• Treatment.

Table 9.1 lists the HRSA requirements for a screening and early detection
program with the basic screening protocols for both nonmalignant and malignant
diseases as the agency categorized them.  Not all the tests listed (in the table),
however, detect clinical diseases and processes that have been associated scien-
tifically with exposure to radiation.

Referrals for Medical Treatment

If basic screening protocols reveal abnormalities in patients, then the provid-
ers must refer the patients to a hospital, a special clinic or an imaging center, or
doctor’s office for advanced testing.  Table 9.2 elucidates what HRSA means by
advanced testing

THE NATURE OF SCREENING

For our purposes, screening is of at least two different types: (1) screening
for medical reasons, with the underlying purpose of improving health outcomes;
and (2) screening to identify persons who may be eligible for compensation under
RECA.  This committee distinguishes these two concepts with respect to the
underlying purposes of RESEP, using medical screening for the former and
compensational screening for the latter.  This distinction is not traditional but is
required because RESEP specifies screening for some diseases not traditionally
recommended for medical screening to improve health outcomes.  Because a
term is required to describe this RESEP concept, we coin the term compensa-
tional screening.

This chapter is concerned largely with epidemiologic and statistical factors
related to medical screening, the limitations of medical screening, and the
implications for screening in RESEP.  We comment as well on future research,
and we introduce issues that extend beyond the purely technical questions of
screening itself.  Chapter 10 discusses these findings in the context of RECA
and RESEP, which are oriented more toward compensation than toward medi-
cal interventions.

Screening Definitions

Screening has numerous meanings.  One general meaning is sifting or filter-
ing objects to separate what is wanted or desirable from what is not, as when a
miner during the Alaskan gold rush screened for gold.  In medical contexts,
screening is commonly directed at groups of individuals who are asymptomatic,
using relatively speedy, inexpensive tests and procedures.  Such screening is
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TABLE 9.1 Screening Protocols in RESEP

Compensable
Nonmalignant Radiogenic Compensable Malignant

Screening Protocols Diseases Radiogenic Diseases

Medical and Must include date of exposure, Must include date of exposure,
occupational place, duration of employment, place, duration of employment;
history and tobacco use special attention to symptoms

of and risk factors for primary
cancers or other diseases
covered by RECA; should also
include tobacco, alcohol, and
caffeine use

Physical examination Emphasis on pulmonary, Complete examination to
cardiovascular, and renal include  all cancers covered by
systems RECA

Chest radiography Standard posterior-anterior As indicated by physician
view chest radiograph for
presence of radiologic fibrosis,
silicosis, or pneumoconiosis

Pulmonary-function As needed, can include See physical examination
testing spirometry, lung volumes,

arterial blood gases, and
DLCOa

Routine testing Other routine laboratory work Routine laboratory work as
and electrocardiography as indicated by physician
required

Other Program
Requirements Included
in Screening and Early
Detection
Followup Patient contact via telephone; See case management below

report results to patient,
primary care physician, or
both; periodic re-evaluation

Case management Not required Extensive followup to ensure
that care was received;
documented monitoring of
patient  progress; all operative,
consultative, procedural, and
pathology reports and
physician, hospital, and health-
care facility discharge
summaries maintained

aDLCO, the diffusing capacity of the lung for carbon monoxide (CO), i.e., measurement of carbon
monoxide transfer from inspired gas to pulmonary capillary blood (American Thoracic Society,
1995).
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generally intended to distinguish people with some undiagnosed and even unsus-
pected ailment or pathologic condition from those who are well (at least with
respect to that ailment or condition).  Screening may also be used to detect risk
factors for disease that may give individuals a higher than average probability of
illness; it may also be directed at individuals who are known or suspected to have
risk factors.

Typically, medical screening is directed at large numbers of apparently well
individuals (for example, the public at large) with the aim of finding those who
have undiagnosed problems, genetic traits, or other characteristics that may ben-
efit from medical intervention. The underlying assumption is that early detection
can improve outcomes through early treatment or changes in lifestyle.  Screening
is used to facilitate appropriate care early in a disease, before serious signs,
symptoms, or complications develop.  An Institute of Medicine (IOM) committee
stated that such screening for cancer “refers to the early detection of cancer or
premalignant disease in persons without signs or symptoms suggestive of the
target condition (the type of cancer that the test seeks to detect)” (IOM, 2003b, p.
156).  Positive results from screening tests are usually not conclusive, so confir-
matory tests are needed before a diagnosis is established; if such a diagnosis is
made, then followup, referral, and treatment would typically be expected to
ensue.

Other terms are sometimes used in conjunction with or as synonyms for
medical screening.  Among them are case-finding and early detection, although
these terms have not been used with total consistency.

TABLE 9.2 Advanced Testing Protocols in RESEP

Advanced Testing for Compensable Advanced Testing for Compensable
Nonmalignant Radiogenic Diseases Malignant Radiogenic Diseases

• Measurement of lung volumes and • Endoscopy
diffusion capacity (if not performed earlier) • Tissue biopsies and fine-needle

• Resting and exercise arterial blood gases if aspiration
not medically contraindicated • Imaging studies, including computed

• High resolution computed tomography and tomography scans, magnetic resonance
computed tomography-scans; chest imaging, mammography and other
tomography, bronchoscopy, ventilation and breast imaging techniques, radio-
perfusion lung scanning, pulmonary nuclide imaging, ultrasonography,
angiography, and thoracentesis, regular x-rays and contrast studies

• Pleural biopsy, magnetic resonance imaging,
and positron emission tomography scans if
required

• 24-hour urine studies and supplementary
blood tests if not previously performed

• Renal ultrasonography, radionuclide scanning,
magnetic resonance imaging, and renal biopsy
if required
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The distinction rests on whether such testing is done in the context of an
established provider-patient relationship.  We use patient screening to refer to
testing within such a relationship and case-finding if the person screened and the
testing program or provider have no established relationship.  Thus, this distinc-
tion refers to the context of the screening program.  Much of the discussion in this
chapter and the rest of this report applies to both contexts.  When what we say
refers properly to both contexts, we simply use the term screening.

PRINCIPLES OF SCREENING

Basic Tenets

Several principles should guide an analysis of screening and case-finding,
whether for medical purposes, for compensation, or both.

First, screening asymptomatic individuals presumes that efficacious and ef-
fective therapies exist for treating the disease either in its early (preclinical)
stages or at later stages upon clinical detection (that is, upon  diagnosis in patients
with signs or symptoms).  If that is not the case, then either screening is needless
or treatment should await clinical detection.

Second, screening always carries some risk of harm.  These risks arise from
the tests themselves, from diagnostic labeling (whether accurate or not), and from
false-positive results that lead unnecessarily to further tests and possibly thera-
peutic interventions.  These risks or harms must be balanced against the assumed
benefits of screening.  This balancing is especially important because medical
tests almost always carry a risk of physical, social, or psychological harm; in the
RESEP context, these harms must be weighed against the possibility of compen-
sation.  At low probabilities of disease, screening engenders substantial risk of
false-positive results and their consequences.  Screening for more than one dis-
ease amplifies that problem.  Screening for one disease using multiple tests is also
problematic.

Third, particularly for compensational purposes, medical screening tests are
appropriate only after the individuals are fully informed of the risks that these
tests pose (see Chapter 8).

Fourth, screening may provide useful information about related diseases.
One example is screening for diabetes among people who have high blood pres-
sure or high blood lipid concentrations but not symptoms or signs of diabetes
(Harris et al., 2003); positive results of diabetes screening (especially impaired
glucose tolerance or impaired fasting glucose) may call for changes in the man-
agement of the other conditions (perhaps more than for the possible diabetes
itself).

Fifth, if publicly supported screening programs are to be effective, ethical,
and equitable, some means must be available for screened populations to gain
access to appropriate followup, diagnosis, and therapy.

Assessment of the Scientific Information for the Radiation Exposure Screening and Education Program

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11279


MEDICAL SCREENING 225

Sixth, once a person is screened, he or she should, in general, be informed of
any clinical information that the test revealed.  Screening, even for compensa-
tional purposes, may provide information that should be linked to actions that
might improve the medical situation for the person screened.  Once screening for
compensational purposes has been done, the patient has already been exposed to
the risks of the test and of a possibly false-positive result.  Having undertaken this
risk, the screened individual should have the opportunity to receive whatever
medical benefit such information might provide.

Stated another way, in general once a person is screened, he or she should be
informed of any clinical information that the test revealed.  In most medical
circumstances, withholding incidentally discovered information would be unethi-
cal (see Chapter 8).  This principle, however, must also reflect some sensitivity to
the screened individual’s culture, background, and preferences for receiving in-
formation (especially bad information).  Individuals of different cultural back-
grounds evince different preferences for information (Blackhall et al., 1995).  For
example, traditional Navajo culture takes a worldview that language shapes real-
ity and that revealing negative information (truth telling) may “cause” those bad
outcomes to occur. Moreover, an important element of traditional Navajo culture
is to think and speak in a positive way and to avoid thinking or speaking in a
negative way (Carrese and Thodes, 1995; Gostin, 1995).

Seventh, screening programs must use reliable and valid tests and proce-
dures.  Of particular importance are sensitivity, specificity, and positive and
negative predictive values. Increasingly, policy makers, clinicians, and others
concerned with screening issues are called on to deal with odds ratios, likelihood
ratios, and receiver operating characteristic (ROC) curves.

Eighth, in specific populations, judgments about the feasibility of screening
must consider access to health care and health insurance.

To summarize, for general screening to be useful on a population basis,
certain circumstances must exist (Frame and Carlson, 1975; Eddy, 2004):

• The condition must be present in the population and have an important
effect on the quality and length of life.

• The incidence of the condition must be sufficient to justify the risks of the
screening.

• Acceptable methods of treatment or prevention in the preclinical or early
stage of disease must be available.

• The condition must have an asymptomatic period during which detection
and treatment would substantially improve clinical outcomes, such as reducing
morbidity or mortality.

• A screening protocol or test that is sufficiently accurate and acceptable to
patients and that has reasonable costs must be available to detect the condition in
the asymptomatic period.

• The benefits of screening must exceed its harms.
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• The benefits of a screening program must justify its costs (including its
induced costs) and its use of resources.

• The health care system must be able to provide referral services that
address followup (further evaluation and continuing care) of patients identified
by screening.

• Patients who choose to participate must be fully informed of the risks
posed by screening and the benefits of screening and freely consent to be screened.

Applications to RESEP

The committee believes that in the RECA-RESEP legislation screening
aims principally not at diagnosing and treating patients but rather at facilitating
compensation for the harms caused by uranium mining and related activities
and by the aboveground nuclear tests of the 1950s (discussed in Chapters 2 and
7).  Although the legislation speaks to screening for the purpose of improving
medical outcomes, early diagnosis of the majority of diseases identified for
RESEP screening (such as lung cancer, pancreatic cancer, and ovarian cancer)
improves health outcomes little or not at all.  Furthermore, the current RESEP
screening protocols include tests, such as pulse oximetry and spirometry, that
have not been shown to improve health outcomes in asymptomatic populations.

Most tests used for screening are also those used to establish a medical
diagnosis.  When a patient’s signs or symptoms are the reasons, or part of the
reason, for using a given test, the procedure is more properly called medical
diagnosis than screening.  The hallmark of a screening program is identification
of preclinical (that is, undiagnosed) disease.  Patients or populations that are
screened do not have clinical evidence of disease or, if they do, then neither the
patients nor their  health care providers have yet appreciated that evidence.  The
target for which the screening is undertaken can be a propensity or risk factor
(presumably modifiable) for developing a disease, a disease itself, or a complica-
tion of a disease that the patient is known to have.  For convenience and readabil-
ity, we use the term disease to refer to all three entities.

In many screening scenarios, the likelihood of the disease that the screen-
ing program seeks to identify is relatively low (low pretest probabilities).
Moreover, most tests and screening protocols are imperfect in that their speci-
ficity is less than 100% (meaning that their ability to rule out disease is not
infallible).  Because of those two factors, screening can produce substantial
numbers of false-positive results; depending on the aftermath of screening when
false-positive results occur, the potential benefits of screening may be decreased
(or may even not outweigh the risks of error).  Because screening tests com-
monly have sensitivity below 100%, false-negative results will also occur,
but these errors may be far less problematic in the screening setting (see discus-
sion later in this chapter).  Nonetheless, a negative screening test does not
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guarantee that the patient does not have the disease, risk factor, or condition
being sought.

As discussed later in this chapter, a tradeoff often exists between false-
positive and false-negative results.  Typically, for a given test, altering the test or
its interpretation to decrease one of these errors will increase the other.  Thus,
establishing the criterion for or definition of a positive test result requires well-
reasoned balancing of the consequences of each kind of potential error and the
frequency of the disease in the population to be screened.

CONTEMPORARY SCREENING PROTOCOLS

General Issues

Many groups have explored traditional medical screening, especially screen-
ing for various forms of cancer.  Among the authoritative sources are the
US Preventive Services Task Force (USPSTF) (Harris et al., 2001; http://www.
ahrq.gov/clinic/uspstfix.htm) and (until mid-2004) the Canadian Task Force for
Preventive Health Care.  Appendix E presents current information on cancer screen-
ing tests of interest to this committee; some are for RECA-designated diagnoses
and others for nonradiogenic cancers; as a more complete context for considering
medical screening in primary care, we also present there a fuller account of the
types of screening tests the USPSTF recommends or strongly recommends for
general populations other than RECA populations.  As seen  in Appendix E, rela-
tively few screening tests for cancer have been recommended for widespread use.
The limited number or nature of such recommendations turns on several issues.

In many instances, no effective treatment for preclinical disease exists or a
treatment appears more effective than it truly is.  A common issue that arises here
is lead time bias, which refers to an apparent improvement in survival if survival
is measured from the detection of disease and not from the onset of disease.
Some authors argue that such early identification can be beneficial even if overall
survival is unchanged, because a patient and his or her family might be able to
plan better for the patient’s limited lifetime.  A common counterargument is that
such early labeling of a patient as having cancer (or another serious ailment) may
diminish quality of life during the lead time.  The benefit or the loss is surely very
patient-specific.  Thus, screening should be predicated on extensive counseling
and informed consent for both practical and ethical reasons.

The effectiveness of a treatment can be overestimated because of length bias,
which refers to the fact that disease that develops more slowly (such as a slow-
growing or relatively benign cancer) may be more likely to be detected by a
screening test, whereas a rapidly progressive disease is more likely to present
clinically.  These patterns mean that a substantial proportion of disease that is
found on screening (as contrasted with disease that presents clinically with signs
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or symptoms) will be, on average, less aggressive.  Sometimes, screening might
detect disease that might never become clinically evident.  This problem is well
recognized when screening for cancers of the prostate, lung, thyroid, and brain; in
fact, the term “incidentaloma” is sometimes used to describe the detection of such
disease.  The patients detected by screening have an excellent prognosis, of
course.  Such patients inflate survival rates for patients with disease identified by
screening but overall unnecessarily consume society’s resources and generate
unreasonable anxiety and potential complications for the patient without substan-
tial benefit.

Another common reason that cancer-screening programs receive unfavor-
able recommendations rests on the occurrence of false-positive results (or, said
another way, on the imperfect specificity of almost all medical tests).  Because
clinicians must inform patients about each positive result and because they often
recommend additional diagnostic studies, such false-positive results carry sub-
stantial risks.  They include the risk of physical harm during the additional studies
(the workup, which not infrequently can involve invasive diagnostic testing).
Other issues include psychologic harm (from anxiety and from labeling, insofar
as patients consider themselves as “damaged goods” and societal harm and dis-
crimination (in employability and insurability).  The same psychologic and so-
cietal harms may affect family members as well.  In addition, identifying dis-
ease that benefits little from treatment (lung or pancreatic cancer, for example)
can lead to futile surgery, which can engender major costs, pain, disability
(from reduced lung volume in the case of pulmonary neoplasms), and surgical
mortality.

Although most screening tests are themselves of low risk and noninvasive,
some screening tests expose individuals to ionizing radiation.  Such exposure
itself can be oncogenic (cancer-causing).  Recently, investigators have calculated
that the oncogenic risks posed by some radiographic studies outweigh potential
benefits from screening (Brenner and Elliston, 2004).

The third common reason for unfavorable recommendations about medical
screening has rested (openly or covertly) on economic arguments.  Our world of
limited resources is increasingly constrained with respect to health care and faces
many competing demands.  Thus, committees that produce clinical practice guide-
lines, insurers that fund medical care, and even providers that treat individual
patients may consider the relatively high cost of some proposed screening pro-
grams in light of other uses to which the resources might be applied (the opportu-
nity costs of health care services forgone).  Whether these issues are dealt with
formally or informally is a matter for the groups in question, but all decision-
makers need to consider how best to deal with such tradeoffs in resource-con-
strained circumstances.

The economic cost incurred as a result of false-positive tests is important.
One recent article documents that a large proportion of persons screened for
cancer (43%, higher among men than among women) had at least one false-
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positive result, and more than four of five of these patients had followup care
(Lafata et al., 2004).  Medical costs in the year after the screening were statisti-
cally significantly higher among those with false-positive tests than among those
with negative tests (on average, about $1,000 higher).

The economic costs of a screening program thus extend well beyond the
screening test itself.  They include the required infrastructure for providing the
test and the followup for abnormal results, the counseling that must be under-
taken before the screening test is performed and when informing patients about
abnormal results, and the choices they then must make.  (Note that we use the
term patients here for both patient screening and for case-finding because, even
in the latter context, once clinicians inform individuals about  an abnormal result,
they  become patients and require a provider-patient relationship.)  Economic
costs of the screening program must also include the costs of the therapeutic or
preventive intervention to be undertaken in patients whose positive results are
confirmed.  In settings in which the benefit of treating a patient with a disease that
has been detected early is small, therapeutic costs may not be economically
reasonable for society to undertake.

Prevalence and Benefit

In assessing the therapeutic benefit of a screening program, one must con-
sider the perspective of the population that is screened, not the subpopulation that
is identified as having disease and then treated because of the program.  In the
population to be screened, disease prevalence can markedly limit benefit.

Consider a screening program for a single cancer for which early detection
provides a huge therapeutic benefit of 10 years of added life expectancy, as
illustrated in Table 9.3.  Assume that a screening test has a high sensitivity of
90% and that the prevalence of disease in the population to be screened is 2
cases per 1,000 individuals.  Further assume (theoretically) that the screening
test has perfect specificity (100%—a positive result is pathognomonic of dis-
ease).  In a population of 10,000 patients screened, 20 will have the cancer and
18 will be identified and treated early.  These 18 patients will gain 180 years
overall (10 years of life per patient detected).  The 20 patients who have cancer
will, on average, gain only 9 years of life (180/20).  The 10,000 patients who

TABLE 9.3 Effect of Perspective on Benefit of Good Treatment

Years of Number of
Group Life Saved Individuals Gain per Individual

Patients identified 180 18 10 years
Individuals with disease 180 20 9 years
Screened individuals 180 10,000 0.018 years = 6.6 days
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are screened will gain, on average, only 0.018 years, or 6.6 days of life, per
patient screened.

All persons screened are subjected to the risks posed by testing and costs of
this testing.  Thus, decisions about implementing screening programs must in-
clude a comparison of the (perhaps large) benefits to the few persons with disease
to the much smaller benefits that would accrue, on average, to all persons screened
and to the far more numerous risks and costs that would accrue to patients free of
disease.  Of course, the details would depend on the magnitude of those benefits,
risks, and costs.

Issues Related to Cancer Screening

For all these reasons, relatively few cancer screening programs have been
endorsed in toto; of those endorsed, many are typically constrained to particular
age groups or categories defined by other risk factors or variables.  Annual
screening for cervical cancer was long a standard of care (see Appendix E), but
annual testing in low-risk women who have had several prior negative tests is no
longer thought to be necessary in many settings.  Mammography has been shown
to detect breast cancer early enough for outcomes to be improved, but the fre-
quency of such screening and the age at which it should begin (or end) have
engendered much discussion.  Colonoscopy has been shown to be effective in
finding colon cancer early enough to improve prognosis; it may even be a preven-
tive measure if premalignant lesions (adenomas) are removed before they evolve
into cancer.  However, some debate remains about whether colonoscopy will
remain the first choice for colorectal cancer screening—especially if costs are
taken into account (Pignone et al., 2002).

A particularly thorny example that has been carefully examined in the
literature involves routinely screening men for prostate  cancer with the serum
prostate-specific antigen (PSA) test (Harris and Lohr, 2002).  This protocol is
controversial for several reasons.  First, more prostate cancers are slow-grow-
ing than fast-growing (aggressive), and many more men die with prostate  can-
cer than of prostate cancer.  Second, the PSA test has a substantial false-
positive rate; most men who get a positive (abnormal) PSA test will get further
workup (such as biopsy), but because biopsies may not reliably distinguish
between slow- and fast-growing cancers, most men will receive treatment.
Finally, standard treatments (such as surgery and radiation) have substantial
morbidity (such as impotence and incontinence).  Recent studies have raised
the issue of false-negative results, the occurrence of histologically proven can-
cer in men with low serum PSA (Thompson et al., 2004).  For these reasons,
some groups have recommended PSA screening only after extensive discussion
with each patient.  This view reflects the ethical principles introduced in Chap-
ter 8 and the tenets of shared decision-making taken up later in this chapter.
Similar issues arise in medical screening for most RECA-compensable diseases
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(although the negative consequences on patients’ quality of life have not been
as carefully studied) because most patients with those diseases have not been
shown to derive substantial health benefit from screening.

Routine screening of asymptomatic individuals for lung cancer, pancreatic
cancer, ovarian cancer, gastric cancer, and many other conditions in the RECA
has not been recommended (see Appendix E).  More directly related to the
RESEP program is an IOM committee’s recommendation against routine screen-
ing for thyroid cancer in populations downwind of the Nevada Test Site (NTS)
(IOM-NRC, 1999).

EPIDEMIOLOGIC, STATISTICAL, AND CLINICAL
ISSUES OF SCREENING TESTS

The complexities of interpreting the risks posed by and the results of screen-
ing tests (whether in general or for RESEP) are not widely understood.  To
address the gap, we present a brief primer to assist policy-makers, clinicians, and
potential screenees in evaluating the desirability and feasibility of the types of
medical screening or case-finding implemented by or contemplated for RESEP.
This material, only hinted at in the committee’s interim report, forms a critical
basis of our later recommendations about screening.  We hope that this material
will be useful to anyone considering obtaining any screening test.

Probabilities, Odds, Prevalence, and Incidence

To interpret the meaning of any test result, one must know what the likeli-
hood of disease was in an individual before the result if that test was known.  One
can estimate a pretest likelihood in many ways: from a clinical study, from a
database, from a prediction rule or a logistic regression equation, or on the basis
of clinical judgment.  When it is taken from an epidemiologic study of a popula-
tion of presumably similar individuals, it is often called prevalence.  It represents
an estimate in a population at a given time (see Chapter 3).

If the individual to be screened was known to be free of the disease at some
time in the past (that is, if the individual has had a negative screening test N years
before), then the relevant pretest likelihood is the incidence of (newly diagnos-
able but undiagnosed) disease in those N years.  If disease incidence in a popula-
tion of similar individuals were Y cases per year, then one would expect the
pretest probability of disease to be its interval incidence or 1 – e–YxN, if we ignore
those individuals who present clinically or who have died (of any cause) in the
interim.  If both Y and N are small, then the interval incidence can be approxi-
mated by Y × N.

As explained in Chapter 4, probabilities of disease can also be expressed in
terms of odds (omega, Ω), which are more convenient for some calculations.
Odds are the number of persons with an event or feature divided by the number
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without the event or feature—that is, the ratio of positive to negative outcomes
that are either observed or predicted.  Probability (a proportion) and odds (a ratio)
can be easily converted to each other through simple formulas: if p is a probabil-

ity and if Ω is the corresponding odds, then Ω Ω
Ω

=
−

=
+

p

p
p

1 1
or .

What Is a Positive Screening Test?

Throughout this chapter and this report, we use the terms positive and abnor-
mal to describe a test result.  We consider here how those terms might be defined.

Many laboratory tests produce quantitative results, such as a hematocrit of
33%, a PSA of 5 nanograms per milliliter (ng/ml), or an oxygen saturation of
80%.  Such results are often categorized as either normal or abnormal on the basis
of a defined normal range or some criterion of positivity.  Even imaging studies
can have an associated threshold criterion of detection; for example, one might
choose to report as abnormal a thyroid ultrasonographic examination or a helical
chest computed-tomography scan with a nodule greater than 3 mm in diameter
but choose not to report smaller lesions, perhaps because they are unlikely to be
meaningful.

Some laboratories define the normal range for each test they perform accord-
ing to results in a population free of known disease.  Many such test results are
normally distributed; the so-called normal range is the mean plus or minus two
standard deviations.  Such definitions of normality, however, ignore the distribu-
tion of test results in patients with a given disease.  In most circumstances, the
distributions of results in patients with disease and in healthy patients overlap.  In
these cases, any criterion of positivity means that some patients free of disease
will have an abnormal result (a false positive); conversely, some patients with
disease will have a normal result (a false negative).

Moreover, many tests provide information on more than a single disease.  That
means that a single rational, mathematically proper criterion of optimization (a
tradeoff of false-positives and false-negatives results) may not be possible to de-
sign.  In such circumstances, laboratories are most likely to report a normal range.

In Figure 9.1 and later figures, we display a probability density distribution
(vertical axis) of test results (horizontal axis) for different populations.  In Figure
9.1, the populations represent patients with no disease, patients with disease 1,
and patients with disease 2.  We display patients with no disease along a negative
vertical axis to provide visual separation from the populations with disease.1

In all three distributions, the greater the distance from the horizontal (zero)
axis, the higher the probability.  The two vertical lines delineate the normal range,

1For illustrative purposes, we drew each distribution as normal or Gaussian.
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here set as the mean plus or minus two standard deviations in the normal popula-
tion, encompassing 95% of patients without disease.  The number of individuals
with disease 1 and disease 2 who have an abnormal test result (which is a result
greater than or to the right of the upper cutoff) will depend on the overlap of the
distributions of results in disease 1 and disease 2 and the normal population.
Such laboratory-based definitions of normality may create different degrees of
overlap for different diseases.

When one reports quantitative test results of this type as either positive or
negative, one is discarding what could be useful information.  For example, a
PSA of 5 ng/ml carries different information about the likelihood of cancer of the
prostate (apart from the issue of slow- or fast-growing disease) than does a PSA
of 8 ng/ml.  However, having a simple criterion of positivity allows clinicians to
interpret the meaning of the result more readily in the context of a particular
patient who may have a particular pretest likelihood of disease, which often will
be based on clinical presentation, history, demographics, and even physical ex-
amination or other known test results.

With a criterion of positivity, the performance of a test can be described on
the basis of two characteristics: sensitivity and specificity (Figure 9.2).  Sensitiv-
ity describes a test’s performance in patients known to have disease; it is the
likelihood of a positive result given disease.  It is also known as the true-positive
rate; the false-negative rate is its complement.  Specificity describes a test’s
performance in patients known not to have disease; it is the likelihood of a
negative result given the absence of disease.  It is also known as the true-negative
rate; the false-positive rate is its complement.

FIGURE 9.1 Probability distributions of laboratory normal range and two diseases.
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Figure 9.2 displays test results on the horizontal axis, and the probability of a
given test result on the vertical axis for patients with disease (going up) and patients
with no disease (going down).  The three vertical lines display three different
potential cutoffs or criteria of positivity, A, B, and C.  The heavy line B is a middle
ground that represents a compromise between sensitivity and specificity.

The line to the left (A) represents a more lenient—“lax”—definition of positiv-
ity; this definition increases sensitivity (including a greater proportion of patients
with disease to the right of the criterion) while decreasing specificity (including a
greater proportion of patients without disease to the right of the criterion).  The line
to the right (C) represents a more strict—“rigid”—definition of positivity; this
definition decreases sensitivity (including a smaller proportion of patients with
disease to the right of the criterion) while increasing specificity (including a smaller
proportion of patients without disease to the right of the criterion).  Those perfor-
mance characteristics can be transformed into a variety of interpretation aids, of
which the receiver operator characteristic (ROC) curve is particularly useful.

The Receiver Operator Characteristic Curve for a Test

A critical question in interpreting screening tests is how and where to estab-
lish a criterion of positivity—that is, the cutoff (cutpoint) for that particular test as
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FIGURE 9.2 Probability distributions of diseases and test results.
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being either positive (abnormal) or negative (normal).  That is especially relevant
in a screening situation in which the test is applied to many similar patients and
the purpose of the test is to categorize patients into two subsets: those with
positive results, who will be referred for evaluation or treatment (or both), and
those with negative results, who will be reassured.

The optimal cutpoint depends critically on the extent to which the distribu-
tions of results in healthy individuals and in those with disease overlap.  It also
depends on several other factors, including the prevalence of disease in the popu-
lation to be screened, the importance of early identification of individuals with
disease (so that they might receive the benefit of early treatment or, in the case or
RECA, compensation), and on the burden of falsely classifying healthy individu-
als as persons requiring further evaluation or treatment.  Viewed from a different
perspective, the benefit of early treatment is just an alternative way of expressing
the burden of having treatment delayed.

These comparisons typically presume that a test is to be performed.
The determination of an optimal cutpoint is applied to interpreting a test.  If we
broaden the decision problem to include whether to perform the test at all
(Pauker and Kassirer, 1980), the situation becomes more complex.  Although
arguably the optimization decision should include that perspective, clinicians
usually do not take that perspective when establishing a cutoff.  More typically,
clinicians select an optimal cutoff, thereby establishing the test’s operating
characteristics, and only then do patients and clinicians choose whether to
perform the test.

Typically, distributions of screening tests overlap.  Often, the relationship
between the false-positive rate and the true-positive rate is monotonic: increasing
one increases the other.  That relationship defines the ROC curve (Figure 9.3).

In Figure 9.3, the horizontal axis displays the false-positive rate for a given
criterion of positivity; the vertical axis displays the true-positive rate correspond-
ing to the same criterion of positivity.  A perfect test (i.e., one for which the false-
positive and false-negative rates are both zero) would have an ROC curve that
rises along the vertical axis from the origin until the point corresponding to a true-
positive rate of 1.0 and a false-positive rate of zero (upper left corner of the
graph) and then passes to the right along the upper border of the graph to the
upper right hand corner.  The degree to which an ROC curve departs from this
ideal is a measure of the general reliability of the test.  This can be represented as
the area between the test’s ROC curve and a 45 degree diagonal line correspond-
ing to a test whose true-positive rate equals its false-positive rate for all possible
cutoff criteria.  Such a test would carry no information.

The three hypothetical criteria shown in Figure 9.2 correspond to the three
points (A, B, and C) on the ROC curve in Figure 9.3.  Criteria that are more lax
(criteria toward the left in Figure 9.2) fall toward the upper right end of the ROC
curve; criteria that are more strict (criteria toward the right in Figure 9.2) fall
toward the lower left end of the ROC curve.
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For example, consider criterion C, which is rather strict.  The area under the
no-disease curve to the right of that line (the false-positive rate) in Figure 9.2 is
roughly 1% and is plotted on the horizontal axis in Figure 9.3 as corresponding to
point C.  The area under the disease curve to the right of that line (the true-
positive rate) in Figure 9.2 is roughly 35% and corresponds to the vertical axis
value of point C in Figure 9.3.

The mathematics of optimization are complex (and discussed further in Ap-
pendix D).  One can visually identify the optimal operating point (corresponding
to the criterion of positivity or cut point that minimizes the combined burden of
false-negative and false-positive results in a given population) as the point where
the slope of the ROC curve (or its tangent) is numerically equivalent to

( ) ( )1− ×Pr

(Pr

evalence BurdenFalsePositive

evaleence BurdenFalseNegative) ( )×

The burden of a false-positive result is defined as the degree to which an indi-
vidual without disease but with a falsely positive test result is less well off (on
some outcome scale) than a similar individual without disease but with a truly
negative test result.  Similarly, the burden of a false negative is defined as the
degree to which an individual with disease but with a falsely negative test result
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FIGURE 9.3  Receiver operating characteristic (ROC) curve.
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is less well off (on some outcome scale) than a similar individual with disease but
with a truly positive test result.

In another formulation of the criterion for the optimal cutoff,  the reciprocal
of the slope of the ROC curve (or its tangent) should be numerically equivalent
to the burden ratio.  In this case, the reciprocal of the slope equals Ωdisease ×
BurdenRatio, where Ωdisease is the odds of disease and BurdenRatio is Bur-
denFalseNegative/BurdenFalsePositive.  Some authors call the burden of a false-positive
result the “cost of a false positive” (C) and the burden of a false-negative result
the “benefit of a true positive” (B).  This approach yields an optimal cutoff at the
point on the ROC curve where the reciprocal of the slope equals Ωdisease × B/C,
the benefit-cost ratio.  The reason is that a false negative—a test that should have
been positive—causes the loss of the benefit of a true positive (the ability to treat
the disease early or in the case of compensational screening in RECA popula-
tions, the ability to successfully seek compensation).

At high benefits of early detection, high prevalence of disease, or low bur-
dens of false-positive results, the ratio will be small and the best cutoff point will
lie along the flat area to the right of the ROC curve, where both the true-positive
and the false-positive rates are high.  This point corresponds, in other words, to
the spot at which the criterion of positivity is lax or toward the left in Figure 9.2.
Conversely, at low benefits of early detection, low prevalence of disease, or high
burdens of false-positive results, the ratio will be large, and the best cutoff point
will lie along the steep area to the left of the ROC curve, where both the true-
positive and the false-positive rates are low; this point corresponds, in other
words, to the spot at which the criterion of positivity is rigid or toward the right in
Figure 9.2.

Thus, as one considers medical screening tests for the RESEP populations,
one should consider the prevalence of disease in each case.  Doing so implies a
program that is administratively far more complex than RESEP (or HRSA grant-
ees) now follows.  Nonetheless, for the specialized purposes of RESEP and the
populations it is supposed to serve, establishing different criteria for test positiv-
ity in different populations or even in different geographic areas—for which
prevalence rates of compensable disease might vary—might be scientifically
more appropriate and ethically more defensible.

For example, in a geographic area with little fallout, an unusually high pro-
portion of screenees would turn out to be false positives; in fact, if no case of
compensable disease were detected, all the positives would be false positives.
The costs of those false positives might pose a major challenge that might be
mitigated by choosing a more rigorous criterion of positivity.  Although in prin-
ciple an analogous argument might be made about false negatives, the only way
that a high proportion (or all) of the negatives could be false negative is for the
prevalence of the RECA-compensable disease for which screening is undertaken
to be very high, certainly higher than 50%.  That circumstance would be quite
unlikely.
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Gold Standards

When we consider the performance of a diagnostic test in establishing the
presence or absence of a disease, the underlying assumption is that, separate from
the test in question, a “gold standard” (sometimes called a reference standard) or
definition exists that can classify the population to be tested into individuals with
disease and individuals without disease.  Sometimes this simple concept is not
unambiguously met, because no clear external diagnostic gold standard exists (at
least for many patients).  Rather, the gold standard for some tests can be the
clinical diagnosis, but that diagnosis itself sometimes depends on the results of
the test being evaluated, and this leads to a kind of circular reasoning.

When the gold standard for diagnosis changes, the assessments of the perfor-
mance of a diagnostic test may also change.  The effects differ depending on
whether the gold standard for diagnosis is made more strict or more lax.

If a newer or revised gold standard is stricter than a former one, then patients
whom the newer standard classifies as having disease will tend to have more
severe disease than would previously have been the case.  Moreover, a diagnostic
test being measured against the new gold standard is more likely to be positive in
this smaller set of diseased patients.  Thus, the test’s sensitivity will increase.  For
example, if the stricter gold standard excludes very small cancers, such as cancer
in situ or very localized disease, then a diagnostic test that depends on tumor
mass will be more likely to be positive in this small subset of patients.

In addition, a stricter gold standard will tend to classify patients who have
mild or minimal disease as not having disease.  Hence, a diagnostic test being
measured against the new gold standard is more likely to be (falsely) positive in
the larger set of patients without disease, because the enlarged set of patients said
to be free of the disease will actually include more patients who have mild or
minimal disease.  Thus, the test’s specificity will decrease.  Finally, making the
gold standard stricter also decreases the measured (or estimated) prevalence of
disease.

The opposite effects will occur if the revised gold standard that defines the
presence of disease is made more lax.  The sensitivity of a test measured against
this revised gold standard will decrease because the group of patients classified as
having disease will include more mild or minimal cases.  Necessarily, the speci-
ficity of a test measured against this revised gold standard will increase because
the group of patients classified as not having disease will include fewer mild or
minimal cases.  Making the gold standard more lax also increases the prevalence
of disease.

These are complex and important relationships.  Early in this chapter, we
used the terms strict and lax to describe criteria for defining a positive test.  In this
section, we use the same terms to describe the criteria for defining the presence or
absence of disease.  Many gold standards are not fixed (that is, they also can
vary); this fact complicates the analysis of relative test performance.
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Consider the example shown in Figure 9.4A-D.  Figure 9.4A shows the
likelihood of a given test result in three populations of patients: those with severe
disease, those with mild disease, and those with no disease.  In Figure 9.4B, these
three populations have been merged into two groups—patients with disease and
patients with no disease—by defining disease to be only severe disease.  The no-
disease category now includes some patients with mild disease, and patients in
this category are more likely to have a positive test result than are patients in the
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FIGURE 9.4A Probability of test result in three populations defined by presence and
severity of disease.
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FIGURE 9.4B Probability of disease in two populations: mild disease is classified as no
disease.
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original no-disease population.  With this classification, test specificity will de-
crease (for a given criterion of positivity) compared to just looking at the test in
patients who have no disease at all.  In contrast, test sensitivity will increase
compared to a mix of patients with mild and severe disease because all patients
now classified as having disease will have severe disease and therefore be more
likely to have a higher test result.
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FIGURE 9.4D Two ROC curves: mild disease classified as disease, and mild disease
classified as no disease.

FIGURE 9.4C Probability of disease in two populations: mild disease is classified as
disease.
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The opposite circumstance arises in Figure 9.4C, in which patients with
disease include patients with both mild and severe disease.  In this case, test
specificity will be higher because the population of patients with no disease no
longer includes patients with mild disease.  Similarly, with this new classifica-
tion, patients with “disease” now include patients with less severe disease, and
patients in this category are less likely to have a test result above the same
criterion of positivity.  For that reason, test sensitivity will be lower.  These
effects are summarized in the corresponding ROC curves (Figure 9.4D).  The dot
on each curve corresponds to the same criterion of positivity.

If the test under consideration is itself the gold standard for diagnosis, then it
is by definition perfect.  That is, a positive result establishes the diagnosis and a
negative result excludes it, both with certainty.  The specificity and the sensitivity
of the test are both 100%.  (These points are taken up further in Chapter 10 in the
discussion of the RECA gold standard.)

The Meaning of a Positive Test

Sensitivity, specificity, and ROC curves apply to two populations: individuals
without disease and individuals with disease.  In contrast, the task that the clinician
interpreting a screening test faces deals with an individual who is not known to be
a member of either population.  Rather, that individual is known to have some
chance (the pretest probability) of being in one population or the other.

Faced with a positive test result, the clinician and the patient must consider
what it means.  The effect of a positive test is to increase the probability of
disease from the pretest likelihood (often the population-based likelihood or
prevalence) to a revised, posttest probability.  Calculating a revised probability of
disease depends on three factors: the pretest probability or prevalence of disease,
the test’s sensitivity, and the test’s specificity.

Consider, as shown in Figure 9.5, 1,000 patients screened, of whom 1% (10)
have disease.  If test sensitivity is 80%, 8 of the 10 will have a positive test result.
Of the 990 patients without disease, if the test specificity is 70%, 30% or 297
patients will also have a positive test result.  Thus, 305 patients will have positive
test results; of these, 8 or 2.6% will actually have disease (the revised probability
of disease).  Thus, a positive test result increases (in this case, more than doubles)
the probability that the patient has the disease from 1% (the state before testing)
to 2.6%; a negative result decreases it (in this case, reduces by two-thirds) from
the original 1% to 0.3%.

Clinicians, patients, and policymakers can legitimately ask: Is 2.6% high
enough to justify the risks and costs of further workup?  Is 0.3% low enough to
forego further workup and reassure the patient that no disease has been detected?
Answers to these critical questions depend on a host of other, nonstatistical
matters, such as the benefits, risks, and costs of treatment, and the risks and costs
of further diagnostic evaluation (Pauker and Kassirer, 1980).
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These three factors are combined in a process known as Bayesian analysis.
In the simple case of a test that is either positive or negative and a disease that is
either present or absent, the revised or posterior (posttest) probability (also known
as the positive predictive value) is calculated as

Prevalence

Prevalence Prevalence

×
× + − × −

Sensitivity

Sensitivity Specificity( ) ([ ] [ ])1 1

For example, as in Figure 9.5, if the prevalence were 1%, the sensitivity
80%, and the specificity 70%, then the revised or posterior probability of disease
after a positive test would increase to

1 80

1 80 99 30
2 6

% %

% %) ( % %)
, . %.

×
× + ×(

or

In the screening situation (when the prior or pretest probability of disease is
low), the major drivers of the posttest probability are the test’s specificity and the
disease prevalence.  If one assumes that the test’s sensitivity is reasonably high,
one can approximate the posttest probability as

Prevalence

Prevalence False Positive Rate+ +
,

%

% %
. %.in this case or

1

1 30
3 2

This simple approximation allows the clinician or the patient who was or will be
screened to judge quickly the meaning of a positive test result.

1000 patients screened

10 have disease 990 do not have disease

Prevalence 1%

8 have
positive test

2 have
negative test

Sensitivity 80%

297 have
positive test

693 have
negative test

Specificity 70%

Positive Results Negative Results

8 have disease

305 positives 
= 2.6%

2 have disease

695 negatives 
= 0.3%

FIGURE 9.5 The meaning of a positive test.
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The above reasoning applies to single screening tests that are looking for a
single disease.  The issue is far thornier when one considers the simultaneous
application of several screening tests that are looking for several diseases.

The Conundrum of the False-Positive Cascade

RESEP proposes screening for 20 malignant conditions in downwinders and
onsite participants, seven malignant and nonmalignant conditions in uranium
millers and ore transporters, and six other conditions in miners.  The specificity
of each of the proposed screening tests for these separate conditions is likely to be
well below 95%.  For instance, the specificity of CA-125, a tumor marker that is
often present in the peripheral blood of patients with ovarian cancer is limited;
CA-125 is high in 88% of patients who have endometriosis, a far more common
entity, as well as in right heart failure, cirrhosis and tuberculous ascites.  Simi-
larly, the fecal occult blood test (a screening test for colon cancer) and breast
self-examination, clinical breast examination by a clinician, and mammography
(screening tests for breast cancer) have low specificity.

Since Galen and Gambino (1975) described the effect of panels of clinical
chemical tests, physicians have understood that obtaining a battery of tests is
highly likely to produce false-positive results—“red herrings” that demand fur-
ther study that can lead to various good and bad consequences.  The general
public may not understand that principle as clearly, however.  Consider a typical
laboratory test for which the normal range is defined in a healthy population as
the test’s mean plus or minus two standard deviations—meant to encompass 95%
of the healthy population.  That definition corresponds to a test specificity of
95% and a false-positive rate of 5%; this point is shown in Table 9.4, first row,
columns 2 and 3 (in bold face).

Complicating this point is the fact that some laboratory tests do not define a
normal range (an upper and a lower limit of normal).  Rather, they specify either
an upper or a lower limit.  In that case, the likelihood of a false positive may not
be 5%.  Nevertheless, if the chance of a false positive in each test of a panel is not
zero, a cascade of false positives will still develop as the number of tests in the
panel increases.

Now consider a pair of two such independent tests applied to a healthy
individual (Table 9.4, second row).  Using our main example, the likelihood that
both tests will be normal (what might be called joint specificity) is 95% times
95%, or 90.25%; the joint false-positive rate is 9.75% (100% - 90.25%).  If three
tests were performed on a healthy individual, the joint specificity would be 85.7%
(95% times 95% times 95%) and the joint false-positive rate 14.3% (100% -
85.7%).  For 12 such independent tests, the joint specificity would be 54% and
the likelihood of at least one (falsely) positive result 46% (100% - 54%).  Of
course, if the tests are not independent, then this simple multiplication must be
adjusted for the degree of positive or negative correlation among the tests.
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The classic lesson of the false-positive cascade is taught to medical students:
a panel of screening tests is likely to include at least one false-positive result.
Each test’s specificity and the number of tests performed affect these values, of
course, and one can calculate them from the binomial distribution.  If 20 tests
were performed on a downwinder (as in some of the current RESEP programs)
and if each test has a specificity of 80% (a value not atypical of the RESEP
screening tests; Table 9.4, row 20, columns 11-13), then the likelihood that all 20
will be negative in an individual who does not have any of diseases being sought
is only 1.15% or roughly 1 in 90.  As shown, 5.8% of individuals truly without
disease who are screened will have a false-positive result on one test, and roughly
14 percent will have false-positive results in two tests.  Not shown in Table 9.4:
roughly 20% will have false-positive results on three or four tests, roughly 18%
on five tests, 11% on six, 5% on seven, and 2% on eight.  An example of this
phenomenon is reported in the results of the Prostate, Lung, Colorectal and
Ovarian (PLCO) Screening Trial (Lafata et al., 2004), in which the joint specific-
ity of four screening tests was 49.11% among men and 64.0% among women.

In general, joint specificity equals

1− ∏Specificity
i

i

,

or, if all the specificities are the same 1 – SpecificityN.  Even modest declines in
specificity (moving across Table 9.4 from left to right) cascade into substantial
increases in the likelihood of one or more false-positive results.  In large measure,
this phenomenon explains the great loss of enthusiasm for multiphasic screening,
an approach popular in the 1970s (Olsen et al., 1976).

Multiple Tests for a Single Disease

In this section, we consider the case in which more than one test is used to
look for the same disease; in this scenario each test has its own sensitivity (for
example, sensitivity1 and sensitivity2) and its own specificity (for example, speci-
ficity1 and specificity2).  Each of these operating parameters is less than unity
because no test is perfect.  The implication of such a screening approach, involv-
ing two or more steps, depends on how a positive screen is defined (Figure 9.6).

Definitions of a positive screen may center on whether one applies an “AND”
or an “OR”2 criterion and then judges test performance in terms of sensitivity,
specificity, and positive predictive value.  We discuss these points below, using
the percentages in Table 9.5 to illustrate the argument.

If denoting the screening protocol as positive and proceeding to the next step
(informing the patient, referring the patient, and beginning a confirmatory work-

2In this discussion, we use “OR” in the inclusive sense, that is “A OR B” means “A or B or both.”
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up) together require that both tests be positive—a criterion often called the AND
criterion—then the joint sensitivity of the testing pair is less than either individual
sensitivity, and the joint specificity is higher than either individual specificity.  If
the tests are statistically independent, then the joint sensitivity will be Sensitiv-
ity1 × Sensitivity2, and the joint specificity will be 1 – [1 – Specificity1) ×
(1 – Specificity2)].

Of course, many tests are not statistically independent of one another; in-
stead, they may depend on the stage of disease.  In such cases, the joint specificity
of two or more tests interpreted by the AND criterion may not be as high as this
expression might predict.  As a special case, consider the circumstance in which
the second test is a repeat of the first, perhaps even on the same tissue or blood
sample.  In that case, the two results would be very dependent, and one would not

TABLE 9.5 Interpretation of Two Diagnostic Tests

Individual Joint

Parameter Test 1 Test 2 AND OR

Sensitivity 70% 80% 56% 94%
Specificity 90% 95% 99.5% 85.5%
Positive Predictive Value

Disease Prevalence   1% 6.6% 13.8% 52.8% 6.1%
Disease Prevalence 20% 58.6% 76.2% 95.7% 56.5%

FIGURE 9.6 Multiple tests: AND versus OR.
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expect the joint specificity to increase at all, save perhaps to account for truly
stochastic laboratory variation.  In general, if the two tests are correlated, then
their joint specificity must be adjusted to account for the degree of positive or
negative correlation.

For example, if the two sensitivities are 70% and 80% and the two specifici-
ties are 90% and 95%, then the joint sensitivity will be 56% and the joint specific-
ity 99.5%.  In a screening setting with low prevalence of disease, a higher speci-
ficity will probably produce an improved posterior (posttest) probability—that is,
a higher positive predictive value.  Such improved specificity with the AND
criterion of combination might be useful if the prevalence of disease were low or
if the burden of false-positive results were high, that is, when excluding the
presence of a disease may have a high priority.  If those tests were applied in a
population in which the prevalence of disease is 1%, the positive predictive value
if test 1 alone were positive would be 6.6%, the positive predictive value if test 2
alone were positive would be 13.8%, but the positive predictive value if both
were positive would be 53%.  In contrast, if the tests were to be applied in a
population in which the prevalence of disease is 20%, the positive predictive
value if test 1 alone were positive would be 59%, the positive predictive value if
test 2 alone were positive would be 76%, but the positive predictive value if both
were positive would be 96%.

Conversely, if denoting a screening protocol as positive and proceeding to
the next step requires only that either test be positive—a criterion often called the
OR criterion—then the joint sensitivity of the testing pair is higher than either
individual sensitivity and the joint specificity is lower than either individual
specificity.  If the tests are independent, then the joint sensitivity will be 1 – [1 –
Sensitivity1) × (1 – Sensitivity2)], and the joint specificity will be Specificity1 ×
Specificity2.

Using the same example as above, the joint sensitivity will be 94% and the
joint specificity will be 85.5%.  In a screening setting with low prevalence, a
lower specificity will probably produce a lower positive predictive value.  Again,
in a population in which the prevalence of disease is 1%, the positive predictive
value after either test was positive would be only 6.1%.  In contrast, in a popula-
tion in which the prevalence of disease is 20%, the positive predictive value after
either test was positive would be 57%.  The improved sensitivity of the OR
criterion of combination might be useful if the burden of false-positive results
were low and if finding a disease had high priority.  As seen in Table 9.5, the
difference between the AND criterion and the OR criterion is proportionally
greater in the low-prevalence setting that is typical of screening.

Multiple Diseases and Conditional Probabilities

For simplicity, we have been dealing up to this point with a single disease
and a cutoff criterion that classifies all test results into one of four categories: true
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positive, false positive, true negative, and false negative.  That allows us to think
in terms of the summary measures sensitivity and specificity.  Unfortunately, the
real world does not always support this simplification.

Consider a circumstance with three diagnostic possibilities: disease 1, dis-
ease 2, and no disease.  Assume that we perform a test to establish the presence of
disease 1 but that the likelihood of a positive test is different among patients with
disease 2 than among patients with no disease.  In such circumstances, the “speci-
ficity” of the test cannot be defined, because it depends on the relative likelihood
of disease 2 and of no disease among patients who do not have disease 1.  These
factors make the mathematics a bit more complicated because one needs to think
in terms of conditional probabilities (for example, the conditional probability of a
positive test given the presence of disease 2).  One can, however, derive unex-
pectedly useful diagnostic information by doing so.  A negative test (presumably
for disease 1) can actually change the relative likelihoods of disease 2 and no
disease (Gorry et al., 1978).

Imaging Studies

The situation becomes substantially more complex if one considers imaging
studies, such as chest x rays, computed tomography scanning (CT scans), mag-
netic resonance imaging (MRI), or nuclear scanning.  For each of those studies,
one does not have a single parameter or axis of results, such as an ejection
fraction, a PSA concentration, or an oxygen saturation.  Rather, the person inter-
preting the image can identify any of a large number of abnormalities; these
might be a pulmonary nodule, a diffuse pattern of fibrosis, a pulmonary infiltrate,
or an enlarged cardiac silhouette.

For most imaging studies, interpreters do not limit their reports to a single
criterion of positivity, such as a pulmonary nodule of at least 5 mm in diameter or
a renal mass.  Instead, they typically report one or more of a substantial number
of incidental findings if for no other reason than to protect themselves from an
accusation of missing a cancer, one of the more common reasons for malpractice
actions.  For adrenal, pituitary, and thyroid images, these tiny lesions have some-
times been called incidentalomas.

Thus, estimating the specificity (true negative rate) of an imaging study is
difficult.  The literature can provide information about specific findings, for
instance, how often a solitary pulmonary nodule larger than 5 mm in diameter is
present in the absence of cancer.  It does not tell us how often a radiograph of a
healthy individual is reported as completely normal.  In part, these decisions
depend on how hard the imager looks.  Because many incidental findings will
generate further workup and anxiety among individuals screened with imaging
techniques, the false-positive cascade and its burden will increase considerably if
a screening protocol includes several imaging studies.
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Repeated Studies

Our discussion of screening has implicitly considered a screening test or
battery of tests at a single time.  Many RECA diseases, however, evolve, either
developing a new manifestation or reaching the threshold of detectability.  That
threshold may vary from test to test for a specific disease (see the discussion
above of lead time bias and the inherent biases of using more sensitive screening
tests).

Thus, we can ask, if an initial screening test for a disease is negative, should
the test be repeated in the future?  If so, when?  The many groups that have
recommended only a limited number of screening tests have not uniformly ana-
lyzed the complex question of retesting.  They often address it informally or in
terms of expert opinion.

For the initial screening test, the appropriate measure of pretest probability is
the prevalence of disease in the population.  If a screening test is to be repeated,
then the pretest probability of disease is usually the interval incidence of disease,
a number almost always lower than the prevalence.  The interval incidence of
disease refers to individuals known not to have the disease at the beginning of a
period (because of a prior negative evaluation at that time) who develop the
disease by the end of that period.  If the initial screening test is negative, one may
well be selecting a subset of the population with a lower-than-average propensity
for developing the disease.

In such repeat screening scenarios, the pretest likelihood is often far lower
for the second and later screens than for the first.  Arguably, the evidence for
repeating a test must be even stronger than it was for the initial screen.  Some
experts pose counterarguments, however.  On the one hand, for instance, one
might say that disease identified on a repeated screen is more likely to be rapidly
developing, although whether more aggressive disease is more or less amenable
to the benefit of early treatment is not clear.  On the other hand, one might argue
that disease identified on the repeated screen may be more likely to have existed
in an earlier stage and thus be more amenable to early treatment.  Answers must
lie in scientific evidence and in studies that compare outcomes of various fre-
quencies of repetition of screening.  Few such studies have been reported.

Conclusions of Other Groups

As mentioned above, various advisory bodies have considered screening
options for many diseases, and relatively few have been recommended for rou-
tine screening.  We have presented a fairly extensive listing in Appendix E to
convey where the current view of medical screening for primary care; materials
there are taken from recommendations of the second or third Guide to Clinical
Preventive Services of the USPSTF or, where appropriate, recommendations of
the equivalent Canadian task force.  We have included all “recommendation and
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rationale” statements concerning neoplastic diseases, whether they are specifi-
cally RECA conditions or not;  we have also developed a listing of other “A” and
“B” recommendations (respectively, strongly recommend and recommend) from
the USPSTF for a variety of other conditions.  The intent is to convey the extent
of coverage of clinical preventive services as they apply to screening, to under-
score the point that very few diseases are at present amenable to screening (in
asymptomatic populations) with reliable and valid tests in which the benefits of
screening likely outweigh the risks or harms of such screening.

We note, for example, that screening for cancers of the cervix, breast, and
colon is recommended; screening for cancer of the prostate receives mixed re-
views, and extensive discussion with the patient is suggested before it is under-
taken.  Screening for cancers of the lung, pancreas, ovaries, and thyroid is not
recommended, in part because prevalence is low (ovary and thyroid) and in part
because the therapeutic benefit is small (lung, pancreas, thyroid).

To modify those recommendations in RECA populations, one would need to
believe that the prevalence of those diseases that offer some benefit of early detec-
tion and treatment is substantially higher than it is in other populations.  As ex-
plained in other chapters, that proposition probably does not hold.  First, we are
now many years after exposure, so that the excess relative risk of the cancers has
declined.  Second, some downwinders had had relatively low exposures to the
radiation particles that would be expected to induce most of the cancers.  Of course,
for many cancers and geographies the data about exposure include substantial
uncertainties.  Third, as the exposed population ages and comorbidities develop, the
medical benefit of early detection in improving life expectancy wanes.

Thus, for downwinders and onsite participants, little rationale can be ad-
vanced for expanding medical screening recommendations in the RECA popula-
tions beyond contemporary recommendations for the general population (as in
Appendix E) that are based on an assumption of achieving improved health
outcomes through early detection and on an acceptable balance of benefits and
harms.

For miners, millers, and transporters who were exposed to dust and silica, the
same issues arise as in mining for other materials, for example, exposure to silica.
In general, silicosis and coal workers’ pneumoconiosis (CWP) are progressive
diseases managed by minimizing exposure.3  Few data suggest that early identi-
fication and treatment can modify prognosis, save once the fibrotic lung disease
is established, save to decrease further exposure to silica (Sharma et al., 1991;
Bates et al., 1992; Banks et al., 1993; Banks, 2005).  Small trials of systemic or
bronchoalveolar lavage with steroids have shown modest statistical but not clini-
cal improvement (Sharma et al., 1991).  Thus, early identification of silicosis in

3Black lung is a common term for coal worker’s pneumoconiosis caused by excessive exposure to
coal mine dust.  Silicosis is related to the excessive quartz dust exposure (http://www.thoracic.org/
news/atsnews/news0197.html#ats9, accessed for this purpose 10/2/2004).
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asymptomatic individuals who are no longer actively employed as miners would
be of limited medical benefit.

Silicosis is, however, associated with an increased prevalence of mycobacte-
rial disease.  Performing a purified protein derivative (PPD) or tuberculin test to
screen former miners, millers, and ore transporters for tuberculosis is a rational
approach.  Such skin testing need not be predicated on demonstrating silicosis on
a chest x ray.  If the skin test were positive, following up with a chest x ray, and
perhaps with other appropriate tests to confirm the presence of active disease (if
the x ray were suspicious) would be the current standard of care.  Offering
prophylactic antituberculosis therapy to patients with positive skin reactions who
do not have active disease might be valuable as well.  The demonstration of
silicosis on chest x ray might  improve compliance with early treatment for latent
mycobacterial infections.   Some data suggest that lung cancer to have a some-
what increased frequency in patients with silicosis, but the data are inconsistent;
moreover, early detection does not appear to confer much, if any benefit.

Several groups, including the National Institutes of Health and the National
Kidney Foundation, suggest screening for early evidence of chronic renal disease
in populations at risk for renal failure, such as patients with diabetes and hyper-
tension.  Recently, those recommendations have been extended to include a far
broader population (Levey et al., 2003; National Kidney Foundation, 2002).  If
chronic renal dysfunction is identified early, various interventions such as angio-
tensin-converting enzyme [ACE] inhibitor drugs, diet modification, and lipid-
lowering therapies, can slow the progression of renal disease with substantial
benefit.  Recent data suggest that the “MDRD” glomerular-filtration-rate (GFR)
calculator, developed as a part of the modification of diet in renal disease study
(Levey et al., 2003; http://www.nephron.com/mdrd/default.html, accessed 3/13/
2005), is probably the most accurate means of identifying such patients.  Because
of the putative relationship between exposure to soluble uranium salts and renal
failure (perhaps more acute than chronic) and because chronic renal disease is a
RECA-covered disease for some uranium workers, screening millers and ore
transporters for renal dysfunction is reasonable.

The committee finds insufficient supporting evidence to support additional
medical screening or medical case-finding in the RECA populations beyond the
level and type of screening advised for general populations and persons with
occupational exposures similar to those of in miners in general.  Specifically the
committee recommends that the Health Resources and Services Administra-
tion base RESEP medical screening efforts in asymptomatic individuals on
robust scientific evidence that such screening improves health outcomes and
that its benefits outweigh its risks.

The committee believes that the current legislation and regulations that pro-
mulgate screening for the RECA-compensable diseases for the purpose of pre-
venting disease and improving health arise because the distinction between medi-
cal screening and compensational screening, as explicated in this chapter, has not
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been clear.  With that distinction in mind, the committee recommends that
HRSA not extend its medical screening beyond the generally accepted screen-
ing protocols that apply to the US population at large.  However, the com-
mittee further recommends that uranium miners, millers and ore transport-
ers also be screened for diseases generally recommended for screening in
other mining populations and that uranium millers and ore transporters be
screened for chronic renal disease.

In particular, the committee observes that some screening protocols that
HRSA grantees now use exceed these guidelines.  In our judgment, HRSA should
cease funding any medical screening efforts that do not conform to the recom-
mendation.  Correspondingly, the committee recommends that, once an indi-
vidual has been shown to be administratively eligible for compensation un-
der RECA (including employment, residence, or a calculated PC/AS at or
above some established cutoff criterion), the individual be offered medical
screening recommended in generally accepted protocols that apply to the
population at large (see Appendix E-2).

FUTURE RESEARCH

The committee has referred earlier to authoritative screening recommenda-
tions from the USPSTF and other groups (see Appendix E).  The dozens of
systematic reviews prepared for the USPSTF and the related USPSTF statements
of recommendations and rationales typically have extensive comments on future
research issues, including the reviews of cancer screening technologies.  These
can be found on the USPSTF website (www.ahrq.gov/clinic/prevenix.htm) and in
the peer-reviewed literature.

We briefly raised the question of the costs of screening in general and of the
RESEP program in particular.  Not much is known about the cost-effectiveness of
screening, in part because of the unproven effectiveness of many screening mo-
dalities (such that examining cost-effectiveness has little meaning).  Very little
information is available on the cost-effectiveness of alternative screening strate-
gies; the chief exceptions are screening for colorectal cancer and type 2 diabetes.
Insofar as HRSA and RESEP engage in appropriate medical screening in the
future, data from strong cost-effectiveness analyses would help HRSA to specify
RESEP screening strategies that would optimize use of federal resources.  We
note in particular the need for more head-to-head comparisons of screening tech-
nologies and for collection of cost data for cost-effectiveness analyses.  The
committee encourages Congress to expand financial support for rigorous studies
of diagnostic and screening tests, including cost-effectiveness analyses.

As documented elsewhere in this report, the six current HRSA grantees
operate screening programs with quite different orientations.  Some do screening
similar to a broad-based annual physical examination, with attention to both
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RECA-compensable disorders and to non-RECA ailments typical of the age and
sex of patients that they see; their orientation might thus be characterized as more
medical than compensational.  Others (notably the Indian Health Service RESEP
program in Shiprock, New Mexico) apparently direct their focus nearly exclu-
sively to RECA conditions and do not expand their screening efforts beyond that;
their orientation might be characterized as more compensational than medical.
The committee believes that such variation poses problems of inequity that HRSA
should investigate in more detail; one aim of such a study is to determine whether
some individuals are receiving more services than others for equivalent expendi-
tures of public dollars in RESEP.  On the other hand, the best practices among
current grantees are not clear. It would not be unreasonable for HRSA to under-
take a trial to establish which protocols are most effective.  Of course, participa-
tion in such a trial should also be predicated on obtaining informed consent for
the trial from each participant.

The RECA populations being screened by HRSA grantees with RESEP fund-
ing are an interesting group to study insofar as they comprise individuals with
presumably greater than average risks of disease.  The sensitivity, specificity, and
positive and negative predictive values (or reliability and validity) of a variety of
screening tests may well differ in those populations from the values in popula-
tions of either average or low risk.  Epidemiologic and clinical studies might well
be undertaken to clarify the yield from various screening tests; such work would
shed light on the utility of the individual tests and combinations of tests under
those circumstances.

HEALTH-CARE ISSUES BEYOND SCREENING

Evolution of Technology

Apart from the issues we have raised above about medical and compensation
screening, we note that some testing, particularly diagnostic testing, must and
will continue.  For uranium miners, for example, the increased risk of lung cancer
and restrictive lung disease can be addressed through traditional services, such as
pulmonary function tests and chest x-rays.  Those methods have been applied to
studies of underground miners (for example, of coal workers’ pneumoconiosis in
the United States and uranium miners in many countries) and can be said to be
appropriate current practice as carried out by the current HRSA grantees.

However, as new imaging and sputum-cytology methods emerge, the HRSA
grantees should be encouraged to consider new and better tests (especially those
with test properties better than those of traditional screening or diagnostic tests)
and abandon tests that appear to be less effective.  Such evolution should, how-
ever, be based on evidence.  The committee would generalize that point by saying
that both HRSA and the medical professions more broadly must be sensitive to
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the evolution of useful technologies, adopting those of improved performance
and discontinuing use of those approaching obsolescence.

Screening Recommendations from Other Groups

As reflected in this chapter and Appendix E-1, the committee used the
USPSTF guidelines to help develop recommendations on medical or compensa-
tional screening of RECA populations.  As the clinical and research communities
develop new or improved screening methods and put them into practice, the
USPSTF and other professional or clinical bodies will review such guidelines
and, as appropriate, revise them.

The Institute of Medicine instituted a modern-day understanding of clinical
practice guidelines as the behest of the then Agency for Health Care Policy and
Research (IOM, 1990a; IOM, 1992; Lohr, 1998, 1999; Lohr et al., 1998).  This
evolution in clinical-practice guidelines since that time for both primary and
specialty or referral care, may have implications for both RECA populations and
the RESEP program.  Updates to clinical practice guidelines of all sorts can be
found through the National Guidelines Clearinghouse supported by the Agency
for Healthcare Research and Quality (AHRQ) (www.guideline.gov) and, specifi-
cally for the USPSTF, through the AHRQ Preventive Services Web site (www.
ahrq.gov/clinic/prevenix.htm) and the Put Prevention into Practice program
(www.ahrq.gov/clinic/ppipix.htm).

The committee recommends that HRSA regularly monitor and follow
screening guidelines developed by the US Preventive Services Task Force
and published by the Agency for Healthcare Research and Quality

Psychologic Issues in Exposed Populations

Of concern to the committee are psychologic disorders potentially present
among downwinders who at various times have not been fully informed about the
risks, although small, of exposure to fallout from the NTS tests.  Major depression
is  a particular concern because of the already high prevalence of depression in the
general population, its serious potential consequences (such as suicide), and its
responsiveness to treatment if it is identified.  Generalized anxiety disorder, post-
traumatic stress disorder, and a more chronic concern among these populations
about their view of living in a “contaminated environment” (Kuletz, 1998, p336),
has been called “chronic environmental stress disorder” (IOM, 1999), and it may be
associated with NTS activity and its aftermath over the past 50 years.  In the end,
the committee could not amass sufficient scientific data or develop a plausible
chain of reasoning to include these conditions as compensable under RECA.

In the setting of a nuclear accident or other catastrophic event, rapidly pro-
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viding the public with accurate information can minimize the mental health ef-
fects (IOM, 1999, p106).  For a variety of reasons, that was not always the case
for downwind RECA populations.  Some people who testified at the committee’s
information-gathering meetings described experiences and impressions that may
place them at risk for some of these disorders.  We heard a good deal about
chronic emotional pain and sorrow related to the cancer deaths of many family
members and friends.  We also heard many of those who testified express anger
and frustration at the government for (supposedly) misleading them and their
predecessors about the dangers of uranium mining, the effects of fallout, and the
meaning of the “dust” found on many crops, homes, and other locations.  They
presumed that this dust was a consequence of the nuclear-weapons tests at the
NTS.  Finally, many spoke of their strong sense of “not being heard” by either
HRSA or DOJ.

Although downwinders were not exposed to a catastrophic threat (such as a
nuclear accident), the paucity of accurate information provided to them for many
years may have contributed to their psychologic burden.  However, even here the
committee did not find any scientific studies to validate the contributory effect of
this paucity of information.  In addition, as noted in Chapter 7, the committee has
been unable to identify any data that evaluate the psychologic effects of chronic
environmental stressors during either the testing and mining periods or, more
recently, among RECA downwinders or other populations with similar radiation-
exposure experiences.  Hence, the committee does not believe that compensa-
tion, as outlined in Chapter 8, is appropriate for downwinders with psychologic
disorders.

Nevertheless, the possibility exists that depression and generalized anxiety
disorder are more prevalent in RECA populations than in the general population
and might have been ameliorated if more complete information had been pro-
vided to these populations in the past.  Of course, such information must be
provided in a culturally sensitive an appropriate manner.  The committee notes
three important factors: (1) rapid, simple, low-cost screening tests for depression
are available and have been validated (Pignone et al., 2002); (2) depression can
have serious consequences that can be ameliorated by timely treatment; and (3)
the USPSTF recommends screening for depression in the general adult popula-
tion within the context of the delivery of health care services by institutions or
providers with appropriate quality assessment programs in place (http://www.
ahrq.gov/clinic/3rduspstf/depressrr.htm).

In sum, screening for depression constitutes good medical practice by pro-
viders with good quality-of-care procedures; the link between quality of care and
ethics (Lohr, 1995) strengthens this conclusion and is implicit in reports from the
Institute of Medicine spanning more than a decade (IOM, 1990b; IOM, 2001).
Given the above, HRSA may want to consider screening for depression in their
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medical screening protocols.  The low-cost, potentially high-benefit strategy of
screening for depression, with appropriate referrals and follow through, may
ameliorate some psychologic burdens in the RECA population.4,5

CONCLUSION

This chapter has reviewed in depth the conceptual and statistical underpin-
nings of screening for medical purposes.  We have discussed the limitations and
risks of  screening for diseases for which early detection offers little benefit.  We
have also shown how screening in low-risk populations and screening for mul-
tiple diseases will produce a substantial burden of false-positive results.  Finally,
we have offered several recommendations to reduce potential harms and mistakes
from the use of multiple screening tests among individuals for whom the medical
benefits cannot outweigh the harms and the likelihood of compensation may be
low.  Some recommendations are directed at agents that would need to amend
RECA (or RESEP) legislation; others are directed at steps that HRSA can con-
sider without statutory changes.  The next chapter picks up on the new issue in
RESEP: screening for compensable disease.

4For the reasons provided in detail in this chapter concerning the potential risks of depression
developing in exposed populations (about which we heard testimony from Drs. Robert Ursano and
Evelyn Bromet), the seriousness of the depression in terms of morbidity and mortality from suicide,
and the treatability of depression, committee members Stephen G. Pauker and Catherine Borbas find
it inconsistent with good medical or public health practice merely to state that “HRSA may want to
consider screening for depression” in RECA populations. It is their opinion that such screening
should be “recommended,” as it is for adults in the general population (see USPSTF).  Further, it is
noteworthy that few, if any, current HRSA grantees have listed screening for depression in their
current protocols, emphasizing the need for this specific recommendation.

5Committee member Kathleen N. Lohr wishes to support a recommendation that HRSA expand its
screening activities to include mental and emotional disorders (particularly major depression, gener-
alized anxiety disorder, and post-traumatic stress disorder), following through as needed with appro-
priate referrals to medical and psychiatric care relevant to the diagnoses in question.  The report still
contains much evidence, both from the published literature and more anecdotally from the numerous
presentations at the committee’s information-gathering meetings, that major and/or minor depression
may well have a prevalence in these RECA populations higher than that for the general adult popula-
tion.  Screening for depression in adults, with the qualifications noted in the report as to the medical
infrastructure needed for high-quality care, is a formal recommendation of the US Preventive Services
Task Force.  Numerous easy-to-use screening methods exist, and the practice of such screening is
spreading (Santora and Carey, 2005).
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Screening for Compensation

As discussed in earlier chapters, amendments in 2000 to the Radiation Expo-
sure Compensation Act (RECA) of 1990 created funds for education, prevention,
and early detection of radiogenic cancers and other diseases.  Of particular rel-
evance here is the charge to the Health Resources and Services Administration
(HRSA) to administer the Radiation Exposure Screening and Education Program
(RESEP) to facilitate the RECA compensation program.  Chapter 9 clarified that
screening activities have two purposes and targets: medical screening to improve
health outcomes and compensational screening specifically for RECA.  In its
interim letter report (NRC, 2003a), the committee addressed medical screening
and concluded that no scientific evidence supported the view that medical screen-
ing beyond that ordinarily recommended for unexposed populations would im-
prove health outcomes.

In Chapter 9, we examined epidemiologic, statistical, and clinical issues
related chiefly to medical screening and explained the numerous drawbacks to
programs that use multiple screening tests even for medical purposes.  We noted
the relative paucity of robust evidence that supports screening for many condi-
tions (including many that RECA covers) and cited the authoritative sources of
guidelines for medical screening of populations in general or those known to
have specific medical risks.  We observed that screening programs can be harm-
ful because of false-positive test results (for example, the physical risks that their
workup entails and the psychologic and social consequences of labeling individu-
als as potentially affected).  We explained the problems of false-positive rates
with multiple tests in various scenarios.  Finally, we discussed the ramifications
of these issues specifically for RESEP, giving particular attention to activities
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intended to promote health outcomes rather than simply document possible dis-
ease for compensation purposes.

In this chapter, we address compensational screening.  This is the use of
medical tests and administrative qualifications to identify individuals who might
be candidates for compensation under RECA.  This concept is required because
RESEP specifies screening for some diseases not traditionally recommended for
medical screening to improve health outcomes. Because a term is required to
describe this RESEP concept, we coin the term compensational screening.  RECA
provides compensation for certain radiogenic and nonradiogenic diseases.  Some
individuals may wish to be evaluated to establish eligibility for compensation,
and RESEP provides a mechanism for such evaluation.

RESEP also provides means of organizing direct or referral care for at least
some screened individuals who are found to have abnormalities that need further
investigation.  It is not, however, specifically mandated to provide care to such
persons (who might then be regarded as patients).  As noted in Chapter 11, some
HRSA grantees with RESEP awards apparently leverage their grant awards to
provide at least some medical services to some patients under various arrangements
for those with or without health insurance.  Nonetheless, even though RESEP is
identified as a medical screening program, it is properly seen more as a compensa-
tional screening program.  Moreover, RESEP was not established to be a provider
of medical services (of last resort or otherwise), although one interpretation of the
services rendered is that they are meant to enhance prevention.

If populations in the RESEP screening program are medically underserved
or reluctant to contact the medical system, diverting resources or providing addi-
tional resources to facilitate such contact might be more beneficial than devoting
resources to enhance screening (medical or compensational); such screening is
unlikely to improve outcomes.  The questions of expanded contact, education,
and outreach are taken up in Chapter 11.

Regardless of the underlying motivation, screening should be preceded by
informed decision making in coordination with a clinician.  The reason is that
such evaluation has potential benefits and potential harms, and the balance be-
tween them may not be clear, especially in RECA-RESEP circumstances.  For
professional and ethical reasons, an explicit plan for appropriate follow-up
services for compensable and noncompensable diseases is needed.  Informed
decision making is as important, if not more so, for compensational than for
medical screening because of the low likelihoods of either monetary payments or
health benefits with the former.

COMPENSATIONAL SCREENING ISSUES:
THE CORE CONCERN FOR RECA AND RESEP

In compensational screening, individuals being screened may have only a
modest likelihood of having a compensable disease. Although the same may be
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said of some medical screening tests if the prevalence of the disease in the
screened population is low, the motivating effect of potential compensation may
well attract individuals with a low likelihood of a compensable disease who, all
other things being equal, probably would not elect to be screened for medical
reasons alone.  Such persons may have only a low likelihood of receiving com-
pensation, but they face the same risks of harm from the screening that individu-
als with higher likelihoods of disease would face.  Hence, they should balance
the likelihood of monetary (but not medical) benefit against the health risks of
screening.

Reasonable individuals may well disagree about whether being screened
solely for the purposes of seeking compensation is a good choice.  Sometimes
such decisions may reflect a lack of complete understanding of the data that
describe the uncertainties engendered by screening; such data may turn on prob-
abilities that themselves are quite low.  For example, many individuals do not
intuitively understand the implications of uncertainty or small numbers (such as
probabilities under 1%), and this is a matter of both literacy and numeracy (dis-
cussed in Chapter 11).  Many untrained individuals cannot adequately distinguish
among, say, 1/100 (1%), 1/1,000 (0.1%), and 1/10,000 (0.01%); all are some-
times seen simply as small numbers.  Many adults not only do not understand the
meaning of small numbers, but they are also challenged in interpreting probabili-
ties and statistics and applying such data to decisions in their daily lives (Schwartz
et al., 1997).

Making rational choices about topics as complex as medical screening
(wherein longer-term health benefits must be balanced against shorter-term risks)
will certainly be near the limits of the ability of some persons to make well-
considered decisions.  The even more complex tradeoffs in compensational
screening (for example, balancing medical risks against the sometimes small
likelihood of monetary gain) could well push many people beyond their ability to
make  informed, rational judgments unless they are carefully supported through-
out the process.

Thus, the ethics of screening for rare diseases and conditions among either
general populations or populations targeted for screening on grounds other than
disease itself (such as compensation) must be taken into account (an issue intro-
duced in Chapter 8).  Compensational screening needs to account for both the
autonomy and the authenticity of the person; the decision must reflect the person’s
desires and must not be coerced.

As now structured, RECA is designed to compensate individuals in three
main groups:

• Those who were exposed to radiation in the course of their employment.
• Those who were exposed during onsite testing of nuclear armaments.
• Those who were inadvertently exposed to fallout because they were down-

wind of nuclear tests.
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RECA established criteria for exposure to radiation (based on timing, place
of residence, and occupational activities).  It also required that claimants demon-
strate at least one of more than 2 dozen diseases that were deemed compensable.
The list of compensable disorders was based on the best available knowledge in
1990 and was not totally rooted in science; it was modified in 2000 and again in
2002.  The most recent regulations from the Department of Justice (DOJ) ap-
peared in mid-2004.  Chapter 2 provided details on this legislation.

RESEP was designed to educate and identify individuals who would poten-
tially be compensated under RECA.  To receive compensation—assuming that
the administrative requirements of documenting the timing of residence and oc-
cupational activities were also met—RECA requires an exposed individual to
meet specific published criteria for (that is, proof of) the presence of disease.
Such proof can rest on a variety of imaging studies, functional studies (such as
pulmonary function tests), physician reports, or autopsy reports (see DOJ, 2004).
However, these RECA-acceptable proofs would not always establish the pres-
ence of disease with certainty.

We consider here several additional epidemiologic, statistical, or clinical
issues in screening in the context of the main RECA and RESEP goals.  Some of
the issues relate to specific diseases and the probability of causation or assigned
share (PC/AS—see Chapters 5 and 6); others relate to the information needed to
prove the presence of disease.

Base Rates of Disease and Probability of Causation

One problematic issue in requiring exposed individuals to demonstrate the
presence of disease is that radiation exposure is only one of several causes of
most of these diseases.  The RECA standard for compensation for any given
individual does not depend on the cause of the disease or even on the probability
of such cause (in that individual).  Instead, it depends merely on proof that
the individual has the disease and is administratively qualified to receive
compensation.

Two conditions illustrate the complicated causal pathways that make defini-
tive decisions about causation so difficult for RECA.  One is a lifestyle issue:
smoking behavior.  The other is a highly prevalent, serious condition in some
RECA populations: type 2 diabetes.

Lung cancer is the only RECA disease that is compensable in all five RECA
populations (miners, millers, ore transporters, onsite participants, and down-
winders).  As detailed in other chapters, the contribution of radiation exposure to
the etiology of lung cancer, now 35 to 60 years after exposure, is likely to be
small, even among uranium workers, for whom the case is best made.  The
contribution is likely to be considerably lower among downwinders and onsite
participants.
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Tobacco abuse is the most prominent cause of lung cancer.  It can be consid-
ered a choice that each individual makes.  In some ways, then, the less healthy an
individual’s lifestyle is, the more likely it is that the individual will have a lung
cancer and the more likely that he (or she) will receive compensation.  That
outcome must be considered a perverse effect of RECA, that is, an effect that
would seem contrary to the presumed rationality of RECA.

In a different vein, type 2 diabetes is the most common cause of chronic renal
disease in this country.  It is highly prevalent among the Native American popu-
lations who were frequently uranium workers.  Although the renal or other se-
quelae of diabetes are not a direct consequence of lifestyle choices, they do
depend heavily on both self-management and medical care that may or may not
be easily accessible for these populations.  Chronic renal disease may occur with
relatively high frequency in these populations for numerous reasons unrelated to
radiation exposure.  Hence, decisions about the probability of causation of this
compensable disease may be difficult to make.

What Is Disease (RECA Gold Standard)?

RECA provides specific criteria for establishing the presence of disease, as
defined by the legislation and published in the Federal Register (DOJ, 2004).
Although the criteria have a basis in good medical practice (such as standards
issued by the National Cancer Institute), they and the underlying test results in
essence define the presence of disease as far as RECA compensation is con-
cerned.  Thus, the results of these tests and processes in fact constitute the gold
standards for diagnosis in terms of RECA compensation, although not necessar-
ily in terms of medical certainty.  In fact, these standards state that if a disease can
be established to a reasonable degree of medical certainty (at or above 50%, as
discussed below), then the disease is present as far as RECA is concerned.

If one of these RECA gold standards were used as a (the only) screening test,
both the sensitivity and the specificity of the compensational screening test would,
by definition, be 100%.  The problem of the cascade of false positives, discussed
in Chapter 9 as an important issue in medical screening, would disappear, at least
with respect to compensational screening.  However, the patient would still face
the cascade of medical false-positives results and the medical risks they engen-
der, perhaps without medical benefit.  Identifying a patient as eligible for com-
pensation does not itself guarantee either that the patient has the disease or that
the patient’s health will be improved by such identification.

Tiered Requirements for Compensation

The requirements for proof of the presence of disease have both criteria that
can be satisfied by meeting any one of several options and criteria that can be met
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only by satisfying all of several requirements.  We explored those problems in
detail in the discussion of “OR” and the “AND” combinations in Chapter 9.  OR
criteria in effect increase sensitivity measured against the true medical presence
of disease as a gold standard, whereas AND criteria decrease sensitivity.  The
issue of specificity does not arise here because these criteria are the gold standard
for compensation.

For purposes of decreasing the likelihood of (perhaps erroneous) compensa-
tion, using AND criteria will be preferred.  For purposes of increasing the likeli-
hood of (perhaps warranted) compensation, using OR criteria will be preferred.
The latter would provide claimants some element of the benefit of the doubt with
respect to the presence of a specified disorder.

Medical Certainty in the Context of RECA

One question that needs clarification is how certain is certain enough to
permit compensation, especially when the tests that bear on a diagnosis are im-
perfect.  One interesting phrase appears in the statutory sections about establish-
ing the diagnosis of many compensable diseases: “from which the appropriate
authorities  . . .  can make a diagnosis to a reasonable degree of medical 
certainty.”

At least in courts considering such torts as medical malpractice, the concept
of “reasonable degree of medical certainty” has often, but not consistently, been
held to mean “more likely than not,” or at least 51% (Lewin, 1998; Craig, 1999).
Some legal experts question the “appropriateness of the phrase [reasonable medi-
cal certainty] as a legal standard” and even regard it as “oxymoronic” (Lewin,
1998; pp. 1-2).  Nonetheless, the phrase has been in use since a 1916 opinion
issued by the Illinois Supreme Court, and it has gradually become a fairly stan-
dard, although not sharply defined, term.  It has been applied in worker compen-
sation cases (Lewin, 1998).  Textbooks about medical malpractice (Gutheil, 1998,
p. 6) also point to the “more likely than not” (greater than 50%) criterion.

At times, the concept is rendered as “as likely as not.”  The distinction
between “as likely as not” (at least 50%) and “more likely than not” (greater than
50%) may be largely semantic, in that in only very few circumstances would a
calculated probability be exactly 50.000%.  A probability of 50.001% would
satisfy either meaning, whereas a probability of 49.999% would satisfy neither
meaning—unless, of course, it was rounded up to 50%.

In the RECA-RESEP context, the problem is compounded because medical
probabilities are never precise; indeed, probabilities consistently within a few
percentage points of the true (but unknown) value might be regarded as unusually
precise.  If, as in the policies and procedures for the Energy Employees Occupa-
tional Illness Compensation Program Act (EEOICPA), the approach underlying
RECA is to provide an exposed individual the benefit of the doubt, then the
criterion should be “as likely as not,” with reasonable rounding permitted.
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Other Sources of Documentation of Disease for Compensation

Two other mechanisms for screening for compensational purposes might be
considered: both appear to reduce risks to individuals, and one provides a way to
obtain information that could not otherwise be obtained.  We first discuss using
autopsy data on individuals who die before any screening can take place; the
autopsy yields definitive (diagnostic) information.  We then consider whole body
magnetic resonance imaging.

The RECA Autopsy

For RECA, autopsy reports are acceptable evidence for most diagnoses of
compensable disease.  That fact suggests several strategies for maximizing the
potential for establishing the presence of compensable disease, assuming a post-
mortem examination is ethically acceptable to the potentially affected individual
and his or her family.

If a potentially compensable patient dies, obtaining a routine autopsy might
be a reasonable strategy for maximizing the opportunity for the patient’s family
to receive compensation.  Many families may be reluctant to obtain a postmortem
examination; thus, a reasonable step might be for the clinicians caring for the
patient to consider discussing this option with the patient and his or her health
care proxy or next of kin.  This step might be particularly relevant if the patient is
chronically or terminally ill and especially if the patient is known to meet the
geographic and temporal administrative criteria for compensation.  If such an
autopsy were approved for the purpose of looking for compensable disease, the
pathologist should be so informed and should look specifically for any RECA-
compensable diseases.  Of course, posthumous establishment of RECA eligibil-
ity, whether by autopsy or by a family’s application for posthumous compensa-
tion, raises the issue of whether such posthumous eligibility should qualify the
individual’s family or estate for retroactive reimbursement for the medical care
already received.

In the Radiation-Exposed Veterans Compensation Act (REVCA), “under
certain conditions, veterans who are retroactively awarded service-connection
may qualify for reimbursement of certain medical expenses back to the date of
the original claim filing; a family member could file on behalf of the deceased
veteran.  These cases would be referred to as “not previously authorized” claims
and generally must meet three conditions: (1) treatment was for a service-con-
nected condition or for a condition held to be aggravating an adjudicated service-
connected disability; (2) a medical emergency; and (3) Department of Veterans
Affairs (VA) or other federal facilities not feasibly available” (information taken
from correspondence with Department of Veterans Affairs, March 31, 2005).

Unlike REVCA, under the Energy Employees Occupational Illness Com-
pensation Program Act (EEOICPA), “medical payments are made only to a liv-
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ing energy employee if the claim is approved; no reimbursement is made for prior
expenses, and no medical payments are made to survivors if the energy employee
is deceased” (correspondence with Department of Labor, April 6, 2005)

The committee did not have the opportunity to focus on this conundrum and
merely highlights it for careful legislative consideration.

Whole Body Magnetic Resonance Imaging

Although many kinds of imaging studies provide acceptable evidence of
specific diseases, many are invasive or involve exposure to radiation.  For ex-
ample, a recent study suggests that the exposure from a routine computed-tomog-
raphy (CT) body scan carries more risk (from radiation) than the small diagnostic
benefit it provides in identifying diseases for which early intervention improves
health outcomes (Brenner and Elliston, 2004).  Magnetic resonance imaging
(MRI), which is not invasive and does not subject patients to ionizing radiation,
yields evidence of many diseases that would be acceptable for RECA purposes.
That is, “positive” MRI results are acceptable means by which to establish the
diagnosis of most RECA-compensable diseases.  However, as is the case with
most high-sensitivity imaging studies, a whole-body MRI would be associated
with an unacceptable number of potentially false-positive test results (for ex-
ample, incidentalomas), and these would subject the patient to workup and label-
ing and the risk of  physical, social, and emotional consequences.

Nonetheless, if patients were to choose to set aside the issue of costs and the
risks of medical, social, and psychologic consequences of false-positive results,
they might request to have a “RECA whole-body MRI.”  An MRI would not
expose the person screened to ionizing radiation.  Moreover, it could be consid-
ered a gold standard for establishing the presence of RECA-compensable disease
insofar as it produces information relevant to the body parts that any RECA-
compensable disease might affect, albeit at enormous cost in terms of false-
positive results.  The feasibility and cost of obtaining an MRI of the entire body
must also be questioned.

In short, MRIs might provide both the initial screening information and the
diagnostic data relevant to RECA conditions and cause, on balance, less potential
harm than the current “screening protocols” impose.  If properly explained to the
screenee, a negative “RECA whole body MRI” might help reassure patients that
they do not have one of the RECA-compensable diseases.  Set against this point
is that, given the propensity for such an MRI (as an imaging test that identifies
multiple diseases) to produce false-positive results, such reassurance for some
patients may come at the cost of increased anxiety in many other patients.

Because such a plan would expose the screened individual to the risks of
medical false-positive results, workup, and potentially futile treatment, careful,
extensive (but culturally sensitive) informed consent is critically important.  Re-
gardless of the desirability or feasibility of pursuing such strategies for compen-
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sation-oriented screening, the committee reiterates its view of expanding medical
screening to compensational screening.  Specifically, in considering expansion of
compensational screening, the committee recommends that HRSA base deci-
sions about screening primarily for compensation on recommendations
drawn from credible scientific evidence that the proposed test provides reli-
able information about the presence or absence of specified RECA-com-
pensable diseases.

As suggested in Chapter 9, even if screening is performed primarily for
purposes for identifying RECA-compensable disease, if such tests reveal any
information about the potential presence (or absence) of other diseases, that
information should, in general, always be shared with the screenee.  In conveying
such information, however, clinicians must be sensitive to the cultural traditions
and other preferences for individuals to be told bad news or have negative infor-
mation discussed in their presence (Gostin, 1995).

Considering the Medical Risks Posed by Screening
in the Context of Compensation

Another complexity arises in the context of compensational screening.  Be-
cause each of the screening tests except a postmortem examination places the
patient at risk for a false-positive finding or even at risk for a true-positive result
that identifies a disease that does not benefit from early intervention, such com-
pensational screening creates some degree of medical risk.  The risk may be
physical or psychologic (or both).  Labeling the patient or even the patient’s
family may produce adverse social effects.

Thus, clinicians should obtain truly informed consent about the consequences
(medical, psychologic, and social) of compensational screening before undertak-
ing such a program (see Beauchamp and Childress, 2001).  Such consent is
enhanced through techniques of shared, informed decision-making, perhaps es-
pecially for cancer diagnoses (Barry, 2002; Whitney et al., 2003; van Roosmalen
et al., 2004; Sheridan et al., 2004).

During such informed consent and shared decision-making activities, the indi-
vidual to be screened will be weighing the likely small chance of substantial mon-
etary gain without medical gain against a more substantial chance of physical,
psychologic, or social harm.  Society allows people to gamble with their own
health, but such decisions should be well counseled and fully informed.  One might
consider that undertaking such compensational screening is playing a lottery of
sorts, in which one buys his or her ticket of entry not with money but by undertak-
ing risk.  In some ways, because such a gamble involves a risk of physical harm
(from unnecessary tests and treatments), it could be seen as akin to playing a sort of
Russian roulette with a monetary payoff attached to some outcomes.

Untrained people are not likely to understand the meaning of small numbers,
in terms of both risk and payoff.   Indeed, as elaborated in Chapter 11, many
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people have low numeracy skills in general.  In this context, ensuring that indi-
viduals are informed of the likelihood that they will receive RECA compensa-
tion,  the likelihood and consequences of false-positive results, and the likely
medical benefit of early detection, is essential.

One part of appropriate counseling about compensational screening might be
to use a decision-support tool that helps patients to understand their willingness
to risk health consequences in exchange for the opportunity for monetary gain.
Willingness to risk is, in effect, the obverse of one’s willingness to pay for
healthy life years—a concept and measurement method with decades of theory
and application (Gold et al., 1996, p28).  Developing and standardizing such a
decision-support tool might be the type of activity that HRSA could usefully
pursue for use by its grantees (or contractors), as outlined in Chapter 11.

Although such numeracy issues are beyond the scope of this report, the
committee expresses its support for and concern about thorough discussion with
potential screenees of the advantages and drawbacks of compensational screen-
ing.  Specifically, the committee recommends that any screening carried out
under RESEP auspices be preceded by detailed counseling and informed
consent that reflects an understanding of and sensitivity to the culture of the
potential screenee.  When screening is primarily or exclusively for compensa-
tion (and when the likelihood of medical benefit is low or absent), a special
obligation exists to be as certain as possible that the potential screenee is aware of
all the risks and benefits of screening.  Although compensational screening is
unlikely to provide medical benefit, a successful applicant for compensation
might receive such compensation sooner, perhaps while he or she still had the
health to enjoy its benefits.  Such early compensation might in many ways be
analogous to the early treatment that motivates medical screening.  Those issues
should be made explicit when counseling a potential screenee.

Therefore, the committee also recommends that counselors, when deal-
ing with screening for compensation, ascertain that individuals proposed to
be screened fully understand the associated risks, benefits, and likelihood of
potential outcomes of screening.  Although ascertaining such comprehension is
complex, a minimal standard might be to have the patient verbalize those risks
and benefits in his or her own words.  When the level of understanding seems
inadequate, counselors would be expected to engage in a more detailed explana-
tion couched in terms and using examples tailored to the individual’s literacy and
numeracy capabilities and taking into account cultural issues.  Moreover, if a
screening test produces a positive result, even one that suggests the possibility of
a disease that is not compensable under RECA, the clinician or counselor should
communicate that result to the screenee, in a culturally sensitive manner, and
make an appropriate referral for followup.

The drawbacks of compensational screening, especially in the event of low
prevalence rates and multiple tests, led the committee to consider the desirability
of what is, in effect, a two-stage process.  Specifically, the committee recom-
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mends that RESEP screening be undertaken only if individuals satisfy ad-
ministrative criteria for compensation before screening.  By satisfying admin-
istrative criteria, we mean that patients need to be certain that they are already
administratively eligible before any screening takes place.  Meeting these criteria
can include documenting employment or residence history (as appropriate), and,
for cancers, obtaining an individually calculated PC/AS for the cancer being
proposed for screening.

Tying Screening to Probability of Causation and Assigned Share

Criteria for Probability of Causation (Assigned Share)

In addition to considering the medical certainty in establishing the presence
of a RECA-compensable disease, one must take into account the administrative
requirements for eligibility for compensation.  In Chapters 5 and 6, the committee
proposed that Congress amend RECA by requiring the use of a calculated PC/AS
for each exposed individual; in determining compensation, that value and its
uncertainty (credibility interval) would be compared to the criteria that Congress
establishes for a cutoff.  As discussed by several experts (Lagakos and Mosteller,
1986; Robins and Greenland, 1991), such calculations may introduce a bias
against individuals harmed by their exposure to ionizing radiation because such
exposure can be a contributing cause of disease without being the predominant
cause of disease.  As a case in point: if an individual so exposed to fallout were to
develop a thyroid cancer but, based on her residence history and age at exposure,
her calculated PC/AS were only 35%, then exposure to ionizing radiation from
fallout could have been an important factor in her cancer.  Nonetheless, if the
rules for compensation were to be set at a PC/AS of at least 50% (as likely as not),
then the contribution of the fallout would go unrecognized and uncompensated.
Of course, this shortcoming might be managed by setting the cutoff criterion for
PC/AS at some value below 50%, by employing credibility limits around PC/AS
estimates, or both.

As discussed in Chapter 5, we relied on contemporary scientific evidence
and reasoning in recommending that RECA be amended to use a PC/AS ap-
proach.  We did not, however, find a scientific basis for establishing a particular
threshold value of PC/AS or a specific allowable uncertainty in an individually
calculated PC/AS that should be used for determining administrative eligibility
for compensation.  Calculating an individual PC/AS and comparing its distribu-
tion with such threshold criteria are administrative activities that are predicated
on the presumed presence of a RECA-compensable disease (see also Chapter 11).

Making such a calculation, however, does not require that screening or diag-
nostic tests already have been performed in that individual.  The individual will
need to identify the disease or diseases for which he or she wishes to be screened
for (or obtain) the PC/AS calculation to be performed.  Thus, calculating a PC/AS
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and making a judgment about administrative eligibility do not require that any
patient first be screened and (thereby) subjected to the costs and risks of such
screening tests.

Clearly, a RECA compensational screening program could look for the pres-
ence of any or all of the RECA-compensable diseases.  Which tests or combina-
tions of tests to perform should involve the patient’s informed consent about risks
and the often-small likelihood of benefits (primarily from compensation) of
screening.  The patient’s choice of the diseases for which to seek compensation
might reflect several factors: the preassessment of the maximum reasonably ex-
pected PC/AS in a population or geographic region (as called for in the explica-
tion of the committee’s first recommendation); the likelihood that such a disease
is present in a particular patient; the calculated PC/AS value for that patient; and
the patient’s desire to receive information about ailments about which he or she
may be anxious.

Using the same threshold criterion for PC/AS as for establishing the diag-
nosis of a RECA-compensable disease may be tempting.  Doing so requires
interpreting the criterion; for example, it might be taken to mean “with reason-
able medical certainty”—either “more likely than not” or “as likely as not.”
Because calculating PC/AS and making a diagnosis are distinct issues, how-
ever, the criteria (thresholds or cutpoints) may well be different.  Currently,
RECA does not use the PC/AS approach (although it had been proposed before
RECA for other compensation programs), so it is silent on what the criterion or
cutpoint should be.

Apart from a point estimate for a threshold is the question of uncertainty
around the point estimate.  For example, although EEOICPA uses a “more likely
than not” criterion, it gives the exposed individual an enormous benefit of the
doubt by requiring that the person have only at least a 1% chance that the true PC/
AS exceeds 50%.  That is, EEOICPA, like some other compensation programs,
compensates on the basis of an upper credibility limit, analogous to the upper
bound of a confidence interval, set in the EEOICPA case at 99%.  Currently,
when applicable in REVCA, radiation doses and information in the 1985 NIH
radioepidemiological tables from the National Institutes of Health are used to
calculate a PC using the version of the Interactive Radioepidemiological Program
(IREP) software from the National Institute of Occupational Safety and Health.
The PC is used in parallel with consideration of other factors, to make the deter-
mination of eligibility for compensation (correspondence with Department of
Veterans Affairs, March 31, 2005).

As explained in Chapter 5, Congress might consider two different criteria in
determining who might be due compensation.  The first is the value of a specific
threshold or cutoff of PC/AS above which compensation can be awarded (such as
50% for EEOICPA), but perhaps 30% or 10% or any other value (below 50%).
The second is the use of an upper credibility limit such that the value of some
specified upper percentile of the PC/AS uncertainty distribution is compared to
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the designated threshold.  Compensation would be awarded when the value of the
upper credibility limit exceeded  the threshold.

With some knowledge or expectation about the distribution of PC/AS values
and their associated uncertainties, Congress should be able to determine how the
number of individuals compensated and the cost of the program (both RECA and
RESEP) might vary with different criteria.  The committee did not have the time
or resources to examine the cost issues in detail.

From the perspective of populations now receiving compensation or possibly
eligible for compensation, it is instructive to note that many individuals would
have calculated PC/AS values well below a 50% threshold.  Whether the upper
percentiles of their uncertainty distributions might fall above the 50% threshold is
less clear.

Should the Calculated PC/AS Affect How Screening Tests Are
Interpreted?

As discussed in Chapter 9 and Appendix D, many medical tests (both screen-
ing and diagnostic) can have sensitivities and specificities that vary depending on
the criterion of positivity chosen in a particular circumstance.  By analyzing a
test’s receiver operating characteristic (ROC) curve with knowledge of the preva-
lence of disease in the population to be tested and the burdens of false-positive
and false-negative classifications that the test results may impose, one can deter-
mine the optimal operating point on the  ROC curve and its corresponding cutoff
criterion.

That principle is often applied to screening.  If the population to be screened
has a low disease prevalence or if the burden of missing a disease is low, one uses
a strict criterion of positivity.  If the population to be screened has a high disease
prevalence or if the burden of missing disease is high, one uses a less strict (more
lax) criterion of positivity.  Similarly, in the context of RECA and RESEP (after
administrative eligibility has been established as suggested earlier), the criterion
of positivity for the screening tests performed to identify compensable disease
could be adjusted according to the prevalence of disease in the population.  The
burden of a false-negative result will be largely the denial of compensation (and
potential emotional effects of such denial) because, as stated previously, most of
these screening tests will not produce any improvement in health outcomes.  The
burden of a false-positive test, however, will be the physical, psychologic, and
social risks described in Chapter 9.

A more difficult question—which may not even be practical to address—is
whether the criterion of positivity of a medical screening test should be adjusted
to reflect the individually calculated value of PC/AS or its uncertainty.  If one is
compensating for radiogenic disease, the calculated value of PC/AS might repre-
sent the pretest likelihood (for the screening test) of a specific disease caused by
radiation in a given individual (such as thyroid cancer).  If that is the case, an
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individual with a higher PC/AS might logically be screened with a more sensitive
test—for example,  thyroid ultrasonography with a cutoff for nodule size set at
2 mm rather than 5 mm.

One might take the perspective that a disease should be worthy of compensa-
tion only if it has clinical effects.  In that case, a tiny or inconsequential cancer
would not be compensable.  However, currently RECA apparently does not adopt
this perspective.  RECA compensates for the presence of pathologically or clini-
cally established disease, even if that disease has no bearing on the patient’s
prognosis.  For example, the family of a patient with an asymptomatic pulmonary
nodule, shown to be cancer, will be compensated even if the patient is struck and
killed by a car, so that the cancer had no effect on his survival and produced no
morbidity.

In addition to the challenging mathematics of how one should adjust the
pretest probability of “disease” on the basis of PC/AS (although adjustments in
the odds domain seem attractive at first blush), at least two practical challenges
arise.  First, in a screening program, how does one manage the logistics of
adjusting test interpretation on an individual basis?  Second, would using a more
sensitive criterion change the apparent base rate of disease in the population, and
would that affect the excess relative risk and the calculated PC/AS?  Notwith-
standing those challenges, whether and how to think about adjustments to a
PC/AS approach warrant further examination.

FUTURE RESEARCH

Many patients dealing with the tradeoffs among medical risks, health ben-
efits, and potential monetary compensation will require decision-support tools.
Broadly speaking, such tools embody ways for patients and clinicians to share
their decision-making logic.  Other intellectual and emotional supports are also
important.

We are not aware of proven models of shared decision-making protocols that
are adequately designed to help people to manage those difficult tradeoffs in the
RECA-RESEP context.  Some tools have been developed for behavioral and
decision-making research (for example, for prostate cancer screening decisions).
The entire field of shared decision making and the tools to support it are impor-
tant topics for future research, both in the domain of collaborative communica-
tion and in the domain of explicit mathematical modeling.

Thus, the committee recommends that the Department of Health and
Human Services support development of explicit decision models and ap-
proaches to shared decision making and related tools that enhance the abil-
ity of patients to participate in decisions that affect their care and prognosis.
We recommend, in particular, that HRSA take responsibility for similar
activities in the domain of compensational screening.
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In addition, the committee’s proposed strategy for using individually calcu-
lated PC/AS values for RECA eligibility determinations will require tools to
make such calculations more convenient.  The committee also calls for further
exploration of the benefits, limitations, potential biases, and necessary extensions
of the PC/AS approach.

HEALTH-CARE ISSUES BEYOND SCREENING

Followup Diagnostic and Therapeutic Services

One question that arises for of any medical screening situation and presum-
ably for RECA and RESEP even for compensational screening concerns the
obligations to patients inherent in the programs themselves and in the agency
roles of health care providers.  When applicants or patients are found, through
RESEP screening, to be at special risk for a particular RECA-compensable con-
dition, the expectation (and apparently generally the practice) is to refer them for
appropriate diagnostic followup and therapy.  When applicants or patients are
found, through similar screening, to be at special risk for a noncompensable
disease, those patients should be advised to get appropriate medical management,
independent of its possible RECA connection.

For that process to be effective, health care practitioners have to be informed
and stay abreast of knowledge in several domains.  These include the special risks
known to be associated with mining and related activities and health care issues
that may be related to radiation doses received by covered individuals at special
risk (for example, children in selected areas who drank large amounts or milk or
consumed foodstuffs contaminated with iodine-131).  In addition, if Congress
amends RECA to adopt a PC/AS strategy for populations, geographic areas, and
diseases not now covered, clinicians need to be knowledgeable about the method
and the implications for their patients.  The committee urges HRSA and appropri-
ate professional societies and other groups to assist in educational activities for
health care professionals related to these topics.  We return to these matters in
Chapter 11.

Health Insurance

In Chapter 8, we noted a distinction between the duty to restore a loss to
health and a duty to compensate for the effects of the loss.  These are distinct
duties; compensation for the effect of the loss does not fulfill a duty to ameliorate
the loss of health by providing health care.

The remedy for the loss sustained is amelioration or restoration.  Medical
services are probably the only, if not the best, manner in which to provide resto-
ration.  Because of the nature of the health loss, in many cases discovering the
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loss may be possible but restoring health impossible.  In other cases, some mea-
sure of restoration may be possible through medical services.  Services begin
with discovery through first evaluation and diagnosis and proceed to referral,
workup, and care that are medically indicated (Sheridan et al., 2004).

The committee received many written and oral statements, both at its infor-
mation-gathering meetings and while reviewing the programs of HRSA grantees,
that many RECA applicants or patients are uninsured or underinsured for the
costs of followup diagnostic or therapeutic interventions.  Other populations
covered by radiation-compensation programs (REVCA and EEIOCPA) provide
medical services; uranium workers covered under RECA are also covered under
EEIOCPA for medical expenses.

Hence, for consistency with other similar compensation programs and to
overcome any inequities, the committee believes that similar relief is owed to
RECA population, and, therefore, the committee recommends that, if an indi-
vidual has established eligibility for compensation, RECA cover the costs of
screening, complications of screening, referrals (followup), diagnosis
(workup), and treatment for the RECA-compensable diseases for which such
eligibility has been established.  As stated earlier in this chapter, establishing
such eligibility for people exposed to fallout from the US nuclear-weapons pro-
gram may include obtaining an individually calculated PC/AS for the cancer
being proposed for screening.

Screening in an Era of Scarce Resources

Apart from the issues discussed to this point about compensational screen-
ing, the cost of expanding RECA is a matter raised by some committee members,
by some people who testified at the committee’s information-gathering meetings,
and by some reviewers of this report.  The fundamental question is appropriate
allocation of social resources, especially when those funds are limited.  Some
commentators posed the question in terms of expanding RESEP, in a (present)
configuration that focuses so heavily on compensational screening (as well as
outreach and education), to a national program.  The basic problem is whether
resources so directed, if now expanded to cover the country, would be a cost-
effective use of HRSA appropriations.  More importantly, one must ask whether
expanding RECA to additional populations, geographies, or diseases is a poten-
tial threat to the “medical commons” of societally shared limited resources (Hiatt,
1975).  The committee did not pursue these matters in depth; we view them as
beyond both our charge and our time constraints.  We note, however, that these
matters are subjects that will warrant attention in the larger social debates about
the changes in RECA suggested in our report.
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CONCLUSION

This chapter has examined the conceptual and practical elements of screen-
ing for compensational purposes.  We have linked these issues to the committee’s
adoption of a PC/AS model and we have noted some clinical and epidemiologic
issues related to compensable diseases.  Some of our recommendations are di-
rected at agents that would need to amend RECA (or RESEP) legislation; others
are directed at steps that HRSA can consider without statutory changes.  The next
chapter addresses on the remaining core elements of the RESEP program: educa-
tion and outreach.
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Education and Outreach

This chapter addresses several aspect of the committee’s charge from the
Health Resources and Services Administration (HRSA) about education, out-
reach, and screening in the context of the Radiation Exposure Compensation
Act (RECA), which is administered by the Department of Justice (DOJ) and
HRSA’s responsibilities for the Radiation Exposure Screening and Education
Program (RESEP).  We take into account here the implications of the recom-
mendations set forth in earlier chapters.  Because of their inseparable nature in
efforts of this sort, we use the terms “education” and “outreach” somewhat
interchangeably.  We focus on the needs of three broad target audiences: the
general public, a variety of specific populations defined by occupational or
residential exposure (such as uranium miners and people who may have been
exposed to radiation from fallout from the US nuclear-weapons testing), and
health care providers.

We briefly review our understanding of current efforts by the six HRSA
grantees and the issues and problems with the existing RECA and RESEP pro-
grams that participants and HRSA grantees raised at information-gathering meet-
ings in late 2003 and 2004.  HRSA originally had six grantees but defunded one
after one year and added another, so the number of grantees remains at six.

We examine these issues and their ramifications for HRSA in the context of
moving to a “national” RECA program grounded in a probability of causation/
assigned share (PC/AS) approach (see Chapters 5 and 6).  We use the term
national to refer to expansion of eligibility to persons in all US counties and all
US territories whose calculated PC/AS for at least one compensable condition
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meets or exceeds whatever threshold and credibility limits Congress or other
bodies may recommend.  As explained earlier, the committee does not intend to
imply that all persons, in all counties, are automatically eligible for RECA com-
pensation; rather, the committee’s recommendations regarding screening turn in
part on proof of administrative eligibility (including calculation of an individual
PC/AS for a RECA-compensable disease).  Insofar as earlier recommendations
have direct ramifications for HRSA and its RESEP program, we make sugges-
tions here for their implementation.

Finally, we outline a planning framework that may help HRSA to strengthen
its education and outreach programs.  Our recommendations and examples for
implementation of proven educational intervention strategies are aimed at over-
coming barriers to effective outcomes-based education programs that could be
adapted for future RECA and RESEP programs.

CHARACTERISTICS OF THE RADIATION EXPOSURE
SCREENING AND EDUCATION PROGRAM

Education is one of nine core activities expected of RESEP grantees.  Grant-
ees have told HRSA that they need guidance in public education and outreach
mechanisms to those at risk or experiencing symptoms as a result of exposure to
radiation (letter from HRSA to committee via Dr. Isaf Al-Nabulsi dated May 6,
2004).  In developing its Request for Applications (RFA), HRSA asked potential
grantees to develop strategies to expand and enhance public outreach and educa-
tion in the following six categories:

• The possibility of disease.
• Symptoms.
• The potential need for diagnostic evaluation.
• The availability of screening for disease through RESEP.
• The possibility of compensation through RECA.
• The need for documentation of medical and occupational history if RECA

claim is filed.

Although the RFA speaks to symptoms, as explained in Chapter 9 screening is a
term that usually applies to asymptomatic individuals.  If patients are symp-
tomatic, the perspective is one of diagnosis and treatment, if indicated.

The main elements of RECA were reviewed in the several earlier chapters
that dealt with the history of the program, compensation under the current pro-
gram,  and new information and science that will influence future developments.
Chapters 9 and 10 examined  the screening aspects of the RESEP program.   We
comment briefly here on the audiences, responsibilities, activities, and funding of
the HRSA’s RESEP effort.
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Audiences

Obvious targets of RECA and RESEP educational and outreach efforts are
the public at large, various specific populations defined by occupational or resi-
dential exposure (such as uranium miners and downwinders [that is, those who
may have been exposed to radiation from fallout from the US nuclear-weapons
testing]), and health care providers.  The RESEP legislation does not specify
populations for education and outreach, but HRSA implicitly adopted this frame-
work, and we apply it here.

Responsibilities

With respect to its scope of services and diseases, RECA and especially the
amendments in 2000 that mandated the RESEP program can be read narrowly as
focusing on radiogenic diseases (and secondarily on some nonradiogenic pulmo-
nary and renal conditions after occupational uranium exposures).  In fact, HRSA
has expanded the focus to involve education for persons at risk of or experiencing
symptoms of any disease secondary to the radiation or other exposures that made a
person eligible for compensation. Thus, HRSA has gone beyond screening per se,
although the committee was changed with examining screening. Specifically,
HRSA requires its RESEP grantees to convey information about the possibility of
disease, symptoms, screening and diagnosis, RECA compensation, and the need to
document both medical and exposure (such as occupational) history.  The commit-
tee agrees that those are, in broad terms, appropriate subjects of education.

Activities

Table 11.1 briefly describes the populations and geographic areas that the
current six HRSA grantees cover.  It outlines their screening, referral, and other
protocols and documents various activities.   Table entries were based initially on
materials and presentations at a committee information-gathering meeting in
Window Rock, Arizona.  Grantees later provided further or updated information.
Thus, the table has data covering the period spring 2004 to early March 2005.

Grantees carry out a considerable array of outreach and educational efforts.
They occur through form letters and various types of mailings, articles in local
newspapers, radio and television spots (for example, public service announce-
ments), and education and followup by registered nurses for instruction and
health information.  The efforts and products vary widely among the grantees,
and at least one grantee does little or no broad outreach through broadcast and
print media because of costs.  We could not determine the extent to which HRSA
itself or the grantees standardize messages delivered through different media
(print or broadcast) or either centralize or share responsibility for material and
message development.
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The numbers of people reached through education and outreach efforts (not
including medical contacts) apparently vary widely, but stating an overall range
is difficult because grantees do not count contacts similarly.  One grantee does
statewide outreach, so the population contacted (in theory) is in the millions;
others count contacts in the hundreds to thousands.

Table 11.1 also notes some clinical outcomes, such as numbers of persons
with abnormal tests or possible diagnoses.  Those data, too, vary markedly among
grantees in both types of variables recorded and numbers (or percentages).

Other than these types of process measures, neither HRSA nor grantees
provided evidence of the outcomes of the activities.   In particular, we received no
information on patient health outcomes as a result of these efforts.  In addition, no
data on programmatic outcomes, such as better understanding of RESEP or the
RECA program or improved access to either program, were provided.  Grantees
did not appear to be using any outcomes-based educational model.

Finally, the far right column of Table 11.1 presents the many issues that
grantees identified in the public meetings or later communications.  Some fit well
with points that the committee addressed as part of its overall charge.  An ex-
ample is the concern from the Indian Health Service grantee (Navajo Area Health
Service) about tests used to document presence of compensable diseases that are
not appropriate screening tests, which underscores the distinction made in Chap-
ters 9 and 10 between medical screening and compensational screening.  Other
issues lay well outside the committee charge per se, but some were heard from
more than one grantee.  Examples included concerns with attorney fees, lack of
feedback to grantees from DOJ on outcomes of compensation claims, and re-
sumption of nuclear weapons testing at the Nevada Test Site.  Yet other matters,
such as concerns with lack of public or private coverage or other means for
paying medical costs of referrals and treatment, were ones that the committee
discussed and used in arriving at policy and program recommendations found in
other chapters of this report.

Funding

HRSA implements RESEP through a grant mechanism.  The RESEP RFA
had a fair amount of detail about desired or required activities.  Nonetheless, a
grant, by definition, permits awardees to fashion programs according to their own
preferences and capacities, which are not necessarily related to the populations
that they serve or the diseases in question.  That the grantees would differ sub-
stantially in operations, therefore, is hardly surprising.

Another element of a grant mechanism is a relative lack (at least in compari-
son with contracts or cooperative agreements) of accountability for activities and
allocation of resources except perhaps annually or only upon renewals, which
may involve even longer periods of time.  HRSA defunded an original grantee
after 1 year because of nonperformance.  The basic point is that overseeing
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TABLE 11.1 HRSA Grantees: Populations and Areas, Screening, Education,
and Outreach Activities; Issues

HRSA Grantee, and
Population Covered Screening and Referral Protocols Individuals Reached

Navajo Service Area
Radiation Exposure
Screening and Education
Program

Bruce B. Struminger
Navajo Area Health Service
Department of Internal
Medicine
NNMC, Box 160
Shiprock, New Mexico

Covers miners, millers,
and Nevada Test Site
downwinders in New
Mexico, Arizona, Colorado,
and Utah
(essentially Navajo Nation
populations)

Some post-1971 miners
included

Focused on testing for RECA
compensation (“disability/
compensable illness”) program
Send various form letters to
primary-care providers (for
downwind exposure) and to
patients (after chart review to
identify RECA diagnoses)

Referral and treatment:
Indian Health Service (IHS) or
outside contracted specialty
services

Followup: RESEP clinic or
patient’s IHS primary-care
physician

Outreach contacts:  ~1,500
Medical encounters:   >1400
Educational activities: >100
Eligibility assistance provided:

>1200

Of total uranium workers screened
(n >1300 ) since 10/02: 323, positive
arterial blood gas 186, positive
spirometry; > 181 meet RECA
medical qualifications, but not all
can prove eligibility because of
difficulties documenting work
history

Have identified > 2000
individuals (Navajo and Hopi)
who may meet RECA
qualifications as downwinders

Have contacted > 100 of these
individuals to assist them with
identification of the appropriate
documentation (from their IHS
records) needed for their RECA
claims
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Issues Identified

Clinical:
• Arterial blood gases and chest x rays are essential for compensation proof, but are not

appropriate screening tests
• Latent tuberculosis of concern (reactivation of latent tuberculosis infection related to silicosis)
• Many patients with comorbidities

Other:
• No feedback from Department of Justice on who has been awarded compensation; IHS cannot

apply for compensation and patients cannot get transportation covered
• New regulations change the parameters for qualifying FVC and FEV1, using ethnic-specific

lower limits of normal rather than previously qualifying FVCs and FEV1s ≤ 80% predicted.
This change reduce number of RECA qualifying spirometry examinations

• Necessity of “B” readings—special radiologic interpretations evaluating for evidence of
silicosis derived from  black lung program—which are increasingly hard to get

• IHS is going digital and no NIOSH guidelines exist for readings of digital images
• Use of unregulated, private consultants or lawyers who overcharge claimants
• Consider amending RECA simply to require proof of exposure without proof of illness or

illness severity, both for social justice reasons and given imperfection of current testing
regimen, which requires that physicians and nurses compromise Hippocratic Oath to “do no
harm” given that potential harm caused by medical testing rarely leads to therapeutic options
(no treatment exists for pulmonary fibrosis)

• Consider amending RECA to allow the use of affidavits for proof of presence or residence

continued
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St. Mary’s Hospital and
Regional Medical Center

Teresa Coons, PhD
Mercedes Cameron, MD
St. Mary’s Saccomanno
Research Institute
2530 N 8th Street Suite 100
Grand Junction, CO 81506

Covers Colorado and
southeastern Utah Navajo
areas; Wyoming (uranium
miners)

Screening focused on “whole
person,” not just compensable
diseases

Extensive medical, occupational,
and residential history (but no
invasive tests for initial
screening unless indicated on
work-history or other clinical
grounds)

Followup within St. Mary’s
network;

Much RN educator instruction
and health information and
recontact every 6 months

Data as of 11/30/04:
425 individuals screened so far

Of those screened:
5% had abnormal oxygen
saturation test, but 70% had
abnormal arterial blood gasses

69% eligible for Medicare or
Medicaid
7% have no insurance
Remainder generally have third-
party insurance

90% are male

~69% are ≥ 65 years old

~90% are non-Hispanic white

~88% are former uranium industry
workers (miners, mill workers, and
ore transporters)

327 non-contrast computed tomo-
graphic scan of chest completed;
49% abnormal and needing followup

331 patients have been referred for
additional diagnostic evaluation or
treatment

TABLE 11.1 Continued
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Clinical:
• Value of screening these populations just for RECA cancers and other diseases when use of

resources might be better justified for providing more complete health care
• More complete examination protocol may lead to identification of radiation exposure-related

conditions that are unknown or underestimated; this is important opportunity with RESEP
population that should not be missed

• Relationship between renal disease and diabetes for populations that center sees

Other:
• RECA-eligible populations are aging
• Area is very rural, so transportation is issue (although people are accustomed to coming to

Grand Junction for other reasons)
• Patient mistrust of “government” studies or services in some cases (Colorado Plateau study or

other reasons)
• Expansion of eligibility for RESEP program to post-1971 miners or other groups not included

in RECA legislation (but having same exposures) might provide some sense of “justice” to
those not included in RECA without amending legislation

• Consider expansion of downwinder category to other geographic regions with documented
iodine-131 deposition (NCI study data)—for example, areas in Colorado, New Mexico, and
Idaho where deposition levels were similar to those found in current “downwinder” counties

Issues Identified

continued
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St. George and Dixie
Regional Medical Center

Rebecca Barlow, RN, BSN,
OCN, CPON
Carolyn Rasmussen, RN, BS,
OCN, CPON
Dixie Regional Medical
Center
544 SO 400 East
St. George, Utah

Covers southwestern Utah
and the tristate area of
southern Utah, Arizona and
Nevada

Would like to expand to hold
clinics quarterly in Cedar
City, Utah, and in Colorado

Screening protocols “very
similar” to those of other RESEP
sites, but screening mostly of
downwinders (92%) because of
the proximity to geographic area
related to Nevada Test Site

Provide much cancer screening
education, giving written
material, to all patients, as well
as general healthy life
information to those with
identified diseases (hypertension,
diabetes, and so on)

Have been seeing patients since
March 2004

Outreach contacts
—Newspaper ads/articles—radio
spots/interviews: 276
—Television: 3
—Pamphlets distributed: 2,920
—Presentations: 20
—Fliers distributed: 3,360
—Interview for documentary on
effects of nuclear testing: 1

Number reached by all outreach
(total for all sources):
 >29,300,000 people exposed to our
outreach attempts through all media

Total patients scheduled: 716
Total patients screened: 595

RECA information given to patients
and/or general public: about 6,521
Patients sent to RECA specialist for
assistance with claims: about 106

RECA claim form given to
potential claimants from office:
about 322

Claimants paid:  unable to find out
from Department of Justice which
claimants have been compensated;
will send out 6-month survey to try
to capture that information

Patients served:
—Male    46%
—Female 54%

TABLE 11.1 Continued
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Clinical:
• Screening tests covered by grant monies because Medicare does not reimburse for  “screening”

examinations
• Uranium miners, millers, ore transporters also get arterial blood gas tests, screening spirometry,

two-view chest x ray, and CMP
• Total medical referrals:  1,145

Referrals Made:
— Colonoscopy: 320
— Mammography: 237
— Prostate-specific antigen: 143
— Pelvic exam: 62
— Pap smear: 52
— EGD: 15
— Thyroid ultrasonography: 5
— Testicular ultrasonography: 4
— Breast ultrasonography: 3
— Miscellaneous (for instance, to primary-care physician for non-RECA ailments): 151

Abnormalities Found:
— Rectal mass or positive stool: 49
— Suspicious skin lesion: 47
— Breast Nodules: 24
— Dysphagia: 2
— Prostate nodules: 9
— Thyroid nodule: 5
— Testicular nodule: 5
— Pulmonary nodule: 1
— Prostate cancer: 1

Other:
• Potential of reopening Nevada Test Site (underground “bunker bombs”) of huge concern for all

residents in area
• Give list of attorneys in area that help people with RECA compensation, but explain to all

potential claimants that attorneys are restricted in what they can charge and are not required
• People in tri-state area are used to coming to St. George to receive medical care, do shopping,

and so on
• Oncology nurses for 10 years, and have worked with families consumed by cancer and its

diagnosis
• Biology of cancer is explained by “two-hit method”—atmospheric exposure was a “hit”

exposure to  people that does not go away; the younger the patient when exposure occurs, the
greater the chance for late effects

• Concerned with interim report about screening not harmful, biggest way to catch cancers early;
supported by American Cancer Society

• Feel some monies should be made available to fund followup of abnormal screening findings in
high-risk people who have low income and are uninsured

Issues Identified
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New Mexico Radiation
Exposure Screening and
Education Program,
University of New Mexico
Health Sciences Center

Karen Mulloy, DO, MSCH
and Elizabeth Kocher
Department of Internal
Medicine
MSC10 5550, 1 University of
New Mexico
Albuquerque, NM 87131-0001

Covers: all persons in New
Mexico except for those
members of the Navajo
Nation (areas including
Grants, Laguna Pueblo,
Acoma Pueblo, Gallup, etc.)

Utah Navajo Health
System RESEP

Stephanie Singer, MD
P.O. Box 130
Montezuma Creek, UT 84534

Covers the Utah Strip of the
Navajo Nation through
3 community health centers and
collaborates with St. Mary’s
Northern Navajo Medical
Center, and Dixie Regional

Screening protocols are focused
on the diseases linked with
uranium mining and milling.
Complete medical and
occupational history taken on all
individuals. Chest x-ray with B-
reading, spirometry, oximetry,
and focused physical exam
completed on everyone. BUN,
creatinine, UA completed on ore
transporter & millers. ABG
ordered when medically
indicated. CT scan ordered if no
PCP and medically indicated
Followup with PCP and/or
RESEP clinic

Screening protocols are the same
as those used by St. Mary’s
RESEP

Outreach contacts:  398
Medical encounters (screened
individuals): 218
Educational activities: 48
Eligibility assistance
provided: 115
Medical referrals: 99

Received compensation: 3

Do not hear back on most cases
whether accepted or denied

~2450 people reached (via
presentations, mailings, or direct
contact)

~395 people screened,
of those screened:
15 positive results
15 people referred

Regarding compensation:
3 people received compensation
~16 applications submitted, but no
decision yet
~35 applications are in process

TABLE 11.1 Continued
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Clinical:
• Other diseases not covered by RECA seen in miners—cases of asbestosis found in miners with

no other work history

Other:
• How to reach miners who might have moved away (involves contacting extended families,

miner organizations, and use of “word of mouth”)

Clinical:
• Little primary or preventive care available internally to these populations

Other:
• No feedback from Department of Justice, so they do not know where applications stand
• Area is very rural and remote, and population does not have telephones or electricity, so

followup must be by mail

Issues Identified

continued
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The Arizona Radiation
Exposure Screening &
Education Program
(AZRESEP)
“Serving AZ Downwinders
and Uranium Mining
Industry Workers”

Linda M. Nelson, MPH
AZRESEP Director

Mountain Park Health Center
635 E. Baseline Rd
Phoenix, AZ 85042

Covers uranium miners,
millers, ore transporters,
downwinders, and onsite
participants with focus on the
downwinder population

Outreach contacts (face-to-face
and telephone encounters):
2002-2003:  110
2003-2004:  886
2004-2005:  307 (Quarter 1)

Medical screenings:
2002-2003:  86
2003-2004:  63
2004-2005:  14 (Quarter 1)

Medical referrals:
2002-2003: 2
2003-2004: 14
2004-2005: 0 (Quarter 1)

Educational activities
(presentations and media):
2002-2003:    48
2003-2004:  107
2004-2005:    14 (Quarter 1)

RECA eligibility assistance
provided:
2002-2003:   78
2003-2004: 298
2004-2005:   28 (Quarter 1)

Standardized AZRESEP protocol
handbook has been developed.
All sites contracted with
Mountain Park Health Center are
required to follow protocol laid
out in handbook.  MPHC
contracts with three additional
main sites (Canyon lands
Community Health Care in Page,
AZ; North Country Community
Health Center in Flagstaff, AZ;
and Yavapai County Community
Health Services in Prescott, AZ)

Basically, protocol is
1. Perform eligibility screening
(through questionnaire)
2. Make appointment for patient
(unless patient chooses to go to
own provider for insurance
reasons)
3. Provide patient medical and
occupational history, focused
physical examination, laboratory
tests, and x rays as necessary
4. Provide patient written
medical summary with copies of
test results in 6 - 8 weeks in
mail with recommendations for
followup
5.  If patient is part of
AZRESEP clinical system,
followup occurs onsite; if not,
patient is referred to his or her
own PCP for followup

TABLE 11.1 Continued

HRSA Grantee, and
Population Covered Screening and Referral Protocols Individuals Reached
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Arizona has high managed-care penetration, so we encounter problems with insurance plans in this
state; most plans require that enrollee be associated with network of providers and have an
established primary-care provider; if person with health insurance goes outside his or her network,
the services rendered are not reimbursable, and patient is required to pay out of pocket for services

Many Medicare beneficiaries elect to enroll in managed-care plan as secondary coverage for
Medicare-covered services. Even though AZRESEP sites use sliding fee schedule for uninsured
patients, patients who have health insurance usually do not qualify for it; because AZRESEP sites
are required to bill for services, some people have been deterred from coming  in for any medical
screening that they may have to pay for even if they have health insurance

Other identified issues have been that demand in Maricopa County for medical screening of RECA-
eligible people has been lower than expected, and cost of implementing full-fledged marketing
campaign in area is beyond realm of funding resources; we initially thought that high number of
eligible people would reside in Maricopa County (even though it is not classified as RECA
downwinder county) because of out-migration of people from northern Arizona counties, in-
migration of people from surrounding states, and sheer number of people who live in Maricopa
County (3,396,875) compared with the rest of Arizona (2,232,695); in last past quarter, print
advertising has been taking place in Maricopa County with disappointing results; furthermore,
prohibitive costs associated with media (especially radio and TV but also print) limit amount of
media outreach and education possible with small budget

Issues Identified
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activities and tracking progress are typically not as straightforward for grants as
for contracts; to the extent that standardization of messages, materials, and uses
of federal funds is desired; we believe a contract mechanism offers more agency
control than grant program.

The committee was concerned about standardization and accountability even
for the present configuration of RESEP.  If RECA moves to a national PC/AS
mechanism for determining exposure and potential eligibility, even one involv-
ing the preassessment activities proposed earlier, RESEP audiences will expand
geographically and change in demographics; similarly, HRSA’s responsibilities
for RESEP screening, education, and outreach will grow.  In our judgment,
therefore, HRSA may do well to revamp the RESEP program in several ways.
Some recommendations appear below, but we offer the following as a cross-
cutting matter: The committee recommends that HRSA change its RESEP
funding mechanism from grants to contracts.

HRSA might consider using a cooperative agreement mechanism instead of
a pure grant program.  In our judgment, that would not be a meaningful step, in
that cooperative agreements are administered more like grants than contracts.
We offer several reasons for our recommendation to move to a contract
mechanism.

First, a contract vehicle would enable HRSA to standardize protocols for
medical and compensational screening in accordance with the recommenda-
tions in Chapters 9 and 10.  HRSA’s current grantees provide different (or
different levels of) services to eligible populations, as documented in Table
11.1, although part of the explanation may be different amounts of grant awards.
Nonetheless, to the extent that grantees’ goals and approaches differ, they risk
inadvertently discriminating against some populations and for others.  Such
discrimination—insofar as these groups can be considered alike for purposes of
RESEP activities, and however unintentional—is not consistent with appropri-
ate use of public funds or with our understanding of the ethical principles that
underlie RECA.

The committee would support advances that offered all populations timely
access to the services appropriate for realizing RECA and RESEP goals.  This is,
in part, the implicit motivation for its recommendation about monetary coverage
of screening, diagnosis, and treatment services for administratively eligible indi-
viduals.  The basic activities of the entities that HRSA funds for RESEP need
more standardization and supervision to be made consistent.  A contract would
provide this.

Second, a contract mechanism might help HRSA to expand and centralize
attention on the content and literacy level of patient-oriented materials of all
types (including non-English versions).  Literacy and numeracy are problems
even for the current grantees’ audiences, and the problems are likely to grow as
additional populations not steeped in these issues for the past decade are drawn
into the RECA program.  We return to literacy and numeracy issues later.
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Third, for similar reasons of standardization and efficiency, a contract ve-
hicle is likely to help efforts to inform physicians, other clinicians, and other
professional groups about RECA and RESEP (especially in previously uncov-
ered areas of the country).  HRSA can work with research or technical assistance
firms and with academic institutions and other organizations to develop and test
educational messages, in various media, and to create and disseminate appropri-
ate clinical practice guidelines and protocols.  HRSA might, for example, partner
with the Agency for Healthcare Research and Quality (AHRQ) in commissioning
systematic reviews of treatment options for these conditions and in disseminating
information from the US Preventive Services Task Force on updated screening
protocols for cancer and other relevant disorders.

Fourth, contracts provide a way for HRSA to begin and then maintain ongo-
ing program evaluation of RESEP activities and services beyond what is now
possible through annual grant renewals.  Program evaluation itself does not ap-
pear to be an element of RESEP administration, and this is a matter of some
concern.  We can envision that Congress and the Department of Health and
Human Services might wish to direct more attention to the effectiveness and
efficiency of RESEP efforts as RECA itself becomes a more complicated pro-
gram involving more diverse geographic areas.

In short, we believe that contracts will offer the most efficient and effective
mechanism of administration, especially for any national program for which enti-
ties already involved in RECA-oriented and RESEP-like activities do not exist.
The one possible exception is the Indian Health Service, which in principle could
expand its reach to Native American populations outside the Southwest.  Efficiency
and appropriate oversight are more likely through a contract than a grant mecha-
nism as the RESEP program expands to serve broader RECA purposes.

With respect to funding for HRSA for RESEP, we note that recommenda-
tions to move to a PC/AS approach for RECA for the nation as a whole markedly
increase the size and scope of RESEP activities beyond the groups in the western
and southwestern counties now eligible for RECA compensation.  That may have
nontrivial implications for RESEP’s overall costs.  Some observers and policy-
makers may judge that the administrative costs to expand education and outreach
programs to those who are at a very low level of risk (with attendant claims,
perhaps in large numbers, from individuals who may not be granted compensa-
tion) are not in reasonable proportion to the gain.  The committee believed that
issues of costs (for RECA or for RESEP) related to its recommendations, al-
though of considerable importance, exceeded its charge for this report, and so we
do not explore RESEP programmatic costs further in this chapter.

CORE ISSUES FOR RESEP

At the public meetings in Arizona, New Mexico, and Utah, the committee
heard many points that direct attention to issues that HRSA should address.  As
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already introduced, Table 11.1 (rightmost column) briefly note the numerous
issues that grantees brought to the committee’s attention.  Beyond these, many
speakers and beneficiaries of RESEP services presented stories and data under-
scoring what the HRSA grantees said and raising yet other topics.

The major problems arose in four categories: knowledge deficits, inaccessibil-
ity, cultural sensitivity, and inequity.  Some were discussed in earlier chapters.  We
refocus on them here in the context of information from the public hearings and
other materials that affected groups and individuals forwarded to the committee.

Knowledge Deficits

Knowledge or information deficits in the RECA-RESEP context can lie in
several domains:  awareness, acceptance, assimilation, and use of materials.  The
general public and many persons potentially eligible for RECA can, at worst, be
said (as of the time of preparation of this report) to be unaware of the RECA and
RESEP programs; at best, they probably have not assimilated the details of the
programs.  Those generalizations are more applicable to a national program than
to a program focused nearly exclusively on selected counties in several western
and southwestern states.  HRSA (with DOJ) will likely need to modify and
expand educational efforts to address the awareness domain of knowledge
acquisition.

Some members of the general public have difficulty understanding or complet-
ing the 25- page RECA application form, especially the necessary residence docu-
mentation.  Such problems will increase if Congress legislates the committee’s
recommendation for expanding the program through the PC/AS method and ex-
pands coverage of medical services for specified diseases to those approved for
eligibility for compensation.  As noted in earlier chapters, effective implementation
of the PC/AS model may require that formal technical assistance be offered to
individuals to use the dose and PC/AS calculators accurately (see Chapters 5 and
6).  A single HRSA contractor might provide such assistance nationally either
directly to individuals or to patient, volunteer, disease, or other advocacy groups.

HRSA may also need to address the preassessment activities suggested in
relation to the committee’s first recommendation about moving to a PC/AS ap-
proach to compensation.  This calls for the National Cancer Institute (NCI) or
other appropriate agencies to make two determinations: (1) which diseases are
likely to have a high enough probability of satisfying compensation criteria,
thereby eliminating scenarios in which the dose to tissues and organs would be
universally so low that processing  RECA claims would be unwarranted, and (2)
which population groups have incurred sufficient risk from fallout-related radia-
tion exposure to warrant consideration for compensation.  The committee expects
this work to be made widely available to the US public.  For that reason,  HRSA
may need to play  an important role in disseminating information  for the various
audiences that need to be reached and in targeting outreach and education to
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populations that are especially affected by the determinations (that is, of being at
very high risk or at very low risk of exposure).

Inaccessibility

Ease of Understanding

Given the cultural differences, remoteness and broad geographic nature of
the regions to be reached, and the limited literacy (reading ability) and numeracy
(quantitative literacy) of targeted populations, such traditional outreach methods
as pamphlets and public service announcements are of dubious accessibility and
thus of questionable value.  The impact of the current educational and outreach
efforts (such as public service announcements, brochures, and similar media for
RESEP and RECA messages) has not been rigorously evaluated.  The committee
remains uncertain about the net benefits of those efforts in populations now
targeted, let alone in much more diverse sets of people who may emerge in a PC/
AS-based national program.

Ease of Obtaining Services

Access to health care in the traditional sense (defined a decade ago by the
Institute of Medicine as “the timely use of personal health services to achieve the
best possible health outcomes” [IOM, 1993]) was often raised as an issue for the
current RESEP program grantees and populations.  Thus, physical inaccessibility to
screening tests, timely referrals, and appropriate health care because of the expanse
of the geographic regions covered may continue to pose problems for some popu-
lations possibly eligible for RESEP services or RECA compensation.  The extent to
which the problem may arise if the RECA program is extended through the national
application of the PC/AS method is not clear, especially if administrative criteria
must first be met.  How access to care plays out will depend on the location of
health care facilities, which are likely to be far more numerous (and accessible) in
many parts of the country than in the present RECA states.  It may also hinge on
patterns of insurance coverage or eligibility for federal health programs, although
the committee has recommended that RECA cover services related to screening (or
complications of screening), diagnosis, referral, and treatment.  Insofar as some
“hot spots” are in relatively rural areas (albeit not as rural as some of the covered
areas in the American Southwest), however, geographic inaccessibility may still
present an obstacle to high-quality and timely services.

Cultural Sensitivity

In this section and later in this chapter, we use the issue of sensitivity to
Native American culture as a prime example because the committee heard much
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testimony that such sensitivity was not always evident.  However, the issue
applies to the many different cultures of peoples exposed to radiation by the US
nuclear-weapons programs.

Native Americans have a strong sense of being treated as “second-class
citizens” at local treatment centers.  The committee heard a good deal of testi-
mony about apparent insensitivity to Native American traditions and medical
practices.  The committee notes that DOJ has apparently improved its practices as
regarding documentation of residence, employment, and family relationships to
permit more use of traditional (or unconventional) materials appropriate for Na-
tive American groups.  The committee further addresses the use of affidavits for
proof of presence or residence below.

Interactions across DOJ, HRSA, HRSA grantees, and future HRSA contrac-
tors with all target populations warrant review of issues of cultural sensitivity
(including but not limited to literacy and numeracy questions).  Expanding RECA
will doubtless increase the need for attention to such concerns.

Inequity

The committee introduced ethical issues in Chapter 8 and wove these consid-
erations into other chapters as well.  Generally speaking, inequities are a major
concern to the extent that like groups are apparently not treated alike.  We note,
however, that treating “unlike” groups dissimilarly does not raise an equivalent
ethical dilemma.

Many representatives of groups that are not now eligible for RECA compen-
sation spoke strongly about their sense of unfairness about the initial “arbitrary”
selection of eligible geographic areas for RECA coverage.  The committee under-
stands their perception that a fundamental breach of ethical principles occurred
and that it ought to be given great weight in considering their grievances.  The
basic reason is that they are “like” groups that have not been dealt with similarly.
The PC/AS method of extending RECA eligibility nationally is an effort to
redress some of these concerns.

DISCUSSION AND RECOMMENDATIONS

In this section, we examine further some of the issues introduced above and
offer our recommendations for addressing them.  We focus here on advising
HRSA about education and outreach.  In some cases, however, screening, consid-
ered in Chapters 9 and 10, reappears as a matter for further educational efforts
and as a part of streamlining HRSA’s administration of RESEP.  The issues
presented here are, in the main, categories used earlier: knowledge deficits, inac-
cessibility, cultural competence, inequities, and screening.  By far the most criti-
cal steps will be to overcome knowledge deficits in both patient populations and
clinicians; second will be screening questions in the context of education and
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outreach.  The committee recommends that the Department of Health and
Human Services ensure that the content of public and professional educa-
tional programs be consistent across all entities that HRSA supports through
its RESEP program.

Knowledge Deficits

Educational Needs Related to Patient Populations

Clinical Issues Making the RECA and RESEP programs better known to and
understood by eligible populations is a major goal.  It calls for a larger and better
public education effort than we believe has been mounted to date.  Although
RECA stakeholders appear to be better informed than the general public about
radiation issues and present law to remediate harm, one important need is to
improve understanding of the nature and meaning of radiogenic disease (as dealt
with in Chapters 4 and 7).  Many conditions may have an etiology related to
radiation exposure but also have competing causes that are not related to radia-
tion exposure and may be more likely to be the true cause of a person’s illness.
Many disorders, including many cancers, have no proven causal relationship with
radiation exposure (as discussed in Chapters 4 and 7).  In our view, these facts
must be laid out before the public at large in language that will be broadly
understood, given the literacy competence in this country.

To understand better the RECA eligibility process, potentially eligible per-
sons must have a general understanding of the PC/AS method.  This includes an
understanding of the “uncertainty” associated with this method (see Chapter 5).
Also important will be conveying the reasons that Congress sets criteria of eligi-
bility for compensation at whatever points it eventually adopts.  Chapter 5 of this
report might be a source for HRSA or others to use in developing better, more
standardized documents and materials for educational purposes, although we
recognize that it is not written at an average level of literacy for the US popula-
tion and would need to be simplified for broader use.

Literacy and Numeracy Low literacy in the United States (in any language, but
conventionally considered English) is common.  One typical test is the National
Adult Literacy Study (NALS), which grades literacy in five levels (1 being low-
est and 5 highest).  A decade ago, about 90 million adults in the United States
scored on level 1 or 2 on the NALS, which means that they have trouble integrat-
ing multiple pieces of information from a single document or finding two or more
numbers and performing a calculation with them (Berkman et al., 2004; DeWalt
et al., 2004).  Both skills are critical to comprehending and using a PC/AS
method; indeed, many daily activities today require literacy skills above level 1
or 2.  Thus, low literacy must be taken into account in a broader RECA program;
this requirement poses appreciable challenges for HRSA’s RESEP efforts.
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Numeracy is a companion construct to literacy, although in the United States
it is less well understood and measured.  Sometimes deemed quantitative lit-
eracy, it comprises the knowledge and skills required to apply simple operations
of arithmetic, either alone or sequentially, using numbers embedded in printed
material.  Broadly, numeracy is the aggregate of knowledge, skills, and attitudes
needed to perform mathematical calculations and manipulations, grasp measure-
ment units intuitively, estimate known or unknown values, interpret and use
mathematical and quantitative information, and think and express oneself effec-
tively in quantitative terms.  More prosaically, it is the ability to use mathematics
at a level necessary to function effectively in everyday situations of school, work,
and society.  (For further definitional discussions, see Gal, 1995, and Saskat-
chewan Education www.sasked.gov.sk.ca/docs/policy/cels/el3.html#e13e10; ac-
cessed 12/21/2004).

The general US population is not especially numerate, when judged by ques-
tions related to probabilities (how many times will a fair coin flipped 1,000 times
come up heads?) and percentages and proportions (converting a 1% chance of
winning a lottery to 10 winners in 1,000 people winning that lottery, or convert-
ing a chance of winning a raffle from 1 in 1,000 to 0.1%) (Williams et al., 1995;
Schwartz et al., 1997; Woloshin et al., 2001; Sheridan and Pignone, 2002).
Sheridan and Pignone (2002) reported that 77% of first-year medical students
answered three numeracy questions correctly, 18% answered two correctly, and
5% answered one or none correctly.  In a study of mostly middle-aged women
concerning understanding of screening mammography benefits, Schwartz et al.
(1997) reported that 44% answered the coin-flip question incorrectly (generally
underestimating the value); moreover, 46% of women were unable to convert 1%
to a proportion accurately, and 80% were unable to convert 1 in 1,000 to a
percentage.

Such findings call into serious question the ability of RECA populations to
grasp the PC/AS concepts easily, let alone to interpret correctly the types of
information that come from the dose and PC calculators.  This is especially
problematic because the population targeted for education in the PC/AS method
may, indeed, be locations across the entire nation.  In fact, setting the threshold or
“cut point” and an acceptable level of uncertainty (for example, credibility inter-
vals) for determining eligibility is a social or political, not a scientific, task.  For
that reason, affected populations may find themselves motivated to increase their
numeracy to have more influence with national representatives on the issue if
Congress amends RECA as advocated in this report.  Education may be needed to
help such claimants to interpret their own (or family members’) values correctly.
That may in turn call for HRSA to arrange for technical assistance to make it
happen.

Benefits of Information Easy-to-understand information about RECA, RESEP,
and radiogenic cancers may provide reassurance to some individuals.  Specifi-
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cally, they may be encouraged to learn that even though they had been exposed,
not yet having developed a cancer to which the exposure may have contributed
many years after exposure may mean that they never will develop it.  Issues of
age at exposure and the relationship between age and competing causes of cancer
are dealt with in Chapter 4.  Furthermore, reassurance may flow from educating
both the public and health care providers that the relative risk of a radiogenic
cancer (and therefore the likelihood that such a cancer will have been the conse-
quence of an exposure to ionizing radiation) declines as time since exposure
increases.  The committee recommends that HRSA and all its grantees un-
dertake an appropriately focused educational program explicating the limi-
tations, the benefits, and the risks of medical screening for many RECA
diseases.

In addition, people who know or believe that they were exposed through
occupation or fallout from the US nuclear-weapons testing may come to a better
appreciation of the disease to which they should be especially attentive.  This
involves both awareness of symptoms and choices about screening and lifestyle
behaviors.

Finally, some people may expend much time, money, and emotion in pursu-
ing campaigns for inclusion of “their” disease among those listed for compensa-
tion.  If the public improves its understanding of the likelihood that radiation was
not likely to have caused those diseases, some frustrating efforts that have little
likelihood of payoff might be averted.

Claimant Applications The RECA-RESEP application process clearly needs to
be more user-friendly and easily explained.  It is a 25-page application (http://
www.usdoj.gov/civil/torts/const/reca/claimform.htm).  A question remains as to
whether improving and simplifying the application process are responsibilities
chiefly of DOJ or HRSA.  Nevertheless, if this program is to be implemented
effectively, any individuals deemed newly eligible for possible compensation
must be made aware of and learn how to use the existing compensation program
and its procedures most effectively.

To make the application process more user-friendly, storing all claims and, if
possible, clinical information at a central location would be a useful innovation.
Those reapplying would then not have to repeat the entire application process.
Implicit in this chapter is that HRSA bears substantial responsibility for meeting
these informational (educational and outreach) needs, but the committee suspects
that many elements of DOJ’s administration of RECA could also be streamlined
and improved.  We do not address them here because DOJ program efforts were
not a direct part of the committee’s charge.

Multiple Compensation Programs The multiple compensation programs are
confusing to those who may be eligible not only for RECA compensation but also
possibly (or alternatively) for other programs.  For example, uranium workers are
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eligible for an additional $50,000 in compensation from the Energy Employees
Occupational Illness Compensation Program Act (EEOICPA), but if an onsite
participant were to apply to RECA and accept compensation, he or she could not
then apply to EEOICPA for even the difference in compensation between the two
programs.  (See Chapter 2 and Table 2.4 for a more comprehensive review of
different compensation programs.)

As part of HRSA’s outreach effort, however, and to complement whatever
DOJ does in this regard, we believe that HRSA should make more information
available to potential claimants on all compensation programs, especially the
programs that offer both medical services benefits and monetary payments.
HRSA should combine elements of all those programs in one consistent descrip-
tion that helps potential beneficiaries compare programs and understand the full
set of benefits to which they might be entitled.

That might be done in several ways.  For example, HRSA’s RESEP Web site
could include more information about and links to relevant sites of other federal
departments and agencies, such as the Department of Veterans Affairs and the
Department of Labor.  HRSA might also attempt to develop a simple triage
system for guiding potential applicants to the compensation programs most ap-
propriate for their situations.  The committee did not explore these options in
detail but did agree that a specific recommendation that HRSA act was justified.

The committee recommends that HRSA provide information to RECA
populations about other radiation exposure compensation programs for
which they might be eligible.  The committee also recommends that an advi-
sory organization should review all federal compensation programs related
to radiation exposure to determine similarities and differences and that
HRSA periodically convene representatives of all programs to address in-
consistencies among programs and determine the effects of developments
over time in radiation biology, risk estimates, legislation, and regulations.

Explanations and instructions must be at a level of reading ability appropri-
ate for the target populations.  Among the needs are getting and using information
about the application process and obtaining help in using PC/AS dose calculators
on the Web through the NCI or the National Institute for Occupational Safety and
Health (NIOSH, through the Centers for Disease Control and Prevention [CDC]).
This effort might be accomplished through some form of technical assistance as
mentioned above.

The committee heard repeatedly that simple messages and clear instructions
are critical.  Complicated or incomplete messages and materials pose difficulties
for many of the target populations and may induce frustration, anger, misunder-
standing, and even mistrust.  A related risk is that people will fail to obtain the
benefits to which they are entitled.  Thus, taking literacy and numeracy into
account is a paramount requirement.  Of special concern are materials in lan-
guages other than English—most likely Spanish, but also other Native American
languages.
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The above pertains essentially to print materials: newspaper articles, flyers
and brochures, and the like, including Web-based information.  HRSA and others
should also give similar attention to anything conveyed through the broadcast
media.

HRSA’s role is to support development of such materials.  We believe that
the agency should provide guidelines about or assistance in creation and produc-
tion in accordance with contemporary expectations in the health communications
field.  Taking the several points above into account, the committee makes several
recommendations for HRSA activities.  Most important in this context, the com-
mittee recommends that HRSA ensure that all public informational materi-
als are written so that members of target populations can understand their
contents.

All groups from whom the committee heard recommended that HRSA, the
agency’s grantees or contractors, and other interested parties use all types of
media to reach out to potentially affected populations.  Media in this context
appears to mean both traditional print and broadcast channels: newspapers, bulle-
tins, flyers, and similar print vehicles and radio and television media, including
both commercial and cable outlets.  Mailing materials may be the most direct way
to reach members of some populations that lack easy access to broadcast media
(at least in their own languages); in some cases, this might need to be accom-
plished simply through bulk mailing to “resident” or “occupant.”  We believe, in
addition, that populations that have computer access and are computer literate
may be well served by expanded use of Web-based outlets.  Such Web sites
should include all appropriate hyperlinks across sites.

Similarly, engaging all types of community-based organizations is critical.
They will differ by locality, but the overall conclusion is unassailable.  Among
the types of organizations mentioned were local health departments and social-
services departments, philanthropic entities (for example, local or regional foun-
dations), and faith-based organizations (for example, church organizations or
religious membership groups).  Advocacy groups, whether related specifically to
the RECA program—such as downwinder societies, mining unions and networks,
veterans’ networks, and tribal organizations—or to disease organizations, such as
local chapters of the American Cancer Society and similar national groups, should
be approached.  Finally, service organizations, such as groups headed by local
commercial leaders, may be useful partners.

Apart from local efforts or those coordinated through entities other than
HRSA, we believe that HRSA can do much more with its Web site.  That will be
critical if RECA becomes a national program, but even in its present state the
agency’s Web site is neither informative enough nor user-friendly.  This chapter
notes many informational messages and materials that HRSA might post on its
Web site.

The committee suggests that HRSA expand its RESEP Web pages beyond
the minimal elements of information found on the four current pages.  Such
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expansion should include many of the messages and materials issues raised
throughout this chapter, taking into account any expansion of RECA with respect
to eligible populations and a shift to a PC/AS approach for new or existing
localities (including the impact of preassessment findings).  The committee also
suggests that the Web site be internally hyperlinked more efficiently than it is
now.  Finally, the committee suggests that HRSA create an expanded set of
hyperlinks to other federal agencies (particularly to all the relevant Web sites for
DOJ, NCI, CDC, and NIOSH) and national stakeholder organizations in this area.

One element of the committee charge concerned adding new diseases to the
current RECA list, and this was explored in Chapter 7.  Given currently available
epidemiologic, radiobiologic, and dosimetric evidence reviewed there, the com-
mittee did not recommend any additional diseases be added to the current list of
RECA-compensable conditions.  Thus, no issue arises for RESEP as to compen-
sational screening for any new diagnoses.  In Chapter 9, however, the committee
suggested that HRSA may want to consider screening for depression, in health
care settings with appropriate quality-of-care programs and adequate referral or
follow through when needed; this is in accord with recommendations of the US
Preventive Services Task Force for adult populations.  In addition, the committee
noted that it considers in utero exposures to be included in determining eligibil-
ity.  HRSA and DOJ will need to explain and publicize these decisions and
changes thoroughly through outreach to organizations, improved Web sites, bet-
ter print or other materials of appropriate levels of literacy and numeracy, and
revised application forms and other protocols.

Yet another challenge arises in relation to the committee’s recommendations
that RECA cover the costs of screening (and its complications) and appropriate
referrals and treatment for RECA-compensable diseases for all individuals who
have established eligibility for compensation.  If Congress acts on this recommen-
dation, then HRSA almost certainly will need to develop some educational pro-
gram for both patients and providers to explain how these provisions will work.

Educational Needs Related to Clinicians

Clinical Issues Facts now emerging about the long-term effects of radiation
exposure on mental and emotional health must be emphasized in primary and
specialty care fields.  Psychologists, psychiatric social workers, and other appro-
priate community workers also need to be educated on these issues if they are
to provide appropriate guidance and care to patients and (potentially) family
members.

Another challenge for clinical audiences may be educating them about the
applications of PC/AS methods by which their patients may need to determine
potential eligibility for compensation.  This is especially pertinent to the extent
that documenting administrative eligibility for RECA compensation is a prereq-
uisite for requesting compensational screening (as discussed in Chapters 9 and

Assessment of the Scientific Information for the Radiation Exposure Screening and Education Program

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11279


EDUCATION AND OUTREACH 299

10).  As explained in Chapters 5 and 6, developing the information for a PC/AS
calculation for an individual requires the presumption of disease.

We see a high likelihood that patients or their families will turn to physicians
for explanations and assistance on PC/AS questions, and we are not convinced
that the medical profession, on balance, has a solid understanding of statistical
approaches in general or for the RECA program in particular.   HRSA may need
to take special steps to reach out to the medical profession with technical assis-
tance or educational materials geared to the needs of physicians (or their office
staffs) about the meaning and application of PC/AS calculations.   The material in
Chapter 5 that serves as the PC/AS primer will be an important place for HRSA
(or professional societies themselves) to start.  As noted earlier, the PC/AS primer
information (Chapter 5) is one starting place for HRSA and professional socie-
ties.  Inasmuch as RECA would not be the first compensation program to use PC/
AS, HRSA might investigate effective education efforts on the part of EEOICPA
and any other radiation compensation programs, here and abroad, that might be
good bases for its own efforts.

Screening Issues Physicians asked about their own role in RESEP.  They asked
whether they were expected to use routine screening and checkups with emphasis
on radiation-related diseases, to provide examinations with nonroutine tests to
determine eligibility for compensation, or both.  They also asked about what
cancers should be considered for examination.

Clinicians questioned the value of screening populations for RECA cancers
when resources might be better used and justified for providing more complete
health care.  Health care providers—health plans, health care organizations, phy-
sicians, nurses, and medical social workers in particular—need reliable, up-to-
date information.  We were generally impressed with the level of professional
knowledge and commitment among the current HRSA grantees on this score,
although some questions remain (see below).  Any expansion of RECA and
RESEP, however, will generate a significant need for provider education on
several fronts.  The first is simply a better understanding of both programs tai-
lored to the health care interventions and assistance that such professionals may
need to give to their patients and families.

As implied in Chapters 9 and 10, screening alone requires that much be done
to keep the medical profession up to date, apart from the need for better informa-
tion about important distinctions between medical and compensational screening.
Clinicians should ensure that all persons to be screened are aware of and compre-
hend the tradeoffs of the benefits of screening and the risks it poses.   This is
especially important in the context of compensational screening, when few health
benefits are likely to accrue (but harms may well) and the likelihood of successful
claims is low.

Moreover, as RESEP has been implemented so far, the variation in practices
for referral, followup, diagnosis, and treatment is considerable.  HRSA may have
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to spell out more precisely than it has so far what providers outside the southwest
grantee areas (or the Indian Health Service) are expected to do.  The recom-
mended move to a contract mechanism, in which more procedures can be stan-
dardized and centralized, is meant to make it possible to meet such needs more
efficiently and effectively.  The preassessment recommended by the committee
may provide useful guidance as well.

Finally, turnover is one important factor in reaching health professionals
who are affiliated with institutions that care for RECA populations.  HRSA
grantees emphasized difficulties posed by changes in physicians, nurses, or other
personnel.  Among the intractable problems was providing professional educa-
tion and training for RECA over and over.  We see no obvious way to avoid the
problem, but we note it as one that HRSA needs to take into account in future
programmatic activities.

Educational Issues and Mental Health

Little or no epidemiologic work appears to have been done on issues related
to mental and emotional status and the exposure and continuing concerns of
miners and downwinders and their families.  Nonetheless, the lack of empirical
work cannot disguise the range of psychiatric problems they describe, allude to,
or evince.  However, the committee could not amass evidence of documented
emergence of these conditions as a result of exposure or of sustained symptoms
that would provide a direct, causal link between complaints and diagnoses iden-
tified today and exposure that occurred decades ago.   For that reason, we could
assemble no convincing arguments that these conditions should be added to the
list of RECA-compensable disorders.

We conclude, however, that prompt provision of accurate information about
radiation exposure and its consequences may ameliorate the psychologic conse-
quences (anxiety, depression, post-traumatic stress disorder, chronic environ-
mental stress) of a catastrophic exposure. Although the exposures covered by
RECA were not catastrophic accidents, it may now be the case, many decades
later, that providing full and truthful information can help to diminish the psycho-
logic burdens that RECA downwinder or other populations may exhibit.

The committee recommends that HRSA undertake an enhanced pro-
gram of education and communication about the risks posed by radiation
exposure for people who may have been exposed to radiation from fallout
from US nuclear-weapons testing.  If Congress adopts the PC/AS approach to
determine eligibility for compensation, education about the nature of the calcula-
tions may afford additional opportunities to inform downwinders and others about
the relatively small magnitude of the risks.  In short, as noted in Chapter 9, the
committee emphasizes the need for greater educational efforts to help clinicians,
patients, and families recognize mental health problems and obtain appropriate
referrals and services for them.
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Inaccessibility

The committee heard in several ways that HRSA and others must be espe-
cially cognizant of the specific needs or requirements of local populations and the
lack of resources in some places.  That is true especially for groups that have little
access to television (meaning that public service announcements may be unavail-
able to them).  Another barrier is the high geographic dispersion of some of the
populations of concern (in rural and frontier areas, including reservations for
Native American).

Language is a further complicating issue.  Reaching Native American popu-
lations now (such as members of the Navajo Nation) may be problematic insofar
as English is not their first language.  Moreover, expanding RECA nationally
raises the probability that messages and materials need to be rendered into Span-
ish (or perhaps other languages).  For complicated subjects—such as RECA,
PC/AS concepts and procedures, and services available through RESEP—
adequate translations (taking literacy into account) may be problematic.

Cultural Sensitivity

The RECA and RESEP programs should work with local minority popula-
tions to understand these types of concerns and to ensure that equitable services
are provided in culturally sensitive way.  As already noted, the Native American
groups in the current RECA areas of the southwest reported many instances in
which they felt that the programs were not adequately responsive to their tradi-
tions and medical practices.  HRSA needs to ensure that clinicians working in the
RESEP programs are trained to understand cultural preferences and to develop
ways to incorporate into their programs the nontraditional medical practices and
life views of the Native Americans and of other groups and cultures (Blackhall et
al., 1995; Carrese and Rhodes, 1995; Gostin, 1995).  Owing to the complexity of
the application process, one step that HRSA might take is to have its contractors
engage case managers or triage personnel with special training and capabilities in
providing education, information, and services in culturally appropriate ways.

Inequity

The committee heard repeatedly about equity issues.  Native Americans
stated repeatedly that they received fewer accommodations than the majority
population to meet their needs and situations.  They and other groups were
concerned about the extent of fallout from the nuclear tests under consideration
and the arbitrary nature of using geographic boundaries to determine eligibility.
If RECA is amended, as recommended earlier, to extend eligibility through a
PC/AS mechanism across the nation, a substantial public education effort will be
needed in at least the states and counties (localities) that had high levels of
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fallout.  The suggested preassessment effort may help to identify areas warrant-
ing early and high-priority attention.

A related public education and information effort should be directed at mak-
ing the RECA program known to people in these localities.  A question remains
as to whether this is a responsibility chiefly of DOJ or of HRSA, but one way or
another people potentially eligible to apply for compensation—all those outside
the southwestern areas now eligible—must be told of the existence of the com-
pensation program.  If this is a DOJ duty, such information must include explana-
tion of the existence of the RESEP program.  In addition, people must be told
how they can find and access needed information, forms, and the like.

To all that must be added explanations and instructions—at a readability
level appropriate for the targeted populations—for getting information about the
application process.  Some potential applicants may need help using the PC/AS
dose calculators on the Web through NCI or CDC.

Screening Issues Revisited

Somewhat problematic for the committee was the testimony from physicians
regarding screening and their role in it.  One issue was confusion about medical
vs compensational screening; another was the number and types of tests (for
example, arterial blood gases) that were performed on all patients because they
were potentially eligible for RECA and whether this constituted good medical
practice.

Excessive Testing Concerns

Grantees reported disquiet about some of the diseases being screened for and
about the amount and complexity of the diagnostic testing required for potential
RECA eligibility.  Their concerns are well founded, as laid out in Chapter 9 about
the potentially adverse effects of using multiple tests.  The committee here reiter-
ates that the several recommendations made in Chapter 9 for addressing these
issues are relevant for improving RESEP activities.

Screening for Medical or Compensational Purposes

Clinicians associated with the existing HSRA grants expressed confusion
about their screening role.  Physicians’ traditional view of screening typically
does not include examining a patient for compensatory reasons.  Chapters 9 and
10 differentiated between medical screening and compensational screening.  Com-
pensational screening involves specific tests that HRSA set out for radio-
genic disease; these are not traditionally undertaken in routine medical screening
but are required to establish eligibility for RECA compensation.  The distinction
needs to be much clearer to clinicians working in the RECA program.  A term
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other than screening, perhaps compensation examination, might be developed for
examinations that are undertaken strictly to determine RECA eligibility.

Although a potential for harm exists in all screening programs, considering
such harm is especially critical for decisions that the public and clinicians make
about screening tests for many RECA-compensable diseases.  Little or no medi-
cal benefit appears to accrue from such screening to offset the risks of harm.  In
deciding whether to undertake such compensational screening, exposed individu-
als and their clinicians have to weigh a small medical risk against a perhaps even
smaller possibility of receiving compensation under RECA.

In the committee’s view, clinicians must inform patients of the possible
harms whether they are providing medical screening or screening for compensa-
tion.  HRSA needs to acknowledge to clinicians that it recognizes that screening
tests are not perfect and that not all diagnoses can be medically certain.  The
committee advocates that, even for compensation examinations, screening activi-
ties be undertaken only when the tests and procedures in question are supported
by credible scientific evidence and when the expected benefits outweigh the
risks.  We suggest in Chapter 9, consistent with our concerns in Chapter 8 for the
underlying ethical concerns at stake, that shared decision-making models be
researched.  Here, we advocate that they be understood and implemented by
clinicians in helping RECA stakeholder populations to make decisions regarding
screening.

EDUCATIONAL PROGRAM PLANNING AND IMPLEMENTATION

So far, this chapter has discussed the issues identified by the general public,
grantees, and the committee.  We focus here more on the need for a planning
framework and an outcomes-based educational model that HRSA could adapt for
its future RESEP programs.

Theoretical Background

The discussion and recommendations outlined in this chapter are based on
longstanding health-education and social-science concepts and theory (Lewin,
1935).  A multidisciplinary body of research and activities labeled health educa-
tion has grown since that time.  Numerous groups have applied these concepts to
help individuals to improve their own health and to assist health care organiza-
tions in raising the health status of their communities.

Health education encompasses a broad range of behavioral and organiza-
tional change strategies that are based on research and application by psycholo-
gists, sociologists, anthropologists, experts in marketing and communications,
clinicians, and health care management professionals.  Health education pro-
grams typically involve an intense evaluation of a well-defined target popula-
tion; they examine knowledge, attitudes, goals, perceptions, social status, power
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structure, and cultural traditions that affect health (Derryberry, 1960).  Health
educators are concerned not only with individuals and their families but also
with the institutions and social conditions that impede or facilitate achievement
of optimal health (Griffiths, 1972, p. 13).  Health education principles have
guided social movements and other broad health-related programs.  The work
dates back to the pioneering research by Lewin (1935) on group processes in
individual change.

Six broad categories of factors—knowledge, personal, interpersonal, institu-
tional, community and public policy—are typically the focus of health educators.
The following discussion is derived from this body of research (McLeroy et al.,
1988).

Framework

To build a sustainable program, HRSA and its grantees or contractors may
usefully consider a planning framework to guide their activities and to evaluate
and improve them over time.  For example, the planning framework depicted in
Table 11.2 uses a seven-step process and is similar to the traditional “diagnosis
and treatment” model often used by clinicians and managers.

For each new initiative that a HRSA grantee or contractor undertakes in
relation to its RESEP responsibilities, this type of guide specifies clear project
objectives, target audiences, and other steps necessary to develop an accurate
“diagnosis” of what will need to be done to accomplish specific program objec-
tives.  The guide helps users to identify specific knowledge, personal, interper-
sonal, organizational, community, and public policy barriers that need to be
addressed to implement effective outcomes-based, education programs.

Once organizations complete such a plan, their staffs and other users can
create grids that focus on the barriers to be addressed and the strategies necessary
for effective implementation.  Table 11.3 illustrates the approach.

Table 11.4 defines groups of barriers that HRSA and others should evaluate
in the RESEP context.  They are important to understand because they can inter-
fere with attaining the program’s objectives.  One general problem with the use of
barrier-driven strategies is that the full range of barriers is typically not evalu-
ated; a second is that educational deficits are overemphasized.  Thus, health
educators emphasize that all barrier categories should be examined.

Categorizing barriers provides a method for developing specific corrective
interventions that would improve the chances of effective implementation of a
program.  For example, if knowledge deficit barriers exist among particular
physicians, implementing corrective educational strategies for these physicians
should be effective.  In contrast, if organizational barriers exist, educational
interventions and appropriate health care professionals would likely not be
helpful or cost-effective, but designing strategies to change the organizational
problems would likely be productive.
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TABLE 11.2 Framework for Systematic Planning of RESEP Activities

1. Identify specific proposed objectives, suggested changes and measurable outcomes.
2. Identify specific target audiences in terms of RECA-RESEP objectives, including not only

those specified by legislation (such as miners, downwinders, and ore transporters) but
also clinicians, health-care organizations, and other staff that may need to make changes
in methods and operations.

3. Assess target audiences’ ability and desire to make changes; ”stages of readiness”
approach is relevant at this point.

4. Determine potential barriers to accomplishing the outcomes.
5. Recommend specific and customized intervention strategies to remove the barriers and

determine the cost effectiveness of doing so.
6. Initiate barrier-specific strategies and remedial interventions.
7. Evaluate results and impact and make changes as needed.  Require assessment plans.

TABLE 11.3 Barriers to Effective Education and Outreach Activities and
Implementation of Related Programs

Barrier Classifications Definitions and Examples of Barriers

Knowledge deficits and skills Includes simple “lack of knowledge” or outdated
Sequential steps include awareness, clinical skills.  Examples are knowledge deficits about
agreement, assimilation, indications or contraindications of medications, about
application, and integration current recommendations or clinical-practice guidelines

(such as lack of knowledge of the benefit of treating
patients who have silicosis and a positive skin test for
tuberculosis with antituberculosis medications such as
isoniazid) about use of tests and procedures considered
obsolete, and about technical training, skill, or expertise
(as in poor surgical or invasive test techniques)

Provider and patient personal Includes the provider’s feelings, beliefs, values and
barriers experiences.  For example, a patient develops hepatitis

while receiving isoniazid therapy, and this affects a
physician’s decisions regarding use of the therapy for
future patients

Provider and patient interpersonal Includes interpersonal interaction barriers, for
and psychosocial barriers example “turf battles” and inability of providers to

relate effectively with patients or with other providers

Organizational barriers and lack Includes organizational, structural, and system
of organizational support limitations, including those related to resources and

administrative support, for example, lack of standing
orders or incomplete standing orders for acute stroke in
the emergency room; and process issues with imple-
menting physical-therapy or occupational-therapy orders

Community barriers Includes existing community resources, public attitudes,
and broader general support for a proposed new program

Public policy barriers Includes existing local, state or federal policies (such
as Medicare payment schedules) that may interfere
with program implementation
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TABLE 11.4 Framework for Addressing Educational and Outreach Barriers

Knowledge Barriers Potential Effective Intervention Strategies
The general public and persons HRSA grantees are undertaking a variety of
potentially eligible for RECA and knowledge enhancement programs to raise
RESEP either lack awareness or awareness of the RECA program. They include
have not accepted or assimilated media programs, distribution of flyers and
RECA and RESEP information. brochures, physician and attorney mailings and a
Therefore, they are not fully using broad array of community wide programs.  They
the program. also are using not only awareness strategies but

also acceptance strategies such as the use of
influential local leaders and local community
organizations. In many instances group and
individual interventions may be necessary.
They also are attempting to develop effective
programs using influential Native American
leaders and organizations.  These activities need
to be augmented by more customized programs
for people with low literacy or who lack access
to local media.

The general public has reported DOJ officials need to examine the current
difficulty completing the RECA application process and work with grantees to
application forms. address particularly troublesome barriers to

efficient claims processing.  Personnel are needed
to triage potentially eligible claimants to the
various programs available to them. Additional
personnel with appropriate training in cultural
sensitivity are needed to assist claimants.
Accommodations are needed for people with low
literacy or numeracy, visual or other physical dis-
abilities, or emotional and mental health problems.

Some Native Americans had This issue is being addressed by DOJ.
particular difficulty completing the
application form, especially the
proof-of-residency documentation.
These types of problems will increase
if the geographic scope of the program
is expanded.

Personal Barriers Potential Effective Intervention Strategies
Some Native Americans prefer Local Native Americans who have influence with
nontraditional medical practice and these individuals should meet one-on-one to explore
are fearful and suspicious of Western these fears, legitimize them, and try to develop a
medicine. plan that would reduce the fears and allow these

individuals to participate in the RECA programs.
RECA staff should be involved in this process and
try to customize their services to these individuals.
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Interpersonal Barriers Potential Effective Intervention Strategies
Some Native Americans are suspicious RECA and RESEP programs should be designed to
of local health care providers. recognize the cultural traditions and make

accommodations to integrate cultural traditions and
local leaders as much as possible in the workup and
treatment of Native American and other groups that
use non-traditional medical techniques.

The Navajo population does not trust RESEP organizations should activate influential
local clinicians and community local Native American and other appropriate
agencies.  They feel that they are community organizations to facilitate an
treated as second-class citizens in opportunity for groups to identify and express their
accessibility and equity of local health concerns and to develop specific objectives and
care services.  They also believe that plans to improve relationships between Native
their unique needs and traditions are Americans and local populations.
not addressed or respected.

All three town meetings involved Similarly, such organizations should activate local
people who felt that they had not organizations and influential leaders to offer people
been heard and “that’s what they opportunities to identify and express their concerns,
wanted.” have them legitimized, and ensure that an action

plan is developed.  Simply reiterating concerns can
become a perpetual, unproductive process.

Organizational Barriers Potential Effective Intervention Strategies
Local clinics lack resources and Federal, state, and local health-care organizations
personnel to provide the definitive should help to build capacity to provide resources
tests (such as arterial blood gases, capable of evaluation of covered cancers.
chest x rays, and spirometry)
apparently required to determine
eligibility for compensation.

Community Barriers Potential Effective Intervention Strategies
The targeted populations often live in Contractors cannot rely exclusively on media-based
rural, geographically diverse, and health education.  Contact through local community
isolated areas.  Those factors add groups and leaders must also be considered.
complexity to any outreach program, Resources and methods for broader outreach to
particularly for followup and very small groups need to be found, although the
implementation of clinical and cost effectiveness of such a “small” approach will
public-health programs. need to be considered.

Public Policy Barriers Potential Effective Intervention Strategies
Resources may not be adequate and Involved federal agencies and legislative
available to continue and possibly representatives need to evaluate the RESEP
expand the RESEP program. program regularly in light of recommendations in

this report.

TABLE 11.4 Continued
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The committee recommends that HRSA:

a. Use a standardized method to develop outcomes-based goals and ob-
jectives for appropriate planning and assessment.

b. Identify and evaluate the cost and effectiveness of steps to remove
barriers to program implementation.

c. Train staff to identify specific barriers to implementation and de-
velop strategies to overcome them.

CONCLUSION

The challenges of outreach and education even for the current RESEP pro-
gram are substantial.  If the RECA program is expanded as described in earlier
chapters, the target audiences will be larger (for example, clinicians, health care
organizations, special exposed populations, and the general public) than expected
when the RESEP program was created.  The barriers (knowledge deficits, inter-
personal, personal factors, organizational, community factors, and public policy)
to reaching program objectives are broader than originally understood and will be
even more problematic if and when RECA expands nationally but they can be
addressed with methods consistent with the health education research literature.

In particular, HRSA and its RESEP grantees or contractors should adopt and
implement outcomes-based planning and implementation approaches.  The fol-
lowing overarching specific changes are indicated.  HRSA must:

1. Provide information about the existence and availability of RECA and
RESEP.

2. Explain in clear and simple terms the likelihood of receiving compensation.
3. Put the low risks of radiogenic cancer in context to reassure exposed

individuals.
4. Clearly explain the potential risks posed by medical testing and the rela-

tive lack of improvement in health outcomes gained by early detection of many
RECA-compensable diseases.

5. Explain the proposed PC/AS method both to exposed individuals and to
the clinicians who may be guiding their decision-making.

The committee recognizes the expanded nature of such an effort and offers
its suggestions and recommendations in the hope that they will be helpful to
future RECA and RESEP programs and populations.
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Appendix A

Invited Speakers and Public Comment

INVITED SPEAKERS

We would like to cordially thank all the invited speakers listed here for their
presentations that provided background material related to our study.  Their
contributions to our study are greatly appreciated.

All the information gathered at the open meetings is part of the National
Research Council’s public-access file and is available on request to anyone
interested.

Dr. Rebecca Barlow, Dixie Regional Medical Center
Louise Benson, Chairwoman, Hualapai Indian Tribe
Dr. Alfred Berg, University of Washington
Commissioner Bruce Blackham of Sanpete County, Utah
Jeffrey Bradshaw
Ed Brickey, Uranium Industry Workers Representative
Dr. Evelyn J. Bromet, SUNY Stony Brook
Dr. Douglas M. Brugge, Tufts University School of Medicine
John Cathey
Dr. Teresa Coons, Saccomanno Research Center at St. Mary’s Hospital
Tom Coughlin, Bureau of Primary Health Care
Dr. Regan Crump, Bureau of Primary Health Care
Brad Ence
Eleanore Fanire, Mohave County Downwinders
Gerard Fischer, U.S. Department of Justice
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Gloria O. Gustin
Commissioner Ira Hatch, of Emery County, Utah
Senator Orrin G. Hatch, United States Senator, Utah
Dr. Richard Kerber, University of Utah
Kelly King
Verr D. Leavitt
Dr. Lynn Lyon, University of Utah Health Sciences Center
Dr. Kiyo Mabuchi, National Cancer Institute
Dr. Parthiv Mahadevia, MEDTAP International
Congressman Jim Matheson, Congressman, Utah 2nd District
Councilman Jerry McNeely of Grand County, Utah
Harvey W. Merrell
Hazel Merrit, Utah Navajo Downwinders
Dr. Karen Mulloy, New Mexico Radiation Exposure Screening and Education

Program
Linda Nelson, Mountain Park Health Center
Dr. Lynne Pinkerton, National Institute for Occupational Safety and Health
Dr. Neil R. Powe, Johns Hopkins University
Dr. Stephen Prescott, Executive Director, Huntsman Cancer Institute
Carolyn Royce
William E. Seegmiller
Dr. Steve Simon, National Cancer Institute
Dr. Stephanie Singer, Utah Navajo Health System, Inc.
Dianne Spellberg, US Department of Justice
Commissioner Robert Steele of Juab County, Utah
Shauna Stout
Dr. Bruce Struminger, Navajo Area Indian Health Service
Kathleen Taimi, U.S. Department of Energy
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Iris P. Tolley
Peter M. Turcic, U.S. Department of Labor
Dr. Robert J. Ursano, Uniformed Services University
Carol Williams
Dr. Steven H. Woolf, Virginia Commonwealth University

STATEMENTS FROM MEMBERS OF THE PUBLIC

We also would like to thank the following representatives and individuals for
their oral and written statements related to our study.  We greatly appreciate the
time and effort given to our study through their testimony and comments.  All
statements are part of the National Research Council’s public-access file and are
available on request to anyone interested.
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Royce N. Fifer
Deborah L. Durham Fisher
Katie Fite
Sharon Fitzgerald
Edward Fleenor
Lola Flemmer
Violet M. Flowers
Samuel A. Fluetsch
Mark Forbes (Office of the Speaker,
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Appendix B

A Comparison of the Risk of Skin Cancer
with the Risk of Lung Cancer from
Exposure to Radon Decay Products

in Underground Mines

It has been suggested that ambient conditions in underground mines might
cause cancers at sites other than the lung (Tomasek et al., 1993; Denman et al.,
2003), specifically, that radon in the ambient air might be responsible for an
excess risk of skin cancer and leukemia.  The committee has reviewed the rel-
evant literature and has compared the risk of skin cancer with the risk of ling
cancer.

The nobel gas radon-222 (222Rn) is produced naturally in rocks and under-
ground formations.  Because of its mobility, it can escape from the geologic matrix
and accumulate in the atmosphere.  It can reach high concentrations particularly in
caves and underground mines.  Radon is radioactive; when it decays, it initiates a
series of radioactive transitions.  The short-lived radioactive descendents of 222Rn—
polonium-218 (218Po), lead-214 (214Pb), bismuth-214 (214Bi), and polonium-214
(214Po)—have historically been called radon daughters, radon progeny, or radon
decay products.  Their kinetic behavior is complicated.  They are not inert and do
adhere to other objects when contact is made.  Many of the daughters “plate out” on
surfaces, where they become immobile and decay in situ.  Others attach to aerosols
and remain suspended in the atmosphere until they decay.

Risks of lung cancer are related to inhalation of radon daughters, not radon
itself, because almost all radon inhaled is immediately exhaled, but inhaled radon
daughters mostly become resident in the airways of the lung.  The radioactive
half-lives of the daughters are shorter than the respiratory clearance time, so they
decay in the lung.  The alpha particles released by 218Po and 214Po have sufficient
penetration to reach and deliver high doses to sensitive cells in the bronchial
epithelium.
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The concentration of radon daughters suspended in air is measured in work-
ing levels (WL) or equilibrium equivalent concentration (EEC).  Human expo-
sure to radon daughters depends on the concentration at a specific location and
the time that the person spends at that location; it is measured in working level
months (WLMs).  The risk increases as the exposure in WLM increases.  Numeri-
cal estimates of risk have been reviewed extensively by the committee on health
risks of exposure to radon (BEIR VI) (NRC, 1999) and International Commission
on Radiation Protection (ICRP, 1981; 1991; 1993).

The risk of skin cancer in radon-rich atmospheres is not associated with
inhalation or other intake of radioactivity.  It is related to the plate out of radon
daughters on the skin.  The dose to sensitive cells in the skin depends on the
concentration of radioactivity on the surface skin and the ability of alpha particles
from 218Po and 214Po to penetrate to the location of the sensitive cells.  Previous
studies of that process have used a nominal value of 70 mm as the depth of the
sensitive basal cells at the base of the epidermis.  Recent measurements have
indicated large variation in the depth of the basal cells, and this could lead to
higher doses than previously expected (Eatough, 1997).  We have assessed the
pathway to determine whether the projected risk of skin cancer is comparable
with the risk of lung cancer posed by the same exposure in WLM.

The dose delivered by an alpha particle as it passes through tissue depends on
the stopping power, dE/dx.  Values of that quantity have been complied by the
National Institute of Standards and Technology and can be downloaded directly
from its Web site (http://physics.nist.gov/PhysRefData/contents-radi.html).  Those
data can be used to compute the dose as a function of depth for radioactivity
uniformly deposited on the surface.  Figure B.1 shows the results of the computa-
tion for 218Po (6 MeV alpha particle) and 214Po (7.7 MeV alpha particle).  The data
clearly illustrate that the alpha particle from 214Po will not reach basal cells at a
depth of more than 50 µm.

The epidermis is not a flat organ located uniformly below the skin.  There are
undulations that are responsible for large variations in depth.  Eatough has pub-
lished distributions of epidermal thickness in various locations on the body
(Eatough, 1997).  We have simulated those data as a lognormal distribution
(median = 50, σg = 1.5) to represent the epidermal thickness on the exposed face
of a person in Figure B.2.

The mean dose to basal cells per disintegration on the basis of the data in
Figures B.1 and B.2 is shown in Table B.1.

The next step is to determine the amount of radioactivity that will plate out
on the skin for a given concentration of radon daughters suspended in the air.
Denman et al. (2003) and Sevkova et al. (1978) have reported measurements of
plate out on exposed skin.  We have adopted a value of 2 (Bq/m2)/(Bq/m3) which
is consistent with the reported results.  Combining those results and assuming a
steady-state condition with equal concentrations of 218Po and 214Po on the skin,
we obtain a result of 200 mSv/WLM for the effective dose to the skin.
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FIGURE B.1 Percent depth dose distribution for 6 MeV and 7.7 MeV alpha particles
that emitted isotropically emission from a source that is uniformly distributed on surface.
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FIGURE B.2 The distribution of basal cells as a function of depth below surface of
skin.  Diagram has been normalized such that the area under the curve is equal to 1.0.
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Mining activity is physically rigorous and some perspiration is expected
while underground.  That adds a layer of water on the skin and increases the
thickness of material between the radioactivity and the basal cells.

We assumed that prolonged activity in the mine results in a water loss of 5
liters per day through the skin.  The water will be released uniformly over a
surface area for a standard adult of 1.7 m2.  It will evaporate from exposed
surfaces at about 10% per minute.  The result is a steady-state layer of water that
is about 20 mm thick.  In addition to perspiration, fumes and dust will accumulate
on the surface of the skin, and we have assumed that this will provide a thickness
of material equivalent to another 20 mm of water.

We have computed the reduction of dose from alpha particles as a function
of the thickness of water-equivalent material on the surface of the skin, assuming
that the activity is on the top surface of the water.  The attenuation factor is shown
in Figure B.3.

It can be seen that 40 µm of material will reduce the dose to the basal cells by
a factor of about 100.  Thus, the equivalent dose is reduced to 2 mSv/WLM.

TABLE B.1 Mean Dose to Basal Cells per Disintegration

Isotope Gy·cm2/dis µSv·cm2/dis

218Po 1 × 10–8 0.2
214Po 4 × 10–8 0.8

FIGURE B.3 Reduction of dose to basal cells from water-equivalent material on skin.
Activity is assumed to be on surface of water above skin.
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Uranium miners wear protective clothing while underground, so  only their
arms, hands, heads, and necks are directly exposed to the atmosphere.  That
represents less than 25% of the surface area of the skin.  Using that value, the
effective dose to the exposed portion of a person’s body 0.5 mSv/WLM.

The lifetime risk of fatal skin cancer after whole-body exposure to the skin is
2 × 10–4 /Sv (ICRP, 1991 p 132).  The risk from radon decay products deposited
on the skin would be about 1 × 10–7/WLM, that is, (5 × 10–4 Sv/WLM) or (2 ×
10–4 /Sv).  The lifetime risk for lung cancer from inhalation of radon daughters is
~2 × 10–4/WLM (ICRP, 1991 p 139).  From this dosimetric analysis, the risk of
lung cancer is greater than 2000 times the risk of skin cancer from the same
exposure to radon daughters.

We have repeated the calculation assuming that the radon decay products are
uniformly distributed throughout the layer of perspiration on the skin.  The aver-
age attenuation factor for this case increased from 0.01 to 0.32.  The effective
dose to the skin for the exposed portion of the body is then 16 mSv/WLM.  The
associated risk of lung cancer in this case is more than 60 times the risk of skin
cancer.

Epidemiologic studies have evaluated the incidence of skin cancer in under-
ground miners (Darby et al., 1995) and have concluded that high concentrations
of radon are not associated with excess mortality from cancers other than lung
cancer.  A cohort of underground miners in the Czech Republic did show some
increased incidence of skin cancer (Sevcova et al., 1978).  It was not related to
accumulated radon exposure, but it did seem to be associated with length of
exposure (i.e., 10 years or longer). The pathologic evaluation diagnosed the
lesions as basal cell carcinomas.  In all cases, the tumors were excised surgically,
and there were no signs of recurrence.

On the basis of dosimetry and epidemiology, the risk of lung cancer is
significantly higher than the risk of fatal skin cancer in persons working in an
environment where radon decay products are suspended in air.
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Appendix C

Radioactivity in Guam After Nuclear-
Weapons Testing in the Pacific

RADIOACTIVE FALLOUT IN GUAM

Guam is about 1,200 miles west of the Marshall Islands at about 10˚ north of
the equator.  The trade winds are predominantly from east to west at that latitude.
Atmospheric testing began in the Marshall Islands with Operation Crossroads in
July 1946.  Operation Ivy began in October 1952.  On October 31, 1952, the first
thermonuclear device, with the code name Mike, was detonated.  It had a total
yield of 10.4 Mt of which about half was fission energy.

A radiation-fallout monitoring program for Operation Ivy was established in
1952 and coordinated by the New York Operations Office of the Atomic Energy
Commission.  It consisted of a worldwide network of 111 monitoring stations
with at least one in every continent, but it was concentrated in the Northern
Hemisphere.  One of those monitoring stations was located in Guam.  In addition
to stationary ground-based monitoring, aerial surveys using low flying aircraft
were conducted from several Air Force bases.

Instrumentation during aerial surveys included a gamma-ray detector and a
recording unit.  It was calibrated at the Nevada Proving Ground to measure
exposure rate at 1 meter from the ground.  It was capable of measuring dose rates
in air from external gamma radiation in the range of 0.0001-10 mGy/h.

An aerial survey over Guam began on November 1, 1952.  The resulting data
are shown in Figure C.1 (Eisenbud, 1953).

Integrating the dose rate over time produced a total effective dose to persons
on the ground of about 0.6 mSv (wr and wT = 1.0) from external gamma rays as
a result of fallout from Mike.  To put that into perspective, we have compared the
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result with the annual effective dose received from natural background radiation
today, as shown in Figure C.2.

As seen in Figure C.2, the external dose received by residents of Guam from
the test was about 20% of the annual effective dose received from natural back-
ground radiation in the continental United States and about 50% of the annual
effective dose received from current values of natural background in Guam.

To gain an appreciation of the fallout received from other tests, we used data
from the ground-based monitoring stations.  At each station, 24 hour samples of
airborne dust were collected on 30 × 30-cm sheets of adhesive (gummed film).
All samples were mailed to the Health and Safety Laboratory in New York City
for analysis, where they were ashed and counted for gross beta activity.  The total
activity on the sample at the time of collection was determined; a power function
decay with a coefficient of 1.2 was assumed.

Operation Castle began in 1954.  There were 16 tests in 1954, 17 tests in
1956, and 33 tests in 1958.  No tests were conducted in 1955 and 1957.  Results
from the gummed-film data collected at Guam are shown in Figure C.3.  The
ordinate is the sum of monthly data reported as the deposition of strontium-90
(90Sr) on the surface of the gummed film (Harley et al., 1960).

As mentioned above, there were more than 100 gummed-film stations around
the globe.  Monthly data from each station have been compiled for the 5-year
period of atmospheric testing from 1954 to 1958.  The 5 year accumulation of

FIGURE C.1 Data from aerial surveys in Guam before and after detonation of nuclear
test Mike in Marshall Islands during Operation Ivy.

Dose Rate at Guam

0.0000

0.0020

0.0040

0.0060

0.0080

0.0100

0.0120

10
/3

1/
19

52

11
/1

/1
95

2

11
/2

/1
95

2

11
/3

/1
95

2

11
/4

/1
95

2

11
/5

/1
95

2

11
/6

/1
95

2

11
/7

/1
95

2

m
G

y/
h

Assessment of the Scientific Information for the Radiation Exposure Screening and Education Program

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11279


APPENDIX C 361

FIGURE C.2 Annual effective dose rates from natural background radiation in US main-
land and Guam and external effective dose in Guam from nuclear test Mike in Marshall
Islands during Operation Ivy.
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FIGURE C.3 Annual deposition of 90Sr based on data collected at gummed-film station
in Guam.
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90Sr during that period for several locations, including Guam, is displayed in
Figure C.4.

Figure C.4 shows that Guam did receive radioactive debris from fallout
during the nuclear-weapons testing in the Pacific Ocean.  The vertical error bars
are used in an attempt to show the uncertainty in the gummed-film measure-
ments.  They represent the 95% confidence limits based on a lognormal distribu-
tion with a geometric standard deviation of 1.5.  Uncertainty in the gummed-film
method for measuring fallout was probably much greater.   The analysis demon-
strates that fallout in Guam during that period was similar to that in other parts of
the US and its territories.

An extensive radiologic monitoring program was conducted in Micronesia,
including Guam.  A report was published in 1975 (Nelson, 1975).  In general, the
data did not indicate that the concentrations of fission-product radioactivity in
samples of soil or biota in Guam were greater than the concentration of naturally
occurring radionuclides.

The pathway that is responsible for the largest collective doses from radioac-
tive fallout is the intake of iodine-131 (131I) through consumption of fresh milk.
The risk to persons in Guam during this period will depend on iodine deposition
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and consumption of fresh milk.  A dose-reconstruction effort will be needed to
estimate dose and the associated risk of thyroid cancer.

CANCER INCIDENCE

The petition to Congress to include residents of Guam in RECA claimed that
“increased levels of radiation may have led to serious health and environmental
problems for life.”  Figure C.5 shows the cancer incidence in Guam and the entire
United States for various periods between 1990 and 1999.  The incidence of
cancer is not higher in Guam than in the entire United States.

SHIP DECONTAMINATION IN GUAM

Operation Crossroads consisted of the first nuclear explosions after the deto-
nations in Hiroshima and Nagasaki near the end of World War II. Their purpose
was to examine the effects of nuclear weapons on naval vessels, equipment, and
animals.  The tests were designed to have a fission yield equivalent to 21 kilotons
(21 kT) of TNT, which was similar to the weapons used in Japan.  At that time,
Crossroads was the largest peacetime military operation ever conducted.  It in-
volved more than 45,000 persons, 220 ships, and 160 aircraft.
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FIGURE C.5 Cancer incidence in Guam and entire United States.
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A fleet of more than 90 surplus and captured ships anchored in the lagoon of
Bikini Atoll in the Marshall Islands served as targets.  The fleet included Allied
and Axis vessels, such as the aircraft carrier USS Saratoga; the battleships USS
Nevada, Pennsylvania, Arkansas, and New York; and the Japanese battleship
Nagato.  In addition to target vessels, there was a fleet of support ships, including
large LCI and LCT infantry landing craft, and YMS mine sweepers; these ships
were involved with inter-atoll dispatch, mail delivery and passenger transport.

On July 1, 1946 (local time), test Abel was dropped from a B-29 and deto-
nated at an altitude of 160 meters.  On July 23, 1946 (local time), test Baker was
detonated.  The bomb was encased in a watertight steel caisson and suspended 30
meters beneath a target ship. Shortly after the detonation, a huge water column
containing bomb debris was formed.  It expanded to 600 meters in diameter and
reached an elevation of 2000 meters, and it held a million tons of water.  At 10
seconds after detonation, water started to escape the stem of the water column
and fall back toward the surface.  A wave more than 30 meters high propagated
from the stem.

The radioactive fission products created by Abel were atmospherically dis-
persed, so no extensive deposit of long-lived radioactivity was found on target
vessels, and naval personnel could board the surviving targets within a day.  After
detonation of Baker, most of the radioactive inventory fell into the lagoon.  After
2 days, officials recognized that many targets would remain highly radioactive
for a long time.  The nature and extent of the contamination were unexpected.

As nontarget support ships began to navigate the lagoon, they became con-
taminated with radioactivity below the water line.  Conditions were ideal for ion
exchange.  Within 3 days, some vessels had a dose rate of 1 mGy per day in the
hull of the ship near the water line (Operation Crossroads, 1946).  In addition,
saltwater lines and saltwater systems that continuously circulated lagoon water
began to show increased exposure rates from penetrating gamma rays on external
surfaces.  It was recognized that algae, rust, sediment, and calcareous materials
on or in the ship would absorb radioactivity from the contaminated seawater.

The US Navy monitored the ships closely.  It became apparent that natural
decay and normal steaming in uncontaminated water would not reduce the
radioactivity to negligible amounts.  All support ships that had been in Bikini
lagoon from July 25 to August 10 were required to have extensive radiation
monitoring before personnel could work on their hulls or interior saltwater
systems.  On September 9, 1946, commanding officers of all nontarget vessels
were notified of precautions, monitoring, and clearance procedures.  The com-
manders were frustrated by the disruption of naval operations caused by the
almost universal contamination of nontarget vessels.  On September 13, 1946,
the chief of naval operations charged the Bureau of Ships with the task of
developing methods and equipment for decontamination of radioactive ships.
The procedures were to be developed with the assistance of scientists with the
Manhattan Project.
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Several radioactive ships were dispatched to the San Francisco Naval Ship-
yard.  The Navy conducted experiments at the shipyard with the assistance of
scientists from Stanford University and the University of California Radiation
Laboratory.  The tests resulted in adoption of procedures for decontaminating
nontarget vessels.

A solution of hydrochloric acid, HCl, (1 normal) was used as a decontami-
nating agent for all saltwater systems in a ship.  Each system was then drained,
neutralized, and flushed thoroughly.  The material containing the radioactivity
was in solution or suspension and was removed from the ship when the acid
solution was drained and flushed.  Those liquids were released into the harbor,
where the dilution factor and settling would reduce concentration of radioactivity
to negligible levels.

The external hull of each ship was scraped in dry dock to remove all marine
growth.  The remaining paint and rust from the underwater hull was wet sand-
blasted with standard equipment.  Sand and all material scraped from the ship’s
sides were collected and dumped into the sea.

Radiochemical analyses were performed at the University of California on
numerous samples of solutions and sediments.  They revealed that there was not
sufficient long-lived alpha activity to pose a health problem from intake of radio-
activity nor was there sufficient residual plutonium to be of concern for security
purposes related to fissile materials.

Records indicate that about 18 vessels were dispersed to Guam for decon-
tamination (four LCI[L], eight LCT and six YMS).  No data indicated that radio-
active materials affected sea life or entered the food chain of residents of Guam.

SUMMARY

An extensive radiologic survey of plants, animals, and soil in Micronesia
was initiated after the termination of weapons testing in the Pacific.  A report
published in 1975 (Nelson, 1975) was reviewed at Lawrence Livermore Labora-
tory (Hamilton, 2001).  The conclusion was that the estimated annual effective
dose from residual fallout on Guam due to nuclear-weapons tests was only a
small fraction of the dose that residents receive from natural sources of radiation,
which is less than in many other locations around the world.

REFERENCES

Eisenbud, M.  Radioactive Debris from Operation Ivy, US AEC, Health and Safety Laboratory, New
York Operations Office, NYO-4522.  1953.

Hamilton, T., Radiation Fallout in Guam, Information Document Lawrence Livermore National
Laboratory.  2001.

Harley, J. H., Hallden, N. A., Ong, L. D. Y.  Summary of Gummed Film Results Through December
1959.  HASL-93, Health and Safety Laboratory, U.S. AEC, New York Operations Office.
1960.

Assessment of the Scientific Information for the Radiation Exposure Screening and Education Program

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11279


366 APPENDIX C

Nelson V. A. Radiological Survey of Plants, Animals and Soil in Micronesia, University of Seattle,
Seattle WA, NVO-269-35, U.S. Department of Commerce.  1975.

Operation Crossroads: Radiological Decontamination of Target and Non-Target Vessels, Vol. 3,
Technical Report XRD-185-87, NTIS Document No. AD 473 906.  Radiological Safety Section
to Technical Director, memorandum, September 25, 1946, LANL, App. 7, Sec. E; J. J. Fee.
Washington, DC: U.S. Government Printing Office.  1946.

Assessment of the Scientific Information for the Radiation Exposure Screening and Education Program

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11279


367

Appendix D

The Optimal Criterion for
Positivity in Screening

Consider a population of individuals composed of two subpopulations: with
disease, D, and with no disease, ND.  Assume that the prevalence of disease is pdis
and that in a representative subset of the population we know, by some gold
standard, which individuals have disease and which have no disease.

Consider that a diagnostic test T is applied to the representative subset and
yields two distributions of results: one among patients with disease and the other
among patients with no disease.  Denote the two probability density distributions
as Distdis and Distnodis, respectively.  Distdis(x) denotes the probability of test
result x in patients with disease; Distnodis(x) denotes the probability of test result
x in patients without disease.  The distribution of test results in the population as
a whole, Distpop, is the weighted average of Distdis and Distnodis, with weights pdis
and 1 – pdis, respectively.  The distributions can be seen in Figure 9.2.

The task in establishing a cutoff criterion (threshold T) for the test—that is,
deciding how we classify patients—is in some sense to minimize the burden of
misclassification.  Among patients with disease, the probability of a positive
result (i.e., a result that is > T) is the sensitivity or true-positive rate (TPR) and its
complement is the false-negative rate (FNR).  Among patients with no disease,
the probability of a positive result (i.e., a result that is > T) is the false-positive
rate (FPR), and its complement is the specificity.

Define the burden of a false positive as Bfp and the burden of a false negative
as Bfn.

We achieve the goal of minimizing the overall burden by minimizing the
expression

p FNR B p FPR B
dis fn dis fp

× × + − × ×( )1
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or

p TPR B p FPR B
dis fn dis fp

× ( ) ( )1 1− × + − × ×

Changing T will change both FNR and FPR in a fashion determined by the
shape and the overlap of Distdis and Distnodis.  To minimize the overall burden of
false-positive and false-negative results combined (with respect to changing T),
one can differentiate the expression with respect to T and set the result to zero.
That yields

( ) / ( ) /− × × + − × × =p B dTPR dT p B dFPR dT
dis fn dis fp

1 0

Rearranging, we get:

( ) / /1− × × = × ×p B dFPR dT p B dFPR dT
dis fp dis fn

or

( / ) / ( / ) (( ) ( )) / (dTPR dT dFPR dT p B p
dis fp dis

= − × ×1 BB
fn

)

This can be shown to equal:

dTPR dFPR p B p B
dis fp dis fn

/ (( ) ( )) / ( ).= − × ×1

Another way of thinking about the cutoff criterion is to understand that it is
the point t at which Distdis(t) × (p) × Bfn = Distnodis(t) × (1 – p) × Bfp.  That is an
equivalent formulation of the same equation because dTPR/dT is simply prob-
ability density distribution Distdis, and dFPR/dT is simply probability density
distribution Distnodis.

Now, if we plot TPR (vertical axis) against FPR (horizontal axis), we have
the receiver operating characteristic (ROC) curve of the test.  The slope of that
curve at any point is simply dTPR/dFPR.  Hence, the optimal operating point is
the value of T where the slope of the curve (or its tangent) is numerically equiva-
lent to

[( ) ( )] / ( ).1− × ×p B p B
dis fp dis fn

Some authors use the term cost of false positive (C) in place of burden of
false positive and the term benefit of true positive (B) in place of burden of false
negative, all being greater than zero.  In that case, the optimal operating point is
the value of T where the slope of the ROC curve (or its tangent) is numerically
equivalent to

[( ) ] / ( ].1− × ×p C p B

The true and false-positive rates (from which one constructs an ROC curve)
are the areas under the tails of the corresponding probability density distributions
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(or segments of the cumulative probability distributions).  The slope of the ROC
curve is the ratio of the height of the probability density distribution for patients
with disease to the height of the probability density distribution for patients with
no disease.  If one plots that ratio on the vertical axis against the test result on the
horizontal axis, one can determine the cutoff criterion that corresponds to any
given slope; if one also plots the corresponding cumulative distributions against
the test result, one can also find the corresponding optimal point on the ROC
curve (Figure D.1).

AN EXAMPLE

Now consider an example of finding the best operating point (the best crite-
rion of positivity) in a population to be screened.  Assume that we are screening
for a disease (perhaps a slow growing cancer) for which early detection provides
a benefit of 0.5 years of survival; thus, Bfn is 0.5. Further assume that a false-
positive result is associated with a risk of 0.05 years (perhaps because the popu-
lation to be screened has a high prevalence of severe chronic pulmonary disease,
which substantially increases the risk posed by surgery), making Bfp 0.05.

If one were considering screening a population in which the prevalence of
disease is [subjunctive case is were] 10%, the best criterion for positivity would
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FIGURE D.1 True-positive and false-positive rates as a function of test result.  Also
shown is ratio of the probability of that test result in patients with disease to probability of
that test result in patients without disease (plotted on logarithmic scale).
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be the point on the ROC curve where its slope (or tangent) is [(1 – 0.1) × 0.05]/
[0.1 × 0.5] or 0.90, a point near the middle of most ROC curves, with modest
true-positive and false-positive rates.  If we use the distributions displayed in
Figure 9.2 and the ROC curve displayed in Figure 9.3, the optimal criterion of
positivity would correspond to a true-positive rate (sensitivity) of 80% and a false
positive rate of 17% (a specificity of 83%).  However, if one were considering
screening a population in which the prevalence of disease is [subjunctive case is
were] only 1%, then the best criterion for positivity would be the point on the
ROC curve where its slope (or tangent) is [(1 – 0.01) × 0.05]/[0.01 × 0.5] or 9.9,
a point nearer to the origin for most ROC curves, with both true-positive and
false-positive rates low.  Again, if we use the distributions displayed in Figure 9.2
and the ROC curve displayed in Figure 9.3, the optimal criterion of positivity
would correspond to a true-positive rate (sensitivity) of 42% and a false-positive
rate of 1% (a specificity of 99%).

In the special case when both probability density distributions (patients with
and without disease) are normal or Gaussian in shape, the slope of the corre-
sponding ROC at any point (the ratio of the heights of the corresponding density
distributions) can be solved algebraically, although the equation is fairly com-
plex.  Because the normal distribution is

1
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where x is the test result, x  is the mean, and σ is the standard deviation, the
optimal cutoff criterion will be the value of x where
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The value of x at which the equality holds can be found by successive
approximations or using the “goal seek” function in a spreadsheet program.
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Appendix E

Selected Cancer-Screening
Recommendations

INTRODUCTION

This appendix presents summary information on recommendations for
screening for various cancers that are relevant to the Radiation Exposure Com-
pensation Act (RECA) and the Radiation Exposure Screening and Education
Program (RESEP) of the Health Resources and Services Administration of the
Department of Health and Human Services (DHHS).  It supports and provides
more information for Chapters 9 and 10 of the present report on issues in medical
or compensational screening and RESEP screening activities, respectively; in
particular, it documents how few cancers are amenable to medical screening in
the conventional sense of the term.

We have elected to present screening guidelines and recommendations only
from the US Preventive Services Task Force (USPSTF) and the Canadian Task
Force on Preventive Health Care (Canadian TF) on screening for a variety of
neoplastic diseases of interest to the RECA and RESEP efforts.  Numerous guide-
lines on the relevant topics based on work done by various professional societies
and associations and by voluntary disease and patient-advocacy groups are avail-
able; interested readers can go to the Web site of the National Guidelines Clear-
inghouse, supported by the DHHS Agency for Healthcare Research and Quality
(AHRQ) at http://www.guideline.gov for more information.  Generally, we be-
lieve that the USPSTF recommendations are the most thoroughly considered and
backed by rigorous systematic reviews of published evidence, and they are clearly
aimed at primary-care clinicians; those of the Canadian TF have also been devel-
oped through evidence-based methods.
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In the material that follows, we list cancers in alphabetical order; information
from the USPSTF appears before that from the Canadian TF.  For the USPSTF,
the entries below come from the Web site of AHRQ, which supports the current
USPSTF; the specific URLs are not listed here, but the general one is http://
www.ahrq.gov/clinic/cps3dix.htm#cancer (accessed May 4, 2004).  Harris et al.
(2001) present more information on USPSTF methods.  The general URL for
material from the Canadian TF is http://www.ctfphc.org/ (accessed May 4, 2004).

The USPSTF uses specific grades for quality of evidence and recommenda-
tions.  The definitions for the grades are noted below (http://www.ahrq.gov/
clinic/3rduspstf/ratings.htm#irec, accessed May 4, 2004), and the recommenda-
tions themselves follow.  After them is the older grading system used by the
Canadian TF.

USPSTF GRADES FOR QUALITY OF EVIDENCE

The USPSTF assigns one of three to the overall evidence for a service: good,
fair, or poor:

“Good: Evidence includes consistent results from well-designed, well-con-
ducted studies in representative populations that directly assess effects on
health outcomes.
“Fair: Evidence is sufficient to determine effects on health outcomes, but the
strength of the evidence is limited by the number, quality, or consistency of
the individual studies, generalizability to routine practice, or indirect nature
of the evidence on health outcomes.
“Poor: Evidence is insufficient to assess the effects on health outcomes
because of the low number or power of studies, important flaws in their
design or conduct, gaps in the chain of evidence, or lack of information on
important health outcomes.”

USPSTF GRADES FOR STRENGTH OF RECOMMENDATIONS

The USPSTF assigns one of five grades (A, B, C, D, and I) to its recom-
mendations to reflect the strength of evidence and magnitude of net benefit
(benefits minus harms):

“A. The USPSTF strongly recommends that clinicians provide [the ser-
vice] to eligible patients. The USPSTF found good evidence that [the ser-
vice] improves important health outcomes and concludes that benefits sub-
stantially outweigh harms.
“B. The USPSTF recommends that clinicians provide [this service] to eligible
patients.  The USPSTF found at least fair evidence that [the service] improves
important health outcomes and concludes that benefits outweigh harms.
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“C. The USPSTF makes no recommendation for or against routine provi-
sion of [the service].  The USPSTF found at least fair evidence that [the
service] can improve health outcomes but concludes that the balance of
benefits and harms is too close to justify a general recommendation.
“D. The USPSTF recommends against routinely providing [the service] to
asymptomatic patients. The USPSTF found at least fair evidence that [the
service] is ineffective or that harms outweigh benefits.
“E. The USPSTF concludes that the evidence is insufficient to recommend
for or against routinely providing [the service].  Evidence that the [service] is
effective is lacking, of poor quality, or conflicting and the balance of benefits
and harms cannot be determined.”

CANADIAN TF GRADES FOR QUALITY OF PUBLISHED EVIDENCE

“I. Evidence from at least 1 properly randomized controlled trial (RCT).
“II-1. Evidence from well-designed controlled trials without randomization.
“II.2. Evidence from well-designed cohort or case-control analytic studies,
preferably from more than 1 center or research group.
“II-3. Evidence from comparisons between times or places with or without
the intervention. Dramatic results in uncontrolled experiments could also be
included here.
“III. Opinions of respected authorities, based on clinical experience, de-
scriptive studies or reports of expert committees.”

CANADIAN TF GRADES FOR RECOMMENDATIONS

“A. Good evidence to support the recommendation that the condition be
specifically considered in a Periodic Health Examination (PHE).
“B. Fair evidence to support the recommendation that the condition be
specifically considered in a PHE.
“C. Poor evidence regarding inclusion or exclusion of a condition in a
PHE, but recommendations may be made on other grounds.
“D. Fair evidence to support the recommendation that the condition be
specifically excluded from consideration in a PHE.
“E. Good evidence to support the recommendation that the condition be
specifically excluded from consideration in a PHE.”

We first present a summary of screening recommendations for cancers that
may be relevant to RECA.  Because the committee recommends, in Chapter 9,
that persons administratively eligible for compensation under RECA should be
offered the same screening as is recommended for the general population, we
provide later in this appendix a table naming the screening protocols (i.e., condi-
tions) that the USPSTF recommends for the general US population (or certain
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subgroups) with either an A or B rating (strongly recommends or recommends,
respectively).  The table reflects USPSTF published decisions as of March 2005.
The full USPSTF statements of recommendations and rationales can be found on
the AHRQ website at http://www.ahrq.gov/clinic/prevenix.htm.

APPENDIX E-1
SCREENING RECOMMENDATIONS FOR SPECIFIC CANCERS

Bladder Cancer
USPSTF

No information available.

Canadian Task Force
Fair evidence to exclude from Periodic Health Examination (PHE) for gen-
eral population (D); poor evidence to include or exclude from the PHE for
persons at high risk (C).

Breast Cancer
USPSTF

The USPSTF recommends screening mammography, with or without clini-
cal breast examination (CBE), every 1-2 years for women aged 40 and older.

Rating: B recommendation.

Rationale: The USPSTF found fair evidence that mammography screening
every 12-33 months significantly reduces mortality from breast cancer.  Evi-
dence is strongest for women aged 50-69, the age group generally included
in screening trials. For women aged 40-49, the evidence that screening mam-
mography reduces mortality from breast cancer is weaker, and the absolute
benefit of mammography is smaller than it is for older women.  Most, but not
all, studies indicate a mortality benefit for women undergoing mammography
at ages 40-49, but the delay in observed benefit in women younger than 50
makes it difficult to determine the incremental benefit of beginning screen-
ing at age 40 rather than at age 50.

The absolute benefit is smaller because the incidence of breast cancer is
lower among women in their 40s than it is among older women.  The USPSTF
concluded that the evidence is also generalizable to women aged 70 and
older (who face a higher absolute risk for breast cancer) if their life expec-
tancy is not compromised by comorbid disease. The absolute probability
of benefits of regular mammography increase along a continuum with age,
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whereas the likelihood of harms from screening (false-positive results and
unnecessary anxiety, biopsies, and cost) diminish from ages 40-70. The bal-
ance of benefits and potential harms, therefore, grows more favorable as
women age. The precise age at which the potential benefits of mammogra-
phy justify the possible harms is a subjective choice.  The USPSTF did not
find sufficient evidence to specify the optimal screening interval for women
aged 40-49 (see Clinical Considerations).

The USPSTF concludes that the evidence is insufficient to recommend for or
against routine CBE alone to screen for breast cancer.

Rating: I recommendation.

Rationale: No screening trial has examined the benefits of CBE alone (without
accompanying mammography) compared to no screening, and design character-
istics limit the generalizability of studies that have examined CBE.  The USPSTF
could not determine the benefits of CBE alone or the incremental benefit of
adding CBE to mammography.  The USPSTF therefore could not determine
whether potential benefits of routine CBE outweigh the potential harms.

The USPSTF concludes that the evidence is insufficient to recommend for or
against teaching or performing routine breast self-examination (BSE).

Rating: I recommendation.

Rationale: The USPSTF found poor evidence to determine whether BSE re-
duces breast cancer mortality.  The USPSTF found fair evidence that BSE is
associated with an increased risk for false-positive results and biopsies.  Due to
design limitations of published and ongoing studies of BSE, the USPSTF
could not determine the balance of benefits and potential harms of BSE.

Canadian Task Force
There is good evidence for screening women aged 50-69 years by clinical

examination and mammography (A). The best available data support screening
every 1-2 years.

Current evidence does not support the recommendation that screening mam-
mography be included in or excluded from the periodic health examination of
women aged 40-49 at average risk of breast cancer (C)

Cervical Cancer
USPSTF

The USPSTF strongly recommends screening for cervical cancer in women
who have been sexually active and have a cervix.
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Rating: A recommendation.

Rationale: The USPSTF found good evidence from multiple observational
studies that screening with cervical cytology (Pap smears) reduces incidence
of and mortality from cervical cancer.  Direct evidence to determine the
optimal starting and stopping age and interval for screening is limited. Indi-
rect evidence suggests most of the benefit can be obtained by beginning
screening within 3 years of onset of sexual activity or age 21 (whichever
comes first) and screening at least every 3 years (go to Clinical Consider-
ations).  The USPSTF concludes that the benefits of screening substantially
outweigh potential harms.

The USPSTF recommends against routinely screening women older than age
65 for cervical cancer if they have had adequate recent screening with nor-
mal Pap smears and are not otherwise at high risk for cervical cancer (go to
Clinical Considerations).

Rating: D recommendation

Rationale: The USPSTF found limited evidence to determine the benefits of
continued screening in women older than 65.  The yield of screening is low
in previously screened women older than 65 due to the declining incidence
of high-grade cervical lesions after middle age.  There is fair evidence that
screening women older than 65 is associated with an increased risk for
potential harms, including false-positive results and invasive procedures.
The USPSTF concludes that the potential harms of screening are likely to
exceed benefits among older women who have had normal results previously
and who are not otherwise at high risk for cervical cancer.

The USPSTF recommends against routine Pap smear screening in women
who have had a total hysterectomy for benign disease.

Rating: D recommendation.

Rationale: The USPSTF found fair evidence that the yield of cytologic
screening is very low in women after hysterectomy and poor evidence that
screening to detect vaginal cancer improves health outcomes. The USPSTF
concludes that potential harms of continued screening after hysterectomy are
likely to exceed benefits.

The USPSTF concludes that the evidence is insufficient to recommend for or
against the routine use of new technologies to screen for cervical cancer.
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Rating: I recommendation

Rationale: The USPSTF found poor evidence to determine whether new tech-
nologies, such as liquid-based cytology, computerized rescreening, and algo-
rithm based screening, are more effective than conventional Pap smear screening
in reducing incidence of or mortality from invasive cervical cancer.  Evidence to
determine both sensitivity and specificity of new screening technologies is lim-
ited.  As a result, the USPSTF concludes that it cannot determine whether the
potential benefits of new screening devices relative to conventional Pap tests are
sufficient to justify a possible increase in potential harms or costs.

The USPSTF concludes that the evidence is insufficient to recommend for or
against the routine use of human papillomavirus (HPV) testing as a primary
screening test for cervical cancer.

Rating: I recommendation.

Rationale: The USPSTF found poor evidence to determine the benefits and
potential harms of HPV screening as an adjunct or alternative to regular Pap
smear screening. Trials are underway that should soon clarify the role of
HPV testing in cervical cancer screening.

Canadian Task Force (dating from 1994)
Fair evidence to include in periodic health examination of sexually active
women. (B)

Colorectal Cancer
USPSTF

The USPSTF strongly recommends that clinicians screen men and women
50 years of age or older for colorectal cancer.

Rating: A recommendation.

Rationale: The USPSTF found fair to good evidence that several screening
methods are effective in reducing mortality from colorectal cancer.  The
USPSTF concluded that the benefits from screening substantially outweigh
potential harms, but the quality of evidence, magnitude of benefit, and poten-
tial harms vary with each method.

The USPSTF found good evidence that periodic fecal occult blood testing
(FOBT) reduces mortality from colorectal cancer and fair evidence that sig-
moidoscopy alone or in combination with FOBT reduces mortality.  The
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USPSTF did not find direct evidence that screening colonoscopy is effective
in reducing colorectal cancer mortality; efficacy of colonoscopy is supported
by its integral role in trials of FOBT, extrapolation from sigmoidoscopy
studies, limited case-control evidence, and the ability of colonoscopy to
inspect the proximal colon.  Double-contrast barium enema offers an alterna-
tive means of whole-bowel examination, but it is less sensitive than colo-
noscopy, and there is no direct evidence that it is effective in reducing mor-
tality rates.  The USPSTF found insufficient evidence that newer screening
technologies (for example, computed tomographic colography) are effective
in improving health outcomes.

There are insufficient data to determine which strategy is best in terms of the
balance of benefits and potential harms or cost-effectiveness.  Studies re-
viewed by the USPSTF indicate that colorectal cancer screening is likely to
be cost-effective (less than $30,000 per additional year of life gained) re-
gardless of the strategy chosen.

It is unclear whether the increased accuracy of colonoscopy compared with
alternative screening methods (for example, the identification of lesions that
FOBT and flexible sigmoidoscopy would not detect) offsets the procedure’s
additional complications, inconvenience, and costs.

Canadian TF
Average Risk Individuals
• Screening with the Hemoccult test: There is good evidence to include
screening with Hemoccult test in the periodic health examination of asymp-
tomatic patients over age 50 with no other risk factors [A, I].  However, there
remain concerns about the high rate of false-positive results, feasibility and
small clinical benefit of such screening (over 1000 individuals must be
screened for 10 years to avert one death from colorectal cancer).  For patients
being screened with Hemoccult, it is recommended that they avoid red meat,
cantaloupe and melons, raw turnip, radishes, broccoli and cauliflower, vita-
min C supplements and aspirin and non-steroidal anti-inflammatory drugs
for 3 days before fecal samples are collected.  However, a recent meta-
analysis of 4 RCTs found no improvement in positivity rates or change in
compliance rates with moderate dietary restrictions.
• Screening with sigmoidoscopy: There is evidence from case control stud-
ies, to recommend that flexible sigmoidoscopy be included in the periodic
health examination of patients over age 50 [B, II-2, III].  There is insufficient
evidence to make recommendations about whether only 1 or both of FOBT
and sigmoidoscopy should be performed [C, I].
• Screening with colonoscopy: There is insufficient evidence to include or
exclude colonoscopy as an initial screen in the periodic health examination
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[C, II-3].  Although colonoscopy is the best method for detecting adenomas
and carcinomas, it may not be feasible to screen asymptomatic patients be-
cause of patient compliance and the expertise and equipment required and
the potential costs.  On the other hand, if colonoscopy were an effective
screening strategy when performed at less frequent intervals, these issues
might be of less concern.

Above Average Risk Individuals
• Individuals at Risk for Familial Adenomatous Polyposis (FAP): The Task
Force recommends genetic testing of individuals at risk for FAP if the ge-
netic mutation has been identified in the family and if genetic testing is
available [B, II-3]. If the individual carries the mutation, then he or she
should be screened with flexible sigmoidoscopy beginning at puberty [B, II-
3].  Individuals from families where the gene mutation has been identified
but are negative themselves, require screening similar to the average risk
population.  For at risk individuals where the mutation has not been identi-
fied in the family or where genetic testing is not available, screening with
annual or biannual flexible sigmoidoscopy should be undertaken beginning
at puberty.  In all instances, genetic counseling should be performed prior to
genetic testing.
• Individuals at Risk for Hereditary Non-Polyposis Colon Cancer
(HNPCC): Patients in kindreds with the cancer family syndrome (HNPCC)
have a high risk of colorectal cancer and a high incidence of right-sided
colon cancer. Thus, colonoscopy rather than sigmoidoscopy is recommended
for screening such patients.  Based on Level III evidence, the Task Force
recommends screening with colonoscopy in individuals from HNPCC
kindreds [B, II-3]. Although higher levels of evidence are usually required to
give a B recommendation, the Task Force realizes that it is unlikely that
more rigorous studies could be performed in this cohort of patients given the
high risk of cancer and relative infrequency of HNPCC.  The ages when
screening should begin and the frequency at which colonoscopy should be
performed are unclear.
• Individuals with a Family History of Polyps or Colon Cancer: Patients
who have only one or two first-degree relatives with colorectal cancer
should be screened in the same way as average risk individuals. There is
insufficient evidence to recommend colonoscopy for individuals who have
a family history of colorectal polyps or cancer but do not fit the criteria for
HNPCC [C, III].  While there is evidence that there is an increased preva-
lence of neoplasms in these individuals, there is insufficient information to
recommend more intense screening than that of individuals at average risk.
Further delineation of the risk for individuals with multiple affected family
members and family members with early age of diagnosis of colorectal
cancer is necessary.
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• Because most screening options are multiphasic, it is preferable that there
is adequate infrastructure to support the implementation, assure quality con-
trol and the timely follow-up of screened individuals.

Lung Cancer
USPSTF

The USPSTF concludes that the evidence is insufficient to recommend for or
against screening asymptomatic persons for lung cancer with either low dose
computerized tomography (LDCT), chest x-ray (CXR), sputum cytology, or
a combination of these tests.

Rating: I Recommendation.

Rationale: The USPSTF found fair evidence that screening with LDCT,
CXR, or sputum cytology can detect lung cancer at an earlier stage than lung
cancer would be detected in an unscreened population; however, the USPSTF
found poor evidence that any screening strategy for lung cancer decreases
mortality.  Because of the invasive nature of diagnostic testing and the pos-
sibility of a high number of false-positive tests in certain populations, there is
potential for significant harms from screening.  Therefore, the USPSTF could
not determine the balance between the benefits and harms of screening for
lung cancer.

Oral Cancers
USPSTF

The USPSTF concludes that the evidence is insufficient to recommend for or
against routinely screening adults for oral cancer.

Rating: I Recommendation.

Rationale: The USPSTF found no new good-quality evidence that screening
for oral cancer leads to improved health outcomes for either high-risk adults
(i.e., those over the age of 50 who use tobacco) or for average-risk adults in
the general population. It is unlikely that controlled trials of screening for
oral cancer will ever be conducted in the general population because of the
very low incidence of oral cancer in the United States. There is also no new
evidence for the harms of screening. As a result, the USPSTF could not
determine the balance between benefits and harms.

Canadian TF
With respect to screening by oral physical exam in 1994:  Insufficient evi-
dence to include or exclude from periodic health exam (C); annual examina-

Assessment of the Scientific Information for the Radiation Exposure Screening and Education Program

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11279


APPENDIX E 381

tion by physician and/or dentist should be considered for men and women
over age 60 years with risk factors for oral cancers and precancers; indi-
vidual judgment should be exercised regarding the use of tolonium chloride
for those identified as positive by oral physical exam.

The above recommendation has been updated in 1999
• Population screening: Fair evidence to exclude screening the general
population for oral cancer by clinical examination (D Recommendation).
• Opportunistic screening: Insufficient evidence to recommend inclusion
or exclusion of screening for oral cancer by clinical examination of asymp-
tomatic patients (C Recommendation).
• For high risk patients, annual examination by physician or dentist should
be considered.  Major risk factors include a history of tobacco use and
excessive alcohol consumption.

Ovarian Cancer
USPSTF

The USPSTF recommends against routine screening for ovarian cancer.

Rating: D Recommendation.

Rationale: The USPSTF found fair evidence that screening with serum CA-
125 level or transvaginal ultrasound can detect ovarian cancer at an earlier
stage than it can be detected in the absence of screening; however, the
USPSTF found fair evidence that earlier detection would likely have a small
effect, at best, on mortality from ovarian cancer. Because of the low preva-
lence of ovarian cancer and the invasive nature of diagnostic testing after a
positive screening test, there is fair evidence that screening could likely lead
to important harms. The USPSTF concluded that the potential harms out-
weigh the potential benefits.

Pancreatic Cancer
USPSTF

The USPSTF recommends against routine screening for pancreatic cancer in
asymptomatic adults using abdominal palpation, ultrasonography, or sero-
logic markers.

Rating: D Recommendation.

Rationale: The USPSTF found no evidence that screening for pancreatic
cancer is effective in reducing mortality.  There is a potential for significant
harm due to the very low prevalence of pancreatic cancer, limited accuracy
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of available screening tests, the invasive nature of diagnostic tests, and the
poor outcomes of treatment.  As a result, the USPSTF concluded that the
harms of screening for pancreatic cancer exceed any potential benefits.

Canadian TF
There is fair evidence that routine screening should be excluded from the
periodic health examination (D Recommendation).

Prostate Cancer
USPSTF

The USPSTF concludes that the evidence is insufficient to recommend for or
against routine screening for prostate cancer using prostate specific antigen
(PSA) testing or digital rectal examination (DRE).

Rating: I recommendation.

Rationale: The USPSTF found good evidence that PSA screening can detect
early-stage prostate cancer but mixed and inconclusive evidence that early
detection improves health outcomes.  Screening is associated with important
harms, including frequent false-positive results and unnecessary anxiety,
biopsies, and potential complications of treatment of some cancers that may
never have affected a patient’s health.  The USPSTF concludes that evidence
is insufficient to determine whether the benefits outweigh the harms for a
screened population.

Canadian TF
There are two main philosophical views concerning early detection of can-

cer. One view holds that the major goal is to search aggressively for asymptom-
atic cancer and having found it, remove it.  While the effectiveness of therapy
may not be established, and its associated adverse affects may be recognized, the
main mission is to detect cancer early.  This view emphasizes the importance
of developing tests which can detect cancer early, even if such tests may label
many individuals falsely and subject them to subsequent unnecessary, invasive
investigations.

The alternate view considers early detection and treatment as a single pack-
age and asks whether there is evidence that such combined efforts do more
good than harm.  This is the question of greatest importance, both from the
individual patient’s perspective as well as that of the population.  Hence,
while evaluating the performance of early detection tests is part of the pic-
ture, one must also evaluate the effectiveness of therapy and whether the use
of available early detection tests ultimately provides overall net benefit to the
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patient.  This is the view taken by the Canadian Task Force on the Periodic
Health Examination.

Based on the absence of evidence for effectiveness of therapy and the sub-
stantial risk of adverse effects associated with such therapy; and the poor
predictive value of screening tests, there is at present insufficient evidence to
support wide-spread initiatives for the early detection of prostate cancer.

The Task Force does not recommend the routine use of PSA as part of a
periodic health examination.  While PSA can detect earlier cancer, it is
associated with a substantial false positive rate.  This, combined with poor
evidence to support the effectiveness of subsequent therapy and clear evi-
dence of substantial risk associated with such therapy, means that the wide-
spread implementation of PSA would expose more men to uncertain benefit,
but to definite risks.  For these reasons the Task Force recommends that PSA
be excluded from the periodic health examination (D Recommendation).

The Task Force debated recommending the exclusion of DRE from the periodic
health examination because of its limited performance as an early detection test.
However, DRE has been routine practice for many physicians for the early
detection of prostate abnormalities and the available evidence was not consid-
ered sufficiently powerful to advise physicians who currently include DRE as
part of a periodic health examination in men aged 50 to 70 to discontinue the
practice.  At the same time, the evidence is insufficient to advocate the inclusion
of DRE for those physicians who do not currently include it as part of the
periodic health examination for men aged 50 to 70. Hence, the decision to retain
a C Recommendation for DRE—there is insufficient evidence to include DRE or
exclude it from the periodic health exam.

• Based on the available evidence for TRUS, the Task Force recommends
against the routine use of this procedure as part of a periodic health examina-
tion (D Recommendation).

These recommendations are made on the basis of the evaluation of the best
available evidence using the Canadian Task Force guidelines, and the ethical
imperative that early detection efforts must be proven to result in more good
than harm before being incorporated into the periodic health examination.

Skin Cancers
USPSTF

The USPSTF concludes that the evidence is insufficient to recommend for or
against routine screening for skin cancer using a total-body skin examination
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for the early detection of cutaneous melanoma, basal cell cancer, or squa-
mous cell skin cancer.

Rating: I recommendation.

Rationale: Evidence is lacking that skin examination by clinicians is effec-
tive in reducing mortality or morbidity from skin cancer. The USPSTF could
not determine the benefits and harms of periodic skin examination.  (See
Clinical Considerations for discussion of selected populations at high risk.)

Clinical Considerations
Benefits from screening are unproven, even in high-risk patients.

Clinicians should be aware that fair-skinned men and women aged >65,
patients with atypical moles, and those with >50 moles constitute known
groups at substantially increased risk for melanoma.

Clinicians should remain alert for skin lesions with malignant features noted in
the context of physical examinations performed for other purposes.

Asymmetry, border irregularity, color variability, diameter >6 mm (“A,”
“B,” “C,” “D”), or rapidly changing lesions are features associated with an
increased risk of malignancy. Suspicious lesions should be biopsied.

The USPSTF did not examine the outcomes related to surveillance of patients
with familial syndromes, such as familial atypical mole and melanoma (FAM-
M) syndrome.

Canadian Task Force (dating from 1994)
Routine screening for skin cancer by primary care providers using total-body
skin examination is not recommended for the general population. Clinicians
should remain alert for skin lesions with malignant features (i.e. asymmetry,
border irregularity, color variability, diameter greater than 6 mm, or rapidly
changing lesions) when examining patients for other reasons, particularly in
those with established risk factors. Such risk factors include clinical evidence
of melanocytic precursor or marker lesions (i.e. atypical moles, certain con-
genital moles), large numbers of common moles, immunosuppression, a fam-
ily or personal history of skin cancer, substantial cumulative lifetime sun expo-
sure, intermittent intense sun exposure or severe sunburns in childhood, or
light skin, hair, and eye color, freckles, or poor tanning ability. Appropriate
biopsy specimens should be taken of suspicious lesions (C Recommendation).
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Currently, there is insufficient evidence to recommend for or against counsel-
ing patients to perform periodic self-examination of the skin. Clinicians may
wish to educate patients with established risk factors for skin cancer (see
above) concerning signs and symptoms suggesting cutaneous malignancy and
the possible benefits of periodic self-examination (C Recommendation).

Persons with Family Melanoma Syndrome are at substantially increased risk for
malignant melanoma. Clinicians examining these patients should be particularly
alert to skin lesions with malignant features and should consider referral to skin
cancer specialists for evaluation. For this very select subgroup there is fair evi-
dence to offer total body skin examination (B Recommendation).

Testicular Cancer
USPSTF

The USPSTF recommends against routine screening for testicular cancer in
asymptomatic adolescent and adult males.

Rating: D Recommendation

Rationale: The USPSTF found no new evidence that screening with clinical
examination or testicular self-examination is effective in reducing mortality
from testicular cancer.  Even in the absence of screening, the current treat-
ment interventions provide very favorable health outcomes.  Given the low
prevalence of testicular cancer, limited accuracy of screening tests, and no
evidence for the incremental benefits of screening, the USPSTF concluded
that the harms of screening exceed any potential benefits.

Canadian Task Force (dating from 1994)
Because no studies of screening for testicular cancer by physician or patient
self-examination have been reported, there is insufficient evidence to include
or exclude screening for this cancer in the periodic health examination of
men (C Recommendation).  Based on the low incidence of disease and the
current high cure rate it is unlikely formal screening would improve the
already excellent prognosis.  Patients with a history of cryptorchidism, or-
chiopexy, or testicular atrophy should be informed of their increased risk for
developing testicular cancer and counselled about screening options.  The
optimal frequency of such examinations has not been determined and is left
to clinical discretion.  Clinicians should advise adolescent and young adult
males to seek prompt medical attention if a testicular mass is noted.
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APPENDIX E-2: USPSTF GRADE A AND GRADE B SCREENING
RECOMMENDATIONS FOR ADULTS

Disease Screening Test Comments

Abdominal aortic Abdominal ultrasound Men who have ever smoked
aneurysm

Alcohol misuse History If present, behavioral counseling
Breast cancer Mammogram Age ≥ 40 years
Cervical cancer Pap smear Sexually active women with a cervix
Colorectal cancer Colonoscopy, flexible Age ≥ 50 years

sigmoidoscopy or FOBT
Depression Two-question quick screen Mechanism for referral and followup

required.
Quality improvement program desirable

Dyslipidemia Lipid profile If present, also screen for diabetes
Hypertension Blood pressure measurement If present, also screen for diabetes
Obesity Calculate body mass index Counsel if BMI  ≥ 30

(BMI)
Osteoporosis History, Risk assessment, Age ≥ 65 years; ≥ 60 years if high

DEXA risk
Syphilis infection VDRL, RDR, or TP-PA Persons at increased risk

Pregnant Women
Asymptomatic Urine culture

bacteriuria
Chlamydial infection Culture or Antibody or DNA tests
Hepatitis B infection HBsAg test
Rh incompatibility Rh (D) blood typing
Syphilis infection VDRL, RDR, or TP-PA
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Glossary

Absolute risk: The excess risk attributed to irradiation and usually expressed
as the numeric difference between irradiated and nonirradiated populations
(for example, 1 excess case of cancer/1 million people irradiated annually for
each rad).  Absolute risk may be given on an annual basis or lifetime (70-
year) basis.

Absorbed dose: The energy imparted by ionizing radiation per unit mass of
material irradiated.  For purposes of radiation protection and assessing risks
to human health, the quantity normally calculated is the average absorbed
dose in an organ or tissue, equal to the total energy imparted to that organ or
tissue divided by the total mass.  The SI unit of absorbed dose is the joule per
kilogram (J kg–1), and its special name is the gray (Gy).  In this report,
absorbed dose is given in rads; 1 rad = 0.01 Gy.

Activation: The production of radionuclides by capture of radiation (for ex-
ample, neutrons) in atomic nuclei.

Activity: The rate of transformation (or disintegration or decay) of radioactive
material.  The SI unit of activity is the reciprocal second (s–1), and its special
name is the Becquerel (Bq).  In this report, activity is given in curies (Ci); 1
Ci = 3.7 × 1010 Bq.

Activity median aerodynamic diameter (AMAD): The diameter in an aero-
dynamic particle size distribution for which the total activities on particles
above and below this size are equal.  A lognormal distribution of particles
sizes usually is assumed.

Acute exposure: An exposure that took place over a short period of time—
hours or days.  Acute may also be used to refer to the short-term effects of
exposure to radiation.
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Aerosol: Extremely small liquid or solid particles suspended in air.
Alpha particle: An energetic nucleus of a helium atom, consisting of two

protons and two neutrons, that is emitted spontaneously from nuclei in decay
of some radionuclides; also called alpha radiation and sometimes shortened
to alpha (for example, “alpha-emitting radionuclide”).  Alpha particles are
weakly penetrating and can be stopped by a sheet of paper or the outer dead
layer of skin.

Atmospheric testing: Detonation of nuclear weapons or devices in the atmo-
sphere or close to the earth’s surface as part of the nuclear-weapons testing
program.

Atom: The smallest particle of a chemical element that cannot be divided or
broken up by chemical means.  An atom consists of a central nucleus of
protons and neutrons, and orbital electrons surrounding the nucleus.

Atomic bomb: A nuclear weapon that relies on fission only, in contrast with a
thermonuclear (“hydrogen”) bomb that uses fission and fusion.

Atomic Energy Commission (AEC): The agency of the US government that
became the Department of Energy and the Nuclear Regulatory Commission.

Attributable risk percent: The percentage of disease that could be eliminated
if a particular exposure were stopped.

Autoimmune disease: A disease caused by one’s immune system’s attacking the
cells of one’s own body rather than attacking foreign cells, such as germs.

Autoimmune hypothyroidism: An autoimmune disease that prevents the thy-
roid from producing enough thyroid hormone.

Autoimmune thyroiditis: Damage to the thyroid caused when the body’s im-
mune system attacks and destroys cells in the thyroid.  It can be radiation-
induced.  If the damage is substantial enough, a person may develop signs
and symptoms due to hypothyroidism.  If there are no signs or symptoms of
hypothyroidism, autoimmune thyroiditis is generally not a cause for concern
about producing enough thyroid hormone.

Background radiation: Ionizing radiation that occurs naturally in the environ-
ment, including  cosmic radiation; radiation emitted by naturally occurring
radionuclides in air, water, soil, and rock; radiation emitted by naturally
occurring radionuclides in tissues of humans and other organisms; and radia-
tion emitted by human-made materials containing incidental amounts of natu-
rally occurring radionuclides (such as building materials).  Background
radiation may also include radiation emitted by residual fallout from nuclear-
weapons tests that has been dispersed throughout the world.  The average
annual effective dose due to natural background radiation in the United
States is about 0.1 rem, excluding the dose due to indoor radon, and the
average annual effective dose due to indoor radon is about 0.2 rem.

Badged dose: An estimate of a person’s external radiation dose, specifically
the deep equivalent dose from external exposure to photons, as derived from
readings of exposure by one or more film badges assigned to the person.
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Basal cells: A cell in the epidermis that give rise to more-specialized cells.
Basal-cell carcinoma: A malignant growth originating from basal cells that is

most common in fair-skinned or sun-exposed areas; the most common form
of skin cancer.

Becquerel (Bq): The special name for the SI unit of activity; 1 Bq = 1 disinte-
gration per second.

Benign tumor: A general category of tumors that do not invade surrounding
tissue.  Benign tumors are characterized by slow growth through expansion.
They are not malignant or cancerous.

Beta particle: An energetic electron emitted spontaneously from the nucleus in
decay of some radionuclides and produced by transmutation of a neutron into
a proton; also called beta radiation and sometimes shortened to beta (for
example, beta-emitting radionuclide).  Beta particles are not highly penetrat-
ing, and the highest-energy beta radiation can be stopped by a few centime-
ters of plastic or aluminum.

Bias: The systematic tendency of a measurement or prediction of a quantity to
overestimate or underestimate the actual value on the average.

Biological Effects of Ionizing Radiation (BEIR): A series of National Re-
search Council studies conducted by the committees on the Biological Ef-
fects of Ionizing Radiations (BEIR VII is the current study).

Biological response: A significant adverse effect in an organism resulting from
exposure to a hazardous agent.  The determination of whether an effect is
significant or adverse sometimes involves subjective judgment.  Often called
a biologic endpoint or biologic effect in the literature.

Cancer: A malignant tumor of potentially unlimited growth that expands lo-
cally by invasion and systemically by metastasis.

Cancer risk: A theoretical risk of getting cancer if exposed to a substance
every day for 70 years (a lifetime exposure). The true risk might be lower.

Carcinogen: An agent capable of inducing cancer.
Carcinoma: A malignant tumor that occurs in epithelial tissues, which cover

the body or body parts and enclose and protect those parts, produce secre-
tions and excretions, and function in absorption.

Case-control study: A study that compares exposures of people who have a
disease or condition (cases) with people who do not have the disease or
condition (controls). Exposures that are more common among the cases may
be considered as possible risk factors for the disease.

Case study: A medical or epidemiologic evaluation of one person or a small
group of people to gather information about specific health conditions and
exposures.

Cataract: A clouding of the lens of the eye or its capsule that obstructs the
passage of light.

Central estimate: A “best” estimate of the dose received, as distinct from an
upper bound of the dose that accounts for uncertainty in that estimate.
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Chance: A situation in which something happens unpredictably without
discernable human intention or observable cause.

Chronic exposure: An exposure that occurred over a long period of time—
weeks, months, or years.

Chronic lymphocytic leukemia: A slowly progressing form of leukemia char-
acterized by an increased number of the white blood cells known as lympho-
cytes that studies have not shown to be caused by radiation in humans.

Code of Federal Regulations: Codification of general and permanent rules pub-
lished in the Federal Register by executive departments and agencies of the
federal government and published annually by the US Government Printing
Office.

Cohort: A group of individuals having a common association or factor.
Cohort study: A study involving a group of people who either have or do not

have a specified factor, such as exposure to a disease-causing agent.  Such
studies are usually used to compare disease rates.

Committed dose equivalent (CDE): The dose equivalent to organs or tissues
of reference that will be received from an intake of radioactive material by a
person during the 50-year period after intake.

Committed effective dose equivalent (CEDE): The sum of the products of
the weighting factors applicable to each of the body organs or tissues that are
irradiated and the committed dose equivalent (CDE) to the organs or tissues.
It is a measure of the overall risk associated with internal deposition of
radioactive material.

Computed axial tomography (CAT): A scan that provides three-dimensional
x-ray images of some part of the body.  It is useful for diagnosing cancer and
for planning radiation therapy treatments.  Often called a CT scan.

Confidence interval: An estimate of the range within which the true value of
an uncertain quantity is expected to occur in a specified percentage of mea-
surements or predictions.  For example, a 90% confidence interval of (x, y)
means that, on the basis of available information, the probability is 0.9 that
the true value lies between x and y.

Confidence limits: The highest and lowest boundaries in a confidence interval.
As used here, a confidence interval accounts for the possibility that different
groups of individuals might have different risk estimates even if they have
the same range of dose estimates.  Because there is uncertainty in risk esti-
mates that are made for different radiation doses, scientists often include a
confidence interval with a risk estimate.

Confounding factors: Any characteristic that makes it difficult to compare
two or more distinct groups in an epidemiologic study.  Confounding factors
can mask a health effect so that the relationship of the effect and the exposure
is not recognized.  They can also make it appear as though there is an effect
when, in fact, none exists.

Correlation: Most generally, the degree to which one phenomenon or variable is
associated with or can be predicted from another.  In statistics, usually refers to
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the degree to which a predictive relationship exists between variables.  Corre-
lation may be positive (both variables increase or decrease together) or nega-
tive or inverse (one variable increases when the other decreases).

Curie (Ci): The conventional unit of radioactivity, equal to 3.7 × 1010 Bq.
Deterministic effects: Effects that can be related directly to the radiation dose

received.  The severity increases as the dose increases.  A deterministic
effect typically has a threshold below which the effect will not occur.

Dose: A quantification of exposure to ionizing radiation, especially in humans.
Units are rad, mrad, gray, and mgray.

Dose equivalent: The measure that indicates the degree of biologic damage
caused by radiation.  Dose equivalent is measured in rems, mrem, and Sv.

Dose rate: The quantity of absorbed dose delivered per unit time.
Dose and dose-rate effectiveness factor (DDREF): Dose and dose-rate re-

duction effectiveness factor, a measure of the extent to which radiation-
related damage accruing at a high dose rate is ameliorated when the dose rate
or dose is low.  This value will presumably vary with the end point measured,
but it is not known precisely for such end points as incidence of or death
from cancer or any of the other effects also seen among the atomic-bomb
survivors.

DS86: The currently used system of dosimetry to describe the exposure of the
survivors of the atomic bombings of Hiroshima and Nagasaki; introduced in
1986.

Dose reconstruction: A scientific activity that estimates doses to people from
releases of radioactivity or other pollutants.  The reconstruction is usually
done by determining how much material was released, how it was trans-
ported, and how people came into contact with it and the amount of radiation
energy absorbed by their bodies.

Dose-response analysis: A statistical analysis to estimate values of parameters
that describe the relationship between the dose of a hazardous agent (such as
ionizing radiation) and an increase in a specified biologic response (such as a
cancer or other health effect) above the normal (background) incidence.  In
assessing cancer risks in humans posed by exposure to ionizing radiation, for
example, linear or linear-quadratic dose-response relationships are used most
commonly.

Dosimeter: A portable instrument for measuring and registering total accumu-
lated exposure to ionizing radiation.

Downwinder: A commonly used term for a person who may have been ex-
posed to fallout due to the US nuclear-weapons testing program.

Effective dose: The sum over specified organs or tissues of the equivalent dose
in each tissue modified by the tissue weighting factor, as defined in ICRP
(1991).  Supersedes effective dose equivalent.

Effective dose equivalent: The sum over specified organs or tissues of the
average dose equivalent in each tissue modified by the tissue weighting
factor.  Now superseded by effective dose.
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Element: A substance that cannot be separated by ordinary chemical methods.
Elements are distinguished by the numbers of protons in the nuclei of their
atoms.

Epidemiologic studies: Studies designed to examine associations—commonly,
hypothesized causal relations.  They are usually concerned with identifying
or measuring the effects of risk factors or exposures.  The common types of
epidemiologic studies are case-control studies, cohort studies, and cross-
sectional studies.

Epidemiology: The study of the incidence, distribution, and causes of health
conditions and events in populations.

Equivalent dose: A quantity obtained by multiplying the absorbed dose by a
radiation weighting factor to allow for the different effectiveness of the
various types of ionizing radiation in causing late-effect harm in tissue.  The
equivalent dose is theoretical and has replaced the earlier dose equivalent.
The equivalent dose is often expressed in sievert (Sv).  It is also sometimes
expressed in rem (an older unit).  100 rem = 1 Sv.

Estimate: A measure of or statement about the value of a quantity that is
known, believed, or suspected to incorporate some degree of error.

Etiology: The causes of disease or the study of the causes.
Excess absolute risk: The increase in risk of disease posed by exposure to a

specified dose, or the arithmetic difference in risk of disease between ex-
posed and unexposed subjects.  Usually expressed as increase in risk per unit
dose. See Excess relative risk.

Excess relative risk: The increase in relative risk of disease posed by exposure to
a specified dose. The mathematical distinction between excess absolute risk
(calculated by simple subtraction) and excess relative risk is that the latter is
calculated by dividing the risk of disease among exposed subjects by the risk
among the unexposed and then subtracting 1.

Exposure: (A) A general term indicating human contact with ionizing radia-
tion, radionuclides, or other hazardous agents.  (B) For the purpose of mea-
suring  of ionizing photon radiation, the absolute value of the total charge of
ions of one sign produced per unit mass of air when all electrons and positrons
liberated or created by photons in air are completely stopped in air.  Expo-
sure is the quantity measured, for example, by a film badge.  The SI unit of
exposure is the coulomb per kilogram (C kg–1).  In conventional units used in
this report, exposure is given in roentgens (R); 1 R = 2.58 × 10–4 C kg–1.

Exposure pathway: The physical course of a radionuclide or other hazardous
agent from its source to an exposed person.

Exposure route: The means of intake of a radionuclide or other hazardous
agent by a person (such as ingestion, inhalation, or absorption through the
skin or an open wound).

External dose: The dose to organs or tissues of the body due to sources of
ionizing radiation located outside the body, including sources deposited on
the body surface.
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External exposure: Radiation exposure from a source outside the body.  The
term refers to radiation, such as gamma rays and x rays, that can penetrate
human skin and thus cause biological damage from outside the body.

Fallout: Deposition of radioactive particles produced by detonation of a nuclear
weapon.

Fine-needle aspiration: A procedure in which a fine, hollow needle is inserted
into tissue to extract a small amount of tissue for microscopic evaluation.

Fractionation of exposure: One of the terms used to describe how an exposure
was delivered over time.  Exposures can be either single (brief), repeated
(fractionated), or continuous (chronic).

Gamma rays: Electromagnetic radiation emitted in de-excitation of atomic
nuclei, frequently occurring as a result of decay of radionuclides; sometimes
shortened to gamma (for example, gamma-emitting radionuclide).  High-
energy gamma radiation is highly penetrating and requires thick shielding,
such as up to 1 m of concrete or a few tens of centimeters of steel.

Gastrointestinal tract: Organs of the digestive system, including the esopha-
gus, stomach, small intestine, and upper and lower large intestine (colon).

Generalized anxiety disorder (GAD, DSM code 300.02): A relatively com-
mon anxiety problem, affecting 5% of the population, that turns daily life
into a state of worry, anxiety, and fear.  People with GAD experience patho-
logic anxiety, which is excessive and chronic and typically interferes with
the ability to function in normal daily activities.

Genetic effect: The result of exposure to radioactivity or substances that cause
damage to the genes of a reproductive cell (sperm or egg), which can then be
passed from one generation to another.

Genetic injury or damage: Harm to a person’s genes that can be passed on to
later generations.

Germ cells: Reproductive cells—spermatozoa (sperm) in males and ova (eggs)
in females.

Gonads: Reproductive organs—testes in males and ovaries in females.
Graves disease: A form of hyperthyroidism (an over-active thyroid).
Goiter: An enlargement of the thyroid gland.
Gray: The SI unit of absorbed dose named fo H. L. Gray an English radiation

scientist; 1 Gy = 1 J kg–1 = 100 rad.
Half-life, biological: The time required for half the quantity of a material taken

into the body to be eliminated from the body by biologic processes.  For
radionuclides, the biological half-time does not include elimination by radio-
active decay.

Half-life, effective: The time required for the activity of a radioactive sub-
stance in the body to decrease to half its value because of the combined
effects of biologic elimination and radioactive decay.  The effective half-life
facilitates evaluating radiation dose from inhaled and ingested radionuclides
and applies when the biological and physical half-lives are constant.  For an
effective half-life of 1 hour, half of the radioactivity would be expected to be
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eliminated during the first hour.  Of the radioactivity that remained, half
would be expected to be eliminated during the second hour.  That represents
one-fourth of the radioactivity initially present.  For each successive hour,
the expected fractions of the initial radioactivity present that are eliminated
would be 1/2, 1/4, 1/8, and so on.  This type of decrease over time is called
exponential.

Half-life, physical: The average time it takes for one-half of any given num-
ber of unstable atoms to decay.  Half-lives of isotopes range from small
fractions of a second to more than a billion years.  For example, if on
average 100 out of 200 radioactive atoms of a specified kind decay in 1 day
(half-life = 1 day), then of the remaining 100 atoms, 50 would be expected
to decay during the second day.  Similarly, 25 of the remaining 50 atoms
would be expected to decay during the third day.  This type of decay is
called exponential.

Half-life, radioactive: See half-life, physical.
Hashimoto’s thyroiditis: An autoimmune disease of the thyroid. It is caused

by lymphocytes entering the thyroid. The disease causes goiters, tissue dam-
age, and hypothyroidism.

Health education: Programs designed with a community to help it know about
health risks and how to reduce these risks.

Health effect: The result of exposure to substances (such as radiation) that
cause any harm to a person’s health.  It includes diseases, cancers, birth
defects, genetic effects, and death.

Health investigation: The collection and evaluation of information about the
health of community residents. This information is used to describe or count
the occurrence of a disease, symptom, or clinical measure and to evaluate the
possible association between the occurrence and exposure to radiation or
hazardous substances.

Health promotion: The process of enabling people to increase control over,
and to improve, their health.

High-LET radiation: Radiation with linear energy transfer (LET) values above,
say, 10 keV/µm.  It produces much damage over a short distance in tissue or
other material.  In contrast, low-LET radiation produces only a small amount
of damage when evaluated over the same amount of deposited energy.  Al-
pha particles represent high-LET radiation. Gamma and x rays are low-LET
radiation.  It generally takes a larger absorbed dose of low-LET radiation
than of high-LET radiation to produce a given amount of damage.  Biologic
damage produced by low-LET radiation is often more efficiently repaired
than damage produced by high-LET radiation.

Hodgkin’s disease: A type of lymphoma that appears to originate in a particu-
lar lymph node and to spread to the spleen, liver, and bone marrow and is
characterized by progressive enlargement of the lymph nodes, spleen, and
general lymph tissue.
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Hyperparathyroidism: Disorder that is characterized by the excessive pro-
duction of parathyroid hormones.  This results in the body not being able to
regulate the concentrations of calcium and phosphorus properly.

Hyperthyroidism: A disorder that is characterized by the excessive production
of thyroid hormones.  Symptoms include nervousness, constant hunger,
weight loss, and tremors. Hyperthyroidism is not caused by radiation
exposure.

Hypothyroidism: A condition caused by too little thyroid hormone in the body.
Symptoms include fatigue, weight gain, intolerance to cold, decreased appe-
tite, constipation, hoarseness, menstrual irregularities, dry skin, and hair
changes.

Immune system disorders: Allergic reactions and disruption of the immune sur-
veillance system whose prime function is to detect and eliminate diseased cells.

Incidence: The rate of occurrence of new cases of a specific disease in a spe-
cific period, calculated as the number of new cases during a specified period
divided by the number of persons at risk of the disease during that period.

Ingestion dose pathway: The parts of the food chain or water system that
might add to radiation exposure from eating food or drinking water.

Internal dose: The dose to organs or tissues due to sources of ionizing radia-
tion in the body.

Internal radiation exposure: Exposure from taking a radioactive substance
into the body by eating, drinking, or breathing.

International Atomic Energy Agency (IAEA): One of the specialized bodies
of the United Nations charged with the responsibility of overseeing and
setting standards and recommendations for the operation of nuclear activities
and for radiation safety in the member states.  It is headquartered in Vienna,
Austria, and its members have played a major role in the accumulation and
dissemination of the information derived from the Chornobyl accident and
other accidents involving exposure to ionizing radiation.

International Commission on Radiological Protection (ICRP): A nongov-
ernment agency headquartered in Sweden and the United Kingdom, and
concerned with radiation protection in the workplace and of the general
population.  It was founded by the International Congress of Radiology in
1928.  It is generally viewed as the world’s leading source of authoritative
statements on radiation protection.

International Commission on Radiation Units and Measurements (ICRU): A
nongovernment agency headquartered in Bethesda, Maryland, and concerned
with recommendations regarding harmonized measurement of radiation and
responsible for recommending nomenclature for quantities, units and their
special names, e.g., Bq, Gy, Sv.

International System of Units: A modern version of the meter-kilogram-
second-ampere system of units that is published and controlled by the Inter-
national Bureau of Weights and Measures; also referred to as SI units.
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In utero: Means in the uterus or womb.
Iodine-131 (131I): A radioactive isotope of iodine.  Iodine is an element re-

quired in small amounts for healthy growth and development.  It is mainly
concentrated in the thyroid gland, where it is needed to synthesize thyroid
hormones.  131I is used as a radioactive tracer in nuclear medicine and is
found in fallout from nuclear testing.  131I has been demonstrated to cause
thyroid cancer in children in moderate and high doses after the Chornobyl
accident.  Whether very low radiation doses cause thyroid cancer is uncer-
tain. Iodine-131 has a relatively short physical half-life (8 days).

Ionizing radiation: Any radiation capable of displacing electrons from atoms
or molecules, thereby producing ions.  Examples are alpha particles, beta
particles, gamma rays or x rays, and cosmic rays.  The minimum energy of
ionizing radiation is a few electron volts (eV); 1 eV = 1.6 × 10–19 joule (J).

Irradiate: To expose to radiation.
Isotope: A form of a particular chemical element determined by the number of

neutrons in the atomic nucleus.  An element may have many stable or un-
stable (radioactive) isotopes.

Latent period: The time after exposure that it takes for a radiation-induced
cancer to be manifested.  Latent periods, also called latency period, may vary
widely between different types of cancer and within subgroups of one type of
cancer.

Leukemia: The term used to describe a group of malignant, commonly fatal
blood diseases characterized by an uncontrolled increase in the number of
white cells (generally their immature forms) in the circulating blood.

Life Span Study (LSS): Continuing followup of the population exposed to
atomic-bomb detonations in Hiroshima and Nagasaki, Japan, and their prog-
eny; conducted by the Radiation Effects Research Foundation (RERF).

Linear Energy Transfer (LET): The energy lost by a charged particle per unit
distance traversed in a material.  The SI unit of LET is joules per meter (J m–1).
For purposes of radiation protection, LET normally is specified in water and
is given in units of keV µm–1.  For low-LET radiations—such as beta par-
ticles and the electrons associated with x-rays, gamma rays—little energy is
lost in traversing a sheet of paper.  For high-LET alpha particles emitted by
plutonium isotopes, essentially all the particle’s energy is lost in traversing a
sheet of paper.

Linear model: The assumption that the effect of exposure to ionizing radiation
is directly and simply proportional to dose.

Linear non-threshold model (LNT): An empirical equation used to assign
risk of cancer induction by a specified genotoxicant (including ionizing ra-
diation).  The equation has the form, risk = A + kD, where k is a risk
coefficient, D is a measure of dose, and A represents the baseline risk, absent
radiation.  With this empirical model, any dose in excess of zero is presumed
to be associated with an increased risk of cancer.  Further, use of this model
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implies that doubling the dose will double the calculated excess risk.  For
low radiation doses and dose rates, there are large uncertainties about what
the true risks to humans and how they relate to dose.

Linear-quadratic model: The assumption that the effect of exposure related
not only to the dose received but also to the square of the dose.

Lymphocyte: A type of white blood cell that is found primarily in lymph
nodes. Lymphocytes provide protection against some kinds of infections.

Lymphoma: Malignant tumors originating in cells of lymphatic tissues.
Malignancy/malignant neoplasm: A general category of neoplasm that in-

vades surrounding tissue.  A malignant tumor is generally characterized by
invasive growth and is able to metastasize to distant tissue sites via the
lymphatic and blood systems.

Malignant: Tending to infiltrate, metastasize, and terminate fatally.
Mean: The arithmetic average of a set of values, given by the sum of the values

divided by the number of values.  The mean of a distribution of values is the
weighted average of possible values, each value weighted by its probability
of occurrence in the distribution.

Median dose: The central estimate in a dose-estimate range.  Half the possible
doses are above the median; half are below it.  A person’s dose is more likely
to be near the median than near the low or the high end of the range.

Medical monitoring: A program to screen a group of people who are at risk for
specific diseases or conditions and to refer individuals for additional evalua-
tion and treatment if needed. Monitoring does not include medical care.

Melanoma: A malignant, and often fatal, tumor in cells of the skin that synthe-
size dark pigments.

Metastasis: The spread of cancer through transfer of malignant cells from one
organ or part to another part not directly connected with it.

Mill tailing: Naturally radioactive residue from the processing of uranium ore
into yellowcake in a mill.  Although the milling process recovers about 93%
of the uranium, the residues, or tailings, contain several radioactive ele-
ments, including uranium, thorium, radium, polonium, and radon.

Minisatellite: Repeated segments of the same sequence of multiple triplet
codons, each segment varying between 14 and 100 base pairs, useful as
linkage markers because of their highly polymorphic nature and the fact that
they are usually situated near genes.  Minisatellites are inherently unstable
and susceptible to mutation at a higher rate than other sequences of DNA.

Model: A construct (generally mathematical) that attempts to describe the
events that underlie some biologic or physical phenomenon of interest, such
as the occurrence of cancer after exposure to ionizing radiation.

Monte Carlo analysis: The computation of a probability distribution of
an output of a model based on repeated calculations using random samp-
lings of the model’s input parameters (variables) from specified probability
distributions.
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Morbidity: A measure of a diseased condition or state; refers to illness, not
death.

Morbidity rate: The rate at which people get a disease, usually expressed as
the number of cases per 100,000 people per year.

Mortality: A measure of the number of people who die from a specific disease
or condition.

Mortality rate: The rate at which people die from a disease, such as a specific
type of cancer, usually expressed as the number of deaths from the disease
per 100,000 deaths per year.

Multiple myeloma: The proliferation of plasma cells that often replace all
other cells within bone marrow, leading to immune deficiency and, fre-
quently, destruction of the outer layer of bone.

Mutation: A hereditary change in genetic material; it can be a change in a
single gene (point mutation) or a change in chromosome characteristics.

National Academy of Sciences (NAS): The National Academy of Sciences is
a private, non-profit, self-perpetuating society of distinguished scholars en-
gaged in scientific research.  Upon the authority of the charter granted by the
Congress in 1863, the NAS has a mandate that requires it to advise the
federal government on scientific and technical matters.

National Council on Radiation Protection and Measurements (NCRP): A
nongovernmental agency based in Bethesda, Maryland, with a charter simi-
lar to that of ICRP, but focusing in particular on issues related to radiation
protection in the United States.

National Research Council (NRC): The principal operating agency of the
National Academy of Sciences and the National Academy of Engineering to
serve the federal government and other organizations.

Neoplasm: Any new or abnormal growth, such as a tumor; neoplastic disease
refers to any disease that forms tumors, whether malignant or benign.

Neural tube defects: A defect in the neural tube.  The neural tube develops
into the spinal cord and brain.  Defects occur when the neural tube fails to
close completely during the early stages of pregnancy.

Neutron: An elementary uncharged particle, of mass slightly greater than that
of a proton, that is a constituent of atomic nuclei.

Nevada Test Site (NTS): The region in Nevada set aside for the continental
atmospheric nuclear weapons testing program.  Also referred to as the Ne-
vada Proving Ground (NPG).

Noble gas: Any of a group of rare gases (helium, neon, argon, krypton, xenon,
and radon) that exhibit great stability and very low chemical reaction rates.

Nuclear fallout: The descent of airborne particles of dust, debris, and radioac-
tive substances from a nuclear bomb explosion.  Millions of curies of radio-
activity in the form of dust and debris get carried into the upper atmosphere
by the mushroom cloud.  Jet stream winds can carry fallout from bomb blasts
around the world within a few months.
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Nuclear weapon: A weapon that derives its explosive force from nuclear fu-
sion or nuclear fission reactions.

Occupational radiation exposure: The radiation exposure of or dose to a
person in the course of employment in which individual’s assigned duties
involve exposure to radiation and to radioactive materials.  Occupational
dose does not include dose received from background radiation, from being
a patient in medical practice, from voluntary participation in medical research
program, or from being  a member of the general public.

Odds: A measure of the likelihood that an event will occur.  For example, the
odds of developing a particular disease.

Organ dose: The energy absorbed in a specific organ divided by its mass.  This
quantity is expressed in gray (Gy) or its submultiples.

Parathyroid: Any of four small glands next to or on the thyroid gland.  The
parathyroids secrete a hormone that helps to control the balance between
calcium and phosphorus in the body.

Photon: A quantum of electromagnetic radiation, having no charge or mass,
that exhibits both particle and wave behavior, especially a gamma ray or an
x ray.

Posttraumatic stress disorder (PTSD, DSM code 309.81): A group of charac-
teristic symptoms that follow exposure to an extreme traumatic stressor in-
volving actual or threatened death or serious injury; another threat to one’s
physical integrity; witnessing of an event that involves the death of, injury
of, or a threat to the physical integrity of another person; or learning about
unexpected or violent death, serious harm, or threat of death or injury expe-
rienced by a family member or other close associate.

Power: The probability that a study can distinguish between a true exposure-
to-disease relationship and a coincidence.  The power of a study depends on
the size of its population, the amount of radiation exposure, and the number
of cases of the disease under investigation.

Prevalence: The number of cases of a specific disease existing in a particular
population or area at a certain time.

Probability: The likelihood (chance) that a specified event will occur.  Prob-
ability can range from 0, indicating that the event is certain not to occur, to 1,
indicating that the event is certain to occur.

Probability of causation (PC): The probability that a specific disease in a
person was caused by their exposure to a particular hazardous agent (such as
ionizing radiation).  PC is estimated as a quotient of two risks: PC = R/(R +
B), where R is the estimated risk of the disease in a person due to exposure to
the particular hazardous agent and B is the estimated background (baseline)
risk of the disease in that person from all other causes (that is, the risk in the
absence of exposure to that agent).  PC differs from risk in that it is condi-
tional on the occurrence of a disease.
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Progeny: The decay products resulting after a series of radioactive decay.  Prog-
eny can also be radioactive, and decay continues until a stable nuclide is
formed.

Prospective study: A study in which two groups of people—one exposed and
one nonexposed—are followed forward in time (prospective) to determine
the possible linkage between exposure and health effects.

Public-health activities: Activities conducted to protect, promote, or restore
public health.  The activities can include such programs and campaigns as
surveillance of disease, epidemiologic studies, disease registries, collection
of vital statistics, disease-prevention programs, public and provider educa-
tion, health inspections, and quality-assurance activities.

Quadratic model: The assumption that the effect of exposure to ionizing ra-
diation is related to the square of the dose received.

Quality factor: A factor that depends on the linear energy transfer by which
absorbed doses are multiplied to obtain a quantity that expresses the effec-
tiveness for radiation-protection purposes of an absorbed dose on a common
scale for all forms of radiation.

Rad: The special name for the conventional unit of absorbed dose; 1 rad = 100
ergs g–1 = 0.01 Gy.

Radiation: Energy emitted in the form of waves or particles.  See also ionizing
radiation.

Radiation Effects Research Foundation (RERF): The nonprofit research
foundation sponsored by the governments of Japan and the United States that
currently supervises the studies of the atomic-bomb survivors; the successor
in 1975 of the Atomic Bomb Casualty Commission.

Radiation exposure: See exposure.
Radiation protection: The control of exposure to ionizing radiation by use of

principles, standards, measurements, models, and such other means as re-
strictions on access to radiation areas or use of radioactive materials, restric-
tions on releases of radioactive effluents to the environment, and warning
signs.  Sometimes referred to as radiologic protection.

Radioactive: Exhibiting radioactivity.
Radioactive decay: The spontaneous transformation of the nucleus of an atom

to a state of lower energy.
Radioactivity: The property or characteristic of an unstable atomic nucleus

to spontaneously transform with the emission of energy in the form of
radiation.

Radiobiology: A branch of biology that deals with the interaction of biologic
systems and radiant energy or radioactive materials.

Radioepidemiological tables: A tabulation of estimated probabilities of cau-
sation of specific cancers in a person who receives various doses of ionizing
radiation.  See also Probability of causation and risk.

Radiogenic disease: A type of disease assumed on the basis of scientific stud-
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ies to have an association with radiation exposure.  A statement that a cancer
is radiogenic does not imply that radiation is the only cause of the cancer but
rather that radiation has been shown to be one of its causes.  Exposure to
other environmental substances could also cause the same type of cancer.

Radionuclide: A naturally occurring or artificially produced radioactive ele-
ment or isotope.

Radiophobia: Abnormal fear of radiation.
Radiosensitivity: Susceptible to the injurious action of ionizing radiation.
Radon: A naturally occurring radioactive gas produced from uranium; decays

to form radon progeny.  Radon occurs naturally in many minerals and is a
chief hazard of uranium mill tailings.  Some radon can also be found in
homes.  Radon decays into other isotopes that emit alpha radiation.

Radon progeny: The radioactive products formed in the radioactive decay of
radon; radionuclides which when inhaled can expose living cells to their
emitted alpha particles.

Ratio: A measure of association calculated by dividing one amount by another.
Relative biological effectiveness (RBE): A factor used to compare the bio-

logical effectiveness of absorbed radiation doses due to different types of
ionizing radiation for a defined biologic end point, such as cell killing; this
factor is experimentally determined by using x or gamma rays as the stan-
dard of comparison.  Thus, if 1 Gy of fast neutrons produced the same
amount of cell killing as 5 Gy of gamma rays, the RBE of neutrons for cell
killing would be 5.  The RBE varies with the biologic end point used.

Relative risk: The ratio of the risk in one population to that in another.  Rela-
tive risk indicates the increased or decreased degree of risk among exposed
people compared with nonexposed people.  A relative risk of 1 indicates no
association between the exposure and the disease.  A relative risk of 2 indi-
cates that the exposed group is twice as likely as the nonexposed group to
experience the health effect being studied.

Rem: The special name for the conventional unit of equivalent dose; 1 rem =
100 ergs g–1 = 0.01 Sv = 10 mSv.  For gamma and beta radiation and x rays,
1 rem = 1 rad = 0.01 Gy = 10 mGy.

Risk: The probability of an adverse event.  In regard to adverse effects of
ionizing radiation on humans, the term usually refers to the probability that
a given radiation dose to a person will produce a health effect (such as
cancer) or the frequency of health effects produced by given radiation
doses to a specified population within a specified period.  The risk of
cancer due to a given radiation dose generally depends on the cancer type,
sex, age at exposure, and time since exposure (attained age), and it may
depend on dose rate.

Risk factor: An aspect of personal behavior or lifestyle, an environmental
exposure, or an inborn or inherited characteristic that is known from scien-
tific evidence to be associated with a health effect.
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Roentgen: The special name for the conventional unit of exposure; 1 R =
2.58 × 10–4 coulomb per kilogram (C kg–1).

Sample size: The number of participants in a research study.  The larger the
sample size in a research study, the more power the study has to detect an
association between exposure and a health effect.

Screening: The application of a test to detect a potential disease or condition in
a person who has no known signs or symptoms of the disease or condition.

Sievert: The SI unit of equivalent dose named for R. M. Sievert a Swedish
radiophysicists; 1 Sv = 1 J kg–1 = 100 rem.

SI units: See International System of Units.
Somatic effects: The effects of radiation exposure that result from damage to

nonreproductive cells.  If the number of cells that suffer somatic effects is
great enough, then the damage becomes clinically observable.

Squamous cell carcinoma: A malignant growth originating from plate-like
cells found in the outer layer of the skin and usually occurring on the skin,
lips, inside of the mouth, throat, or esophagus.

Standardized incidence ratio (SIR): The ratio of the number of observed
cases divided by the number of expected cases.  The word standardized
means that there has been adjustment for one or more potential bias factors
such as age and sex.

Standardized mortality ratio (SMR): The ratio of the number of deaths ob-
served in a study population to the number of deaths expected if that popula-
tion had death rates equivalent to those in some standard, general population
(such as the US population).  SMRs are typically calculated by using general
population rates broken down by intervals of age and calendar time, and by
age and race.

Statistical significance: The likelihood that an association between exposure
and disease risk that a study finds did not occur by chance alone.

Statistics: A branch of mathematics dealing with the collection, analysis, inter-
pretation, and presentation of numerical data.

Stochastic effect: An effect that occurs on a random basis independent of the
size of dose.  The effect typically has no threshold and is based on probabili-
ties, with the chances of occurrence of the effect increasing with dose.  Can-
cer is a stochastic effect.

Surveillance, Epidemiology, and End Results (SEER): Program developed
as a result of the National Cancer Act of 1971, which mandated the collec-
tion, analysis, and dissemination of all data useful in the prevention, diagno-
sis, and treatment of cancer.  It is a continuing project of the National Cancer
Institute to collect cancer data routinely basis from designated population-
based cancer registries in various areas of the country.

Thyroid-antibody test: A blood test that measures antibodies against the
patient’s thyroid tissue.

Thyroid burden: The total activity of a radionuclide in the thyroid.
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Thyroid dose: The amount (or an estimate of the amount) of radiation, or
energy, absorbed by the thyroid gland.

Thyroid gland: A two-lobed gland lying at the base of the throat that produces
hormones essential for a variety of metabolic processes in the body.  It
secretes hormones that control body growth and metabolism.  When iodine is
ingested, much of it goes to the thyroid gland.

Thyroid nodules: Lumps in the thyroid gland that may be benign or cancerous.
“Cold nodules” are non-functioning lumps in the thyroid gland.  “Hot nod-
ules” are overactive thyroid lumps.  When a nodule is detected, it is impor-
tant to diagnose the disease that has caused it.  Benign thyroid tumors are
often referred to as nodules.

Thyroid palpation: The procedure in which a physician characterizes the size,
shape, and texture of the thyroid gland by manual examination of the neck.

Total effective dose equivalent (TEDE): The sum of the deep dose equivalent
(DDE) for external exposures and the committed effective dose equivalent
(CEDE) for internal exposures.

Tumor registry: A collection of records on the tumors that have been treated
at a particular hospital or within a geographic area.

Uncertainty: The lack of sureness or confidence in results of measurements or
predictions of quantities owing to stochastic variation or to a lack of knowl-
edge founded on an incomplete characterization, understanding, or measure-
ment of a system.

United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR): One of the specialized bodies of the United Nations charged
with the responsibility of evaluating the effects of exposure to atomic (ioniz-
ing) radiation on behalf of the member nations.

Uranium (U): A radioactive element with atomic number 92 and, as found in
natural ores, an average atomic weight of about 238.  The two principal
natural isotopes are 235U (0.7% of natural uranium), which is fissionable, and
238U (99.3% of natural uranium), which is fertile.  Natural uranium also
includes a minute amount of 234U.

Variability: The variation of a property or quantity among members of a popu-
lation.  Variability is often assumed to be random and can be represented by
a probability distribution.

Weighting factor (wT): For an organ or tissue (T), the proportion of the risk of
stochastic effects resulting from irradiation of the organ or tissue to the total
risk of stochastic effects when the whole body is irradiated uniformly.

Whole body: For purposes of estimating radiation dose, especially from exter-
nal exposure, the head, trunk (including male gonads), arms above the el-
bow, and legs above the knee.

Working level (WL): Any combination of the short-lived progeny of radon in 1
liter of air, under ambient temperature and pressure, that results in the ultimate
emission of 1.3 × 105 MeV of alpha-particle energy.  It is approximately the
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total amount of energy released over a long period by the short-lived progeny
in equilibrium with 100 pCi of radon.  1 WL = 2.08 × 10–5 J m–3.

Working level month (WLM): A cumulative exposure equivalent to 1 work-
ing level for 1 working month (170 hours). 1 WLM = 2.08 × 10–5 J h m–3 ×
170 h = 3.5 × 10–3 J h m–3.

X radiation: (A) Electromagnetic radiation emitted in de-excitation of bound
atomic electrons, frequently occurring in decay of radionuclides, referred to
as characteristic x rays, or (B) electromagnetic radiation produced in decel-
eration of energetic charged particles (such as beta radiation) in passing
through matter, referred to as continuous x rays or bremsstrahlung; also
called x rays.
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AEC Atomic Energy Commission
AR Attributable Risk
AS Assigned Share

BEIR Biological Effects of Ionizing Radiation
BRER Board on Radiation Effects Research

CDE Committed Dose Equivalent
CEDE Committed Effective Dose Equivalent
CFR Code of Federal Regulations
CIRRPC Committee on Interagency Radiation Research and Policy

Coordination
CV Coefficient of variation

DHHS US Department of Health and Human Services
DOD US Department of Defense
DOE US Department of Energy
DOJ US Department of Justice
DOL US Department of Labor
DDREF Dose and Dose-Rate Reduction Effectiveness Factor
DTRA Defense Threat Reduction Agency

EEOICPA Energy Employees Occupational Illness Compensation Program
Act

ERR Excess Relative Risk

List of Abbreviations
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GAO General Accounting Office

HRSA Health Resources and Services Administration

IARC International Agency for Research on Cancer
IAEA International Atomic Energy Agency
ICRP International Commission on Radiological Protection
ICRU International Commission on Radiation Units and Measurements
IOM Institute of Medicine
IREP Interactive Radio Epidemiological Program

LET Linear Energy Transfer
LLE Lose of Life Expectancy

MC Monte Carlo

NAS National Academy of Sciences
NCI National Cancer Institute
NCRP National Council on Radiation Protection and Measurements
NIH National Institutes of Health
NIOSH National Institute for Occupational Safety and Health
NRPB National Radiological Protection Board
NRC National Research Council
NTS Nevada Test Site

PC Probability of Causation

REF Radiation Effectiveness Factor
RERF Radiation Effects Research Foundation
RECA Radiation Exposure Compensation Act
RECP Radiation Exposure Compensation Program
RESEP Radiation Exposure Screening and Education Program
REVCA Radiation-Exposed Veterans Compensation Act
RR Relative Risk

SD Standard deviation
SMR Standardized Mortality Ratio
SI Système International (International System)

TEDE Total Effective Dose Equivalent

UB Upper bound
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VA US Department of Veterans Affairs

WT Weighting Factor
WHO World Health Organization
WL Working Level
WLM Working Level Month
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R. Julian Preston, PhD, Chair, has been director of the Environmental Carcino-
genesis Division of the US Environmental Protection Agency since 1999.  Before
then, he served as the senior science advisor at the Chemical Industry Institute of
Toxicology in Research Triangle Park, North Carolina, from 1991 to 1999.  He
was employed at the Biology Division of the Oak Ridge National Laboratory in
Oak Ridge, Tennessee, from 1970 to 1991.  He also served as associate director
of the Oak Ridge–University of Tennessee Graduate School for Biomedical Sci-
ences.  He now holds adjunct professor appointments at Duke University (Inte-
grated Toxicology Programs) and North Carolina State University (Department
of Toxicology).  Dr. Preston received his BA and MA from Peterhouse, Cam-
bridge University, England, in genetics and his PhD from Reading University,
England, in radiation genetics.  Dr. Preston is a member of the Board of the
National Council on Radiation Protection and Measurements, chairman of Com-
mittee 1 of the International Commission on Radiological Protection, and a mem-
ber of the US Delegation to the United Nations Scientific Committee on the
Effects of Atomic Radiation.  Dr. Preston’s research and current activities have
focused on the mechanisms of radiation and chemical carcinogenesis and the
approaches to incorporation of these types of data into cancer risk assessments.

Thomas B. Borak, PhD, is a professor in the Department of Environmental and
Radiological Health Sciences at Colorado State University.  He received a BS in
physics from St. John’s University (Minnesota) and a PhD in physics from
Vanderbilt University.  His research interests are in radiation physics and dosim-
etry.  He has had scientific staff appointments at Fermilab, CERN, and Argonne
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National Laboratory.  He is a member of the American Physical Society, the
Radiation Research Society, and the Health Physics Society, which he recently
served on the Board of Directors.  Dr. Borak is currently serving on the National
Council on Radiation Protection and Measurements and is certified by the Ameri-
can Board of Health Physics.  He has been a consultant to the governor of
Colorado on low-level radioactive-waste management and nuclear criticality
safety.  Dr. Borak was also a member of the BRER Committee on Risk Assess-
ment of Exposure to Radon in Drinking Water (1999).

Catherine Borbas, PhD, MPH, is executive director of the Healthcare Evalua-
tion and Research Foundation in St. Paul, Minnesota.  Prior committee member-
ships include the Committee on Methods for Setting Priorities for Guidelines for
the Division of Health Care Services of the Institute of Medicine and the Com-
mittee to Review the NCI report on the Exposure of the American People to
Iodine-131.  Dr. Borbas has published in clinical-guidelines implementation and
methods to influence clinical behavior.  She earned her PhD in social work and a
master’s degree in public health from the University of Minnesota.

A. Bertrand Brill, MD, PhD, is a research professor in the Departments of
Radiology and Physics at Vanderbilt University.  Dr. Brill earned his MD at the
University of Utah and his PhD in Biophysics at the University of California,
Berkeley.  He served in the US Public Health Service (PHS) in Japan at the
Atomic Bomb Casualty Commission (ABCC) from 1957 to 1959 and as the PHS
representative to ABCC until 1964.  Dr. Brill’s specialty is nuclear medicine, and
his major research is in cancer imaging, radiation leukemogenesis, effects of
radiation on thyroid function, and effects of diagnostic radioisotope studies, par-
ticularly iodine-131.  He is a member of the National Cancer Institute-Columbia
University Task Group doing a followup study of thyroid disease after the
Chornobyl accident.  He is a member of the Society of Nuclear Medicine Radia-
tion Effects Committee, the Medical Internal Radiation Dose Committee (MIRD),
and the American Thyroid Association.  Dr. Brill served as a member of the
National Research Council Committees on Atomic Casualties, the BEIR III com-
mittee, and the Committee on Assessment of Centers of Disease Control and
Prevention Radiation Studies from DOE Contractor Sites.

Thomas Buhl, PhD, CHP, serves as chief scientist for the Health, Safety, and
Radiation Protection Division of the Los Alamos National Laboratory (LANL).
He has been a health physicist in the LANL radiation protection program since
1980, working in radiation-instrumentation development, in vivo bioassay mea-
surements, environmental surveillance, dose assessment, and nuclear-accident
dosimetry.  He has been an adjunct professor in nuclear engineering at the Uni-
versity of New Mexico since 1994.  He served as president of the American
Academy of Health Physics (2004) and chair of the American Board of Health
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Physics (1996).  Dr. Buhl is a member of the Health Physics Society and the
American Physical Society.  Before joining LANL, he worked in the New Mexico
Radiation Protection Program, designing and operating an environmental radia-
tion monitoring program in the New Mexico uranium mining area from 1977 to
1980, and later serving as program director on a one-year leave of absence from
LANL in 1983-1984.  Dr. Buhl received his PhD in physics from the University
of Wisconsin-Madison in 1971 and certification in health physics from the Ameri-
can Board of Health Physics in 1981.

Patricia A. Fleming, PhD, is senior associate dean of the College of Arts and
Sciences and associate professor in the Department of Philosophy at Creighton
University in Omaha, Nebraska.  She received her bachelor’s degree in sociology
and philosophy from Marygrove Collge, Detroit, Michigan and her master’s and
doctorate from Washington University in St. Louis, Missouri.  While there, she
served as the assistant editor of the Philosophy of Science Journal.  She has also
served as an editor for the international journal ESEP (Ethics in Science and
Environmental Politics) and as an external observer (thematic rapporteur) for the
Organization for Economic Co-operation and Development (OECD)/Nuclear
Energy Agency’s (NEA) Forum on Stakeholder Conference in Ottawa, Canada.
She is currently a Board Member of the Swedish-based international group
VALDOC (Values on Decisions of Complexity).  Her areas of specialization are
philosophy of science, epistemology, and applied ethics. She has published and
lectured internationally on the ethical and epistemological issues associated with
the disposal of high-level nuclear waste, including the use of expert elicitation
methodology in site characterization, waste management and indigenous popula-
tions, informed consent in stakeholder populations, and circularity in regulatory
policy.  She teaches courses in applied ethics—particularly ethics and public
policy, medical ethics, environmental ethics, and the philosophy of science—at
Creighton University.

Shirley Fry, MD, MPH, earned her medical degree from the University of
Dublin, Ireland, and her MPH in epidemiology from the University of North
Carolina, Chapel Hill. She was on the staff of the Center for Human Radiobiol-
ogy at Argonne National Laboratory (1975-1978). She then joined the staff of the
Medical and Health Sciences Division of Oak Ridge Associated Universities
where she was a member of the Radiation Emergency Assistance Center/Training
Site’s medical response team and teaching faculty (1978-1995), Director of the
Center for Epidemiologic Research (1984-1991), and Assistant Division Director
(1991-1995).  She later served as Scientific Director of the Washington-based
International Consortium for Research on the Health Effects of Radiation, and
currently is Clinical Professor, (honorary) in the Department of Radiation Oncol-
ogy, Indiana University School of Medicine.  Her experience and research inter-
ests are in the acute and long-term effects of ionizing radiation in human popula-
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tions including the US radium dial workers, US nuclear industry workers, and
survivors of radiation accidents including the Chornobyl reactor accident.  She is
the author or coauthor of a number of publications on subjects in these topic
areas.  She has served on national and international groups with interests in these
areas, including the Institute of Medicine’s Committee on Battlefield Exposure
Criteria, the US/USSR Joint Commission on Chornobyl Nuclear Reactor Safety
(JCCNRS)-Health Studies Group, and the International Agency for Research on
Cancer’s International Study of Cancer Risk Among Nuclear Workers.  She
currently is a member of the National Cancer Institute’s Chornobyl Thyroid
Advisory Group, and of the Radiation Advisory Committee of the US Environ-
mental Protection Agency’s Science Advisory Board.  She is a member of the
Health Physics Society, the Radiation Research Society, and the American Col-
lege of Occupational and Environmental Medicine.

Richard Hornung, DrPH, received his doctorate in biostatistics from the Uni-
versity of North Carolina School of Public Health in 1985.  His expertise includes
survival analysis models, logistic regression, risk assessment, epidemiologic
methods, and statistical methods in exposure assessment.  He has over 25 years of
experience in a wide variety of research, including radiation epidemiology, expo-
sure prediction models, experimental design, environmental studies of lead and
allergens, and occupational health.  Dr. Hornung joined the Institute for Health
Policy and Health Services (IHPHSR), University of Cincinnati, in 1997 after a
24-year career at the National Institute for Occupational Safety and Health
(NIOSH), where he was chief of the Health-related Energy Research Branch in
1991-1996; the mission was to conduct epidemiologic studies of Department of
Energy workers involved in the nuclear weapons program.  He has also done
extensive research involving the estimation of lung-cancer risk in uranium miners
exposed to radon decay products.  He is a member of the Environmental Protec-
tion Agency Science Advisory Board as a member of the Radiation Advisory
Committee and has served as a member of the White House committee that
helped to develop risk standards to be used for the Radiation Exposure Compen-
sation Act (RECA), and as a consultant to BRER’s BEIR IV committee and a
reviewer for the BEIR VI report.

Kathleen N. Lohr, MPhil, PhD, is a Distinguished Fellow at RTI International
and the founding codirector of the RTI-University of North Carolina Evidence-
Based Practice Center.  From 1996 to 2000 at RTI, she directed a program of
research in health services and health policy involving more than 40 researchers
in quality of care, evidence-based practice, Medicare and Medicaid evaluations,
health communication, and similar fields; from 2000 to 2003, she was an RTI
Chief Scientist.  She also holds the rank of research professor in health policy and
administration at the University of North Carolina (UNC) School of Public Health
and is a senior research fellow at the UNC Cecil G. Sheps Center for Health
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Services Research.  At UNC, she is a coinvestigator in the Center for Education
and Research in Therapeutics and the PROMIS (Patient-Reported Outcomes
Measurement Information System) cooperative agreements.  Before working at
RTI, Dr. Lohr spent 9 years at the Institute of Medicine (IOM) where she was
director of the Division of Health Care Services; she later served on the IOM
committee to design a health-outcomes study for veterans of the Gulf War.  From
1974 to 1987, she was an analyst with the RAND Corporation, chiefly on the
RAND Health Insurance Experiment and in a variety of quality-of-care studies.
She is a Fellow of Academy Health (formerly the Association for Health Services
Research) and chairs its Distinguished Investigator Committee; she is also a
member of advisory boards on quality-of-care measures and organ transplanta-
tion and other federally sponsored studies and a member of the advisory board for
the North Carolina Partnership to Improve Math and Science education.  Dr. Lohr
serves as associate editor of Quality of Life Research and as a member of plan-
ning committees for the fourth (Sydney, Australia, 2001), fifth (Washington, DC,
2003), and sixth (Toronto, Canada, 2005) International Conferences on the Sci-
entific Basis of Health Services.  She has published in quality of care, clinical
practice guidelines, evidence-based practice, and health status assessment.  She
earned a BA in sociology and an MA in education from Stanford University and
an MPhil and PhD in public policy analysis from the Rand Graduate School.  She
was recently awarded the 2005 International Society of Pharmacoeconomics and
Outcomes Research (ISPOR) Avedis Donabedian Outcomes Research Lifetime
Achievement Award.

Stephen G. Pauker, MD, is vice chairman for clinical affairs and associate
physician-in-chief at Tufts-New England Medical Center and professor of medi-
cine and of psychiatry at Tufts University School of Medicine. He is an expert in
clinical-decision making and evidence-based medicine. Dr. Pauker is a member
of the Institute of Medicine.  He has served on the Committee to Evaluate the
Artificial Heart Program of the National Heart, Lung, and Blood Institute, the
Workshop on the National Institutes of Health Consensus Development Process
and the Use of Drugs in the Elderly, and the Committee on Thyroid Cancer
Screening. His publications and research have addressed decisions about screen-
ing for cancer and other conditions. Dr. Pauker earned his MD at Harvard Univer-
sity in 1968 and trained in internal medicine and cardiology at Boston City and
Massachusetts General Hospitals and the New England Medical Center, all in
Boston. Dr. Pauker practices internal medicine and cardiology.

National Research Council Staff

Isaf Al-Nabulsi, PhD, is a senior program officer with the Board on Radiation
Effects Research.  She received her MS in radiation biology from Georgetown
University and her PhD in biomedicinal chemistry from the School of Pharmacy
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of the University of Maryland at Baltimore.  Her research interests include mo-
lecular mechanisms of DNA damage and repair, cytogenetic techniques, mo-
lecular mechanisms of tumor radioresponsiveness, the influence of hypoxic cells
on the outcome of chemotherapy and radiotherapy, radiation dosimetry, and epi-
demiology.  She joined the National Research Council staff in 2000 and has
directed 12 studies that have produced five reports, six letter reports, and one
interim report.  She is a member of the Radiation Research Society and the Health
Physics Society.
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