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Abstract

For the first time, preliminary doses to representative personsin all counties of the
contiguous United States have been estimated for a set of important radionuclides produced
as aresult of nuclear weapons testing from 1951 through 1962 by the United States and
other nations. This project demonstrates that it is feasible to conduct a more detailed study
of the health impact on American people as aresult of exposure to radioactive fallout from
the testing of nuclear weapons in the United States and abroad. However, significant
resources would be required to implement this project, and careful consideration should be
given to public health priorities before embarking on this path. To assist in the process of
making a decision about future fallout-related work, five different options have been

developed for consideration:

1. No additional fallout-related work;

2. Retrieve and archive the historic documentation related to radioactive fallout from
nuclear weapons testing conducted by the United States and other nations;

3. Conduct a more detailed dose reconstruction of radioactive fallout from global
nuclear weapons testing for lodine-131, the most significant radionuclide identified
in this study;

4. Conduct amore detailed dose reconstruction for multiple radionuclidesin
radioactive fallout from both Nevada Test Site and global nuclear weapons testing;

5. Conduct a detailed study of the health effects of nuclear weapons testing fallout
including, in asingle project, dose estimation, risk analysis, and communication of

the results to interested parties.
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Detailed estimates of the resources needed to complete each option considered have
not been developed. However, the actual cost of some past projects is presented in the
report for purposes of illustration only. This draft Technical Report is being peer reviewed
by the National Academy of Sciences Committee on Assessment of Centers for Disease
Control and Prevention’s Radiation Studies. The Department of Health and Human Services
will not make any formal recommendations concerning future fallout-related work until this

peer review is complete.
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Executive Summary

I ntroduction

In 1998, Congress requested that the Department of Health and Human Services
(DHHS) conduct aninitial assessment of the feasibility and public health implications of a
detailed study of the health impact on the American people of radioactive fallout from the
testing of nuclear weapons. In response to that request, DHHS has estimated preliminary
doses and health risks from exposure to radioactive fallout from nuclear weapons tests
conducted from 1951 through 1962 at the Nevada Test Site (NTS), aswell as at other sites

throughout the world (“global” tests).

In developing this assessment, DHHS has actively solicited input from the public and
from its Advisory Committee for Energy-Related Epidemiologic Research (ACERER).
Both written and oral progress reports have been given to ACERER and Congressional staff
during the course of the project. Copies of written progress reports were available for public
review, and all written and oral comments received on these progress reports were carefully

considered in the preparation of the Technical Report.

This draft Technical Report will be peer reviewed by the National Academy of
Sciences Committee on Assessment of CDC Radiation Studies. A report from that
committee is expected six to nine months after initiation of the committee' s deliberations.
In addition, this draft Technical Report is available for public review on the Internet at

http://www.cdc.gov/nceh/radiation/default.htm. A printed copy of the draft is also available

from the Radiation Studies Branch, Division of Environmental Hazards and Health Effects,


http://www.cdc.gov/nceh/radiation/default.htm
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National Center for Environmental Health, Centers for Disease Control and Prevention

(CDC), Mail Stop E39, 1600 Clifton Road NE, Atlanta, Georgia 30333.

All comments received will be carefully considered in the preparation of the final
version of the Technical Report. No formal recommendations concerning future fallout-
related work will be provided until peer review of the draft Technical Report for this

feasibility project is complete.

Preliminary Results

Radiation Dose Estimates. In this project, for the first time, preliminary dose
estimates for representative personsin all counties of the contiguous United States have
been estimated for the most important radionuclides produced as a result of nuclear weapons
testing from 1951 through 1962 by the United States and other nations. Any person living in
the contiguous United States since 1951 was exposed to radioactive fallout, and all organs
and tissues of the body received some radiation exposure. Doses were estimated separately
for the tests conducted at the NTS and for the tests conducted at other sites throughout the

world (global testing).

Lifetime dose estimates were calculated separately for external and for internal
irradiation. External irradiation results from exposure to radiation emitted outside of the
body, for example by radionuclides present on the ground; the corresponding doses are
similar in most body organs. In thisfeasibility study, two approximations were made: 1) the
external dosesto the red bone marrow and the thyroid gland are equal, and 2) the external
dose does not depend on age. On the other hand, internal irradiation results from the decay

of radionuclides incorporated into the body by inhalation or ingestion, with levels of
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exposure varying according to the distribution of radionuclides in the organs and tissues of
the body; for example, radioiodines concentrate in the thyroid gland, whereas radiostrontium

ismainly found in bone tissues.

Because the purpose of the project was only to determine feasibility, there was no
intention in the required timeframe to develop new tools or to gather all data needed to
complete an extensive study of doses to Americans from nuclear weapons tests conducted
by the United States and other nations. Instead, preliminary doses have been calculated
based on a detailed review of alimited number of reports and using available dose
assessment models. In some cases — particularly for the doses resulting from the intake of
shorter-lived radionuclides (e.g., lodine-131) in global fallout — the doses calculated may

have considerable error. Future work would improve the precision of these calculations.

The usefulness of the doses estimated in this project is limited to rudimentary
evaluations of the average impact on limited health outcomes for the population of the
United States. Because of the low precision of the estimates, these doses should not be used
to estimate health effects for specific individuals or for subpopulations. The goal of these
calculations was to determine feasibility only, and, therefore, the magnitude of uncertainty
of these doses has not always been evaluated. Although the computed county-specific
deposition densities and doses are uncertain, dose maps which are presented in this report
are useful to illustrate general spatial patterns of fallout exposure for average individuals

across the United States.

As examples of results from this study, a summary of doses averaged over the

contiguous United Statesis presented in Table 1. Because the thyroid and red bone marrow
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Table 1. Summary of average thyroid and red bone marrow doses (milliGray [mGy]) from
NTS and global fallout received as aresult of exposure to the most important radionuclides.
The values are for adults at the time of the tests, unless otherwise specified. Blank spaces

reflect negligible values of dose.

NTS Fallout Global Fallout
Red Bone Red Bone
Thyroid Marrow Thyroid Marrow
External Internal  Interna External Internal  Internal
Dose? Dose Dose Dose? Dose Dose
Radionuclide Haf-life (mGy) (mGy) (mGy) (mGy) (mGy) (mGy)
Tritium 123y 0.07 0.07
Carbon-14 5730y 0.1 0.1
Manganese-54 313d 0.04
Strontium-89 52d 0.001 0.03
0.0009 0.2
Strontium-90 285y 0.02 [0.002]° [0.5]°
Zirconium/Niobium-95 64 d 0.08 0.2
Zirconium/Niobium-97 17 h 0.02
Ruthenium-103 39d 0.03 0.02
Ruthenium-106 368d 0.001 0.002 0.04
Antimony-125 27y 0.03
5 0.4 0.00009
lodine-131 8d 0.02 [30]° 0.001 [2]° [0.0002]°
Tellurium/lodine-132 3.3d 0.1 0.06 0.001
lodine-133 0.9d 0.02 0.04
Cesium-136 13d 0.002 0.002
Cesium-137 30y 0.01 0.009 0.009 0.3 0.1 0.1
Barium/Lanthanum-
140 13d 0.2 0.006 0.05
Cerium-144 284d 0.02
Neptunium-239 24d 0.02
Rounded totals:
- Adults; 0.5 5 0.1 0.7 0.7 0.6
- Child born 1 January [30]° [2]° [0.9]°
1951.

@The external doseis equal for all organs of the body.
P \/alues in brackets are for a child born 1 January 1951
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are among the most radiosensitive organs and tissues of the body, their doses were selected
as examples for presentation (Table 1). Thyroid cancer, noncancer thyroid disease, and
leukemia, which arises from the red bone marrow, are health effects that would be studied if

amore detailed evaluation is conducted.

Asshown in Table 1, the estimated average total internal doses from global fallout
are considerably smaller for the thyroid but greater for the red bone marrow than those from
NTS fallout, whereas the doses from external irradiation are similar for NTS and for global
fallout. Additionally, asillustrated in Table 1, the mixture of radionuclides contained in
falout is different for the two sources of fallout. Asaresult of these differences, the
temporal and geographic distributions of doses from NTS and from global fallout differ
substantially. For the nuclear weapons tests conducted at the NTS, fallout occurred
predominantly in the western states surrounding the NTS; the short-lived radionuclides,
identified by a short half-life (column 2 in Table 1), were key components of the NTS
fallout and the highest doses to Americans were due to lodine-131. In contrast, global
fallout exposures were higher in areas with high precipitation rates, such as the eastern
states; the long-lived radionuclides, such as Cesium-137 and Strontium-90, were in much

greater abundance in global fallout than in NTS fallout.

Risk Assessment. The relation between the dose from radioactive materias and the
risk of disease in a population may be described by models that express health risk as a
function of dose and factors that modify risk such as age at exposure and gender. Because
some of the components of these models are uncertain, estimates of risk are uncertain. Any

evaluation of risk depends on the development of more refined dose estimates that take into
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account their uncertainty. To the extent that reliable dose estimates can be provided, it is
feasible to estimate the lifetime risks of developing organ-specific cancer associated with
fallout exposures for populations or population subgroups. It isalso feasible, but difficult, to

guantify the very large uncertainties in these risk estimates.

Some estimates of the average risk to the United States population for the categories
al cancers, leukemia, and thyroid cancer have been developed using the preliminary doses
estimated in this feasibility study. With the exception of thyroid cancer, the examples were
developed using simple approaches, and are given for illustration only. These risks are used
to illustrate the feasibility of a more detailed study, and to provide a preliminary estimate of

the potential impact of fallout radiation on the American population.

The National Cancer Institute has previously conducted a detailed reconstruction of
doses to the thyroid gland for lodine-131 from testsin Nevada (NCI 1997). These doses
were subsequently used to estimate that between 11,300 and 212,000 (median value =
49,000) thyroid cancers would be expected to occur among the United States population
from exposure to lodine-131 from the NTS (IOM 1999). The wide range in the number of
thyroid cancers predicted (11,300 - 212,000) illustrates the large uncertainty that such
estimates carry. Consideration of global fallout would likely increase these estimates by
about 10%. However, the global dose estimates have alarger degree of uncertainty and,
therefore, the range of the number of predicted cancers would become relatively larger.
This example for thyroid cancer illustrates the possibility of estimating risks with their

inherent uncertainties.
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The average externa dose from all radionuclides over the period 1951-2000 from
both NTS and global fallout is estimated to be about 1.2 mGy (Table 1). It isestimated that
about 11,000 extra cancer deaths from all cancers, including leukemia, would be predicted
to occur among the population of the United States alive at any time during the years 1951-
2000 as aresult of external exposureto fallout. (The predicted number of incident cases
[including non-fatal cases] would be about double the number of deaths or about 22,000)
More information on deaths from cancer can also be estimated for persons born in different
years. For example, the 3.8 million people born in the United Statesin 1951 will likely
experience less than 1,000 extrafatal cancers as aresult of fallout exposures in contrast to
the approximately 760,000 fatal cancers that would be predicted in the absence of fallout. It
is expected that the largest number of excess cancer deaths would occur in that group of
persons born in 1951, because, on average, this group received higher doses at younger ages
than groups born earlier or later. Also, radiation doses from external exposure are more
uniform over geographic areas and do not substantially vary according to age or lifestyle
habits. Thus, cancer risksfor al cancers from external exposure are likely to vary less by
geographic location, birth cohort and other factors than are risks of thyroid cancer from NTS
lodine-131 exposure. Thislack of obviously high exposure areas or popul ations makes it

more difficult to identify groups with particularly large risks.

Leukemiais perhaps of special interest because it has been strongly linked with
radiation in many epidemiological studies and because bone-seeking radionuclides, such as
Strontium-90, are found in fallout. About 10% or 1,100 of the 11,000 cancer desaths from
external exposure may be predicted to be from leukemia. It is estimated that an additional

550 cases of leukemia may occur among the population of the United States who were alive
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at any time during the years 1951-2000 as a result of internal exposure to the red bone
marrow from fallout radionuclides. For the approximately 3.8 million persons bornin 1951,
it isestimated that 17 excess cases of fallout-related leukemiawill occur in this group (arisk

of 1in 220,000) from internal exposure.

Based on the preliminary estimates of dose and risk developed in this feasibility
study, fallout radiation appears to have the greatest impact on risks of thyroid tumors. Risks
of leukemiawould be lower. Cancers of other organs or tissues could be assessed as well,
but due to the smaller amount of information available about radiation-associated health
effects and the lower doses for most organs, the uncertainties associated with these estimates

would be extremely large.

Characterization of the cancer risk to the American people could be enhanced
through improvements in methodology (for example, better quantification of uncertaintiesin
models for expressing risks for specific cancers, identification of potentially highly exposed
populations, and characterization of lifestyle and other behavioral factors that could affect
the potential for exposure and for risk). However, even with these improvements, risk
estimates that are developed for fallout exposures will remain highly uncertain. In addition,
such estimates represent the average risk to members of a population group who share
common characteristics such as age, place of residence, and dietary factors. Thetruerisk to
individualsin the United States may vary substantially from the average for many reasons,
e.g., adifference in their dose from the predicted value, their lifestyle patterns, other
environmental exposures, their individual susceptibility to radiation effects, and the random
nature of the predicted risk. Hence, although it should be possible to give individuals an

indication of whether their geographic location, age, or lifestyle during the years of nuclear
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testing have increased the likelihood of their developing certain radiation-related cancers,

accurately determining the risk for specific individualsis not possible.

With regard to noncancer health outcomes, a quantitative risk analysisis not feasible
in the near term. For most noncancer outcomes, more fundamental research is needed to
quantify the relation between low, protracted radiation dose and disease and/or the
uncertainty associated with the estimated risk. However, among these noncancer physical

health outcomes, diseases of the thyroid gland have the greatest potential for occurrence.

Development of a Health Communication Strategy. One of the most important
public health implications of performing a detailed dosimetric and risk analysis study isthe
need to clearly communicate the results of the study to the American public and health-care
providers. The results obtained during the feasibility study are too preliminary to adequately
warrant developing a plan for comprehensive nationwide education. The effort to
communicate the results from the research carried out in amore detailed study would be
extremely challenging. However, it is especially important to carefully explain the potential
health consequences associated with exposure to numerous radionuclides in fallout, the
limitations of what science can provide (in particular, the uncertainty in estimates of dose

and risk), and information regarding possible implications.

Any education and public awareness plan would need to focus on communication
and education for the general public and for health-care providers. It would be important to
include right-to-know issues and educate the American public about estimates of fallout
exposures and risk factors for diseases related to radiation, so that people could determine

their probable risk category and decide what health steps are necessary on the basis of that
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information. It would be equally important that a component be directed toward physicians
and other health-care providers so they can serve as a source of information to the public

and can help with the decision-making process of the patients.

A communication plan as described would require significant resources in funding
and personnel. While communication is an integral part of amore detailed study, the scope
and design of any plans would need to carefully balance the desires of stakeholders with the
public health priority of fallout exposures. For example, the American public could receive
information on the potential health consequences from nuclear test fallout in a phased
approach, drawing on the efforts under way by the National Cancer Institute for the lodine-
131/Nevada Test Site Communications Project. If that model proves effective, it could be
used by Federal agencies and non-Federal groups to communicate information regarding
dose estimates and health risks from other exposures from the NTS and global testing as

they are devel oped.

Optionsfor FutureWork

The preliminary findings of this feasibility study suggest that the health risks from
exposure to fallout from past nuclear weapons tests may be small, but this study also
demonstrates that conducting a detailed study of the health impact on American people as a
result of exposure to radioactive fallout from the testing of nuclear weapons in the United
States and abroad is technically possible. However, significant resources would be required
to implement this detailed study, and careful consideration should be given to public health

priorities before embarking on this path.

10
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To assist in the process of making a decision about future fallout-related work, five
different options have been developed for consideration. Detailed estimates of the resources
needed to complete each option considered have not been developed. However, the actual

cost of some past projectsis presented for purposes of illustration only.

Option 1. No additional fallout-related work.

The dose and risk estimates presented in this report are preliminary in nature.
Estimates of uncertainty have not been quantified for many of these estimates, they are
subject to avariety of errors, and they are incomplete. Nevertheless, the dose and risk
estimates presented here may be sufficient for making decisions on appropriate public health

follow up.

Option 2. Retrieve and archive the historic documentation related to
radioactive fallout from nuclear weapons testing conducted by the United
States and other nations.

Although alarge number of summary reports related to nuclear weapons fallout have
been published, many of the primary documents upon which these summary reports are
based will be lost forever if they are not protected soon. Hence, documents could be
collected and protected immediately. The National Center for Environmental Health of the
Centers for Disease Control and Prevention (CDC) has been actively involved in document
retrieval and document data base development since 1992. Document location, retrieval,
and data base development have cost $3-5 million and taken 2-4 years to complete at each of

three nuclear weapons research and development sites where CDC has worked.

Option 3. Conduct a mor e detailed dose reconstruction of radioactive
fallout from global nuclear weaponstesting for 1odine-131, the most
significant radionuclide identified in this study.

11



PREDECISIONAL DRAFT —FOR PEER REVIEW AND PUBLIC COMMENT

As noted earlier, these preliminary dose and risk analyses indicate that fallout
radiation has the greatest impact on risks of thyroid tumors. The National Cancer Institute
has previously completed a detailed dose reconstruction and basic risk analysis for lodine-
131 fallout received from the Nevada Test Site (NCI 1997; IOM 1999). This project cost
approximately $3 million and took many years to complete. Follow up activitiesinclude
development of an Internet site where individuals may obtain an estimate of their individual
dose, and implementation of a communications project to inform people in the United States

about the results of this study and its potential public health implications.

Consideration of global fallout would likely increase the dose and risk estimates
previously developed for lodine-131 from NTS fallout by about 10%. Therefore, it might be
desirable to perform a detailed dose reconstruction and basic risk analysis for lodine-131 in
global fallout, and incorporate that information into the existing NCI Internet site and
communications plan. This effort should aso include collecting and protecting primary

documents related to nuclear weapons testing (Option 2).

Option 4. Conduct a more detailed dose reconstruction for multiple
radionuclidesin radioactive fallout from both Nevada Test Site and global
nuclear weaponstesting.

The work that has now been completed demonstrates that conducting a more detailed
study of the health impact on American people of exposure to radioactive fallout from the
testing of nuclear weaponsin the United States and abroad is technically possible. There are
numerous possible subject areas that can be researched for the purpose of improving the
preliminary dose estimates provided in this report and to provide a more compl ete historical
record of the nature of the releases from the weapons testing and the resulting exposures

received by Americans from NTS and global fallout.

12
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It might be desirable to expand on Option 3, above, and perform a detailed dose
reconstruction and basic risk analysis not only for lodine-131 in global fallout but also for
other radionuclides found in both NTS and global fallout. The results of this dose
reconstruction and risk analysis could then be incorporated into the existing NCI Internet
site and communications plan. This effort should also include collecting and protecting

primary documents related to nuclear weapons testing (Option 2).

The cost and staffing requirements for implementing Option 4 would depend on the
level of detail desired beyond that presented in the Report. For example, CDC’ s National
Center for Environmental Health has been involved in a comprehensive dose reconstruction
for the Department of Energy’ s nuclear weapons production site at Hanford, Washington,
since 1992. This project involves portions of the States of Washington, Oregon, and 1daho,
and it includes nine Native American nations. The Hanford project has cost approximately
$30 million to date. Option 4 would, of course, involve 50 States and it could include

numerous population subgroups.

Option 5. Conduct a detailed study of the health effects of nuclear
weaponstesting fallout including, in a single proj ect, dose estimation, risk
analysis, and communication of theresultsto interested parties.

This option differs from Option 4 primarily in the type of communication campaign
and in the level of risk characterization that would be undertaken. Option 4 proposes to
utilize existing communication planning being undertaken by the National Cancer Institute
(NCI). Thisoption would expand NCI’ s effort to devel op a nationwide communications

campaign.

13
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Costs and staffing requirements for communications efforts are dependent on the
results of the dose reconstruction and the risk assessment work and what public health
implications are learned through that research. However, other issues will also need to be
considered. For example, even if results from the dose reconstruction and risk analysis do
not provide arisk-based rationale for conducting alarge-scale, nationwide communications
campaign, public right-to-know and social justice issues may affect the scale and reach of
the campaign. CDC and NCI’ s diethylstilbestrol (DES) National Education Campaign (a
smaller scale national campaign specific to individuals exposed to DES in utero and their
health care providers) is estimated to cost $3 - $5 million for the planning phase alone.
Funding and resource needs for the implementation phase for the DES campaign are
expected to increase exponentially during the implementation and distribution phase. In
another example, in the late 1980’'s CDC mailed information on Acquired Immune
Deficiency Syndrome (AIDS) to every household in the United States. This mailing cost

over $30 million.

Also, there are many issues that have been raised in this feasibility study that
transcend the mandate of DHHS. For example, the Department of Energy is responsible for
maintaining many of the environmental monitoring records that are needed for a detailed
study, and the Department of Defense may need to grant access to classified records
required for improving some of the dose estimates. If additional research is directed, we
recommend that a trans-Federal advisory committee be established to provide advice on the
conduct of future activities. Such a committee should be composed of independent
scientists familiar with technical aspects of the proposed activities and representatives from

appropriate Federal agencies, State public health agencies, and public stakeholder groups.
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For the past 8 years, CDC'’s National Center for Environmental Health has been
actively working with committees chartered in accordance with the Federal Advisory
Committee Act, including ACERER. The annual cost of each of these advisory committees
is approximately $500,000. In addition, the equivalent of two full-time professional staff
and one or two support staff are required to support the activities of each advisory

committee.

Conclusions

The preliminary findings of this feasibility study suggest that the health risks from
exposure to fallout from past nuclear weapons tests may be small, but this study also
demonstrates that conducting a detailed study of the health impact on American people as a
result of exposure to radioactive fallout from the testing of nuclear weapons in the United
States and abroad is technically possible. This draft Technical Report is being peer
reviewed by the National Academy of Sciences Committee on Assessment of CDC
Radiation Studies. All comments received will be carefully considered in the preparation of
the final version of the Technical Report. No formal recommendations concerning future
fallout-related work will be provided until peer review of the draft Technical Report for this

feasibility project is complete.
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Chapter 1
| ntroduction

Contents: This chapter provides an introduction to the full report. It includes a discussion
of why this project was undertaken, what is included in the project, and what is beyond the
scope of this effort. The organization of thisreport is briefly described.

1.1 Background

In 1998, Congress provided funding for the Department of Health and Human
Services (DHHS) to study the health impact on American peoples of radioactive fallout.
More specifically, the Committee on Appropriations of the United States Senate reported the

following (U.S. Senate 1998):

“The Committee has allocated $1,850,000 with the emergency fund for
a study of the health consequences to the American population of
nuclear weapons tests conducted by the United States and other nations.
The Committee expects the Centers for Disease Control and Prevention
to be the lead agency on the study, with the support of the National
Cancer Institute. The Department should conduct an initial assessment
of the feasibility and public health implications of such a study. The
assessment ought to address major issues such as: radiation dose
estimation and risk assessment, appropriate epidemiologic
investigations, and health communication strategies for promoting
better understanding of the research by the genera public. In
developing the assessment, design, and conduct of the study, the
Department is expected to include input from the public and the
Advisory Committee on Energy-Related Epidemiologic Research. In
conducting the study, the Department ought to give high priority to
examining the health consequences of exposure among both the general
and high-risk populations to the full range of radionuclides produced by
a nuclear weapons test. The Committee expects to be informed of the
study’ s progress on a regular basis and expects to receive a final report
by July 1, 2000.”
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This action by Congress followed the release of the National Cancer Institute’s
(NCI) report Estimated Exposures and Thyroid Doses Received by the American People
fromlodine-131 in Fallout Following Nevada Atmospheric Nuclear Bomb Tests (NCI
1997). Thisreport provided county-level estimates of the potential radiation dosesto the
thyroid for American citizens resulting from atmospheric nuclear weapons testing at the
Nevada Test Site (NTS) in the 1950s and 1960s. A summary of the NCI report is presented
in Appendix A. DHHS' Advisory Committee for Energy-Related Epidemiologic Research
(ACERER) subsequently recommended that DHHS *(c)omplete a comprehensive dose
reconstruction project for NTS fallout” (ACERER 1998). In areview of the NCI report
performed at the request of DHHS, the Institute of Medicine (IOM) concluded that
additional research to estimate the total radiation exposure resulting from the deposition of
all radionuclides released as aresult of nuclear weapons testing would be of limited public
health value (IOM 1999). The IOM acknowledged, however, that the public might desire
such an effort to obtain a more complete accounting of the potential health impact of nuclear

weapons testing on American popul ations.

This report presents the technical results of an initial assessment of the feasibility and
public health implications of a detailed study of the health consequences of nuclear weapons
testing. In developing all aspects of the study, the Centers for Disease Control and
Prevention (CDC) and NCI have actively solicited input from the public and from
ACERER. Both written and oral progress reports were made to ACERER and
Congressional staff members during the course of the project. Copies of the written
progress reports were available for public review, and written and oral comments were

received. Appendix B includes a summary of some of these activities.
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1.2 Scope of work
1.2.1 Feasbility study

CDC and NCI were not asked to complete an extensive study of the health
consequences to American peoples of nuclear weapons tests conducted by the United States
and other nations but rather to assess feasibility only. Hence, instead of developing new
tools or gathering all possible data and information that is necessary to perform an extensive,
detailed study of thistype, areview of previous studies supplemented with extensive, but
preliminary, calculations was used to evaluate the feasibility of adetailed study. The
information that is readily available on the doses from radioactive fallout from nuclear
weapons testsincludes: (1) the NCI (1997) report related to the thyroid doses from >
produced by atmospheric nuclear weapons tests conducted at the NTS; (2) several
publications related to the estimation of doses received by the populations who lived in
proximity of the NTS (e.g., Church et al. 1990); and (3) miscellaneous pieces of information
related to global fallout due mainly to atmospheric nuclear weapons tests conducted on
islands in the Pacific Ocean and in the former Union of Soviet Socialist Republics
(U.S.S.R.). The United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR) has analyzed some of thisinformation in order to derive average doses over

the northern and southern hemispheres (e.g., UNSCEAR 2000).

In this feasibility report, preliminary estimates are provided of the radiation doses
received by American peoplesin the contiguous 48 States as a result of the atmospheric
nuclear weapons tests conducted by the United States, the former U.S.S.R., and the United
Kingdom (U.K.). Only above ground nuclear weapons tests conducted from 1951 through

1962 are considered in this report. Atmospheric nuclear explosions conducted by France,
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and China, as well as underground nuclear explosions from any nation, are not considered in
thisfeasibility report, asit is generally acknowledged that the most important contributions
to the radiation exposures arose from atmospheric nuclear tests conducted by the United
States, U.K., and the former U.S.S.R during the pre-1962 time period. For example, the
tests considered in this report that were conducted at the NTS account for over 95% of the

total **!1 produced during the entire testing period at the NTS (NCI 1997).

Doses due to external exposure from radionuclides deposited on the ground and
internal exposures from ingestion of contaminated foods are estimated for each county of the
contiguous States for the most sensitive organs and tissues. These dose estimates are based
on an initial review of the open literature, and they are not derived from sophisticated
computer programs that could be designed for that purpose. They are, however, a
significant extension of previously reported dose estimates, especially for fallout from non-
NTS‘global’ sources. Ingestion dose estimates are provided for 19 different radionuclides
for fallout from NTS. Based upon the screening calculations performed for previous fallout
studies, these radionuclides account for at least 95% of the dose through ingestion of
contaminated foods to each organ (Ng et al. 1990). Two additional radionuclides, *H and
14C, are considered for global fallout. Doses due to inhalation of radionuclides were not
considered in thisinitial feasibility report, but they have generally been found to be much

smaller than those due to ingestion.

The preliminary doses that are presented for NTS and global fallout are significantly
different with regard to their precision and reliability. Dosesfrom NTS are based on alarge
database and a significant amount of previous work in the area of dose estimation.

Preliminary estimates of the uncertainty associated with these dose estimates are provided.
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Estimates of doses from global fallout, however, are based on a much more limited database
and on previous dose estimates that have been averaged over large geographic areas. The
dose estimates presented here for any particular county are probably quite imprecise, and the
exposure rate probably varied significantly from place to place within a county. Not enough
data were available to allow for the quantification of the uncertainty associated with the

doses from global fallout.

In addition to providing preliminary estimates of dose, this report also addresses the
feasibility of utilizing these doses and other information in arisk analysis to characterize the
effects of global fallout on the health of people in the United States. Asapreliminary
example to demonstrate the feasibility of estimating lifetime cancer risk due to exposure to
radioactive fallout, estimates of the average lifetime risk of developing all cancers,
leukemia, and thyroid cancer are presented for the United States population. This report
also presents a brief review of ongoing epidemiologic studies being conducted in the United
States and elsewhere. Finaly, the report provides the outline of the strategy and issues that
could be considered if a health communication plan is developed for promoting maximum

understanding of the research by affected citizens if a detailed study is ever undertaken.

1.2.2 Public health implications
An important aspect of this project is consideration of the public health implications
of adetailed study. CDC and NCI acknowledge that some people desire that the most
detailed dose and risk assessment possible be done so they will know more about their
radiation exposure from nuclear weapons fallout. Also, additional studies may contribute to
our scientific knowledge of the health effects of ionizing radiation. The gquestion that should

also be addressed is whether or not an appropriate public health intervention will result from
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performing such studies. The answer to that question is complex and must be evaluated in
terms of public interest, the Government’ s commitment to closure of ‘fallout’ related issues,
and the severity of the risk from fallout compared to other hazards in today’ s environment

which might be remedied by use of the same funding.

Also, CDC and NCI generally understands public health as “ (t)he science and art of
preventing disease, prolonging life, and promoting health through organized efforts of
society” (Acheson Report 1988). Dose and risk analyses can help in the identification of the
likelihood of diseases that in turn can potentially be treated or prevented. The very
preliminary results presented in this report suggest that science is unlikely to provide a
public health impetus for conducting more detailed fallout-related studies. However, given
the history of secrecy associated with the development and testing of nuclear weapons and
documented and intentional radioactive releases as well as human radiation experiments, the
Federal Government must be sensitive to the views of some Americans about the United
States, global weapons programs, and the Government's responsibilities. Thislegacy of
mistrust has developed over the past half-century, and it presents a formidable social and
political context within which to perform studies and communicate results. Resolution of

these issues will require assistance from agencies other than CDC and NCI.

1.3 Issuesoutsidethe scope of thisreport

Oneissue related to examining the health consequences resulting from nuclear
weapons tests is that of medical screening of individuals for potential radiogenic diseases.
In their review of the NCI report on NTS thyroid doses, the IOM recommended against a

program to systematically screen either the American population in general or any
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population subgroup for thyroid cancer (IOM 1999). However, ACERER has recommended
that DHHS “ (f)urther evaluate screening opportunities for thyroid cancer...[and] to evaluate
the advisability and feasibility of screening for other (noncancerous) thyroid and parathyroid
diseases, with apriority to evaluate this service for those at highest risk due to their
exposures’ (ACERER 1998). CDC and NCI are continuing dialogue with stakeholders on
the issue of thyroid screening. Asaresult of any future work related to studying the
potential public health impact on American populations of nuclear weapons testing, there

may be other potentially radiogenic diseases where discussion of screening is appropriate.

American people living around nuclear weapons development and production sites
may have been exposed to radionuclides released from these sites as well as to radionuclides
in weapons testing fallout. Extensive dose reconstruction and risk assessment activities have
been completed for some of these sites, e.g. the former Feed Materials Production Center
near Fernald, Ohio, and similar activities are underway at other sites, e.g. the Savannah
River Site near Aiken, South Carolina. There are still other sites where no such activities
are underway or planned for the future, e.g. the Gaseous Diffusion Plant at Portsmouth,
Ohio. Another group for which attempts have been made to reconstruct doses is military
personnel exposed during nuclear weapons tests (NRC 1985). Some stakeholders have
suggested that a method should be devel oped to add up doses from these multiple exposures
for affected individuals. A discussion of the technical and communication issues associated

with such a program of adding doses is beyond the scope of this report.

The doses estimated in this report that arise from the ingestion of contaminated food
depend greatly on the values chosen for the amount of different foods that are eaten by

people. The values of food intake used in this preliminary feasibility report are based on
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averages developed for a previous assessment of NTS doses (Breshears et a. 1989). These
values may not be appropriate for all people in the United States, including members of
Native American tribes. A more detailed breakdown of food consumption, however, is

beyond the scope of this project.

1.4 Organization of thisreport

Thisfeasibility report continues with discussion of how, when, and where
radionuclide fallout was created during the testing of nuclear weapons in the atmosphere
(Chapter 2). Preliminary county-level dose estimates are provided for people living in the
48 contiguous States for a number of radionuclides of potential biologic significance from
both NTS and global fallout (Chapter 3). Next, a brief literature overview of the potential
effects of radiation on the health of people is presented, including a discussion of
epidemiologic investigations (Chapter 4). In this same chapter, preliminary dose estimates
are used to perform a preliminary estimate of the average risk to the American population of
developing all cancers, leukemia, and thyroid cancer from fallout to demonstrate the
feasibility of estimating risk for selected health outcomes. Next, a discussion of the issues
that must be addressed if aplan isto be developed to communicate the results of a detailed
study to the American public is presented (Chapter 5). Finally, the overall results of this
study are summarized and options that might be considered for further activities are
presented (Chapter 6). Many technical terms are used in the body of thisreport. These
terms are defined when they are first used. To assist the reader further, a Glossary of terms
(italicized throughout this report) is provided following Chapter 6. A number of appendices
provide additional technical details for some of the materia presented in the main body of

the report.
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Chapter 2

Fallout from Nudear
Weagpons

Contents: This chapter provides an overview of fallout production mechanisms and a brief
review of the history of worldwide nuclear weapons tests.

2.1 Fallout Production M echanisms

The explosion of anuclear weapon releases energy by two processes -- fission and
fusion. Fission releases energy by splitting uranium or plutonium atoms into two or more
smaller atoms. In fusion afission bomb forces the combination of tritium or deuterium
atoms into larger atoms, producing a more powerful explosion. The explosive energy is
expressed in kilotons (kt) or Megatons (Mt) of TNT equivalent. The explosion creates three
types of radioactive debris (fallout): fission products, activation products, and fissionable
material used in the construction of the bomb that did not fission during the explosion

process.

2.1.1 Fission Products
The fission of 52 grams of plutonium will split 10% plutonium atoms and release one
kiloton of energy. Every fission creates an average of two radioactive fission fragments and
the radionuclide identity of each of these fission fragments varies. Thisfission process that
takes place when a nuclear weapon is designated creates a mix of over 900 different fission
products (England and Rider 1994). The mix of fission productsis very well known, as are

the half-lives of all the radioactive fission products. If the energy from fission (fission yield)
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of an explosion is known, known fission product yields (England and Rider 1994) can be

used to calculate the quantity of each fission product at a specified time after the burst.

Of the fission products created, 77 are stable and have no public health implications.
Only 165 radioactive fission products have half-lives longer than one hour. Some fission
products are not actually created by theinitial explosion, but are created later from the decay
of other fission products. If the fission yield and the time since the weapon exploded are
known, the quantity of fission products present at that time can be calculated (Whicker and

Schultz 1982).

In afusion weapon, total yield and the fission yield (the fraction of energy released
caused by fission) are both required to cal culate the amount of fission products created by
the weapon’ s detonation. This information remains classified today. Without it, we can

only estimate the amounts of fission products created in weapons tests.

2.1.2 Activation Products
The detonation of a nuclear weapon, fission or fusion, releases a massive shower of
neutrons. These neutrons strike and are absorbed by surrounding materials — the structural
materials of the bomb itself or the soil or water over which the bomb is detonated. Atoms of
these materials that absorb neutrons and become radioactive are called activation products.
The radionuclides that actually result from the activation process depend on the materials
used to make the bomb, the surface over which the test is conducted, and the height of the

explosion.

All nuclear weapons detonations create large quantities of carbon-14 (**C) from

neutron interactions with nitrogen in the atmosphere. A detonation also releases large
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quantities of tritium (3H). The location of the test will determine what other activation
products to expect. For example, tests over water create activated sodium, Pacific Island
tests create activated calcium, and tests over rocky inland soil create activated silicon. If the
location, the height of the burst, the total yield, and the fission yield of the test are known, it
is possible to calculate a reasonable estimate of the activation products present (UNSCEAR

1993).

2.1.3 Dispersal of Un-fissoned Material

All nuclear weapons use some combination of uranium-235 (*°U), uranium-238
(**®U), and plutonium-239 (*°Pu) as the source of fission energy. Even in the most efficient
modern weapons, some of the fissionable material in the bomb does not fission. A typical
nuclear weapon will use both plutonium and uranium as the source of fission energy, so
every nuclear weapon detonation scatters large quantities of uranium, and most of them also
scatter plutonium. The quantity and type of fissionable material used in aweapon and the
efficiency of the weapon are also classified so we can only estimate the amount of

plutonium and uranium scattered by weapons tests.

2.1.4 Physical Characteristics of the Radioactive Debris
A nuclear explosion creates alarge fireball. Everything inside the initial fireball,
earth or water, isvaporized. Thefireball risesrapidly and expands asit cools. Asthe
fireball risesit incorporates soil or water. Eventually, the fireball 1oses buoyancy and stops
rising. The kinetic energy of the incorporated soil or water will cause those particles to start
spreading horizontally, increasing the size of the cloud created by the fireball at the top.

This process gives the cloud its characteristic mushroom shape (Glasstone 1957). The top of
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acloud from alarge yield weapon may be as high as 140,000 feet, and the cloud may be 50

milesin diameter.

The vaporized materia in the cloud condenses as it cools, creating a mix of fission or
activation products and condensed material. The fission product decay chains contain gases
and solids, some with very short half-lives (Glasstone 1957). Gases tend to stay in the
atmosphere, while solids mix more readily with the condensate. Fireballs from large tests
cool more slowly than fireballs from small tests, while the decay of the fission products
always proceeds at the same rate. For this reason, the fission product mix in the fallout after
alarge explosion will be different from that after a small explosion. This alteration of the
fission product mix is called fractionation. Because of fractionation, actual measurement of
the fission product mix made after each individual test is required to determine the exact

nature of the fallout from that test.

2.1.5 Deposition of Radioactive Debris

Large particles of fallout tend to settle locally, while small particles and gases may
travel around the world. Rainfall washes out fallout in the troposphere (approximately the
first 10 km of the atmosphere), causing localized high concentrations many miles from the
test site. Large atmospheric explosions will inject radioactive material into the stratosphere
(the layer of the atmosphere immediately above the troposphere) where it will remain for
years. Even today, small quantities of fallout created during the atmospheric testing period
are still being deposited on the surface of the earth. Deposited material istypically
measured in Becquerels (radioactivity with units of one disintegration per second) per

square meter (Bq m?).
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2.2 Brief Review of Nuclear Weapons Tests
221 Atmospheric Tests

The first test of a nuclear weapon was in the atmosphere on 16 July 1945, in
southeastern New Mexico. Following this test, nuclear bombs were dropped on Hiroshima
and Nagasaki, Japan, in August 1945. These bombs leveled both cities and ended World
War Il inthe Pacific. Subsequent testing of nuclear weapons in the atmosphere continued
until 1980, with periods of intensive testing in the years 1952-1954, 1957-1958 and 1961-
1962. A limited nuclear test ban treaty (Treaty Banning Nuclear Weapons Tests in the
Atmosphere, in Outer Space and Under the Water) was signed in August 1963, and much
less frequent testing in the atmosphere occurred subsequently. Over 500 atmospheric
nuclear explosions have occurred at a number of locations. Five countries have
acknowledged atmospheric nuclear weapons tests: the United States, the former Union of
Soviet Socialist Republics (U.S.S.R.), the United Kingdom, France, and China. Test
weapons were placed on barges in the ocean, suspended from balloons, placed on wood or
steel towers, exploded in outer space, placed on the ground surface, dropped from airplanes,

and used to create large craters in the earth as described in Section 2.2.3.

The United States and the former U.S.S.R. aso tested nuclear rocket enginesin the
atmosphere. These tests were radiologically equivalent to low yield atmospheric weapons
tests, in that they injected fission products into the troposphere. However, these are

generally not included in compilations of atmospheric nuclear testing.
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2.2.2 Underground Tests

In addition to the atmospheric tests, about 1,400 nuclear test explosions have been
carried out beneath the earth’ s surface, including some by India and Pakistan. After 1963,
when the limited nuclear test ban treaty banning atmospheric tests was negotiated,
underground testing became more frequent. A well-contained underground nuclear
explosion delivers extremely low doses to any group of people. Even though there have
been occasions when radioactive materials leaked from underground tests, the
environmental and health impacts of these explosions are lower than those from the

atmospheric tests.

2.2.3 Cratering Tests
In addition to the atmospheric and underground tests, the United States conducted a
series of cratering tests to assess the feasibility of using nuclear weapons as excavation tools.
Glasstone (1957) provides details of crater size and tons of earth removed as a function of
yield and depth. The fallout from these tests tends to be much more of alocal phenomenon,
and, again, these tests are generally not included in compilations of atmospheric weapons

tests.

2.3 List of Nuclear Weapons Tests

There are severa published databases and printed books listing all nuclear weapons
testsin theworld. There are some significant differencesin the number of tests and yields

of the test between these sources. There are several reasons for these differences.

Sources are not always consistent in what they count as atest. Sometimes the testers

used conventional explosives to blow up awarhead, testing its safety from inadvertent
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detonation or transportation accidents. These tests scattered plutonium locally, but created

no fission or activation products. These were called safety experiments.

Sometimes warheads were used in physics experiments that may or may not have
created fission products. These experiments, called by different names, may or may not be

included in acountry's list of reported nuclear weapons tests.

Some sources consider all nuclear weapons tests conducted on the same day in the
same place as one test. Others count weapons at the same time only if they are in different
holes at the test site. A series of tests may be conducted on the same day in the same

location at different times. (DOE 1992; 1994)

Some sources used seismic data, so they may list as atest a conventional explosion
at anuclear test site (Lawson 1998; Australia 2000) or even an earthquake near a nuclear

test site (Sykes 1997).

L ocations introduce another source of confusion. Some documents list different test
sites for tests (Mikhailov 1999; Kirchman and Warner 2000). Test sitesin the former U.S.S.
R. are listed in some publications by test site name (Lawson 1998) while others may list the
administrative district (Mikhailov 1999). Some list only the general latitude and longitude

(PIDC) while others give the specific locations (Mikhailov 1999; DOE 1992; Lawson 1998).

Figure 2.1 shows the locations where nuclear weapons tests totaling greater than one
megaton in yield were conducted prior to 1963 (PIDC). Table 2.1 presents a summary
developed by developed by the United Nations Scientific Committee on the Effects of

Atomic Radiation of the number and yield of atmospheric nuclear weapons tests
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(UNSCEAR 2000). Safety tests, underground tests, and cratering tests are not included in
thislist. Asnoted earlier, the number of megatons, not the number of tests, determines how
much radioactive material is created during a detonation. Table 2.1 shows that UNSCEAR
estimates that the total yield of all nuclear weapons tested in the atmosphereis
approximately 440 Mt. If one uses the highest estimates that have been published for the
yield of individual tests, the total is approximately 604 Mt. This uncertainty will likely not

be resolved until more information on nuclear weapons testing is declassified.
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Figure 2.1. Locations of sites having greater than one megaton total tests conducted prior to
1963.
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Table 2.1. A summary of atmospheric nuclear tests by maor site and country (UNSCEAR
2000)

Test Site Number of Tests Yield Total Yield

Country (see Figure 2.1) Conducted (megatons)  (megatons)
China All 22 21 21
France All 45 10 10
United Kingdom  ChristmasIsland 6 7 8

Others 15 1
United States Nevada 86 1 154
Marshall Islands 69 109
Christmas Island 24 23
Johnston Atoll 12 21
Others 6 0.1
Former U.S.SR. Novaya Zemlya 91 239 247
Semipalatinsk 116 7
Others 12 1
Totals 543 440

2.4 Conclusions

The detonation of a nuclear weapon in the atmosphere rel eases three types of
radioactive debris into the environment. Depending on the size and type of weapon
detonated, some of thisfallout may travel great distances before depositing on the earth and
exposing peopleto radiation. The next two chapters evaluate the dose and risk and to the
American people as aresult of exposure to fallout from nuclear weaponstesting. Appendix
C discusses the need to preserve documents that would be useful to resolve some of the
issues raised in this Chapter, as well as other questions related to historic fallout exposures,

should additional fallout-related work ever be mandated.
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Chapter 3

Edimation of Dosss
from Fallout

Contents: This chapter addresses external and internal radiation exposure from fallout
originating at the Nevada Test Ste and at other sites worldwide. The methods used to
estimate doses and the principal findings are presented.

3.1 Introduction

This chapter of this report presents dosimetric methods and results of calculations to
estimate radiation doses that could have been received by Americansliving in the
contiguous United States as result of exposure to radioactive fallout originating at the
Nevada Test Site and at other nuclear testing sites worldwide. 1t should be noted that these
methods are based on the data collected over more than four decades but primarily on the
experience acquired in dose reconstruction during the past decade and ahalf. Crude
methods of estimating doses have been used for this feasibility study. In some cases—
particularly for the case of shorter-lived radionuclides (e.g., **'1) in global fallout — the doses
presented may be in error by as much as an order of magnitude. Future work could likely

improve the precision of these calculations, however.

Because of the low precision of some of the dose estimates presented, the doses
should not be used to make a claim of individual health effects or increases in health effects
among subpopulations. The goal of these calculations was to show feasibility only, and in

many cases the possible degree of error of the doses has not been evaluated. Thus, the
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usefulness of the doses presented here islimited only to very approximate eval uations of
overall (that is, national) health detriment. Even though county-specific deposition densities
and doses were computed and presented in a series of maps, those county-specific estimates
are uncertain, and individual county values should not be used for definitive risk
assessments until further refinements are made and the degree of possible error is evaluated
in detail. The maps are provided only to show general spatia patterns of fallout and

resulting exposure patterns across the United States.

The dose estimates in this report are: (1) based primarily on areview of the readily
available open literature and supplemented with calculations of moderate complexity rather
than on sophisticated computer models, (2) calculated on a county-by county basis aswell as
averaged over the contiguous United States, (3) calculated separately for the most important
radionuclides produced in nuclear weapons tests, (4) provided in terms of effective dose and
absorbed dose to the thyroid gland and to the red bone marrow, and (5) calculated for tests
conducted in individual years aswell as summed over al years. The dose estimates and the
methodology used for calculating them are summarized in this chapter. The details of the
calculations and methodology are given in detailed consultant reports that are included in

this report in Appendices D through G.

In this chapter, preliminary estimates of radiation doses from fallout are presented
for two groups of people that were assumed to have resided in the same county during their
entire lives: (1) those who were adultsin 1951, that is, at the time when substantial amounts
of fallout from nuclear weapons tests began to occur in the United States and (2) those who
were born on 1 January 1951, and are expected to be among the population group that

received the highest doses from fallout. Thyroid and bone marrow absorbed doses
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accumulated through the year 2000 are presented for the two population groups. Exposure
of the thyroid to ionizing radiation can, in some cases, give rise to the induction of thyroid
cancer, especially among those exposed as very young children, while exposure of the red
bone marrow can, in some cases, contribute to the induction of leukemiain the population.
In addition, absorbed doses are presented for selected other organs and tissues, and effective
doses will be used to compare exposures from various radionuclides, types of nuclear tests,

or exposure pathways, when appropriate.

Radiation doses are presented separately for the nuclear weapons tests conducted at
the Nevada Test Site (NTS) and for those carried out at other sites outside of the United
States. The main reason for this division is that the nuclear tests conducted in the United
States and elsewhere resulted in different geographic deposition patterns of the fallout. In
addition, the mixture of radionuclides deposited depended on the origin of the nuclear debris

(fallout). Some of the primary considerations in making these estimates were:

¢ Thetests conducted at the NTS had low yields, so that the radioactive clouds
originating from the atmospheric explosions remained in the lower layers of the
atmosphere and fallout deposition occurred within days. The level of fallout
generally decreased with distance from the NTS, and consisted predominantly of
short-lived radionuclides, like **1. The environmental measurements made after each
test usually made it possible to relate the radioactive contamination to specific tests

and thus to assess the radiation impact of each of those tests;

¢ In contrast, the radioactive contamination due to tests conducted far away from the
United States was due primarily to high-yield tests, which resulted in radioactive
clouds that reached high layers of the atmosphere. It took monthsto years for
radionuclides to deposit on the ground from those altitudes. Within that time,

relatively homogeneous mixing of the activity occurred in the high layers of the
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atmosphere within latitudinal bands all around the world, while the activity that
gradually descended to lower atmospheric layers was preferentially removed from the
atmosphere via precipitation. Consequently, the levels of global fallout were
relatively constant throughout the United States, the differences being due to
differences in precipitation levels. Fallout from those tests consisted predominantly
of long-lived radionuclides, like Cesium-137 (**Cs), as most of the short-lived
radionuclides decayed before they deposited on the ground. Thus, environmental
measurements made at that time did not make it possible to relate the contamination

to a specific test.

Following releases of radionuclides into the environment, human populations can be
exposed to external or internal irradiation. In thisreport, the estimated radiation doses from

external and from internal irradiation are presented separately.

Exposures via external irradiation occur when the radionuclides are outside the body
(intheair, on the ground, building materials, vegetation, etc.). External irradiation usually
arises from: (1) submersion in air contaminated with gamma-emitting radionuclides, and/or
(2) the decay of gamma-emitting radionuclides deposited on the ground. In the case of
radiation exposures from nuclear weapons tests, external irradiation from submersion in
contaminated air plays avery minor role and will not be considered explicitly. Exposures
viainternal irradiation occur when radionuclides enter into the body, generally by inhalation
or ingestion. Doses from internal irradiation may result from (1) the inhalation of
radionuclide-contaminated air, and (2) the ingestion of radionuclidesin water and
foodstuffs. The estimation of doses from internal irradiation will focus on those from
ingestion, as the doses from inhal ation are usually much smaller than those from ingestion.
Therefore, the doses that are presented in this report are those arising from the decay of

gamma-emitting radionuclides deposited on the ground (external irradiation) and those
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incurred via the ingestion of radionuclides in water and foodstuffs (internal irradiation).
Both types of dose are derived from the estimation of the amounts of radionuclides

deposited per unit area of ground (often called ‘ deposition densities’ in this report).

3.2 NTSFallout

There were 100 officially reported nuclear events conducted in the atmosphere at the
NTS (DOE 1994). Thesetestsranged inyield from extremely small explosions (<1t
equivalent TNT) to amaximum size of 74 kt (Shot Hood on 5 July 1957). In addition, there
were “cratering” events that released significant amounts of radioactive debris; the most
notable was the 104 kt Project Sedan detonated on 6 July 1962. Not all of these events
produced fallout that was measured or measurable beyond the confines of the NTS; only the
most significant events in terms of their releases to the offsite environment are considered.
Deposition densities have been estimated for atotal of 61 events: eight in 1951 (Ranger and
Buster-Jangle series), eight in 1952 (Tumbler-Snapper series), 11 in 1953 (Upshot-K nothole
series), 13in 1955 (Teapot series), 19 in 1957 (Plumbbob series), and two in 1962 (Storax
series). Some of these events were detonated so close together in time that it has been
impossible to distinguish the debris. Thus, results for Bee and Ess (both fired on 22 March
1955); Apple and Wasp (both fired on 29 March 1955); Kepler (24 July 1957) and Owens
(25 July 1957); and Wheeler (6 September 1957), Coulomb (6 September 1957), and
Laplace (8 September 1957) were combined. The 61 tests that were included in this
assessment accounted for over 95% of the total **!1 produced (NCI 1997); hence, they were
the most important in terms of the exposure delivered to the American people. A complete

list of these events with dates and yieldsis given in Table 3.1.
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Table 3.1. Nuclear weapons tests conducted at NTS that are considered in the feasibility
study

Operation Yield
(Series) Test Placement Date (kt)
Ranger BAKER airdrop 28-Jan-51 8
BAKER-2 airdrop 2-Feb-51 8
Buster BAKER airdrop 28-Oct-51 35
CHARLIE airdrop 30-Oct-51 14
DOG airdrop 1-Nov-51 21
EASY airdrop 5-Nov-51 31
Jangle SUGAR surface 19-Nov-51 1.2
UNCLE crater 29-Nov-51 12
Tumbler- ABLE airdrop 1-Apr-52 1
Snapper BAKER airdrop 15-Apr-52 1
CHARLIE airdrop 22-Apr-52 31
DOG airdrop 1-May-52 19
EASY tower 7-May-52 12
FOX tower 25-May-52 11
GEORGE tower 1-Jun-52 15
HOW tower 5-Jun-52 14
Upshot- ANNIE tower 17-Mar-53 16
Knothole NANCY tower 24-Mar-53 24
RUTH tower 31-Mar-53 0.2
DIXIE airdrop 6-Apr-53 11
RAY tower 11-Apr-53 0.2
BADGER tower 18-Apr-53 23
SIMON tower 25-Apr-53 43
ENCORE airdrop 8-May-53 27
HARRY tower 19-May-53 32
GRABLE airburst 25-May-53 15
CLIMAX airdrop 4-Jun-53 61
Teapot WASP airdrop 18-Feb-55 1
MOTH tower 22-Feb-55 2
TESLA tower 1-Mar-55 7
TURK tower 7-Mar-55 43
HORNET tower 12-Mar-55 4
BEE/ESS
BEE tower 22-Mar-55 8
ESS crater 23-Mar-55 1
APPLE/WASP

APPLE-1 tower 29-Mar-55 14
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Operation Yield
(Series) Test Placement Date (kt)

WASP airdrop 29-Mar-55 3
POST tower 9-Apr-55 2
MET tower 15-Apr-55 22
APPLE-2 tower 5-May-55 29
ZUCCHINI tower 15-May-55 28

Plumbbob BOLTZMANN tower 28-May-57 12
WILSON balloon 18-Jun-57 10
PRISCILLA balloon 24-Jun-57 37
HOOD balloon 5-Jul-57 74
DIABLO tower 15-Jul-57 17
KEPLER/OWENS
KEPLER tower 24-Jul-57 10
OWENS balloon 25-Jul-57 9.7
SHASTA tower 18-Aug-57 17
DOPPLER balloon 23-Aug-57 11
SMOKY tower 31-Aug-57 44
GALILEO tower 2-Sep-57 11
WCL
WHEELER balloon 6-Sep-57 0.197
COULOMB-B surface 6-Sep-57 0.3
LAPLACE balloon 8-Sep-57 1
FIZEAU tower 14-Sep-57 11
NEWTON balloon 16-Sep-57 12
WHITNEY tower 23-Sep-57 19
CHARLESTON balloon 28-Sep-57 12
MORGAN balloon 7-Oct-57 8

Storax SEDAN crater 6-Jul-62 104
SMALL BOY tower 14-Jul-62  Low

For the purposes of the feasibility study, three types of estimates were made: (1)
deposition densities of a selected set of 43 radionuclides on the ground on a county-by-
county basisfor each test (see Table 3.2), (2) doses from external irradiation for the most
important radionuclides as determined by Hicks (1981, 1982), and (3) doses from internal

irradiation for the most important radionuclides contributing to internal dose. The group of
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Table 3.2. Radionuclides in NTS fallout for which deposition densities (Bq m?) were
explicitly calculated on a county-by-county basis.

Used in External Used in Internal
Radionuclide Half-Life Dose Calculations Dose Calculations

8gr 52 days X
0gr (Y7 28.5 years X
g 0.4 days X X
91mY * X

Sy 59 days X

By 0.4 days X

%7r (°'Nb) 0.7 days X X
%7r (*Nb) 64 days X

97mNb * X

Mo 2.8 days X X
99mT c * X

®Tc 213,700 years

1%Ru (**MRh") 39 days X

1%Ru (**MRh") 0.2 days X

1052h 1.5 days X X
1%2u (**°Rh") 368 days X X
1311 (from NCI 1997) 8 days X X
1¥21e 3.3 days X X
132| * X

133 0.9 days X X
13cs 13 days X
137cs (*'MBa) 30 years X X
19985 (ML a) 13 days X X
190 5 1.7 days X

14lce 32.5 days X

13ce 1.4 days X X
193py 14 days

144ce (P 284 days X X
14INd 11 days X X
147pm 2.6 years

“Np 2.36 days X

239+240py, 24131/ 6569 years X
24py 14.4 years X
21Am 430 years X

"Calculations for the progeny (in parentheses) are based on data for the precursor nuclide.

43



PREDECISIONAL DRAFT —FOR PEER REVIEW AND PUBLIC COMMENT

radionuclides selected for the internal dose cal culations account for about 90% of the
internal dose (see Table 3.2). If further work is conducted, it should include **Np in the

internal dose calculations.

3.2.1 Deposition Densities
Fallout deposition density is the amount of each radionuclide per square meter that is
accumulated on the ground as a result of settling of particles from clouds containing nuclear
debris. The amount of each radionuclide deposited on the ground is important information
for calculating both external and internal doses. Deposition of fallout can take place under
both dry and wet weather conditions; however, when rainfall coincides with the passage of a

cloud containing nuclear debris, the deposition of fallout is considerably increased.

The daily deposition density of each radionuclide listed in Table 3.2 was estimated
from the daily **!1 deposition density estimates reported in the National Cancer Institute
Study on **!{ exposure of the American people (NCI 1997). All calculations for this report
were carried out separately for each county (and sub-county as defined in NCI (1997),
Appendix 2), and then summed to provide estimates on a test-by-test, annual and cumulative
basis. The deposition densities of nuclides other than **I were calculated from the NTS *3!|

deposition density values by using the relationships calculated by Hicks (1981) for each

NTStest. Further detail on these methodsis provided in Appendix D.

Plutonium isotopes were also contained in the fallout from Nevada weapons tests.
Because plutonium isotopes primarily emit alpha particles, they do not contribute to external
dose and contribute only a small amount to ingestion (internal) dose. The primary hazard

from plutonium comes about when it isinhaled. However, even inhalation has been shown
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not to be a significant contributor to population exposure from NTS testing (Church et al.
1990). Plutonium is primarily discussed here because of the high degree of interest by the
public in plutonium contamination of man and the environment. Only crude estimates of
plutonium deposition density can be made for individual tests partly because certain data—
in particular, the ratios of plutonium to **’Cs, ®Sr, etc. — are still classified by the United

States Government.

A reasonable set of assumptions has been made, however, from which rough
estimates of plutonium deposition density, which while possibly significantly in error for
any specific given test, provides a reasonabl e total deposition value when summed over al
tests. Using these methods, 2**?*°Pu and ?*'Pu depositions in fallout were estimated for
each test and test series. It should be noted that only about one-half the plutonium from
tower and surface tests would be deposited outside the immediate vicinity of the NTS
because it is associated with large particles that are deposited close-by to the detonation site.
Accurate estimates of plutonium deposition from particular tests will only be possible if
additional information on the cesium to plutonium ratios for particular tests is declassified.
Thus, the plutonium results presented in this report should be treated as only preliminary

crude estimates.

For the radionuclides considered in this report, deposition density estimates were
developed for each of the approximately 3,000 counties within the contiguous United States.
Nearby the NTS, where some of the larger counties experienced considerable gradationsin
deposition, counties were broken into subparts. In all, estimates were computed for 3094
geographic units (counties or subparts of counties). These estimates of radioactivity

deposition density are based on the **| deposition densities reported in NCI (1997) (see
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Appendix D) which in turn were based primarily on measurements made at the time of
fallout and reported from the gummed-film network operated by the Department of Energy
(DOE) Environmental Measurements Laboratory, which was then known as the Atomic
Energy Commission (AEC) Health and Safety Laboratory. Because the measurement sites
were few compared to the large number of counties, and because the deposition in each
county is so highly influenced by the occurrence of rainfall, the measurements were
extended to other nearby locations through the use of mathematical interpolation procedures
(NCI 1997). Extrapolating data to locations without measurements is one of the inherent

and unavoidable limitations of these calculations.

Thetotal deposition of **'Cs from all NTS tests considered in this report through
1962 isshown in Figure 3.1. As can be seen, the years of greatest deposition were 1957,
1953, and 1952. The geographic pattern of deposition of **’Csas shown in Figure 3.2 is
similar to that for **!1 (see NCI 1997), although, due to the long half-life (30 years) of **'Cs,
the decrease in activity in the eastern United States is less than that for **'1. The county
estimates range from well below 200 Bq m to about 1300 Bq m. The regional and local
variations of deposition density are primarily due to variationsin precipitation. The well-
known elevated areain northern New Y ork State was due to heavy thunderstorm activity

during passage of the cloud from test SIMON in April 1953 (NCI 1997; Beck et a. 1990).
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Figure 3.1. Total *¥'Cs (Bq) deposited in the United States from NTS tests as a function of
year of tests

Cs-137 deposition density
(Bg/m2)
[ | Oto 200
I 200to 400
[ ] 400to 600
[ ] 600to 800
Bl 800to 1300

Figure 3.2. Cesium-137 deposition density due to all NTS tests.
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The geographic patterns of deposition density for certain fallout radionuclides like
gy (Figure 3.3) and 2*"?®py (Figure 3.4) vary somewhat from those for **'Cs and **!|
primarily due to the differencesin the nuclear fuel used in different tests and the directions
of travel of the clouds of debris from each test. The deposition of *Sr was very similar to
that of **’Cs. The highest plutonium deposition density, not surprisingly, was in counties
near the NTS, though other moderately high deposition densities can be seen in afew
Midwest counties. For most of the country, the amount of cesium was 10 to 20 times the
amount of plutonium deposited. As discussed previously, the plutonium estimatesin this
report for any particular county are very uncertain, and the data provided should be viewed
only asillustrative of the variations across the country due to the varying paths of fallout

clouds.

Sr-90 deposition density
(Bg/m2)
[ 0to 200
I 200to 400
[ ] 400to 600
[] 600to 800
I 800to0 1100

Figure 3.3. Strontium-90 deposition density dueto all NTS tests.
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Figure 3.4. Plutonium (239+240) deposition density dueto all NTS tests.

The six test series deposited different amounts of fallout within the United States.
For example, the 1957 Plumbbob series deposited 35% of the total cesium followed by the

1953 Upshot-K nothole series that contributed 23%. These proportions are shown in Figure

3.5.
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Total Cs-137 Deposition, NTS Fallout

4% 3% 1952

1957
35%

1955
16%

Figure 3.5. Fraction of total **'Cs deposited in the United States from NTS by year of test.

The total amount of **’Cs deposited in the contiguous United States from all tests
was 2.3 PBg. Thetotal deposition for a number of other selected radionuclidesis shownin
Table 3.3. The population-weighted deposition densities, calculated on the basis of the
information available for each county, are also presented in Table 3.3. Because of the sharp
gradations in deposition density from west to east, and the higher populations in the eastern
United States, the population-weighted deposition densities are only dlightly less than the
actual deposition densities. However, the population-weighted values give a better
indication of the relative health impacts that might be expected. From all NTS tests, 34% of
the **'Cs produced was deposited in the contiguous United States, the remainder was

deposited elsewhere; presumably, alarge fraction was deposited in the oceans.
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Table 3.3. Total deposition and population-weighted mean deposition density for selected
radionuclides for NTS fallout.

Popul ation weighted
Total Deposition deposition density

Nuclide (PBq)’ (Bqm?
Bics 2.3 260
Oy 1.8 200
%zr 220 2.5x 10*
1%3Ru 430 4.6x 10*
19984 1400 1.4x 10°
4ce 500 5.4x 10*
1%4ce 40 4.6x 10°
1R 24 2.6x 10°
8gr 330 3.6x10*
13 1500 1.9x 10°
239+2490py 0.13 ~16
241y 0.54 ~59

"PBg = 10" Bq

3.2.2 NTSExternal Exposure and Dose

Radiation received externally to the body from fallout is primarily aresult of the
gamma radiation emitted by radionuclides deposited on the ground. External exposure
generally resultsin aradiation dose to the entire body and is usually considered to be
uniform over the body, particularly when fallout is widespread in the environment. The
calculation of radiation dose is often made through intermediate cal culations of the amount
of ionization of avolume of air (formally called exposure and measured in Roentgens (R)).
The absorbed dose in specific organs or tissues of the body is expressed in units of Gray
(Gy). The effective dose, expressed in Sievert (Sv), is aweighted whole-body dose, in
which the differences in damage caused by different types of radiation and radiosensitivity

of the different tissues or organs of the body are taken into account. The calculation steps
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from deposition density (Bq m™) to exposure (R) to absorbed dose in tissues or organs (Gy),

and to ‘effective dose’ (Sv) are described in Appendix D.

The doses presented in this report are primarily based on measurements or estimates
of radionuclide deposition densities, isotopic ratios calculated for each test by Hicks (1981),
and various conversion factors. Very few actual measurements of exposure were made
outside the immediate vicinity of the NTS. However, the external dose resulting from
emitted gamma rays from individual radionuclidesin surface soil iswell understood.
Hence, theory and available data can be used to predict the exposure or the dose that the
public might have received across the United States. It should be understood, however, that
in those cases where little data are available, particularly concerning the lifestyles of
individuals and the rate of penetration of radionuclides into the soil at any particular

location, doses can only be estimated with very limited precision.

For statesimmediately downwind from the NTS, available data, including actual
exposure rate measurements where available, were used to estimate deposition densities
(Beck and Anspaugh 1991; Beck 1996). NCI (1997) used these data and data from
gummed-film measurements to estimate **!1 deposition densities for each county of the
contiguous United States. The NTS deposition densities in this report are based directly on
the estimates of **!1 deposition density reported in NCI (1997). The conversion factors
relating deposition density to exposure rate in air have been validated in many studies and

are believed to be accurate to within 5% (NCRP 1999).

A large number of fission products are produced in anuclear explosion. However,

only afew account for most of the external exposure. Different radionuclides contribute
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significantly to the exposure rate at different times and thus the relative importance of the
various radionuclides with respect to total exposure varies according to the length of time
for the fallout to arrive at the location where exposure took place. At early arrival times
after each test (within afew hours), the short-lived iodine isotopes contribute substantially to

the exposure while after afew days, **?1, **°Ba, ®Zr-*Nb and ®*Ru are more important.

The externally delivered dose is often expressed by what is called effective dose
(ICRP 1991), aquantity that islikely to correlate well with the occurrence of cancer (total of
al types) arising as aresult of the exposure of the whole body. Specifically, the effective
dose is the sum of organ doses weighted by two factors, one to account for the quality and

type of radiation and one to account for the relative radiosensitivity of specific organs such

that:
Er = ;WRZWTDT,R Equation 3.1
where:
Er = effective dose from radionuclide R,
Wr  =weighting factor for radionuclide R,
Wt = weighting factor for body tissue T, and

Drr = absorbed doseintissue T from radionuclide R.

Values of the radiation weighting factor are 1.0 for electrons, x-rays and gamma
rays, between 5 and 20 for neutrons of various energies, and 20 for alpha particles. The

radiation weighting factor adjusts the absorbed dose (simply the energy absorbed per mass
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of tissue) to better reflect the probability of damage by the type of radiation exposing the
body. The fission products emit electrons, x-rays, and gammarays, so that their radiation
weighting factors are equal to 1.0. However, the plutonium isotopes emit a pha particles and

therefore, their radiation-weighting factors are equal to 20.

The tissue weighting factors reflect the radiosensitivity of different organs, and are
chosen so that a uniform dose over the whole body gives an effective dose numerically equal
to the uniform whole-body dose. The International Commission on Radiological Protection
has determined values of the radiation- and tissue-weighting factors (ICRP 1991). The
conversion from exposure to effective dose is about 0.66 rem per Roentgen (0.0066 Sv R™)
for the range of gamma energies usually encountered in fallout and for adults. Calculations
using computer models of the human body indicated that the effective dose to young
children is about 10-30% higher (NCRP 1999) than for adults. In order to ssmplify the
feasibility calculations, two assumptions were made in the estimates presented here: (1) the
external dose to organs like the thyroid and bone marrow were taken to be numerically equal
to the effective dose, and (2) external doses were assumed to be age-independent. The first
of these assumptions results from the fact that the external doses to most tissues and organs
are about the same, primarily because the gammaray energies emitted from many
radionuclides are energetic enough to completely penetrate the body. Hence, it isjustified to
make an approximation that the effective dose (Sv) is numerically equal to the absorbed

dose for most organs.

Radionuclides deposited on the ground penetrate into the soil with passing time; that
process is usually accelerated by rainfall. Hence, after afew months, measurements have

shown that external exposure decreases because of the radionuclide’ s penetration into the
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ground as well as the fact that radionuclides decay with the passage of time, leaving less and

less activity to expose people.

The dose received by individuals depends on the time they spent outdoors while the
fallout was on the ground. Because most people spend most of their time indoors, their
exposure is reduced greatly due to the inability of the radiation to effectively penetrate
building materials. The amount of shielding provided by a building depends on the
materials and design of the building. 1n general, heavily constructed buildings made of
brick or concrete will allow only about 20% of the radiation to penetrate, while lightly
constructed buildings will allow 40% or more. Assuming that most persons spend about
80% of their time indoors (UNSCEAR 1993; NCRP 1999) in a building that transmits about
30% of the radiation from the outside, their effective dose would be about 44% (0.8 x 0.3 +
0.2 = 0.44) of that that would be received outdoors. Using similar assumptions, the dose to

persons of various occupations and lifestyles can be estimated.

The actual dose to a person who lived in the United States during the years of fallout
would generally lie within a range from about one-fourth as large as the estimates provided
here to about four times larger than these estimates. In some cases, the range of possible
doses at asingle location might even be larger. Thiswide rangeis aresult of the variations
in the amount of time people spent outdoors and the types of structuresindividuals lived and

worked in.

A number of maps provided show the geographic distribution of external dose.
Figure 3.6 shows the external dose from all NTS tests, and applies equally to red bone

marrow and the thyroid gland, both in adults and children. The most exposed individuals
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likely lived in states immediately downwind from the NTS. However, smaller areas of
higher and lower exposures occurred throughout the United States as a result of the uneven
deposition of fallout over the United States and the variation in directions taken by the
clouds containing the radioactive fallout. Residents of some counties near the NTS received
dosesin excess of 3 mSv (300 mrem) while residents of the extreme western and
northwestern states and some midwestern counties received average doses less than 0.25

mSv (25 mrem).

Dose (mGy)
I oto1l
[ ] 1to3
[ 3to10

Figure 3.6. External dose to the red bone marrow and the thyroid gland for both children and
adultsresulting from all NTS tests.

It should be understood that the numerical values of dose provided in Figure 3.6 and
in the remainder of this chapter are estimates for a hypothetical individual living in the
specified county. How close the doses provided here are to the actual dose received by a

person living there depends on many factors, primarily, how similar the assumptionsin the
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calculations are to an individual’ s lifestyle over the time the exposure was received. There
are many factors about each individual member of the public — such as age, diet, lifestyle,
etc. — that might result in their exposure being different than the estimates provided in this
report. Though there are statistical and mathematical methods available that can be used to
estimate the range of doses in each county, to apply these methods requires a great deal of
literature review, expert judgment, and mathematical calculations. Assessment of the range
of possible doses that might have been received in each county and/or the assessment of the
precision of dose estimates for representative individuals are subject areas that will require

additional work in future assessments of fallout-related doses.

The calculation of the collective doses from external irradiation resulting from each
year when test series were conducted alows for an estimate of the relative contribution of
each year of testing to the total dose. Results are presented in Table 3.4. Because most of
the external dose is due to short-lived radionuclides, the external dose from each year of
testing at the NTS was essentially received during the same year. The most important years
of testing were 1957 (Plumbbob series) and 1953 (Upshot-Knothole series). The
population-weighted exposure corresponds to an average effective dose of about 0.48 mSv
(48 mrem), during the years of testing, about what an average person would receive from
natural radiation emitted from the mineralsin the soil in 1-2 years time depending on the

area of the country where they lived.
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Table 3.4. Collective external dose and country-average dose from NTS fallout as a function
of year of testing

Cumulative Collective Country-Average

Dose Dose
Year Test Series (10® Person-Gy) (MmGy)
1951 Ranger and Buster-Jangle 6.8 0.039
1952 Tumbler-Snapper 16 0.093
1953 Upshot-K nothole 20 0.12
1955 Teapot 13 0.072
1957 Plumbbob 23 0.12
1962 Storax 5.0 0.029
Total NTS 84 ~0.5

*From previous years' fallout.

3.2.3 NTSInternal Dose

The method of calculation for internal dose was derived from that used for the Off-
Site Radiation Exposure and Review Project (ORERP), which was performed during the
time period of approximately 1979 through 1987 (Church et al. 1990). The ORERP study
was designed to calculate external and internal doses from the tests of nuclear weapons at
the NTS, but the focus was on populations living in the near downwind regions. Originaly,
the assessment area consisted of several countiesin Nevada and one county in Utah that
were known to have received higher deposition densities. Eventually, the assessment
domain was expanded to include the entire states of Nevada, Utah, Arizona, and New
Mexico, and portions of several additional states [western Colorado, southwestern
Wyoming, southern Idaho, southeastern Oregon, and nearby areas of California (including

Los Angeles)].
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The general ORERP method is described here because it was used for these
feasibility calculations. Further detail on these methodsis provided in Appendix E. That

method includes:

e Estimating the total amount of an individual radionuclide that might be ingested by
humans of differing ages. This simple statement covers a very complex undertaking of
estimating the dynamics of radionuclide contamination of foods and age-dependent
human-consumption rates of food (Whicker and Kirchner 1987).

e Estimating the dose at each age that would be received by a member of the public from

the ingestion of asingle unit of activity of a particular radionuclide.

The formulation developed by the ORERP project, in simple form, can be expressed

by the following equation:

D =PxlxFy Equation 3.2
where
D = Absorbed dose, Gy, or effective dose, Sv;
P = Deposition density of the radionuclide of interest at time of fallout arrival, Bq m?;
I = Integrated intake by ingestion of the radionuclide per unit deposition density, Bq
per Bqm? and
Fs = Ingestion dose coefficient for the radionuclide, Gy Bq™ or Sv Bg™.

Doses from internal irradiation resulting from ingestion of contaminated foodstuffs
were derived from the deposition density estimates obtained for 61 tests, 43 radionuclides,
and within each county of the contiguous United States (see Table 3.2). In afirst step of the

feasibility calculations, the radionuclide concentrations in important foodstuffs (milk, meat,
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leafy vegetables, root vegetables, and grain products) were estimated by means of
mathematically based environmental transfer models. Age-dependent consumption rates of
foodstuffs (see Table 3.5) were used with estimates of the average value of the fraction of
foods produced locally (see Figures 3.7 and 3.8) to estimate the radionuclide activities
ingested with the contaminated foodstuffs. Finally, mathematical models ssmulating the
behavior of radionuclides in the gastrointestinal tract, uptake of radionuclides by the
gastrointestinal tract and the subsequent absorption and retention of radionuclidesin the
various organs and tissues of the body were used to estimate the thyroid and bone marrow

doses received by persons who were adults in 1951 and for persons who were born in 1951.

Table 3.5. Food-consumption rates used in the PATHWAY code (Whicker and Kirchner
1987). Estimates are based primarily on data summarized by Rupp (1980) for rural families.

Food Consumption Rates By Age Group,

Food Type Fresh kg day™

<ly 1-11y 12-18y >19y
Milk 0.800 0.623 0.635 0.360
Milk products 0.144 0.074 0.143 0.062
Beef 0.044 0.113 0.210 0.277
Poultry 0.003 0.017 0.028 0.030
Eggs 0.017 0.026 0.036 0.053
Leafy vegetables 0.002 0.021 0.036 0.062
Stored fruits and vegetables 0.207 0.266 0.356 0.360
Grains 0.025 0.025 0.151 0.137
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Figure 3.7. Fraction of food that is assumed to be locally produced for severa different food
categories. Values for eggs are the same as those for milk. From Whicker and Kirchner
(1987).
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Fraction of other vegetables and fruits

Figure 3.8. Consumed fraction of non-leafy vegetables and fruits assumed to be freshly
produced. From Whicker and Kirchner (1987).
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Radionuclides of Interest. Ingestion doses were calculated from nineteen of the
most important radionuclides contributing to internal dose: #Sr, *°Sr, *'s, ¥zr, Mo, 1Ry,
lOSRU, 106RU, 131|’ 132-|—e, 133|’ 136CS, 137CS, 14OBa1 14308, 144Ce, 147Nd, 239+240PU, and 241PU (S%
Table 3.2). The ORERP findingsindicated that this group of radionuclides accounts for
over 90% of the internal dose in the vicinity of the NTS as aresult of ingestion of

contaminated foods.

In addition to the list of parent radionuclides listed above, doses from decay products
were also included in the calculation to the extent that the decay-product arises from the
decay of the parent radionuclide after it has entered the body. For example, the decay
product of ***Teis ¥, which has a half-life of 2.30 h (ICRP 1983). Any ¥ that originates
in the body from the decay of ***Teisincluded in the dose calculation. Other parent-
progeny pal rsare QOSI’(QOY), 97Zr (97Nb), 103RU (103mRh), 106Ru (106Rh), 137CS (137mBa)’ 14OBa

(**°La), and ***Ce (***Pr).

Age Groups Considered. The detailed calculations of dose were performed for
adults only in this feasibility study. This choice was necessitated by the limited time
resources available for this study and because adults constitute by far the largest segment of
the population. Doses to children born in 1951 were roughly estimated on the basis of the
computed doses for adults. In the case of thyroid doses (such as from exposure to **!1), age
differences result in dramatically different doses with children receiving larger doses. This

age-dependence has been treated extensively by the NCI (1997).

Estimates of Cumulative Intake. For the radionuclides listed above, seasonally

dependent values of the intake of each radionuclide were estimated from output of the
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computer code, PATHWAY , developed as part of the ORERP project. That program
mathematically accounts for the ecological behavior of radionuclides by considering the
initial retention of fallout by vegetation, the loss of radionuclides from vegetation, dilution
of radionuclide concentration in fresh vegetation by plant growth, uptake of radionuclides
through the soil-root system, and recontamination of plant surfaces by resuspension and
redeposition, and by rain splash. As expected, the intake of many radionuclides by the
public would have occurred in the early summer months when garden and farm food
production would have been highest. In Figures 3.9 to 3.11, the annual pattern of intake
over the course of ayear is shown for three radionuclides (*°Sr, *31, and **'Cs) and four age

categories (<1y, 1-11y, 12-18y, and adults).
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Figure 3.9. Monthly values of integrated intake for four age groups for ®Sr. Data were
derived from Whicker and Kirchner (1987).
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Figure 3.10. Monthly values of integrated intake for four age groups for Data were

derived from Whicker and Kirchner (1987).
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Figure 3.11. Monthly values of integrated intake for four age groups for *¥'Cs. Data were
derived from Whicker and Kirchner (1987).

It should be noted that the model PATHWAY used to derive the integrated intakes
(Figures 3.9 through 3.11) was developed to simulate the transfer of radionuclides to
foodstuffs in areas close to the Nevada Test Site. The model was used in this feasibility

report primarily for illustrative purposes asit is recognized that parameter values used by the
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program are not strictly applicable to other regions of the United States where precipitation
patterns and agricultural practices differ substantially from those encountered in areas close

tothe NTS.

One of the critical factors that is known to vary substantially at different locationsis
theinitial retention of fallout by fresh vegetation, particularly when deposition occurs with
precipitation. Some increase in the precision of predicted doses might be achieved if
county-by-county estimates of rainfall for each day following each shot were retrieved from
National Weather Service records and used to adjust the calculated retention of fallout on

131|

plants, as was donein NCI (1997) for the dose from That effort was beyond the scope

of the present feasibility study, though could be a part of any future work.

Dose Coefficients. The ICRP-tabulated values are the source of dose coefficients
used for these dose calculations. Recently, the ICRP (1998) has made available a system
that allows the calculation of absorbed and effective doses for all organs for the six age
groups considered by the ICRP (<3 months, 1 year, 5 year, 10 year, 15 year, adult). The
dose coefficients provided by the ICRP represent the dose from a given intake that will
occur over the next 50 years for adults, or until age 70y for the younger age groups. Inthis
feasibility report, doses are cal culated through the year 2000, corresponding roughly to the
period 50 years following the intake. The | CRP dose coefficients are applicable to that
situation with very little approximation because the doses from most radionuclides taken

into the body are delivered within the first year after the intake.

Organsof Interest. In principle, doses can be calculated for the 22 organs

considered by the ICRP and for which dose coefficients are available (ICRP 1998).
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However, experience from ORERP (Ng et al. 1990) is that only the thyroid gland would
likely receive a higher dose from the ingestion of NTS fallout compared to the dose received
from external exposure to the same fallout. Hence, doses (and risks described in a later
chapter) to two organs are emphasized: (1) red bone marrow, because of its role as a blood
forming organ in which leukemia can arise, and (2) the thyroid, in which thyroid cancer and

other diseases can be induced.

Periods of Exposure. For each county (or part of a county) and for each
radionuclide, the cumulative dose was calculated through the year 2000 for the depositions

resulting from tests that took place in the years of 1951, 1952, 1953, 1955, 1957, or 1962.

NTSInternal Dose. Inaddition to absorbed doses to thyroid and red bone marrow,
effective doses have also been calculated. The calculated internal doses from the 19
radionuclides considered are summarized for each county by year of test (1951, 1952, 1953,
1955, 1957, and 1962) and for all NTStests together. Multiplying the average dose for each
county by the estimated 1954 population and summing over al countiesin the country
calculated estimates of collective dose to the entire contiguous United States. Some internal

dose was estimated to have been received in every county considered.

The highest estimate of cumulative internal effective dose from NTSfallout (1.8
mSv) was for Nye County, Nevada, and the lowest (0.010 mSv) in Wahkiakum County,
Washington. The counties receiving greatest internal dose from NTS fallout were in general
in Nevada and in Utah due to their close proximity to the NTS and because they were
generally downwind from the test site, while the counties receiving the lowest internal dose

were in the Pacific Northwest, primarily Washington and Oregon. Though the 3,000+
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counties could be ranked according to the magnitude of the estimated dose, the precision of
the feasibility calculationsis not great enough to make quantitative distinctions about
differences in dose among counties. The maps provided are only an indicator of the general
geographic distribution of dose over the United States. Figure 3.12 presents estimated
internal dose to red bone marrow for children born 1 January 1951 while Figure 3.13
presents estimated internal dose to the thyroid for children born 1 January 1951. County-
specific dose estimates for children (born 1 January 1951) range from <0.1 mGy in less than
10 counties to as high as 300 mGy over 550 counties. Those estimates assume average milk

consumption. In general, thyroid doses for adults are afactor of 10 timeslower.

Figure 3.12. Internal dose to red bone marrow of a child born 1 January 1951 from all NTS
tests.
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Figure 3.13. Internal dose to the thyroid of achild born 1 January 1951 from al NTS tests.

The population weighted bone marrow and thyroid doses from all NTS tests are
summarized in Table 3.6. It should be noted that the values of thyroid dosein Table 3.6 are

dominated by the dose from **!1.

Table 3.6. Population-weighted red marrow and thyroid doses from all NTS tests (mGy).

Organ Dose (MGy)
Popul ation subgroup Red marrow Thyroid
Child bornin 1951 0.12 30
Adult in 1951 0.1 5

Population-Weighted Effective Dose by Year of Testing. The population-
weighted (adult) internal effective doses by year of testing are shown in Table 3.7. The

highest contribution occurred in 1957 from the 16 explosions of Operation Plumbbob. The
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second and third larger yearly contributions were 1952 as aresult of the eight events of
Operation Tumbler-Snapper and 1953 as a result of the 11 events of Operation Upshot-
Knothole. A surprisingly large contribution is attributed to the two explosions that occurred
in 1962 during Operation Storax; almost all of the latter was due to Project SEDAN, alarge
cratering experiment. As noted earlier, the intake of radionuclides through foodstuffs varies
by time of year (see Figures 3.9 through 3.11). Because alarge number of testsin 1957 took
place in high food production months June through August (see Table 3.1), that year

contributed more than twice the ingestion dose of any other year.

Table 3.7. Population-weighted (adult) effective dose from ingestion, calculated through
year 2000, specified by year of testing.

Effective Dose from

Y ear of Testing Ingestion (MSv)
1951 0.012
1952 0.063
1953 0.049
1955 0.037
1957 0.13
1962 0.041
Tota 0.33

Population-Weighted Effective Dose by Nuclear Test. The population-weighted
(adult) effective doses (through the year 2000) for the 10 tests contributing the largest doses
are presented in Table 3.8. Project SEDAN surprisingly heads thislist. However, it should
be noted that the precision on the doses from Project SEDAN is low and the values could be
overestimated by one or more orders of magnitude. A careful re-evaluation of the data used
by NCI (1997) to estimate the fallout from this test will be necessary in any follow-up study.

The unknown fission yield is one reason for the low precision though the use of the
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meteorological model also added considerable uncertainty to the dose estimates. The reason
that this test appears to be such alarge contributor to the collective effective dose is that this
event took place during atime of year when the intake function was at amaximum. The
other eventslisted in Table 3.8 are generally known to have been major contributors to off-
site dose, and they also occurred primarily during the time of year when environmental
transfer would have been high. Together, these 16 events account for 73% of the effective

dose (to adults at time of exposure).

Table 3.8. Population-weighted (adult) effective dose from ingestion for the 16 nuclear
explosions giving largest predicted doses.

Effective Dose

Event (series, test) Date (mSv)
Storax SEDAN 6 July 1962 0.038"
Tumbler-Snapper GEORGE 1 June 1952 0.027
Plumbbob DIABLO 15 July 1957 0.025
Upshot-Knothole HARRY 19 May 1953 0.017
Plumbbob KEPLER-OWENS 24-25 July 1957 0.016
Plumbbob HOOD 5 July 1957 0.016
Tumbler-Snapper HOW 5 June 1952 0.013
Upshot-Knothole SIMON 25 April 1953 0.012
Plumbbob PRISCILLA 24 June 1957 0.012
Teapot ZUCCHINI 15 May 1955 0.010
Plumbbob GALILEO 2 September 1957 0.010
Teapot APPLE 2 5 May 1955 0.010
Tumbler-Snapper FOX 25 May 1952 0.0086
Plumbbob DOPPLER 23 August 1957 0.0086
Plumbbob WILSON 18 June 1957 0.0080
Buster CHARLIE 30 October 1951 0.0067
"Values for SEDAN have very low precision and should be re-evaluated in
future work.
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Population-Weighted (Adult) Effective Dose by Radionuclide. External and
internal absorbed doses calculated in thisreport are listed in Table 3.9. The fifteen
radionuclides listed in this table contributed more than 98% of the estimated effective dose.
lodine-131 alone accounts for 76% of the population-weighted (adult) effective dose. Of the
ten most important radionuclides, only *Sr and **’Cs are long-lived. Plutonium
radionuclides, though long-lived, accounted for only 0.4% of the estimated total effective

dose.

Table 3.9. Comparison of population-weighted (adult) external dose, internal red bone
marrow and thyroid dose from al tests at the NTS according to radionuclide, calculated
through the year 2000.

Internal Doseto Internal Dose to Red

. Externa Dose Thyroid Bone Marrow

Radionuclide Half-Life (mGy)* (mGy) (mGy)
S 50.5d - 0.001 0.03
Ogy 28.8y - - 0.02
%7r-*Nb 64.0d 0.08 - -
7r-Nb 16.7 h 0.02 - .
1%Ru 39.3d 0.03 - -
1%6Ry 374d <<0.005 0.001 0.002
13270 132 3.2d 0.1 0.06 0.001
3 8.02d 0.02 5 0.001
133 0.9d 0.02 0.04 -
139 20.8 h <0.01 - .
1¥6¢cs 13.2d - 0.002 0.002
1¥cs 301y 0.01 0.009 0.009
“Bala 12.8d 0.2 - 0.006
14ce 285d <0.005 - -
“Np 2.36d 0.02 - -

Sum (rounded) ~0.5 5 ~0.1

"These fifteen radionuclides account for more than 98% of the total dose from ingestion
and external exposure.
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Population-Weighted (Adult) Dose by Organ. Population-weighted (adult) doses
from each radionuclide were calculated for each organ that had a dose coefficient more than
twice that of the dose coefficient for effective dose. The population-weighted organ doses
were calculated by using the organ doses whenever they were available; otherwise the
effective dose for that radionuclide was added to the sum. This procedureis only
approximate, but was used for this feasibility study in order to derive some estimate of the

organs receiving the more significant doses.

Table 3.10 gives the popul ation-weighted (adult) doses by organ and indicates that
many organs, except for thyroid, had doses of similar magnitude. In terms of population
health risk, those organs listed in Table 3.10 would be of greatest potential interest and

concern.

Table 3.10. Estimates of population-weighted (adult) organ dose and effective dose from
ingestion through the year 2000 from all NTS tests.

Organ Dose Fractional Contribution

Organ (mGy) to Effective Dose
Liver 0.086 0.01
Red marrow 0.1 0.04
Bone surface 0.19 0.01
Colon 0.34 0.12
Thyroid 5.0 0.76
Remainder of soft tissues 0.032 0.06
Effective (mSv) 0.33

About two thirds of the popul ation-weighted cumulative dose to the bone surface
was contributed by three radionuclides: *°Sr, 2%*#*py, and ®Sr in that order. For the colon,

about three fourths of the dose was contributed by four radionuclides: #Sr, **°Ba, ®Ru, and
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1%Ceinthat order. Itisalso useful to note that these population-weighted organ doses have
about the same magnitude as the dose received from external radiation, asinferred from

Table 3.4.

The only organ that has received a substantially higher population-weighted dose
from NTS fallout due to the ingestion of contaminated foods as compared to the dose from
external exposure isthe thyroid, which is estimated to have received a county-average dose

about 10 times higher than that due to external exposure from NTS fallout.

Dose From Inhalation. For thisfeasibility study, doses from inhalation of
radioactive particles and gases have not been estimated. The primary difficulty in making
such estimates is that one needs values of integrated air concentrations and such data are not
presently available. When the gummed-film network was being operated in the late 1950s
and 1960s, substantial numbers of measurements were made of concentrations of
radionuclidesin air. If these measurements should be used in the future for calculations of
dose from inhalation, it would be necessary to go through a similar process of interpolating
the data between measurement stations, as well as considering rainfal, to produce estimates

on a county-by-county basis.

Past experience indicates that dose from inhalation is much less important than the
dose received from external exposure or the ingestion of contaminated foods. In general,
dose due to inhalation only becomes of some importance for those radionuclides that have
an extremely low rate of absorption across the gut wall, but remain in the lung for along

time when inhaled, e.g., 2*?°py.
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Equations and theory exist to calculate inhalation dose, however, little data are

available. Hence, inhalation doses will always remain imprecise.

Comparison of Resultswith Those From NCI (1997). The National Cancer
Institute report on exposure of the American people to *!1 (NCI 1997) presents the results of
avery detailed, multi-year study of the dose to the thyroid for residents of the United States
from **11. A primary finding from that study was that the collective thyroid dose was
4,000,000 person-Gy, whereas this report estimated 2,000,000 person-Gy. These
differences are primarily due to differences in modeling assumptions; nevertheless, such a

level of agreement is considered to be good for retrospective dose estimates.

The doses estimated by NCI (1997) appear to be higher in Idaho, Montana, and the
Midwest than from this feasibility study. Those differences most likely result from the
different assumptions for the important factor describing the amount of fallout retained by
vegetation. For this study a constant value was used, where NCI (1997) used a value that
varied depending upon the amount of rainfall. Thisand related issues should be examined

in more detail in any future assessment.

Sum of External and Internal Dose From NTS Fallout. The sum of the external
and internal dose componentsis shown in a series of maps. Figures 3.14 and 3.15 show the
sum of external and internal dose to the red bone marrow for adults and children,
respectively. The geographic distribution of doses received is very similar for the two age
categories. Figures 3.16 and 3.17 shows the sum of external and internal dose to the thyroid
for adults and children, respectively. A comparison of these two maps shows that, in

general, thyroid doses were much greater for children than for adults. Geographic areas
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where the highest thyroid doses were received included the counties near to the NTS, a
group in the northern Rocky Mountains, and afew isolated counties in Colorado and the
Midwest. For both red bone marrow and thyroid, populations living in the vicinity of the
NTS received the highest doses from NTS fallout, while populations living along the

western and eastern coasts received the lowest doses.

Figure 3.14. Total (externa + internal) dose to the red bone marrow of an adult from all
NTStests.
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Figure 3.15. Total (external + internal) dose to the red bone marrow of a child born on 1
January 1951 from all NTS tests.

Figure 3.16. Tota (external + internal) dose to the thyroid of an adult from all NTS tests.
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Figure 3.17. Total (external + internal) dose to the thyroid of a child born on 1 January 1951
from all NTS tests.

3.3 Global Fallout

In the previous section, calculations of the external and internal dose to the
population of the contiguous United States from Nevada Test Site weapons tests were
described. Other tests were conducted at a number of locations throughout the world and
are referred to in this report as global nuclear tests and they produced global fallout. As
noted earlier, the mostly low yield (<100 kT) weapons tests conducted at the NTS injected
amost all of their debrisinto the lower atmosphere (troposphere) where it was deposited
mostly within the contiguous United States. In contrast, the mostly high yield (i.e.,
thermonuclear tests with yields greater than 1 Mt accounted for over 90% of the fission
products produced) tests carried out by the United States, U.K. and U.S.S.R. in the Pacific

and at various sitesin the U.S.S.R. injected most of their debrisinto the stratosphere
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(UNSCEAR 1982, 1993). Thetotal fission yield (see table 3.11) of these tests was about
170 Mt of which only about 1 Mt was from NTS tests. However, because of the long
residence times for the transfer of air between the stratosphere and troposphere (on the order
of 1 year), the fallout from these high yield tests was relatively depleted of short-lived
radionuclides. Thus the total deposition in the contiguous United States of short-lived

radionuclides such as **!1 was considerably lower than that from NTS tests.

The fusion yields estimated to have occurred in the northern hemisphere as a
function of time areindicated in Table 3.11. These values were derived from total yield
values reported in UNSCEAR (1993), DOE (1994), and Mikhailov et a. (1996). Explosions
very close to the equator are conservatively considered to have taken place in the northern

hemisphere.

Table 3.11. Estimates of Fission and Fusion Yields (Mt) by Y ear

Y ear Fisson Yield” (Mt) Fusion Yield (Mt)
1952 6 5
1953 0.04 0.36
1954 31.1 17
1955 1 0.88
1956 9.6 13
1957 4.9 3.9
1958 27 31
1959 0 0
1960 0 0
1961 18 69
1962 72 99
Total 170 240

"Fission yields are estimated because some data remain classified.
Assumptions are: tests smaller than 0.1 Mt total yield were assumed as 100%
fission, tests in the range 0.5-5 Mt, fission were assumed to be 50% fission,
testsin the range 0.1-0.5 Mt were assumed to be 67% fission.
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The debris from the large tests conducted in the Pacific and in Russia was dispersed
throughout the atmosphere resulting in global fallout. Thisfallout was deposited in a
relatively uniform pattern across the United States. The amounts of the longer-lived
radionuclides, such as **'Cs and *Sr were about 10-15 times that from NTS fallout.
However, in this preliminary study, it was not feasible to estimate the deposition density of

31| from global fallout in individual counties with a high degree of confidence.

While much of the fallout from NTS tests, particularly in areas close to the NTS, fell
to the ground without any accompanying rainfall, most of the debris from global fallout was
deposited by precipitation which tended to effectively wash the debris from the lower
atitudes after the material fell from high altitudes where it was originally transferred by the
explosion. Thus, the deposition density of fallout in each county was closely related to the
frequency and intensity of rain, particularly during the months when fission products were at

their peak concentration in the lower atmosphere.

Though a huge body of literature exists regarding fallout from nuclear weapons tests,
the only widespread continuous monitoring of fallout deposition was the global networks of
gummed-film samplers and later precipitation collectors (stainless-steel pots and ion
exchange columns) operated by the AEC’ s Health and Safety Laboratory (HASL) and the
network of air sampling stations along the 80" meridian operated prior to 1963 by the Naval
Research Laboratory and after 1963 by HASL (Harley 1976; Lockhart et a. 1965). The
Public Health Service monitored radioactivity in milk at a number of United States cities
beginning in 1958 and also total beta-activity in air and precipitation at a number of sitesin
the United States beginning in 1957 (Rad. Health Data 1958; PHS 1958). A large amount of

other scattered sources of data are available in reports by investigators at national
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laboratories, universities, and state and local agencies. The HASL, in conjunction with the
Department of Agriculture, also carried out extensive soil sample surveysin 1956, 1958 and
1964-66 (Alexander et al. 1961; Meyer et al. 1968; Hardy et a. 1968). These soil data
provide estimates of the geographical variation in the cumulative deposition density of long-
lived radionuclides such as **’Cs and *Sr. The HASL also carried out nationwide surveys
of external exposure rate in 1962-64, using in situ gamma-ray spectrometry to identify the
contribution of fallout to the total exposureratein air (Beck et al. 1964,1966; Lowder et al.
1964). These exposure rate measurements provide confirmation of the dose estimatesin this

report.

3.3.1 Global Fallout Deposition Density

Global fallout, in general, originated from weapons that derive much of their yield
from fusion reactions. These explosions, conducted by the United States and the U.S.S.R.,
but entirely outside the contiguous United States, produced large amounts of *H and the
intense neutron flux also produced large amounts of **C through the irradiation of nitrogen
in the atmosphere with high-energy neutrons. Though these two radionuclides are created
and/or released mainly by fusion explosions, they are also created in the atmosphere by
some naturally occurring processes. Because ®H and *C enter their respective
environmental pools, and cycle in the environment according to their own chemical
properties, they do not deposit in the same manner as do radionuclides associated with more
insoluble fallout particles. Hence, the usual methods of calculating deposition density are
not appropriate. In order to calculate the dose from *H and *C, it is necessary to estimate
the amount of activity created per unit of fusion energy and to estimate the fusion yieldsas a

function of time. Based on the combination of naturally occurring rates and measurements
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of the concentrations in components of the environment (including man), it has been
possible to estimate the dose per unit release of *H or **C using the specific activity

approach (UNSCEAR 1993).

When considering the transport of the radioactive debris around the world, it is
known that there is little movement of radionuclides across the hemispherical boundary, so
the fusion yield (see Table 3.11) in the northern hemisphereis of primary importance for
this assessment. Most of the fusion tests took place in the northern hemisphere, but with a
substantial number near the equator. The assumption is made here that the radioactivity
created by northern hemisphere fusion tests remained in the northern hemisphere, though

that assumption is somewhat conservative.

For global fallout, the mix of radionuclides of concern differs from that of NTS
fallout for several reasons. The main reason isthat global fallout by definition consists of
radioactive debris that is globally dispersed due to itsinjection into the high atmosphere by
the force of large explosions. Dueto its high-altitude dispersion, over half of the global
fallout typically does not return to earth for one or more years. During this time the short-
lived fission products decay to very low levels and, except for unusual occurrences, the
short-lived radionuclides of concern for NTS fallout are not of concern in the case of global
fallout. Two radionuclides, *°Sr and *3'Cs, however, have long half-lives (about 30 y each)
and do not decay appreciably before they return to earth. These two radionuclides were

studied extensively due to their widespread presence in global fallout.

On the basis of data provided by UNSCEAR (1993) on relative doses from

individual radionuclides produced in the large nuclear devices, a set of radionuclides was
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selected for external and internal dose calculationsin this study (see Table 3.12). The
inclusion of ¥ on the list for internal dose may be surprising, asits half-lifeis only eight
days. The appearance of **!1 in global fallout has tended to be sporadic, but contamination
of milk in the United States from global fallout has been observed on a number of occasions
(e.0., Dahl et al. 1963; Terrill et a. 1963). Possible mechanisms for these sporadic
occurrences have been suggested by Machta (1963) and include the subsidence of large air
masses contaminated with debrisfrom U.S.S.R. tests at its Novaya Zemlya site near the
Arctic Circle, and the penetration of large thunderstorms into the upper troposphere and
stratosphere that resulted in the scavenging of debris from the United States testsin the
Pacific. Deposition density estimates were made for each nuclide contributing significantly
to the external exposure and dose from global fallout during the years 1953-72 (see Table
3.12). The monthly results for individual nuclides deposited from global fallout were
summed to provide annual and cumulative estimates of deposition density for each county as

well as used to derive population-weighted estimates for the contiguous United States.

Monthly deposition densities were estimated for the radionuclides listed in Table
3.12. Plutonium deposition was only crudely estimated and relied on the fact that it is
generally proportional to *Sr deposition (UNSCEAR 1993). The methods used to estimate
the deposition density of the fallout radionuclides from global fallout used records of the
average precipitation for each month in each county of the contiguous United States as well
as available radionuclide deposition density data and results of soil analyses. Monthly
precipitation has been measured at over 8000 National Weather Service cooperative
monitoring sites and data are available for most sites beginning in about 1900. For this

preliminary feasibility study, a single estimate of monthly precipitation was obtained for
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each county for each month from 1953-1972 by averaging the available reported monthly

datafor that county. There are many possible errorsin estimating a monthly precipitation

value, including whether the average data at the monitoring stations are representative of the

entire county or where most of the people resided.

Table 3.12. Radionuclides deposited in global fallout for which deposition densities and

doses were calcul ated.

Used in Internal Globa

Used in External Global Fallout Dose
Radionuclide Half-Life Fallout Dose Calculations Calculations
*H 12.3y X
¢ 5700y X
>Mn 312d X
0gr Dya 288y X X
®zr 64.0d X
®Nb 35.0d X
103Ru, 193MRK? 39.3d X
1Ru, 1°°Rh? 374d X
125gh 2.76y X
13 8.02d X X°
Bics 30.1y X X
1908, 10 g 12.8d X
14ce 32.5d X
144ce, 1pr2 285d X
239+240py 24,100y/ 6560 y

®n equilibrium with parent radionuclide

PPopul ation weighted dose only (not county-specific)

The most important radionuclide deposition density data that are available for global

fallout are the monthly *°Sr deposition density measurements reported by the HASL for

about 30 sites across the United States (HASL 1958-72, USERDA 1977). The number of

monitoring sites varied from year to year with the maximum number in operation during
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1962-1965. Little or no data exist for years prior to 1958. In a separate program, the HASL
monitored total deposition of beta-emitters at about 50 sites from 1952 through 1960 using
gummed film (see Beck 1999, Beck et al. 1990). However, only the data for limited periods
of time following the NTS tests have been reevaluated, and thus the data useful for

estimating global fallout were unavailable for use in this analysis.

In order to estimate the deposition density of **Sr in each county of the contiguous
United States on a monthly basis, it was assumed that the deposition density in any
particular county was proportional to the precipitation that occurred in that county during
that month. Since the deposition density per cm of precipitation has been shown to vary
significantly with latitude and longitude (see Appendix F), it was necessary to develop a

model describing this variation.

It should be noted that this crude model for deposition density of global fallout does
not account for deposition under dry weather conditions. Thisis generally not alarge error
as the fallout under such conditions was probably less than 10% of the total deposition. The
impact of not accounting for dry deposition is most significant for the more arid regions of
the United States. This model as well as other details could be improved in future efforts.
Although the model used to estimate the *°Sr deposition density is fairly crude, a comparison
with the available data for a number of sites where sufficient data are available indicates that

the agreement is fairly good (see Appendix F).

Asfor NTSfallout, all calculations for global fallout were carried out separately for
each county in the contiguous United States, though estimates have not been made for the

states of Hawaii and Alaska. Specifics of those two states, e.g., geography, location relative

84



PREDECISIONAL DRAFT —FOR PEER REVIEW AND PUBLIC COMMENT

to test sites, limited measurement data, etc., put calculations for them beyond the limits of

the feasibility study, though doses for these states could be addressed in future work.

Only two radionuclides were monitored fairly continuously for global fallout, *°Sr,
and for fewer sites and times, ®Sr. The reason for this was that ®Sr at that time was
considered to be the most significant health hazard from global fallout dueto its
incorporation in bone following ingestion of contaminated foodstuffs and because of itslong
physical and biological half-life. Thus, other radionuclides were monitored infrequently and
only at afew sitesin the United States. Because short-lived nuclides such as *Zr-*Nb and
otherslisted in Table 3.12 contributed significantly to external exposure rates, it is necessary
to estimate the deposition density of these nuclides as well in order to estimate the exposure

of the United States population to external gamma radiation.

Because of the sparseness of available environmental measurement data on
deposition of global fallout, a mathematical model which describes the global circulation
patterns that control the dispersion of fallout was used to estimate the activity ratios of
various nuclides to *Sr deposition for periods when no data were available (Bennett 1978).
The model predicts quite well the variation of *°Sr deposition over time (UNSCEAR 1982).
However, the estimates of the deposition density of the shorter-lived nuclides such as **'1 are
much less precise because of the very small number of environmental measurement data that
could be used to calibrate the model. The deposition density of each of the radionuclides
listed in Table 3.12 was estimated for each county and month by multiplying the estimated
%3¢ deposition density for that county and month by the ratios of isotopes estimated for each
month. The estimates for the more important contributors to external dose, **Zr-*Nb and

137Cs are probably quite reasonable since (1) *Zr was measured in precipitation or air at
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several sitesin 1958 and 1961-62 and ®*Sr was measured at arelatively large number of sites

(HASL 1958-72), and (2) the activity ratio of **’Csto *Sr in fallout is relatively constant.

The total deposition of **’Cs from global fallout during the years 1953 through 1972
isshown in Figure 3.18. In general, the lowest values of deposition density occur in the
western, more arid United States. The area of the country from just east of the Mississippi
River to the eastern seaboard was relatively uniform in the amount of **’Cs deposited by
global falout. Table 3.13 givesthe calculated total deposition of each radionuclide and the
population-weighted deposition density from global fallout (1953-1972), and compares
these with the estimates for NTS fallout and estimates for the Northern Hemisphere from

UNSCEAR (1993).

Cs-137 deposition density
(By/m2)
[ Oto 2000
[ 2000to 4000
[ ] 4000to 6000
[] 6000to 8000
Il 8000 to 13000

Figure 3.18. Cesium-137 deposition density due to global fallout.
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This table (3.13) shows that the deposition of long-lived radionuclides from global
fallout is about afactor of 10-15 greater than that from NTSfallout. However, the total
deposition of short-lived nuclides such as **!1 was much less for global fallout than for NTS
fallout. Ingeneral, the deposition density of NTS fallout generally declined as the distance
from NTSincreased. The higher relative proportion of global fallout in the more populous
(and wetter) eastern United States resulted in arelatively higher per capita exposure from

global fallout.

Table 3.13. Tota deposition and population-weighted deposition density of selected
radionuclides for NTS fallout and global fallout (sorted by decreasing half-life).

Total Deposition Popul ation weighted deposition density

(10*°Bq) (kBqm?)
Global
Nuclide Half-life  NTS Global NTS  (thisstudy) Global’
24,100y/

2920py 6560y 0.13 ~0.4 ~0.015 ~0.06 0.06
B¥ics 30.1y 2.3 29 0.26 4.4 5.2
Ogy 28.8y 1.8 19 0.11 29 3.2
1Ry 374d 24 150 2.6 24 24
14ce 285d 40 300 4.6 46 48
®zr 64.0d 220 310 25 50 38
8 505d 330 210 36 35 20
1%Ru 39.3d 430 210 46 35 28
®Nb 35.0d 0 400 0 65 64
14lce 325d 500 210 54 34 21
19983 12.8d 1400 290 140 46 23
3 8.02d 1500 110 190 18 19

"Only for the 40-50 degree | atitude band (UNSCEAR 1993)

3.3.2 Global Fallout External Dose
The exposure rate in air was calculated as an intermediate step to estimating the dose

to an exposed adult (see Appendix F). Doses were calculated from each radionuclide
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present in the soil as aresult of the cumulative deposition density; those calculations used
conversion factors from Beck (1980). The dose contributions from each radionuclide were
summed to estimate the total monthly effective dose, the annual effective dose from external
radiation, and the total effective dose for an individua resident in the same county
throughout the period 1953-2000. Population-weighted (per capita) effective doses were
also calculated by weighting the individual county estimates by the county population
during the time of testing. Asfor external dose from NTS fallout, it was assumed that the
absorbed dose to the red bone marrow and the thyroid (expressed in mGy) is numerically
equal to the effective dose (expressed in mSv), and there is no age dependency in the
conversion factors from exposure rate to effective dose rate. The radionuclides that

contributed most to both gamma and beta-particle exposures are identified.

The calculations that convert exposure rate to dose assumed the activity of all
radionuclides was distributed shallowly in the soil for the first 20 days and then penetrated
deeper (due to rainfall) during the next 200 days, with still deeper penetration at later times.
These concepts are important to the cal culations because as the activity washes to deeper
depths, the ground above it shields people to some extent from the gamma rays emitted by
the radionuclides. The actual rate of penetration into the soil will, of course, vary from site

to site depending on soil type, amount of precipitation, etc.

The geographic distribution of external dose from global fallout is shown in Figure
3.19. Therewas little variation across the United States; in general, external doses received
were 1 mGy or less. This map pertains equally well for the dose to red bone marrow and to

the thyroid gland, both in adults and in children.
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Figure 3.19. External dose to the red bone marrow and the thyroid gland resulting from
global fallout.

The collective dose delivered as afunction of time was investigated by calculating
the collective dose for each county (the product of the average dose for a given county
multiplied by its population) and then summing over all counties. The annual collective
dose versus year of exposureisgiven in Table 3.14. The population-weighted (per capita
dose) dose is a'so shown. The corresponding estimates for NTS fallout are provided for

comparison.
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Table 3.14. Collective dose and population-weighted external dose versus year of exposure

Global Fallout NTS Fallout®
Popul ation- Popul ation-
CollectiveDose ~ weighted Dose  Collective Dose  weighted Dose

Y ear (10° person-Gy) (MmGy) (10° person-Gy) (MmGy)
1951 6.5 0.039
1952 15 0.093
1953 11 0.007 19 0.12
1954 2.8 0.017 0.2° 0.001°
1955 1 0.006 12 0.072
1956 4.1 0.025 0.1° 0.001°
1957 49 0.03 20 0.12
1958 6.8 0.042 0.8 0.005"
1959 7.7 0.047
1960 16 0.01
1961 3.3 0.02
1962 14.5 0.089 4.7° 0.029
1963 12.6 0.077
1964 59 0.036
1965 3.7 0.023
1966 3.0 0.019
1967 24 0.015
1968 2.3 0.014
1969 2.1 0.013
1970 2 0.012
1971 1.8 0.011
1972 1.8 0.011

0.33
1973-2000 34.4 0.211 (1963-2000) 0.0028
Total 119.8 0.74 79 ~0.5

#Based on 1960 United States population of 1.63 x 10°
PFrom previous years fallout.
“Valueisimprecise (Test SEDAN)

From Table 3.14, it can be seen that the collective effective dose and the population-

weighted dose from global external radiation through the year 2000 were about 50% higher
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than those from NTS fallout. The population-weighted effective dose from global fallout
was estimated to be 0.74 mGy. UNSCEAR in 1993 estimated a popul ation-weighted dose
from global fallout in the latitude band 40-50 degrees to be about 1 mGy. Considering the
variations in fallout with latitude discussed earlier in this report, the present dose estimates
and the UNSCEAR estimate agree well. The highest annual per capita doses occurred in
1962 and 1963 and are comparabl e to the annual per capita doses from NTS fallout in 1952,
1953, 1955 and 1957. In fact, the collective dose from global fallout through 1972 was

comparable to that from the NTS for the same period.

As noted earlier, alarge number of fission products are produced in a nuclear
explosion, however, only arelatively few account for most of the external dose. Table 3.15
shows the radionuclides in global fallout that are the largest contributors to lifetime
exposure. The percentages from each radionuclide vary only slightly with location but vary
significantly from year to year as shown in Figure 3.20. Figure 3.21 shows the population-
weighted dose that resulted from each radionuclide and the total as a function of time. The
short-lived radionuclides have been grouped. As can be seen, during periods of testing the
shorter-lived isotopes contribute relatively more to the dose while for years with no testing
the longer-lived radionuclides are dominant. In contrast to the doses from NTSfallout, very
short-lived radionuclides such as **Te-***| and **}| were insignificant contributors to
exposure rates while *Zr-*Nb accounted for alarge portion of the exposure. Most of the
cumulative dose from global fallout was due to *°Zr-*Nb and the longer-lived nuclides.
Cesium-137 and *Zr-**Nb accounted for about 70% of the cumulative popul ation exposure
(see Table 3.15). In contrast, *’Cs contributed only a small amount (about 2%) of the total

dose from NTS fallout.
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Figure 3.20. Contribution to external exposure from global fallout from individual
radionuclides as a function of year.
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Figure 3.21. Time-dependence of external dose (population-weighted or per capita) from
global fallout from individual radionuclides and as sum total.
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Table 3.15. Percentage of external dose contributed by various fission products from global
and NTSfallout.

Global fallout (1953-2000) NTS

Nuclide (%) (%)
*Mn 6 0
%7r-Nb 26 16
97.97M 7y Nb <<1 4
1%Ru 3 6
1%6Ru 6 <<1
1258b 4 < <1
131| < 1 4
1¥2Te| <1 22
133| <<1 4
135| <<1 3
B¥cs 45 2
“BaLa 7 34
14lce <1 <1
1Ce-Pr 2 <<1
239N p <<1 4

3.3.3 Global Fallout Internal Dose

In section 3.2.3, absorbed and effective doses to selected organs from internal
irradiation were presented for representative residents of the 48 contiguous states as a result
of exposure to fallout derived from the tests of nuclear weapon related devices exploded at
the Nevada Test Site (NTS). For that effort, doses from the ingestion of contaminated foods
were estimated for 19 radionuclides and seven progeny products that would have originated
from decay in the body following ingestion. These radionuclides were selected for analysis
on the basis of screening calculations that had been performed previously by Ng et al.
(1990) for the ORERP (Off-Site Radiation Exposure Review Project). Those radionuclides
were estimated to be responsible for about 95% of the total internal dose from the

radionuclides released at the NTS. Most of these radionuclides had relatively short half-
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lives, but were more important in a dosimetric sense than the long-lived radionuclides due to

the rapid transport of the radioactivity into local consumable foods.

In this section, the dose from ingestion of food contaminated by global fallout for the
five radionuclides likely contributing the largest exposures (°H, **C, ®sr, 3!, and **'Cs) is
addressed. Some of the useful information for the reconstruction of these doses comes from
historical measurements. In particular, *°Sr was studied extensively during the 1950s and
1960s and its deposition densities were measured throughout the world. At that time *°Sr
was considered to be one of the most important radionuclides, asit islong lived and, when
injected into the stratosphere, it remained there for afew years before being deposited on the
earth’s surface. It isworth noting that for this feasibility report, the doses from %Sr, 134,
and *¥'Cs were estimated from cal culated deposition densities. Thisisin contrast to the
doses from *H (tritium) and **C that were estimated from the total amount of activity
released in al of the northern hemispheric testing. In general, more accurate doses to
individuals can be estimated from deposition density estimates. Furthermore, it should be
realized that the effective doses from *H and **C are numerically equal to the dose they

deliver to any organ. Thisis a consequence that both °H and **C become uniformly

distributed among body organs due their chemical properties.

The role of *!1 in contributing dose to Americans was considerably different for
global fallout as compared to NTS fallout. Due to the long time required for fallout debris
injected into the stratosphere to fall back to the ground, ***1 dispersed from the high-yield
tests resulted in much less of a health risk compared to that released as part of NTS fallout.
However, from timeto time it was noted that high concentrations of ***{ in milk did occur in

the U.S from global fallout. For thisfeasibility report it has not been possible to estimate the
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deposition density of **| on a county-by-county basis with great accuracy, primarily due to

data limitations.

Due to widespread concern about global fallout and its effects beginning in the
1950s, scientists from many countries have been involved in numerous fallout-related
studies. For example, concern about global fallout was one of the main reasons that led to
the formation of the United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR). That committee has studied global fallout over many years and has
issued a number of assessments of the dose from global fallout with primary interest on
calculating global averages of dose. The dose estimates provided by UNSCEAR (1993) will

be compared to those estimated in this report.

Dose From ®Sr and **’Cs. Ingestion doses from *Sr and **'Cs originating in global
fallout were estimated by a process similar to that used for radionuclides from NTS fallout
(see equation 3.1, this chapter). Monthly average values of the integrated intake were
derived from Whicker and Kirchner (1987) by interpolation of the date-specific values
given. The values used in this study are shown in Figures 3.9 and 3.11 for ®Sr and **'Cs,
respectively. The ICRP (1998) age-dependent dose coefficients for the general public were
used to convert intake to dose. Doses were calculated on a county-by-county basis for

adults and for arepresentative individual assumed to be born on 1 January 1951.

Values of deposition density of *°Sr were calculated on a county-by-county basis
averaged over each month for the years of 1953 through 1972. Values for the deposition
density of *¥'Cs were derived from those of *°Sr by multiplying the *°Sr results by afactor of

1.5 [asimilar relationship has been used by UNSCEAR (1993)].
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31| " For the case of exposure to **!1 in global fallout, very approximate

Dose From
values of deposition density were estimated on a population-weighted basis, as it was not
possible in thisfeasibility study to provide precise estimates on a county-by-county basis.
Age-dependent integrated intake values were derived from the ORERP calculations. The
values used in this study are shown in Figure 3.10. Dose coefficients were taken from the
ICRP (1998), and cal culations were made for adults and for an individual assumed to be
born on 1 January 1951. Because the dose from ingestion of **!| varies strongly with age,

popul ation-weighted values of dose were calculated by considering the age distribution of

the population in 1960 and by calculating a weighted average value of dose.

Popul ation-weighted ingestion doses from **!1 in global fallout from 1953 through
1963 (and the sum) are presented in Table 3.16 and average doses from **!1 in global fallout
for aperson born on 1 January 1951 are presented in Table 3.17. As expected, the thyroid
dose dominates the dose to other organs. Figure 3.22 shows the annual thyroid dose from
31| in global fallout as afunction of year. The years of highest thyroid doses from global

fallout were 1956 through 1958 though the years 1952 through 1954 were nearly as great.
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Table 3.16. Population-weighted (adult) organ doses (mGy) and effective dose (mSv) from
ingestion of **'| deposited in global fallout during 1953-1963.

Thyroid Red Bone Marrow  Effective Dose

Year (mGy) (mGy) (mSv)
1953 4.42 x 10 1.03x 10 2.26 x 10%
1954 251 x 10% 5.84 x 10% 1.28 x 10
1955 6.22 x 10 1.45x 10 3.18x10®
1956 6.41 x 10 1.49x 10% 3.28x 10
1957 4.38 x 10 1.02x 10% 224 % 10
1958 9.38 x 10 2.18x 10%® 4.80x 10
1959 579x 10% 1.35x 10 2.96x 10%
1960 0.00 0.00 0.00

1961 2.34x 10 543 x 10% 1.20x 10%
1962 1.32x 10™ 3.08x 10%® 6.77 x 10
1963 6.71x 10* 1.56 x 107 3.43x10%®

Sum 3.8x10™ 8.9x10% 2.0x 10%

Table 3.17. Population-weighted (child) organ doses (mGy) and effective doses (mSv) to an
individual born on 1 January 1951 from ingestion of **!| deposited in global fallout during
1953-1963.

Thyroid Red Bone Marrow  Effective Dose

Y ear (mGy) (mGy) (mSv)
1953 3.03x 10% 3.17x10% 1.44 x 10%
1954 1.28 x 10 1.34x 10%® 6.08 x 10%
1955 2.98x 10% 3.12x 10" 1.42 x 10
1956 3.96 x 10% 4.14x 10% 1.88 x 10
1957 2.63x 10% 276 x 10%® 1.25 x 10
1958 2.61x10% 4.18x 10% 1.36 x 10%
1959 1.01x 10 1.62 x 10% 5.26 x 10%
1960 0.00 0.00 0.00

1961 6.46 x 10% 1.03x 10%® 3.36x 10%
1962 3.60x 10 5.77x 10%® 1.87 x 10
1963 154 x 10% 2.47 x 10 8.02x 10%®

Sum 15 20x10% 7.5x 10%
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Figure 3.22. Cumulative (1953 through 1963) thyroid dose as a function of birth year. The
cumulative dose for an adult, or a person who was born in 1935 or before is about 400 uSv.
Dose From °H and **C. The assessment of dose from *C is particularly difficult,
duetoitslong half-life of 5730y. The UNSCEAR (1993) has assessed the inter-generational
dose due to this radionuclide, and under such considerations, it is the most significant
radionuclide in global fallout. The relative importance of **C is much lessif only the dose
during thefirst 50y is considered. Furthermore, the global carbon cycleis complex — as
evidenced by the current controversy over global warming due to the release of carbon
dioxide — and dose assessments must rely on complicated models. Thus, the projections of
dose into the future for this radionuclide are only approximate, but estimates of dose through

the year 2000 are firmly based upon measurements of **C in food, water, and humans.
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Doses for ®H and **C — two globally dispersed radionuclides — were calculated on the
basis of the specific activity approach which differs considerably from the methods used for
other radionculides that depend on first estimating deposition density. Asthefusionyieldin
the northern hemisphere is an important input to the calculation for both radionuclides, the
data shown in Table 3.11 were used as input values. Another important input is the amount
of ®H and *C that are created per Mt of fusion. These values are given by UNSCEAR

(1993) as 740 PBq Mt for °H and 0.67 PBq Mt™ for *C.

Doses from *H were calculated with use of the NCRP (1979) model which simulates
the worlds hydrological cycle through the use of seven compartments consisting of
atmospheric water, surface soil water, deep groundwater, surface streams and fresh water
lakes, saline lakes and inland seas, ocean surface, and the deep ocean. The use of the
hydrological cycleis appropriate, as most of the *H released isin the form of tritiated water
or is soon converted to that form in soil. Calculations also consider the specific activity of
®H in the various water compartments and the rate of change among the compartments.
Example results of the dose over time from the release of 1 PBq of *H to the northern
hemisphere are shown in Figure 3.23. The annual dose decreases rapidly with time after the
release due to the mixing of the released °H into the larger compartments. The summary
result of the data shown in that figure is that the release of 1 PBq of *H to the atmospherein
the northern hemisphere would result in a dose of 0.38 nSv to each person living in the

hemisphere.

For comparison, a rough estimate of the dose from naturally occurring *H can be
made on the basis of the estimated natural production rate of 37 PBqy™ per hemisphere and

the measured concentrations of *H in surface waters. The annual absorbed dose in tissue
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these val ues a rough estimate of the dose from *H (through the year 2000) is

Annual dose, nSv per PBq

Figure 3.23. Annual dose as a function of time following the release of 1 PBq of *H to the
atmosphere of the northern hemisphere. Results are based upon the NCRP (1979) model of
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tritium in the hydrological cycle.

The dose from the release of **C can be assessed in arather similar way, although the

carbon cycle is much more complicated. Asdiscussed in UNSCEAR (1982, 1993), the

natural production rate of **C is about 1 PBq, and the resulting equilibrium specific activity

produces an annual effective dose of about 0.012 mSv. A calculation similar to that of

Equation 3.3 could be made, but it would be potentially misleading due to the very long
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half-life of **C and the very long time (more than one individuals life time) to achieve
equilibrium. Thus, in order to calculate doses over the first 50 y from the release of 'C, a
compartment model for the global circulation of carbon was used. The model chosen is that
of Titley et al. (1995), which isthe latest model that has been widely accepted and builds on
previously accepted models. The Titley et al. model is complicated, and contains 23
compartments with separate compartments of two to four layersin each ocean. Carbonis
considered to be in the form of CO,, which is the only form that can enter the food chain.
The model takes into account temperature changes, photosynthesis in the surface layers of

the oceans, and transfers of carbon down the water column.

Example results of model calculations are shown in Figure 3.24, which isa plot
showing the annual doses from the release of 1 PBq of “C to the northern hemisphere. The
summary result of the data shown in that figure is that the release of 1 PBq of *C to the
atmosphere of the northern hemisphere would result in adose of 0.0007 mSv to each person

living in the hemisphere.
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Figure 3.24. Annual effective dose normalized to intake (mSv Bq?) following the release of
1 PBq of *C to the atmosphere of the northern hemisphere. Results are based upon the
model of Titley et a. (1995).

The calcul ated effective dose to representative persons from *H and **C in global

fallout is summarized in Table 3.18. Doses from 1952 through the year 2000 are presented

there.
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Table 3.18. Effective dose (mSv) from ingestion from the creation or release of *H and **C
during the testing of large fusion weapons in the Northern Hemisphere.

14C 3H 14C
Fusion °H Effective Effective Fusion Effective Effective
Yield Dose Dose Yield Dose Dose
Y ear (Mt) (mSv) (mSv) Y ear (Mt) (mSv) (mSv)
1952 5 0.001 0.000032 1977 - 0.00018  0.0026
1953 0.36 0.0002 0.0001 1978 - 0.00016  0.0024
1954 17 0.0034 0.00024 1979 - 0.00014 0.0023
1955 0.88 0.00069 0.00051 1980 - 0.00012 0.0021
1956 13 0.0028 0.00068 1981 - 0.00011 0.002
1957 3.9 0.0013 0.00095 1982 - 0.000097 0.002
1958 31 0.0063 0.0013 1983 - 0.000087 0.0019
1959 0 0.0011 0.0017 1984 - 0.000078 0.0019
1960 0 0.00058 0.0019 1985 - 0.000069 0.0019
1961 69 0.014 0.0024 1986 - 0.000061 0.0018
1962 99 0.021 0.004 1987 - 0.000056 0.0018
1963 - 0.0038 0.0054 1988 - 0.000051 0.0017
1964 - 0.002 0.0056 1989 - 0.000046 0.0017
1965 - 0.0014 0.0062 1990 - 0.00004 0.0017
1966 - 0.0011 0.0063 1991 - 0.000036 0.0016
1967 - 0.00086 0.0058 1992 - 0.000033 0.0016
1968 - 0.00071 0.0053 1993 - 0.000031 0.0015
1969 - 0.00059 0.0048 1994 - 0.000028 0.0015
1970 - 0.0005 0.0044 1995 - 0.000025 0.0015
1971 - 0.00043 0.0041 1996 - 0.000023 0.0014
1972 - 0.00038 0.0038 1997 - 0.000021 0.0014
1973 - 0.00033 0.0035 1998 - 0.000019 0.0014
1974 - 0.00028 0.0032 1999 - 0.000017 0.0014
1975 - 0.00024  0.003 2000 - 0.000015 0.0013
1976 - 0.0002 0.0028
Total = 240 0.066 0.12

Internal Doses From Other Radionuclides. The estimates of the population-
weighted internal radiation doses from deposition of globally dispersed *Sr and *¥'Cs during

the years of 19531972 are summarized in Table 3.19. The dose from **'Cs to tissues and
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organs other than the colon are essentially the same as the effective dose. The total

popul ation-weighted effective dose from both *Sr and **'Csiis estimated to be 0.17 mSv.

Wide variationsin the total population-weighted dose occurred throughout the country,

ranging from 0.007 mSv (Imperial County, CA) to 0.38 mSv (Alpine County, CA) in the

Sierra Mountains.

Table 3.19. Total population-weighted organ (mGy) and effective doses (mSv) from the
deposition of 90Sr and 137Cs in global fallout during 1953-1972. Upper values are for
adults; lower values are for a person born on 1 January 1951.

Individual organ or Effective dose

Adult
Bone
surface Colon Red marrow Thyroid Effective

Radionuclide  (mGy) (MGy) (mGy) (mGy) (mSv)
Ogy 0.54 0.017 0.24 0.0086 0.037
Bics 0.16 0.16 0.15 0.14 0.14

Person born on 1 January 1951

Oy 1.6 0.034 0.53 0.0023 0.087
Bics 0.13 0.16 0.16 0.12 0.12

Asinthe case of NTSfallout, individual county estimates for global fallout ingestion

doses are imprecise. Hence, it is not worthwhile to attempt to identify the counties predicted

as having the highest or lowest ingestion doses from global fallout. Until the precision of

dose estimates is examined in detail, only generalizations can be drawn. Hence, the

accompanying maps should only be used to envisage the approximate geographic pattern of

doses from global fallout.
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Figures 3.25 and 3.26 show the geographic distribution of the estimated internal dose
to red bone marrow from global fallout, and the sum of external and internal dose to red
bone marrow (both for adults), respectively. As can be seen, the geographic pattern of doses

reflects pattern of **’Cs deposition density from global fallout shown in Figure 3.18.

Figure 3.27 shows the internal dose to red bone marrow in children. The ranges of
doses received by children were similar to that for adults; however, the portion of the

country covered by the 1 to 3 mGy range is larger for children.

Figure 3.25. Internal dose to red bone marrow of an adult from global fallout.
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Figure 3.26. Total (externa + internal) dose to the red bone marrow of an adult from global
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Figure 3.27. Tota (external + internal) dose to the red bone marrow of achild born 1
January 1951 from global fallouit.
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Comparison To Dose Estimates From UNSCEAR and Other Sources. One
important means of corroboration of the doses estimated here is through a comparison to the
doses published by the United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR 1993) for the 40°-50° latitude band that includes part of the United
States. The UNSCEAR dose estimates are from global fallout, originating from the large
explosions conducted by the United States in the Pacific Region and by Russia near the
Arctic Circle, whereas the doses calculated in this report are for local and regional fallout
from the relatively small tests at the NTS. Calculated doses are population-weighted doses
for adults and focus on cumulative effective dose with the only age correction having been
made for doses from **!1. A comparison of total dose arising from the ingestion of

contaminated foods is shown in Table 3.20.

In addition, data presented to the United States Congress by Terrill (1963) on
concentrations of radionuclides in milk were used to perform calculations useful for
validating the assumptions and models used in thisreport. The results of those comparisons

areshownin Table 3.21.
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Table 3.20. Comparison of total fallout doses from internal irradiation from NTS and from

global fallout sources.

Cumulative Population-Weighted Effective Dose (mSv)

This project UNSCEAR (1993)

Radionuclide  Nevada Test Site Global fallout?® Global fallout®
*H - 0.066° 0.048
e - 0.12° 0.078°
Fe 0.014
8gr 0.017 0.0023
Ogy 0.0037 0.037 0.17
gy 0.0000065
Zr 0.00015
“Mo 0.001
1%Ru 0.0038
196Ru 0.0072
1%Rh 0.000086
%210 0.0078
13 0.25 0.020 0.032
133 0.0019
1¥6¢cs 0.0036
Bics 0.01 0.13 0.28
19Ba 0.012 0.00042
%3ce 0.0004
14ce 0.0053
14'Nd 0.0011
28y 0.0000009
239+240py 0.0012 0.0005
241py 0.000087 0.000004
2Am 0.0015

Total 0.33° 0.4° 0.63

& Averaged over the United States.
® North temperate zone (40°—50°).

¢ To the year 2000.

4 The UNSCEAR (1993) value of 2.6 mSv was multiplied by a factor of 0.03, the
portion estimated to be delivered in 50 y.
® Incomplete sum for the radionuclides considered.
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Table 3.21. Comparison of effective dose from reported concentrations of *Sr, **!1, and
137Cs in milk with predicted doses from models used in this report.

Effective dose to adults (uSv)

From Anspaugh (2000), see

Time Period From milk concentration Appendix G
Psr | F'cs s 2 Bics

1960 1.3 0 0.74 0.81 0 3.0
1961 1.3 25 0.74 0.84 1.2 3.6
1962 2.1 4.0 3.3 44 6.8 17
1963, first
quarter 0.64 <0.31 1.3 0.69 0.034 0.48

In general, the results of this comparison are considered to be satisfactory and
indicate that there are no gross errors in the assumptions used in the modeling process.
Comparisons such as this can never be perfect and agreement within afactor of two or sois
considered very good. Further refinements of the models, however, could likely improve

the model predictions.

3.4 Comparison of NTS and Global Fallout Doses

As noted earlier, the small nuclear tests conducted in the atmosphere at the NTS
would not have created significant of amounts of *H and **C in comparison to the large
amounts that were produced by the much larger tests of fusion devices in the atmosphere
conducted by the United States in the Pacific Region and by Russia near the Arctic Circle.
For that reason, those two radionuclides were not included in the assessment of doses from

the NTS.

Also as discussed earlier, radioactive debris from the NTS originated from relatively

small explosions, and much of the debris remained within the lower regions of the
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atmosphere. Thus, alarge fraction of NTS debris was deposited within the United States
during the first few days following the explosions. Rainfall was an important determinant of
the amount of NTS fallout deposited in each county, but also important was the distance
fromthe NTS. Thus, the variation in the amount of NTS fallout deposition among the

countiesislikely to be larger than it would be for global fallout.

In general, the cumul ative effective dose from the NTS was dominated by short-lived
radionuclides, such as 1, ¥sr, and *°Ba. In contrast, the estimates of cumulative dose

from global fallout were dominated by long-lived radionuclides, such as **’Cs and *°Sr.

A summary of population-weighted doses (effective external and organ doses for
thyroid and red bone marrow) is presented in Table 3.22. The population-weighted external
effective doses were similar (0.5 mGy for NTS, 0.7 mGy for global). The internal dose
from **11, however, differed significantly for the two sources of fallout (5 mGy from NTS, 1
mGy from global). Lower iodine doses from global fallout were aresult of the decay of the
relatively short-lived *!1 (8 d half-life) as it was transported globally from sites worldwide.
Conversely, red bone marrow doses were significantly larger for global fallout (about 0.8
mGy) compared to NTS fallout (about 0.08 mGy). The larger red bone marrow doses result
from long-lived radionuclides, e.g., ®Sr and **'Cs, which can persist in the environment and

in man and can deliver their dose over many years time.
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Table 3.22 Summary of population-weighted effective (mSv) and organ doses (mGy) from
NTS and global fallout as a result of exposure to the most important radionuclides. Unless
otherwise specified, the values are for adults at the time of the tests.

NTS Fallout Global Fallout

Red Bone Red Bone
External  Thyroid Marrow External  Thyroid Marrow
(Effective) Internal Internal (Effective) Internal  Internal

Dose Dose Dose Dose Dose Dose
Radionuclide Half-life  (mSv) (mGy) (mGy) (mSv) (mGy) (mGy)
*H 12.3y 0.066  0.066
4c 5700y 0.12 0.12
*Mn 312d 0.04
8 50.5d 0.001  0.031
0.0009 0.23
Ogy 285y 0.024 0.002* 0.53
%Zr-Nb 64.0d 0.08 0.19
9Zr-Nb 16.7 h 0.02
1%Ru 39.3d 0.03 0.02
1Ry 374d 0.001  0.002 0.04
125gy 2.76y 0.03
4.9 0.39 0.00009
13 8.02d 0.02 28 0.001 1.5 0.0002%
¥27e| 3.2d 0.11 0.06 0.001
133) 0.9d 0.02 0.04
¥6cs 13.2d 0.002  0.002
B37cs 301y 0.01 0.009  0.009 0.33 0.13 0.13
1“BaLa 12.8d 0.17 0.006 0.051
14ce 285 d 0.02
“Np 2.36d 0.02
Total 0.5 5 0.1 0.7 0.7 0.6
(rounded) 307 22 0.9%

& Child born 1 January 1951

3.5 Summary
The radioactive fallout released from nuclear testing at the Nevada Test Site (NTS)
and at other sites worldwide resulted in a combination of many exposures of short duration

(primarily from the NTS) as well as a continuum of exposures (from global fallout) to the
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American people. Figure 3.28 shows the combined deposition density from NTS and global
fallout (a summation of Figures 3.2 and 3.18) for **’Cs. The deposition density in the

eastern half of the United States is dominated by the contribution from global fallout.
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Figure 3.28. Cesium-137 deposition density due to NTS and global fallout.

It is possible to mathematically sum the doses received from both NTS and global
sources though it should be understood that there are numerous assumptions inherent in such
calculations. In particular, summing the doses implies that a person lived continuously in a
county and was there during the entire fallout and exposure period. Furthermore, inherent in
the estimates is the assumption of a representative person, either one who was an adult at the
time of fallout or who was a child born on 1 January 1951. The representative personis one
with moderate consumption habits who livesin structures that provide a specific level of

shielding from external radiation. With these assumptions in mind, the following maps are
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provided to summarize the geographic variation in total dose received from weapons testing

fallout at both the NTS and other northern hemisphere locations.

Figure 3.29 shows the estimated external dose to red bone marrow from NTS and
global fallout combined. Figure 3.30 shows the estimated internal dose to red bone marrow

from NTS and global fallout combined for a child.

Figures 3.31 and 3.32 show the estimated total dose (externa plusinternal) to red
bone marrow from NTS and global fallout combined. Figure 3.31 isfor adults, while Figure

3.32isfor children.
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Figure 3.29. Externa dose to the red bone marrow of an adult resulting from NTS and
global fallout.
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Figure 3.30. Internal dose to red bone marrow of a child born 1 January 1951 from NTS and
global fallout.
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Figure 3.31. Tota dose to the red bone marrow of an adult from NTS and global fallout.
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Figure 3.32. Total dose to red bone marrow of a child born 1 January 1951 from NTS and
global fallout.

In addition to the maps, a number of general and specific points can be concluded

from the calculations and discussion presented in this chapter. Those points follow.

3.5.1 NTSFallout

¢ Residents of the contiguous United States received external radiation exposure from
nuclear weapons tests carried out at the Nevada Test Site during the period 1951-
1962. The average committed collective dose from all NTS tests was about 0.5 mSv,
equivalent to approximately 1-2 years of external radiation exposure from natural

background.

¢ Residents in the counties immediately downwind from the NTS received much higher
exposures than the average, in excess of 3 mSv, while people in the western and
northwestern United States and some areas of the Midwest and Southeast received
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much less than the average. Most of this exposure occurred with the first 3 weeks
after each test and was due to relatively short-lived radionuclides.

Most of the effective external dose received by each person was from gammarays
emitted by fission products deposited on the ground. The actual dose received by any
individual depended on the fraction of time he/she spent outdoors during the first few
weeks after fallout and the degree of shielding provided by his/her dwelling. The
most exposed individuals at any particular location would have been outdoor workers
or others who spent most of their day outdoors.

Betaradiation from fission products in the surface soil resulted in an additional dose
to the skin when outdoors. However, this contribution was not large enough to be
considered an important component of total fallout radiation exposure except perhaps

for children who played in the soil for very long lengths of time.

About 1/3 of the fission products produced by NTS explosions was deposited within
the area of the contiguous United States. A larger percentage of the fallout from
surface and tower tests was deposited in the United States.

Doses were calculated for 61 of the most significant events that occurred at the NTS
during 1951, 1952, 1953, 1955, 1957, and 1962. The total cumulative population-
weighted internal effective dose was about 0.68 mSv.

The larger proportions of the total ingestion dose from NTS fallout resulted from the
tests of Operation Plumbbob conducted in 1957, Operation Tumbler-Snapper in 1952,
and Operation Upshot-Knothole in 1953. The largest contribution from any single
event is estimated to have been from Project SEDAN, a cratering experiment in 1962,
although the precision of the estimated doses for that event islow due to the absence

of information regarding its fission yield and other factors.

lodine-131 dominates the ingestion dose received by the American public from tests
at the NTS. Other than the doses from 3| to the thyroid, doses to other organs are
much smaller and are less than the dose that was estimated to have resulted from

external exposure to NTS fallout.
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¢ Theradionuclide **'| was by far the most important contributor to collective effective
dose from ingestion and accounted for nearly 90% of the total age-corrected
collective effective dose. The thyroid is estimated to have received by far the largest
collective organ dose of 2,000,000 person-Sv. Most organs received a collective dose
of about 15,000 person-Sv; other than the thyroid, the organs receiving the higher
doses were the colon (56,000 person-Sv) and the bone surface (31,000 person-Sv).

¢ The moreimportant contributors to internal dose from NTS fallout, other than **!1,

were the short-lived radionuclides ®°Sr and 1*°Ba.

¢ Thetota contribution of internal dose from **?py, even from inhalation, is

relatively small compared to other radionuclides.

¢ Theresults provided here establish that a reconstruction of external and internal (i.e.,
ingestion) doses from NTSfallout is feasible, though this conclusion is contingent on
availability of estimates of deposition density for each radionuclide of interest.

3.5.2 Global Fallout

¢ Theresults presented in this report are not intended to be definitive estimates of the
geographical and temporal variationsin global fallout across the United States. They
are preliminary estimates though they do demonstrate the feasibility of making such

estimates given sufficient data.

¢ Fallout from atmospheric tests resulted in a per capita external radiation exposure of
about 0.7 mSv to the population of the United States, about one and one-half times as
great asthat resulting from NTS fallout. However, residents in the states immediately
downwind from the NTS received much higher than average exposures from NTS
fallout while the exposures in the western and northwestern United States and some
areas of the Midwest and Southeast were much less than the average. The doses from
global fallout were more uniformly distributed across the United States with
differences from place to place reflecting differences in average precipitation. Thus,
residents of countiesin the eastern and Midwestern United States that received above
average rainfall were impacted more than the residents of the more arid Southwestern
states. Since the states downwind from the NTS that were affected most by the NTS
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fallout are, in general, more arid than the eastern United States, the areas most
affected by NTSfallout werein general least affected by global fallout.

Annual per capita doses from global fallout were comparable to annual doses from
NTS falout during the years of testing. However, most of the exposure from the
NTS tests occurred within the first 3 weeks of each test and was due to relatively
short-lived radionuclides. In contrast, the exposure from global fallout occurred over

amuch greater span of time, thus the dose-rate was more uniform with time.

The actual dose received by any individual depended on the fraction of time he/she
spent outdoors and the degree of shielding provided by his’her dwelling. The most
exposed individuals at any particular location would have been outdoor workers or
others who spent most of their day outdoors. Betaradiation from fission productsin
the surface might have only been important for children who played in the soil for

significant intervals of time.

In contrast to fallout from the NTS, where most of the external exposure was due to
the short-lived radionuclides (primarily **?1-*¥*Te and **Ba-*°L a), *zr-**Nb was the
major contributor to external dose from global fallout during the years of testing. The
cumul ative dose through 2000 was dominated by the long-lived **’Cs. Cesium-137
present in soil continues to result in asmall radiation exposure to the public even at
the present time. Aswasthe case for NTS fallout, the most exposed individuals were
outdoor workers, and the least exposed were persons who spent most of their time

indoors in heavily constructed buildings.

The more important contributors to internal dose from NTS fallout were short-lived
radionuclides (***1, #sr, and 1*°Ba), whereas for global fallout the more important

contributors to internal dose were long-lived radionuclides (**'Cs, *Sr, and *C).

Deposition density of short-lived radioactivity (e.g., **'I) cannot be easily estimated
for global fallout. Reconstruction of deposition densities of short-lived activity would

require review of all relevant literature to supplement the presently sparse data.

Doses from the NTS and global sources would have been received at different times,
primarily during the 1950s for NTS fallout and during 1963-1965 for global fallouit.
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¢ Thisreport has demonstrated that it is feasible to estimate the exposure of the
population of the United States from global fallout as afunction of location and time.
However, the monthly estimates for individual counties are probably quite imprecise
and the deposition density and exposure rate probably varied significantly from place

to place within a county, particularly for counties with large variations in topography.

3.6 Considerationsfor Further Research
There are numerous possible subject areas that can be researched for the purpose of

improving the preliminary dose estimates provided in this report and to provide a more
complete historical record of the nature of the releases from the weapons testing and the
resulting exposures received by Americans from NTS and global fallout. These areas
primarily have emerged from noting the limitations of the input data and available models to
conduct the work reported here. The research items provided here can generally be
categorized as those related to (1) availability of nuclear test data, (2) improvement in

models, (3) inclusion of specific locations, and (4) public health.

3.6.1 Possible Research Related to Availability of Nuclear
Test Data

¢ The ability to estimate fallout deposition density from NTS tests was made possible
by the calculations based on cloud measurements of the production of the various
fission products from each test. However, the composition of the radioactive debrisis
very dependent on the energies of the neutrons produced in the explosion. Useful
information for improving dose assessments would include a comparison of such data
for tests carried out by the United States and U.K. in the Pacific aswell asfor tests
carried out in the Soviet Union. These comparisons may require the declassification

of certain data.

¢ Also classified isthe fraction of the total yield of each nuclear test that resulted from

fission as opposed to fusion. Again, thisinformation will be needed to make more
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accurate estimates of deposition density and resultant doses from tests held outside
the United States. In some cases, even the exact value of the total yield is classified.
Since tritium is a by-product of fusion, any information on the amount of tritium
released from a particular test is probably also classified.

¢ Declassification of the fission yields and ratios of **’Cs/Pu activity, particularly for
NTS tests, would allow for more accurate estimates of plutonium deposition density
across the United States.

¢ Inaddition to improving the input data, the deposition density estimates and doses
might be improved if additional data can be located on the ratios of the deposition of
the various nuclides as a function of location in the United States. Thiswould require

searching all available archives.

3.6.2 Possible Research Related to | mprovement in M odels

¢ The models used to estimate exposure rates and deposition densities until now have
been crude. In addition, monthly and individual county estimates are imprecise
particularly for estimates of short-lived radionuclides such as**!1 from global fallout.
However, comparisons made to date with environmental measurements suggest that
the overall geographical distribution of fallout and external dose to the United States
population, and the per capita or the collective dose, are all reasonabl e estimates.
Hence, the issues raised in this report are primarily oriented towards improving

location-specific (e.g., county) doses.

¢ There are avariety of ways that considerable improvements in models could be made,
thus allowing for more accurate estimates of deposition densities and doses for
particular time periods, particularly for years prior to 1958, as well as more accurate
predictions of the geographical variation at any particular time. In particular, by
weighting the various precipitation measurements in a given county by the population
one might be able to calculate a population-weighted *°Sr deposition density that in
turn would allow a better estimate of the dose to atypical resident of that county than
the present estimate. An analysis of the gummed-film data for the years prior to
1958, in amanner similar to that carried out for NTS fallout (see Beck et al. 1990;
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NCI 1997), might also allow better estimates of deposition density as a function of
location for years prior to 1958. A further assessment of the variationsin
precipitation within counties might identify some local hotspots and populations that
were exposed to much higher doses than presently known. Areas with large amounts
of thunderstorm activity during months of testing could be identified since this was
believed to be one mechanism that resulted in episodes of high fallout of short-lived

radionuclides such as .

By determining the precision of data used for critical parametersin each of the steps
used in this preliminary study, one could estimate a credibility interval for the
estimated monthly doses for each county in a manner similar to that provided by NCI
(1997). Without such a systematic analysisit is difficult to assess the validity of any
particular county’s monthly dose estimate.

Additional data could also be used to develop a more sophisticated, higher resolution,
model of the distribution of global fallout *°Sr specific activity with latitude and
longitude. This might be accomplished using atechnique such as kriging to provide
estimates of specific activity that vary smoothly across the country. A more
sophisticated model would also attempt to account for the impact of “dry” deposition
inarid locations. A thorough review and assessment of the vast amount of other
scattered sources of data might also allow the estimates of isotopic ratios for
particular months to be improved. It may also alow improvementsto the
atmospheric model used for estimating nuclide ratios, which would then allow oneto
more confidently utilize the model for periods with no data. Because the current
effort was limited in scope and resources, only a small subset of the vast literature
could be evaluated and utilized.

lodine-131 may have been a significant contributor to global fallout ingestion dose.
The present preliminary results suggest **!1 deposition density was comparable to that
from the NTS in many areas of the country. However, due to the lack of actual data,
amuch more comprehensive effort will be necessary to provide estimates of **!{
deposition density and associated uncertainty comparable to those estimated for NTS

fallout. Thiseffort would include development of a model for the likely geographical
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variation in the deposition of short-lived radionuclides across the contiguous United
States.

¢ A number of minor contributors to external exposure were not considered in this
preliminary assessment. Small quantities of ®Co, an activation product, were
measured in fallout at some sites during 1962-63, as were small quantities of 2*Sh
and **Cs. Small quantities of radioactive tracers were also released during testsin
1958 (***W) and 1962 (**Rh). None of these nuclides are believed to have
contributed significantly to doses to individuals. Also not considered in this study
was the deposition of afew radionuclides that may contribute in a minor way to

ingestion exposure such as *°Fe, 2*?py, 'py, >Am and **Tc.

3.6.3 Possible Research Related to Inclusion of Specific
L ocations

¢ Theestimatesin thisreport do not include the impact from tests conducted after 1963
by Chinaand France. The atmospheric tests by Chinain particular, although the total
fission yield was only about 20 Mt, were conducted at mid latitudes in the Northern
Hemisphere and did result in additional exposures to the population of the contiguous
United States during the 1970s and early 1980s.

¢ Anadditional need for further study would be to estimate the doses to the populations
of Alaskaand Hawaii. These states were not included in the present analysis since
they represent special unique situations: Hawaii due to its proximity to the Pacific
weapons testing area and Alaska due to its proximity to Soviet testing sites.

3.6.4 Possible Research Related to Public Health

¢ There are anumber of public health related topics that should be considered for future
research. These include the determination of individual and life-style related
characteristics that would assist in identifying high-risk subpopulations, the inclusion
of in utero exposures and exposures to nursing infants in the dose calculations, and
refinements to current methodol ogies for making more precise estimates of dose for
representative individuals.
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Chapter 4

Potential Hedlth
Conssguencssfrom
Expoauredf the
United Sates
Populationto
RadioactiveFallout

Contents. This chapter provides a brief summary of what is currently known about the
health consequences of low level radiation exposures. The feasibility of analyzing the risk of
cancer and non-cancer health outcomes resulting from fallout is discussed. Methods for
estimating the number of cancers expected to occur in the United States population as a
result of fallout exposure areillustrated for total cancer and leukemia using dose estimates
provided in Chapter 3. Issuesrelating to the uncertainty in these estimates are described.

4.1 Introduction

Health effects of radiation exposure have been extensively studied and documented.
These effects are diverse and vary with radiation doses. From the preliminary dose
estimates presented in Chapter 3, it is clear that the health effects of interest with regard to
fallout radiation are those that can be attributed to relatively low dose radiation exposure;
the estimated thyroid dose averaged over the population of the entire country is about 10
mGy while the average bone-marrow dose is about 2 mGy. For most individuals, the doses
are expected to have been less than 1,000 mGy for the thyroid gland and less than 100 mGy
for bone marrow. At these dose levels the most important health effect islikely to be

cancer, which typically occurs many years after the exposure. On an individual basis, the
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risk of developing excess cancers as a consequence of exposure to low dose radiation is
considered small. However, on a population basis, widespread exposure of large numbers of
people to fallout may potentially lead to alarge number of excess cancers and hence a public
health problem. One goal of this chapter is to familiarize the reader with the weight of
evidence linking cancer with low dose radiation exposure and to evaluate the magnitude of

the impact of fallout radiation on the cancer burden of the United States population.

In addition to cancer, some non-cancer diseases have been reported to occur as late
effects of radiation. Some of these are of neoplastic in nature, though benign in their
behavior (benign tumors). Recent data from the Japanese atomic bomb survivor studies
suggest that the risk of certain diseases of non-neoplastic nature such as heart diseases may
also be increased after exposure to radiation; however, the magnitude of therisk is
considerably uncertain, especialy at low dose levels, and plausible biological mechanisms

involved are unclear (Shimizu et al. 1999; Kodama et al. 1996).

Quantifying the risk of cancer and non-cancer health effects depends on the
availability of information about the disease-exposure relationship from high quality
observational studies (e.g. epidemiologic studies). Using thisinformation, several
standards-setting organizations and scientific committees have already devel oped
mathematical models for estimating cancer risks to populations exposed to specified doses
of radiation. (NAS 1990; ICRP 1991; NRC. 1993; EPA 1994; UNSCEAR 1994, 2000).
However, much |ess has been done to quantify non-cancer disease risk. Thus, whilethereis
little question that estimates of the fallout-related lifetime risk of cancer for the United
States population can be obtained if dose estimates are available, only a qualitative

assessment of risk can be provided for non-cancer health effects. Cancer risk estimates are
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appropriately represented by a range of numbersin order to account for the large uncertainty
in these estimates. Therefore, the question remains as to whether or not these uncertain
estimates of population risk (that is, the likely number of additional cancer cases) will be

useful for developing public health policy.

This chapter provides an overview of what is currently known about the relationship
between radiation exposure and cancer and other late-occurring health effects. Two issues
fundamental for understanding this relationship between radiation and health effects, dose
response and time response patterns of the risk, are examined. Additionally, this chapter
provides preliminary estimates of cancer risk resulting from exposures from atmospheric
nuclear weapons testing and indicates the degree of uncertainty in these estimates. While
the main emphasis of this chapter is on cancer as a health effect of radiation exposure, non-

cancer health effects are also discussed.

4.2 Health Effectsof lonizing Radiation

The most relevant sources of scientific information on the health effects of ionizing
radiation are the large number of epidemiological studiesthat have been conducted to date.
One of the most important investigations of radiation health effectsis the epidemiological
study of alarge cohort of Japanese atomic bomb survivors. The continuing follow-up of this
cohort provides information on long-term health risks associated with radiation exposure
and is the major contributor to quantitative risk estimates. Othersinclude studies of
occupational groups such as uranium miners and nuclear production workers, populations
exposed to radiation as aresult of living in areas contaminated with fallout from nuclear

weapons tests, and adults and children exposed for medical (diagnosis or treatment of
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diseases) and other reasons. Contributions to quantitative risk estimates from most of these
studies are much less than from the atomic bomb data, except for the uranium miner data for
radon-related risks. Laboratory studies of animals, microorganisms, and cells grown in vitro
also provide information helpful in understanding the mechanisms of radiation-induced
diseases. The data accrued from new or continuing epidemiological and laboratory studies
are regularly reviewed and updated by international and national organizations such as the
United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), the
International Commission on Radiological Protection (ICRP), the National Academy of
Sciences (NAS) and the National Council on Radiation Protection and M easurements
(NCRP). Reports from these organizations provide comprehensive information on health
effects of radiation. The overview presented in this chapter islargely drawn from
conclusions and summaries derived by these national and international expert groups and are

supplemented by additional literature considered relevant for this report.

421 Cancer (Malignant Tumors)

Before discussing radiation-induced cancer risk, a brief overview of the possible
biological basis of cancer formation isrelevant. It is currently thought that cancer (and
possibly some other late effects) reflects DNA damage (mutations). The exact mechanisms
by which radiation (or any other cancer-causing agent) leads to cancer are not completely
understood. However, it is generally believed that the development of cancer requires a
series of mutations accumulated over many years. Some of these mutations occur
spontaneously. Others result from exposure to any of a wide range of mutagens, including
radiation. Since many years may have to passfor an irradiated cell or its progeny to acquire

sufficient mutations to present itself as clinical cancer, it may take years before excess
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cancers accountable to radiation exposure are recognized. The process of incurring DNA
mutations from radiation is thought to be random in nature. Thus, the probability of cancer
resulting from radiation exposure is a function of the number of affected cellsand is
dependent on radiation dose. The excess cancers that arise as aresult of radiation exposure,
with or without contributions from other agents, are not distinguishable from those occurring
due to other reasons. At present there are no established biological markers that can

characterize radiation-induced cancers.

As noted previoudly, conclusions and inferences about the cancer (and other health)
effects of radiation are drawn from statistical associations obtained from epidemiological
data. Resultsfrom laboratory experiments are also considered to judge the biological basis
or plausibility of the epidemiological data. The principal feature of the cancer risk
associated with radiation is that the probability that a person will develop cancer dueto
radiation exposure depends on such factors as the dose received, age at exposure, attained
age (or time since exposure) and gender. The relationship of cancer risk to radiation doses
(dose response) is essential in estimating the risk at low doses, and the time pattern of the
risk associated with age isimportant in projecting the resulting cancer increase in exposed

populations.

The way excess cancer risk increases with an increasing radiation dose is
mathematically described by a dose response curve (dose response function or model), and
the shape of this curve isimportant in estimating the risk at low dose levels. There are basic
limitations in estimating the cancer risk at low doses using epidemiological data. At low
doses, the cancer risk becomes so small relative to the background risk that it may not be

possible to find and study alarge enough exposed population to detect the small risk.
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Furthermore, the background cancer rates often vary by amounts that are comparable to or
even greater than the low-dose radiation risk that the study intends to detect. So evenif a
sufficiently large population were available, it would not be possible to rule out the
potentiality that biases may actually explain the observed difference. Despite these
limitations, much progress has been made recently in estimating the cancer risk at low

doses.

Although the Japanese atomic bomb study is generally regarded as a high dose study,
about 80% of the survivorsin this cohort received doses that were less than 100 mSv (Pierce
et a. 1996). Thus, substantial information can be obtained on low-dose risk from this study.
Moreover, the atomic bomb survivor study has several important advantages over other
studies including size of the cohort (about 87,000 exposed persons of both genders and all
ages, who were exposed to a wide range of doses distributed throughout the body), and a
follow-up period of more than 5 decades. The dose response for solid cancers (cancers
excluding leukemia and other cancers of the blood and blood forming organs) obtained from
this cohort datais remarkably linear. In other words, the increasein risk is directly
proportional to the increase in dose. The data do not suggest the existence of athreshold
below which there is no excessrisk (Pierce et a. 2000). Unlike solid cancers, the
relationship between radiation dose and leukemiarisk is non-linear (either linear-quadratic
or quadratic) indicating less of an increasein risk per unit dose at low dose levels than high

dose levels.

Studies of nuclear workers have a potential of providing more direct data on the
cancer risk associated with protracted exposures to low doses of radiation. However,

because of very low doses, most of the individual studies do not have adequate statistical
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power to detect small effects. To overcome this problem, the International Agency for
Research on Cancer (IARC) carried out an international pooled analysis of data from studies
of nuclear workersin the United States, Canada and the United Kingdom (Cardis et al.
1995). The combined cohort in this analysis includes 95,000 people with a mean dose of 40
mSv and represents over 2 million person-years of follow-up. A statistically significant
dose response was found for leukemia but not for other cancers. The confidence intervals
for both risks of leukemia and of cancers other than leukemia are still considerably broad but
that they are consistent to those estimated from the atomic bomb survivors exposed to single

doses of radiation.

In general, two distinctly different time-response patterns - one for leukemia and the
other for solid cancers - are recognized. Acute exposure to radiation isfollowed by the
excess risk of leukemia, beginning shortly after exposure, increasing with time, reaching its
peak 5-10 years after initial exposure, and then declining gradually thereafter. The time-
response pattern is strongly dependent on age at exposure, and generally the younger the age
at exposure, the steeper theinitial rise and faster the subsequent decline (Preston et al. 1994,
Pierce et al. 1996). Similar time response patterns are seen in populations with protracted
exposure. In contrast to leukemia, the excessrisk of solid cancer, starting 5-10 years after
exposure, increases gradually and continues to rise as the background cancer rates increase
with age. The latest data from the atomic bomb survivor cohort suggest that the excess solid
cancer risk may be persistent for many decades after exposure and remain throughout life
(Pierce et al. 1996). The excess risk of solid cancer is also dependent on age at exposure for
most types of cancer; those exposed at younger ages have relatively high risk compared to

those exposed at older ages. How the cancer risk behaves over timein relation to age at
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exposure, time after exposure and attained age is still not completely understood. More
definitive answers to this issue are expected from continued follow-up of the atomic bomb
survivors. Further discussion of the relationship between radiation and some specific
cancersfollows. Radiation-related excess risks have been observed for cancers of many
parts of the body. Since exposures to radiation from fallout result in higher doses for the
thyroid glands and bone marrow, thyroid cancer and leukemia (which originates in bone

marrow cells) are first discussed, followed by other cancers.

4.2.1.1 Thyroid Cancer

Thyroid cancer isone of the less fatal forms of cancer (Ries et al. 2000). The excess
risk of thyroid cancer associated with exposure to external radiation (x-rays and gamma
rays) has been widely studied and iswell established (Ron et al. 1995). Age at exposureis
the most important factor that modifies the radiation-induced risk: risk decreases
dramatically with increasing age at exposure. In the atomic bomb studies, the excess thyroid
cancer cases are primarily seen in those who were exposed at ages less than 20 years
(Thompson et al. 1994). The carcinogenic effect of radiation is prolonged and persists at
least 40 years after exposure during childhood. Although thyroid cancer occurs 2-3 times
more frequently in women than in men, men and women are equally affected by radiation in
terms of relative excessrisks. In absolute terms, however, this means that more women are

afflicted with thyroid cancer than men for a given amount of radiation.

In the case of fallout, internal exposure to *!1 isamajor concern, but the internal
exposure effect has been less extensively studied. Studies of people who received
treatment for medical reasons (non-cancer thyroid diseases) have not shown a demonstrable

excess thyroid cancer risk. However, this should not be interpreted to suggest the lack of the
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carcinogenic potential of **!1 because the large majority of the study subjects were adults at
the time of **'| administration, not allowing inferences on childhood exposure. The thyroid
ismore radiosensitive in children than in adults, possibly due to differences in metabolism
or concentration of radionuclides (Mettler and Upton 1995). It is noteworthy that following
the Chernobyl accident, dramatic increases in childhood thyroid cancer cases were reported
in areas heavily contaminated with radioactive fallout including **!1. This has suggested a
strong carcinogenic potential of *!1 on the thyroid in infants and children, but the presence
of other radioactive contaminants and limited and uncertain dose estimates are among the
major obstacles in developing more precise risk estimates. Thus, the relative biological
effectiveness of *1 to induce thyroid neoplasia (malignant or benign) remains the subject of

considerable uncertainty.

4212 Leukemia

Leukemiais among the rarer forms of cancer, but there is a considerable amount of
epidemiological information on the risk of leukemia from radiation exposure. Thismay in
part be due to the higher relative risk compared to other cancers and the relatively short
period of time for the leukemogenic effect to be manifested. There are various sub-types of
leukemia, the frequencies of which are age dependent. Most leukemias found in childhood
are acute lymphocytic types whereas chronic myeloid and chronic lymphocytic types make
up alarge proportion of adult leukemias. Radiation has not been found to increase the risk
of chronic lymphocytic leukemia, which represents about half of adult leukemia casesin the

United States and other western populations.

There are some differences in the shape of the dose response for various non-chronic

lymphocytic leukemias reported from the atomic bomb survivors and other studies, but they
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are likely to reflect the uncertainty due to small numbers of cases or different dose
distributions. As noted previoudly, thereis clear evidence of non-linearity in the dose
response that indicates the risk (per unit dose) is lower if given in asmaller dose. However,
this dose response pattern is based on analyses of the total dose received. Theissue
regarding fallout is whether a chronic cumulative dose (from fallout) is equivalent in risk to
afractionated or acute dose. Therefore, it is of special interest to see whether chronic or
fractionated exposure to radiation leads to a lower risk than expected from acute exposure
(doserate effect). Asdiscussed earlier, alarge international study of radiation workers
(chronic exposure) suggests that the range for the elevated leukemia risk among workers
receiving chronic low dose exposures is consistent with the risk estimates obtained from the
atomic bomb survivor studies (acute exposure). A number of studies are underway to
further address this issue, including updating and expanding the worker study and follow-up

of exposed populations in the former Soviet Union and other countries.

4.2.1.3 Other Cancers

Excess cancers due to radiation exposure occur in awide variety of body sites
although different organs and tissues have different sensitivities to this cancer-causing agent.
In addition to leukemia and thyroid cancer, cancer types for which excess risks have been
reported include cancer of the salivary glands, esophagus, stomach, colon, liver, lung, bone,
urinary bladder, ovary, female breast, skin, thyroid, and brain and central nervous system.
Evidence is currently inconclusive for non-Hodgkin’ s lymphoma and multiple myeloma and
isweak for establishing aradiation effect for a number of other cancer types such as
Hodgkin’s Disease, cancers of the pancreas, prostate, testis, uterine cervix, uterine corpus,

small intestine, pharynx, larynx, and nasal cavity and certain childhood cancers such as
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retinoblastoma and Wilm’s tumor (Boice et al. 1996; NAS 1990; UNSCEAR 1994
UNSCEAR 2000). As previousy noted, factors such as gender, age at exposure,
characteristics of the exposure such as the type of radiation and the rate at which dose was
received, as well as exposures to other risk factors (e.g. smoking), and susceptibility factors

influence the risk of specific cancers resulting from radiation exposure (NAS 1990).

4.2.2 Benign Tumors
The induction of benign tumors appears to be similar to cancer induction, but benign
tumors are almost always non-fatal, with the exception of brain tumors. Several issues
related to studying benign tumors, as summarized in the next paragraph, have limited the
conduct of research. Despite this, some progress has been made in studies of benign tumors,
and data available to date suggest radiation exposure is capable of causing excess benign

tumors, especially of the thyroid.

Benign tumors are difficult to identify adequately and their diagnoses also difficult to
validate for epidemiological studies. Because the medical significance of benign tumors can
be minor compared with malignant tumors, benign tumors are not routinely reported to
cancer registries, do not usually require hospitalization, and are rarely the underlying cause
of death listed on death certificates. Autopsy studies and screening programs are potentially
useful sources of information, but the differing levels of effort in tumor diagnosis
complicate these investigations and can lead to biased ascertainment of cases. The limited
data available presently suggest that the risk of benign tumors increasesin direct proportion
(linearly) to radiation dose and the rate of increase in risk with dose is generally similar to

that for cancer. The risk of benign tumors following radiation exposure appears to persist
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for many years, but currently only limited information is available on the modifying effects

of gender and age and time patterns.

Radiation-associated benign tumors tend to occur in the same organs and tissues as
malignant tumors, such as the thyroid glands (Schneider et al. 1993) salivary glands
(Schneider et al. 1998; Land et al. 1996; Modan et al. 1998), parathyroid glands (Fujiwara et
al. 1992; Schneider et al. 1995), gastrointestinal tract (Ron et al. 1995), female breast
(Tokunaga et al. 1994), and central nervous system (Ron et al. 1988; Schneider et al. 1985).
For fallout exposure, tumors of the thyroid are the major concern because of the potential for
relatively high exposure to radioactive iodine. Thyroid adenomas are the major benign
tumor of the thyroid and present themselves as nodules. Thyroid adenomas do not appear to
have amalignant potential. Childhood exposure to external radiation, such as from the
atomic bombs or given for medical reason, has been linked to excessrisk of thyroid
adenomas (Ron et al. 1989; Shore et al. 1993; Y oshimota et al. 1995). Therefore, one could
expect that internal irradiation to radionuclides resulting from fallout exposure is capable of
increasing the risk of benign thyroid tumors. Although the limited data currently available
from Utah (based on small numbers) support this (Kerber et a. 1993), there are no data that
provide quantitative information on risk estimates. Studies are currently ongoing on benign
thyroid tumorsin other irradiated populations, such asin Chernobyl, Ozyorsk in Russia and

Kazakhstan.

4.2.3 Other Diseases (Non-Neoplastic Diseases)
Exposure to ionizing radiation can directly affect health by damaging the structure
and function of various tissues and organs in the human body. Clinical manifestation of an

effect is thought to occur after a sufficient proportion of cells are affected by radiation
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exposure (Mettler and Upton 1995). Thiswould imply that there may be adose level under
which no health risk is observed. Most radiation-induced non-neoplastic diseases are
believed to occur through this process, and the | CRP has estimated threshold dose levels for
certain deterministic effects for the reproductive organs, eyes, and bone marrow (ICRP
1991). Non-neoplastic diseases do not represent a major concern for fallout exposures that
usually are below threshold values. However, non-neoplastic diseases are discussed here
because of new data coming out of the atomic bomb survivor study as well as studies of
various exposed populations around Chernobyl. Concern has been expressed by members of
the public regarding non-neoplastic diseases and radiation, particularly, non-neoplastic

thyroid disease.

4.2.3.1 Thyroid Disease

Clinical experience has demonstrated that exposure to high-dose radiotherapy to the
head and neck or radioiodine therapy for thyrotoxicosis causes subsequent non-neoplastic
thyroid disease (IOM 1999; Maxon and Saenger 1996; Barsano 1996; UNSCEAR 1993).
The response at lower levels of exposure is not well understood. Results from studies of
environmental exposures have been inconsistent. The occurrence of non-neoplastic thyroid
disease in relation to environmental radiation exposure has probably been best studied in the
various populations near the Chernobyl nuclear power plant. Asaresult of the Chernobyl
accident, these populations were exposed to amix of radioiodines, which included **!1, other
shorter lived radioiodines, and *’Cs among others. Besides thyroid cancer, non-neoplastic
thyroid conditions have been investigated in children who were exposed to fallout from the
accident. The largest study reviewed, which addresses both neoplastic and non-neoplastic

thyroid abnormalities, comes out of the screening program conducted by the Chernobyl
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Sasakawa Health and Medical Cooperation Project (Sasakawa Memorial Health Foundation
1994; Sasakawa Memorial Health Foundation 1995). In thislarge examination program,
carried out in about 160,000 children less than 4 years of age at the time of the accident, no
increased risk of hypothyroidism, hyperthyroidism or goiter related to radiation exposure
was found. Reviewing these and other Chernobyl data, UNSCEAR has recently concluded
that there has been no increased risk of thyroid abnormalities, with the exception of thyroid
cancer in those exposed at young ages, in affected populations following the Chernobyl

accident (UNSCEAR, 2000).

4.2.3.2 Other Non-Neoplastic Diseases

Anincreased risk of heart disease following high doses of radiation therapy has been
reported previously (Mettler and Upton 1995; Hancock et al. 1993). More recently, the
atomic bomb survivor data have shown a small excess risk for non-neoplastic diseases,
mostly heart disease and stroke (Shimizu et al 1999). The excess non-neoplastic disease in
the atomic bomb survivorsis seen at alevel below that given for medical purposes.
However, the shape of the dose response is not clear, especially at low dose levels, from the
current data. A linear dose response cannot be ruled out but the data are al'so consistent with
the possibility of essentially zero risk below 0.5 Sv. No animal experiments have shown
cardiovascular changes following this level of low-dose exposure, so the biological
mechanisms for non-neoplastic disease related to low-dose exposure are currently
speculative. Given the lack of a clear dose-response curve, no quantitative assertions on

non-neoplastic risks resulting from radiation exposures can be made conclusively.

There has not been any demonstrable inherited adverse health effect, including

untoward pregnancy outcome, birth defects or cancer, in a cohort of over 70,000 children
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whose parents were exposed to radiation from atomic bombs in Hiroshima and Nagasaki
(Neel and Schull 1991). This suggests that the excess health risks inherited from radiation-
exposed parents are very small and much less than those found for people who were directly

exposed to radiation.

4.3 Risk Analysis

The large amount of epidemiological and experimental data on the health effects of
exposure to radiation, and specifically the quantitative data that relates cancer to radiation
dose, makes it possible to estimate the risk as well as the likely number of people developing
cancer as aresult of fallout radiation exposure. Asnoted earlier, several national and
international scientific committees periodically review the literature relevant to radiation
risk assessment, and recommend models for estimating risks of several types of cancer.
These models can then be used to estimate risks — or number of cases to be expected - which
result from exposures of specific populations, such as those among the United States
population alive during the years of fallout and exposed to itsradiation. In contrast, little
has been done to attempt to develop similar models to quantify non-cancer diseaserisk. As
observed in previous sections of this chapter, agreat deal is still unknown about the

relationship between radiation and non-cancer health effects.

Because models for estimating risks of cancer have been developed by several
groups of investigators, thereislittle question that estimates for risk of cancer for the United
States population resulting from fallout exposures could be obtained if dose estimates are
computed. It must be noted, however, that the populations and exposures for which risk

projections are needed nearly always differ from those for which epidemiological data are
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available. This means that resulting risk projections must be based on assumptions about
which there is considerable uncertainty. This raises the question of whether or not uncertain
estimates of population risk (that is, the likely number of additional cancer cases) can be
useful for developing public health policy. To address this question, preliminary example
estimates of population risk are provided later in this chapter. Additionally, the degree of
uncertainty in these example estimates is evaluated. First, however, various measures of risk
are defined, a description of how cancer risk models have been developed and applied is
provided, and the major sources of uncertainty in the risk estimates obtained from these
models are discussed. This section on risk analysis focuses primarily on cancer as a health
effect of radiation exposure; however, non-cancer health effects are also discussed.
Although the discussion of risk measures, model development, and uncertainty are framed in

terms of cancer risk, the concepts reviewed are applicable to non-cancer risk as well.

4.3.1 Measuresof Risk

An important measure of risk that has been emphasized in most recent risk
assessmentsisthe ‘lifetimerisk’ or probability that a given radiation exposure will lead to
death from cancer in the remaining lifespan of the individual. Although radiation risks have
commonly been measured in terms of mortality, projections of lifetime risks of cancer
incidence can also be made. Mortality and incidence are both of interest, the former because
it can be considered the most serious adverse effect of exposure and the latter because it
more fully reflects the public health impact. The measures of lifetime risk that are
emphasized here are the risk of radiation-induced death or radiation-induced cancer

incidence.
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As previously noted, epidemiological data generally support the use of linear dose-
response relationships for most cancers, that is, arelationship in which risk is proportional to
dose. For thisreason, lifetimerisk, at least at lower doses, is usually specified by a
numerical coefficient expressing the risk per unit of radiation dose. This means that the
lifetime risk resulting from a specific dose can be obtained by multiplying the ‘lifetime risk

coefficient’ by the radiation dose.

‘Lifetimerisk coefficients depend on gender and age at exposure, because both
sensitivity to radiation exposure and the years of life remaining for cancer to develop depend
on these factors. Lifetime risks for an entire population can be estimated by first carrying
out the calculations for each age at exposure and gender and then averaging the risks
according to characteristics of the population of interest. Overall risk coefficients presented
in reports such as those of the National Academy of Science’s BEIR V Committee (NAS
1990), the International Commission on Radiologica Protection (ICRP 1991), or the U.S.
Environmental Protection Agency (EPA 1994, 1999) have usually been obtained as averages
reflecting the age-gender composition of a specified population. For example, the most
recent EPA estimates (EPA 1999) reflect the 1990 population of United States. Although it
is recognized that there is considerable variation in risk from a given dose of radiation
among individuals within any population, ‘lifetime risk coefficients’ are summary measures
that provide information on the average risk for a group that shares common characteristics.
Available epidemiological data make it possible to obtain estimates that are specific for
categories defined by age at exposure and gender, but are inadequate to take account of all

factorsthat affect risks. Hence, these average risks are useful for estimating overall public
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health impact, but are much poorer for estimating the likelihood of an individual developing

cancer.

In evaluating risks from fallout exposure, there isinterest not only in risks for the
overall United States population, but also for groups of people living in certain geographic
locations or for groups born near to the same time. Within those groups, there may be
considerable variation in the doses that individuals have received. However, multiplying the
‘lifetime risk coefficient’ by the average dose for the group will yield an estimate of the
averagerisk. Multiplying this average risk by the size of the population will then yield the
estimated number of radiation-induced cancers in the population that may occur in addition

to those expected without any nuclear fallout exposure.

43.2 Risk Model Development

Thefirst step in developing risk estimates isto develop amodel for describing the
relevant epidemiological data. This means expressing age-specific cancer mortality or
incidence rates as a function of baseline cancer rates and parameters that characterize the
relationship between risk and radiation dose. The risk from radiation is often expressed as a
function of dose, age at the time of exposure, time since exposure, gender, and sometimes
other factors. A model that describes the epidemiological data can then be used to calculate
the lifetime risk for a group of people with specific ages at exposure and gender. To do this,
one essentially follows the group forward in time and cal cul ates the risk of developing a
radiation-induced cancer at each age subsequent to the age at exposure. Thisrequires
probabilities of survival to each subsequent age, and these are obtained from life tables, and
may also require background rates, which are usually obtained from cancer mortality vital

statistics for the population of interest (or incidence ratesif cancer incidenceisto be
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estimated). For more detail on risk model development, the reader is referred to Bunger et
al. (1981), Thomas et al. (1992), or any of several reports from international committees and
agencies that provide risk models (NAS 1990; UNSCEAR 1994; ICRP 1991; UNSCEAR,

2000).

4.3.2.1 Uncertaintiesin quantifying risk dueto radiation

As noted above, risk models cannot precisely predict the number of health effects;
hence, all risk projections are inherently uncertain. The more important assumptions and
associated uncertainties involved in estimating risks in persons exposed to doses from

fallout in the United States are discussed below.

Uncertaintiesin the epidemiological data. Estimates obtained from

epidemiological data are subject to random or chance fluctuation, which is referred to as
“statistical uncertainty”. This source of uncertainty can be quantified, and is often expressed
by presenting 90 or 95% confidence intervals that reflect arange of valuesthat are
reasonably compatible with the data. Statistical uncertainty tends to be larger when risks are
small than when they are large, and thisis the primary reason that risk estimates have been

based mainly on epidemiological datafrom populations exposed at high doses.

Uncertainties also come about because of imperfect disease detection and diagnosis
and errorsin the dose estimates that are used. In particular, mortality studies often rely on
death certificate information, which is often inaccurate, especially for providing information
on specific types of cancer. In addition, because epidemiological studies are not controlled
experiments, estimates of risk may be biased (that is, may be too high or too low) by

unknown factors that differ by level of dose. For example, if subjects with higher doses
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tended to smoke more than subjects with lower doses, estimates of lung cancer risks
resulting from radiation exposure could be biased. Thistype of biasis known as
confounding, and is especially problematic in studying popul ations where radiation risks are

small.

Extrapolating to low doses and dose rates. Probably the most important source of

uncertainty in risk estimates for persons exposed to fallout radiation is the extrapolation
from high to low doses and high to low dose rates. Preliminary estimates presented in
Chapter 3 indicate that most doses from weapons testing fallout are orders of magnitude
smaller than those that have been used to estimate risks, and in addition, they are received at

low doserates.

Estimates obtained directly from epidemiological data on populations exposed to low
doses and low dose rates, such as nuclear workers, are very imprecise (Cardis et al. 1995).
The few studies of persons exposed to fallout are also inadequate for estimating risks with
any precision. With small doses, the increased cancer risk from radiation is very small
relative to the baseline cancer risk, so that random fluctuation and the possibility of
confounding make it difficult if not impossible to detect risk or to estimate it with any

precision.

For thisreason, it is necessary to extrapolate from risks estimated for persons
exposed to much higher doses and dose rates than those received from fallout. Specifically,
data on atomic bomb survivors have played an important role in developing models for risk
estimation. Although the atomic bomb survivors include individuals who were exposed at

low doses, risk estimates derived from these data tend to be driven by those doses exceeding
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1 Gy (1000 mGy). To alesser extent, medically exposed populations have also been used in
developing risk estimates, and these also primarily involve relatively large doses. Usually,
linear dose-response functions in which cancer risk is proportional to radiation dose have
been used to extrapolate from high to low doses. Although most epidemiological data are
compatible with such a relationship, other models such as a linear-quadratic relationship
cannot be excluded. Because experimental data have suggested that risk per unit of doseis
lower when radiation is received at low rates than when it is received at high rates, linear
estimates of risk at low doses and dose rates are often reduced by afactor known as the dose
and dose rate effectiveness factor (DDREF). A factor of 2 for the DDREF has been used in
several risk assessments, but the magnitude of the factor, or whether it isneeded at al, is
uncertain. Some think that there may be a threshold, that is a dose below which thereis no
risk, though as noted previously (Section 4.2.1), this hypothesis is not supported by currently

available data.

Because of the large uncertainty in the risks associated with exposures at |low doses,
the National Academy of Science's BEIR V committee (NAS 1990) did not publish
estimates of risk for single doses below 0.1 Gy (100 mGy), and also noted the possibility of
norisk at very low doses. It should be noted that with the exception of dose to the thyroid,
most doses from fallout that were estimated for this feasibility report are much smaller than
0.1 Gy, and preliminary estimates of average doses tend to be in the range of 0.001 to 0.003

Gy (1-3mGy). The uncertaintiesin estimating risks at these low doses are especially large.

Transfer from Japanese atomic bomb survivorsto the United States population.

Another important source of uncertainty results from applying risks estimated from studying

a particular exposed population to another population that may have different genetic and

148



PREDECISIONAL DRAFT —FOR PEER REVIEW AND PUBLIC COMMENT

lifestyle characteristics and different baseline cancer risks. Specifically, the application of
risk estimates based on Japanese atomic bomb survivors to a United States populationisa
concern, particularly for estimating risks of specific cancers for which baseline rates differ
greatly between the two populations. For example, colon cancer rates in Japan are less than
half those in the United States, whereas liver cancer rates in Japan are several times as great
asthose in the United States; colon and liver are two of the cancer sites where fallout doses
may be of concern. To address this general problem, the NAS BEIR V committee
calculations were based on the assumption that relative risks resulting from radiation
exposure were proportional to baseline risks, whereas the earlier NAS BEIR I11 committee
based their estimates on the assumption that risks (on an absolute scale) did not depend on
baseline risks, and thus would be similar for Japanese and United States populations. Some
recent efforts have used intermediate approaches with allowance for considerable

uncertainty (EPA 1999; NIH 2000).

Differencesin relative biological effectiveness (RBE). Some doses from fallout

involve internal exposure from **!{

- which primarily exposes the thyroid gland - and from
other radionuclides that expose a variety of organs including colon, liver, kidney, red bone
marrow, and bone surfaces. By contrast, Japanese atomic bomb survivors were primarily
exposed to external gamma rays, with some exposure to neutrons. This means that both
dose rate and the uniformity of the dose within the organ may be different for fallout
exposures compared with doses to atomic bomb survivors. The manner that this might

affect risk is not known with certainty. The ratio of the tissue damage resulting from equal

doses of different types of radiation is known as the relative biological effectiveness or RBE.
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Projection of risks over time. Many of the atomic bomb survivors who were young

at the time of the bombings (1945) are still aive, and thustheir risks at older ages - when
baseline cancer risks are largest - have not yet been studied. Thisisalso true for other
exposed groups who are being studied. Thus, estimating lifetime risks for those exposed at
very early ages and who have lived for decades afterwards requires assumptions about the
time-response patterns of disease. Recently developed risk models for cancers other than
leukemia and bone cancer are based on the assumption that, after aminimal latent period,
the risk (measured on a scale relative to the baseline cancer risk) remains constant over the
entire lifespan. This could possibly overestimate risk if the relative risk decreases over time
asis suggested by some epidemiological data (Pierce et al. 1996). For leukemia, therisk to
those exposed early in life seems to have decreased to near zero by 20-30 years following
exposure (Preston et al. 1994); however, there is some uncertainty in risks for the period 2-5
years following exposure since data on atomic bomb survivors are not available before

1950.

Quantifying uncertainties. Recently, there has been increased attention to

guantifying the degree of uncertainty in risk estimates [NCRP 1997; EPA 1999; and NIH
2000]. The approach that istaken isfirst to quantify the uncertainty from each of several
sources by specifying distributions, or the probabilities associated with arange of plausible
values. For most uncertainty sources, this requires subjective judgments by those
conducting the analysis. For this reason, intervals reflecting uncertainty are often referred to
as“credibility intervals’ instead of confidence intervals (which are usually determined by

more rigorous statistical procedures). In order to allow flexibility in the distributions used to
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indicate the uncertainties in the separate sources, computerized simulations, called Monte

Carlo caculations, are often needed.

In evaluating the uncertainty in the risk estimated for a group of individuals exposed
to aparticular level of dose, it is necessary to include the uncertainty in the dose estimate.
Doses estimates are subject to several sources of uncertainty as discussed in Chapter 3. In

principle, the uncertainty in dose can be included in risk calculations.

4.3.3 lllustrationsand Discussion of Problemsin Estimating
Cancer Risks From Fallout Doses

In this section, the problemsinvolved in estimating risks of several types of cancer
areillustrated. With the exception of the thyroid cancer, the examples were developed using
approaches that could be applied quickly, and are given for illustration only. The results
presented here need careful re-evaluation if a more detailed dose and risk assessment for

radioactive falout is undertaken.

4.3.3.1 Thyroid Cancer Risks From Internal Exposure From ™!

A detailed evaluation of dose to the thyroid gland from **| from testsin Nevada has
already been conducted (NCI 1997). Dosesto the thyroid are predicted to be much larger
than those to other organs. Results of this feasibility study indicate most of the dose to the
thyroid isfrom NTS rather than global fallout. Sinceit isdose received in childhood that is
important in evaluating thyroid cancer risks, consideration of global fallout likely would
increase the thyroid cancer estimates for the United States (discussed in this section) by
about 10% (Table 3.22). Land (IOM 1999) has already evaluated risks of thyroid cancer

(see Appendix A), and estimated that between 11,300 and 212,000 thyroid cancers would be
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expected to occur among the United States population from exposure to **1 from the NTS
with a median estimate of 49,000. The risk coefficient used in this evaluation was based on
apooled analysis of data from seven epidemiological studies of persons exposed externally
(Ron et al. 1995). Because both thyroid doses and ‘ lifetime risk coefficients' depend
strongly on age at exposure, the calculation of Land gave separate consideration to different
ages at exposure with the largest risks for the youngest age groups and with no risk for those
exposed at ages 20 and older. Although the range of predicted cancer cases did not include
all sources of uncertainty, it included two of the most important sources — statistical
uncertainty and uncertainty in the estimated average dose. Estimates of lifetime risks for
groups of individuals sharing certain characteristics could have aso been made, such as
groups defined by age at exposure and geography. For example, based on tables describing
the Land calculations (Appendix B of the Institute of Medicine' s review of NCI’ s fallout
report), the average lifetime risk for the entire United States for persons exposed under age 5
can be estimated to be about 0.002 (or about 1 in 500), while no risk is estimated for persons
exposed at ages 20 and older (IOM 1999). The uncertainty estimates for specific groups are
likely to be larger than that for the population as awhole. This example for thyroid cancer
illustrates the feasibility of estimating risks. In addition, the wide range in the number of
thyroid cancer cases predicted (11,300-212,000) illustrates the large uncertainty that such

estimates carry.

4.3.3.2 Total Cancer Risksfrom External Exposureto NTS and
Global Fallout

For tissues other than thyroid, the preliminary dose estimates in Chapter 3 suggest

that the contribution from external dose is larger than that from internal dose. Specifically,
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the per capita external dose over the period 1951-2000 from both NTS and global fallout is
estimated to be about 1.2 mGy (Table 3.14), whereas, with the possible exception of bone
surfaces, internal dose even to the more heavily exposed tissues is likely to be less than this.
External dose can be expected to expose all tissues of the body in a reasonably uniform
manner so that estimating the risk of all cancersisimportant. Anideal assessment would
evaluate risks for each year of birth taking account of the age at exposure in each subsequent
year. An assessment for groups exposed in separate geographic areas could also be made to
the extent that doses can be estimated for such groups. However, because a substantial
portion of the external dose is from exposure to global fallout, geographical variability may

be much less than for internal dose.

Several scientific committees and groups have provided models for estimating the
risks of all fatal cancers combined. Here, we apply the ICRP (1991) coefficient of 5% per
Sv for total cancer mortality. To predict the number of cancers that would occur, itis
necessary to consider the size of the exposed population. The population doses given in
Table 3.14 are based on the assumption that the population was 163 million (1960
population) throughout the period 1951-2000, which does not allow for increases in the
United States population over time. For the purpose of thisillustration, we have made a
crude correction by using a population of 250 million (1990 population) for the exposure
received in the years 1973-2000, resulting in atotal population dose of 217,000 person-Sv.
Applying the ICRP coefficient of 5%, it can be estimated that about 11,000 extra cancer
deaths would be predicted to occur among the United States population alive during the
years of fallout. These 11,000 deaths would be spread out over the period extending from

the 1950s through much of the 21% century, and would be in addition to the far larger
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number of cancer deaths that occur every year in the United States; for example, about
500,000 cancer deaths occurred in 1990 (Bureau of the Census 1997) and about 40 million
cancer deaths might be predicted to occur over a 75-year period. Cancer incidence estimates
(including non-fatal cases) would be about double those for cancer mortality (Ries et al.
1996), resulting in a prediction of about 22,000 radiation-induced incident cases. Inthis
preliminary evaluation, we have not attempted to provide detail on the distribution of the

excess deaths and cases by birth cohort, gender, or by age and calendar year of occurrence.

Another perspective is provided by evaluating risks for the 3.8 million people bornin
the United Statesin 1951 (Bogue 1985), a group that would, on average, have received
larger doses at earlier ages than those born earlier or later. The average dose for this
population is estimated to be about 1.2 mSv resulting in a popul ation dose of about 4600
person-Sv. If the ICRP coefficient of 5% per Sv is applied, about 230 cancers would be
predicted to result from this exposure (arisk of about 1 in 16,500). However, because much
of the dose would be received in childhood for this group, risks might be larger; for
example, calculations shown in UNSCEAR (1994) indicate that risks for those exposed
under age 20 might be 2 or 3 times risks for those exposed in adulthood. 1t seems unlikely,
however, that consideration of age at exposure would result in an estimate of more than
1000 excess cancersin this group (about 1 in 3800). Since more than 20% of all deaths are
due to cancer (Greenlee et al. 2000), this can be contrasted with about 760,000 cancer deaths

that might be predicted in this group in the absence of radiation exposure from fallout.

Risks for other birth cohorts could also be evaluated and would have smaller risks
than those for the 1951 cohort. For example, the 1931 birth cohort would receive about the

same external dose, but it would all be received in adulthood. The number of excess fatal
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cancers predicted in the 2.5 million persons born in 1931 (Bogue 1985) would be about 150,
compared to about 500,000 fatal cancers that would be predicted in the absence of fallout
exposure. Thiscan be further contrasted to risk estimated for persons bornin 1971. The
average dose for this birth cohort is only about 0.23 mSv (dose received by the year 2000),
with most of this dose received in childhood. The predicted number of excess fatal cancer
among this cohort of 3.6 million personsis likely to be less than 100, compared with about
720,000 cancer deaths that would be predicted in the absence of fallout. Estimates for the

1931, 1951, and 1971 bhirth cohorts are summarized in Table 4.1.

Table 4.1. Preliminary estimates of the total number of excess cancer deaths resulting from
external exposures from NTS and global fallout for persons born in 1931, 1951 or 1971.

Cancer deaths Risk of cancer

Estimated expectedinthe  deathinthe
Birth cohort excess cancer Estimated excess — absence of absence of
(Population size) deaths risk fallout fallout
1931 About 0.006% About About 20%
(2.5 million) About 150 (11n17,000) 500,000 (1in5)
1951 Lessthan 0.03% About About 20%
(3.8 million) L ess than 1000 (1in 3800) 760,000 (2in5)
1971 L ess than 0.003% About About 20%
(3.6 million) Less than 100 (1 in 36,000) 720,000 (1in5)

" Includes deaths from leukemia

The National Council on Radiation Protection and Measurements eval uated sources
of uncertainty in the ICRP risk coefficient of 5% per Sv (NCRP 1997). Uncertainty from
each source was quantified, and computer simulations were conducted to evaluate the
overall uncertainty from all sources. Using that approach, the 90% credibility interval for
the lifetime risk coefficients for fatal cancer covered arange from about 3 times lower than

the best estimate to about 3 times higher than the best estimate (1.2% per Sv to 8.8% per Sv
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with amedian value of 3.4% per Sv). Applying that range to the total population dose from
external fallout, the number of excess cancer deaths among the United States population is
predicted to be from 2,600 to 19,100 with a median estimate of 7,400. The range for the

number of incident cases would be about double these values.

The range for the ‘lifetime risk coefficient’ does not account for uncertaintiesin the
estimated external doses from fallout. Inclusion of all sources of uncertainty could be
accomplished by conducting computer simulations that used both the uncertainty
distributions given by the NCRP and a distribution reflecting uncertainties in the dose
estimates. This computer simulation has not been performed, but its solution can be
approximated by algebraic expressions. For this purpose, it is assumed that the 90%
credibility interval for dose extends from afactor of three below the estimate to a factor of
three above the estimate. Incorporating al of the above uncertainties resultsin risk

projections that range from 1,700 to 32,500 excess cancer deaths.

Although the estimates above should be regarded asillustrative only, they indicate
that the total number of incident cancers from external fallout exposure (about 22,000
cancers) would be about half the estimated number of thyroid cancers from **! exposure
(49,000). Itislikely that the number of deaths (roughly 11,000) might exceed deaths from
thyroid cancer, which generally has alow fatality rate. Doses from external exposure,
especialy those from global exposure, vary less than doses to the thyroid from 3! by
geographic location, birth cohort, and dietary habits (such as milk consumption). Risksfor
cancers other than thyroid cancer are also less strongly dependent on age at exposure. For

these reasons, risks for all cancers from external exposure are likely to vary less by
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geographic location, age at exposure and other factors than risks of thyroid cancer from NTS

31| exposure, which makes it more difficult to identify groups with particularly large risks.

It should also be noted that total cancer risk from external exposure can be estimated
with greater certainty than can risks of most individual types of cancers or risks from
internal exposure. Thisis because of the relative wealth of epidemiologica data on external
exposure (including the atomic bomb survivors studies), and because both statistical
uncertainties and uncertainties in extrapol ating risks from atomic bomb survivorsto a
United States population are smaller. Nevertheless, the above discussion demonstrates that

even risks due to external exposure cannot be estimated precisely.

4.3.3.3 LeukemiaRisksfrom External and Internal Exposure

Leukemiais perhaps of special interest because it has been strongly linked with
radiation in several epidemiological studies, and because of the strontium-90 component of
fallout exposure. Also, increased rates of leukemia have been reported in persons living
downwind of the NTS (Stevens et al. 1990) and in participants in the Smoky nuclear
weapons test inducted at the NTS in 1957 (Robinette et al. 1985). In addition, during
numerous CDC public meetings on other radiation-related issues, members of the public

have consistently identified leukemia as one of their main cancer concerns.

For leukemia, the ICRP (1991) lifetime risk coefficient is 0.5% per Sv. Sincethis
estimate was based on atomic bomb survivor data at atime when nearly all leukemias were
fatal, it can appropriately be considered as an estimate of lifetime leukemiaincidence as well
asmortality. Actually, modern leukemia survival rates would reduce mortality, but thisis

seldom taken into account in estimating leukemiarisks.
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It is noted first that the estimate for total cancer mortality from external dose
includes deaths from leukemia, and that about 10% or 1,100 of the 11,000 cancer deaths
from external exposure would be predicted to be from leukemia. Asshownin Table 3.22
internal exposures would result in additional dose to the red bone marrow, mostly from
global fallout. The average dose for an adult from internal sourcesis estimated to be 0.7
mSv, whereas the average dose for a person born 1 January 1951 is estimated to be 0.9 mSv.
Estimation of the number of leukemias resulting from these internal exposures would
require taking account of the number of adults and children receiving them. This could be
done, but is beyond the scope of thisfeasibility report. A rough estimate can be obtained by
noting that the adult internal exposureis about half of that due to external exposure. If itis
assumed that risk coefficients are similar for internal and external exposure, about 550
leukemias from internal exposure might be added to the 1,100 leukemias estimated to result
from external exposure. Lifetime risks for leukemia do not depend strongly on age at

exposure (UNSCEAR 1994).

Leukemiarisks can also be evaluated for the 3.8 million persons born in 1951, who
would have received a dose of about 0.9 mSv to the red bone marrow from internal sources,
or a population dose of about 3400 person-Sv. Multiplying by the ICRP coefficient of 0.5%
per Sv leads to an estimated 17 excess leukemia cases in this group (arisk of 1in 220,000)

due to internal exposure.

4.3.3.4 Risksfrom Internal Exposure (Other Than Thyroid and
L eukemia)

Dose from internal exposure varies considerably by organ, making it important to

separately consider risks of cancersin specific organs. Preliminary dataon NTS and global
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exposures indicate that the tissues or organs that can be expected to receive the largest
internal doses are thyroid, colon, kidney, liver, red bone marrow, and bone surfaces. Risks

of thyroid cancer and leukemiafrom internal exposure were discussed earlier in this section.

Several groups of scientists have made estimates of risk coefficients for at least some
of these cancers. For illustrative purposes, those lifetime risk coefficients developed by the
EPA (1999) for cancer mortality are provided in Table 4.2. Theserisk estimates are
reasonably recent and include estimates for al the tissues noted above. Estimates of cancer

incidence are dso available.

Table 4.2. Environmental Protection Agency’s age-averaged site-specific lifetime cancer
mortality risk estimates from low-dose, low-LET uniform irradiation of the body.

Site Percent per Sv
Colon 1.04
Liver 0.15
Bone 0.01
Kidney 0.05
Leukemia 0.56
All cancer 5.75

Except for leukemia and all cancer, the EPA has not carried out a detailed analysis of
the level of uncertainty in the risk coefficients listed in Table 4.2, but sources of uncertainty
are discussed and approaches for evaluating them are suggested (EPA 1999). Uncertainty
for specific cancersislikely to be larger than that for all cancers combined, both because
statistical variation is greater, and, for estimates based on atomic bomb survivor data,

differencesin United States and Japanese baseline risks are greater.
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Risk estimates for exposuresinvolved in fallout could be obtained by multiplying
those coefficients by the dose to the tissue or organ that was exposed. This preliminary
report does not go through this exercise. However, several observations are important to
note. First, the preliminary dose assessment indicates that most tissues received little dose
from internal sources (Tables 3.10, 3.19 and 3.22). Secondly, with the exception of the
thyroid, there are no organs that are likely to receive doses that are substantially larger than
those from external exposure. For these reasons, the total risk of cancer (other than thyroid

cancer) from internal exposure islikely to be less than that from external exposure.

434 FuturePossibilitiesfor Analyzing Cancer Risk

The examples above were intended only for illustration, hence, the methods were
based on readily available ‘lifetime risk coefficients’. If amore detailed assessment of doses
from fallout is undertaken, several improvements can likely be undertaken. Inthe
illustrations provided, no attempt was made to give detailed attention to developing risk
estimates for specific years of birth that took account of both specific ages at exposure and
specific population sizes for different exposure years. Such estimates would help to provide
information on which persons were at greatest risk, and would also provide a slightly more
accurate estimate of the overall risk. In addition, risk estimates for specific geographic
locations could be developed, again providing information on those at greatest risk. This
latter refinement is probably of greater interest for doses from NTS fallout since these show
greater geographic variation than doses from global fallout. Better information on the
predicted age and calendar period of appearance of predicted cancer deaths and incident

cases could also be developed.
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Evaluation of uncertainty in risk estimates should include both the uncertainty in the
lifetime risk coefficient and uncertainty in the estimated dose. To allow full flexibility in the
distributions used to describe uncertainties, computer simulations would be needed.
Although we have not used this approach in our illustrations, the feasibility of conducting
such simulations has been demonstrated by the NCRP (1997), EPA (1999), and most

recently by the NCI (NIH 2000) as discussed below.

The NCI (NIH 2000) has recently updated the Radioepidemiological Tables that
were published in 1985 (NIH 1985). Thisrevision required developing risk models for more
than 20 specific cancers, including those organs and tissues that are of interest following
exposures to radioactive fallout. Although the tables are being developed to estimate the
“probability of causation”, that is, the probability that a cancer that has been diagnosed in an
individual isthe result of some previous exposure to radiation, the models could be used to
estimate the lifetime risk of developing cancer. The evaluation of uncertainty in the revised
tablesis probably the most comprehensive that has been undertaken in the field of radiation
risk assessment. The overall uncertainty distributions include statistical uncertainty of
parameters, as well as subjective evaluation of uncertainties in the errorsrelated to
extrapolating to low doses and dose rates, the differences between Japanese and United
States populations, and uncertainties in the dosimetry of atomic bomb survivors. Software
has been developed that allows a person interested in a specific ‘ probability of causation’ to
specify the type of cancer and when it occurred, the age at exposure and gender, the
radiation dose and when it was received and, if desired, the uncertainties in the dose
estimate. A computer calculation (simulation) is then performed, and the person is provided

with arange of estimates of the probability the cancer was a result of radiation exposure.
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Although the software is now limited to evaluating ‘ probability of causation’, it
could be expanded to estimate lifetime risks — a more useful quantity for those exposed to
fallout and who as yet have no observable health effects. In addition to providing a
comprehensive evaluation of uncertainty, the NCI approach has the advantage that it is
based primarily on atomic bomb survivor cancer incidence data from the Hiroshima and
Nagasaki tumor registries. This means that diagnostic information on specific cancer types

islikely to be more reliable than for the mortality data used in most other risk assessments.

In addition, the National Academy of Science'sBEIR VII Committee is beginning
itswork, and is expected to recommend models for risk estimates of the health effects of
exposure to low levels of ionizing radiation. The modelsto emerge from that study are
likely to make use of both the latest incidence and mortality data from the atomic bomb
survivors (Thompson et al. 1994; Pierce et a. 1996) as well as from other epidemiol ogical
studies that provide relevant information. Furthermore, analyses of updated atomic bomb
survivor cancer incidence data are currently underway and will extend the period covered by

seven years (covering 1958-94 instead of 1958-87 as previoudly).

Although the approaches and resources noted above are expected to provide a
stronger basis for estimating risks and particularly for quantifying their uncertainties, they
cannot greatly reduce some important sources of uncertainty in estimating the risks from
exposures received from fallout. These include uncertainties in extrapolating from high to
low doses and dose rates, uncertainties in using estimates from Japanese atomic bomb
survivors for a United States population, and uncertainties in the relative biological

effectiveness of some of the exposures involved in nuclear fallout.

162



PREDECISIONAL DRAFT —FOR PEER REVIEW AND PUBLIC COMMENT

4.3.5 Analyzing the Risk of Non-Cancer Health Effects
Data presented earlier in this chapter described the rel ationship between radiation

and non-cancer health effects, including benign tumors of the thyroid, the stomach, and
other sites and non-neoplastic diseases such as hypothyroidism and heart disease. While a
number of epidemiologic studies have demonstrated an association between radiation and
non-cancer health effects, more fundamental research is needed clarify the biological
mechanisms by which low dose, and low dose rate radiation exposure causes disease. Also,
dose response and time response patterns of the disease-exposure relationship require further

assessment before risk analyses can be performed reliably.

In considering the dose data available in this feasibility assessment, the most likely
non-cancer health outcomes that may affect the American people are those involving the
thyroid gland. Preliminary estimates of dose from fallout radiation indicate that the internal
organ-specific dose to the thyroid is much higher than the dose to other organs/tissue
evaluated (Tables 3.10 and 3.22). Internal and external exposures (delivering auniform
dose to the whole body) to fallout radiation are unlikely to result in an increase in other non-
neoplastic disease at the currently estimated dose levels. However, it is conceivable that
select individuals may have much greater sensitivity to radiation than has been found on

average. For example, individuals with pre-existing disease could be more radiosensitive.

4.3.5.1 Benign Tumors of the Thyroid

While considerable effort has gone into quantifying the lifetime risk of cancers,
much less has been done to quantify non-malignant disease in asimilar manner. Among

those benign tumors that have been related to radiation exposure in various studies, lifetime
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projections of risk are available only for benign thyroid nodules. Thislifetime risk
coefficient was developed for the Nuclear Regulatory Commission (NRC 1989, 1993) for
predicting health effects from nuclear power plant accidents and has been reviewed by the
NCRP (1993). Therisk estimate is based on data from studies of external x-ray irradiation
of children and is based on the assumptions that women are more sensitive to exposure than
men are and children are more sensitive than adults are. Internal exposure to **! is assumed
to be substantially less effective than external irradiation in inducing benign neoplasmsin

the genera population (NRC 1993).

At this point in time, however, quantifying the lifetime risk of benign thyroid
nodules resulting from fallout exposure is not advisable. Although risk estimates can be
developed using available risk coefficients, these estimates do not take into consideration
recent studies of the relationship between radiation and thyroid disease, specifically those
studies conducted in populations exposed to **| from the Chernoby! accident. More
importantly, existing risk coefficients do not adequately account for uncertainty. Given the
important issues surrounding the detection and diagnosis of these benign nodules, the
uncertainty associated with this health endpoint will likely be much greater than that seen
for thyroid cancer. Additionally, issues related to the effectiveness of internal exposure to
31| in inducing benign nodules, extrapolation of risk estimates from one population to

another, and projection of risk over alifetime need to be considered.

Separate from actually developing risk estimates, but, equally important in
determining whether it is advisable to estimate the lifetime risk of benign thyroid nodules, is
the clinical significance of these tumors. Currently, the significance of small ultrasound

detected lesions remains unknown. Most thyroid nodules are benign (I0M 1999) and there
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IS no evidence to date to suggest that radiation exposure induces adenomas that are more
likely to progress to malignant disease than adenomas occurring in unexposed individuals

(Wang and Crapo 1997; Mettler and Upton 1995).

4.3.5.2 Non-Neoplastic Thyroid Disease

Clinical and epidemiological data clearly indicate an association between high dose
radiotherapy and hypothyroidism; however, the association with low dose exposures and, in
particular with low doses of **!1, isless clear. Hyperthyroidism after radiotherapy has also
been reported (IOM 1999). The IOM, in reviewing the NCI **! report, did not consider the
impact of thyroid dose from NTS fallout on other nonmalignant thyroid diseases because the
review committee felt the data describing these health effects were inconclusive for the
range of doses estimated for average Americans (NAS 1999). And, arecent review of the
Chernobyl studies by UNSCEAR was unable to conclude that non-malignant diseases were
increased as aresult of low dose radiation exposure (UNSCEAR 2000). Given the current
state of knowledge, a quantitative risk analysis of non-neoplastic thyroid disease from
fallout is not feasible. Additional studies of exposed populations, especially those exposed
from the Chernobyl accident, that have longer follow-up periods, sufficient sample size, and
individual dosimetry, may be necessary to provide adequate data on which to base arisk
assessment. It islikely, however, that the uncertainty associated with any future quantitative

risk estimates will be quite large.

The IOM reported that the risk of non-malignant thyroid disease resulting from
exposure to ionizing radiation could extend into the range of doses of lessthan 1 Gy (1000
mGy). Maxon and Saenger (1996) reported that hypothyroidism from radioiodine exposure

isunlikely to occur at doses lessthan 0.1 to 0.2 Gray (100 to 200 mGy). These lower values
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can be used as a “threshold” to qualitatively assess the potential risk of hypothyroidism from
fallout exposures. Using these values will more likely result in an overestimate than an
underestimate of a health effect. Based on the data presented in Chapter 3, the average
American was exposed to a significantly lower dose than the dose range described by
Maxon and Saenger (1996). However, it is clear from Figure 3.17 that there may be
subgroups of the population who, based on their age during the testing period and place of
residence, have received doses approaching 0.2 Gy. Higher doses for some individuals
would be expected if non-commercial milk sources (backyard cow or goat) and above-
average milk consumption patterns were considered. Thus, this health effect is the most

likely non-cancer health consequence of fallout exposure.

4.4 Conclusions

It isfeasible to estimate fallout-related risks of developing cancer among population
groups or for representative exposure scenarios, and to quantify the range of uncertainty in
theserisks. Thisrangeislikely to be large because of uncertainties in dose estimates and in
the risk models that are used. In spite of the large uncertainties, it islikely that thereis an
increased risk of cancer from fallout, but it is also highly likely that thisincrease is very
small relative to the usual risk of cancer in the absence of fallout exposure. For example, the
3.8 million people born in the United States in 1951 might experience afew hundred extra
fatal cancersasaresult of fallout exposures compared with more than a half amillion fatal
cancers that would be predicted in the absence of fallout. Persons bornin 1951, on average,
have received larger doses than those born earlier or later. Because doses from global
131|

fallout vary less by geographic location and birth cohort than do thyroid doses from NTS

exposure, it would be more difficult to identify groups with unusualy large risks. At this
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time, not enough information is available to perform a quantitative radiation risk analysis for
non-cancer health outcomes. A preliminary evaluation of the doses estimated for this
feasibility report and the available epidemiological literature indicate, however, the most

likely non-cancer health outcomes are those affecting the thyroid gland.

With regard to the exposures of the American people from Nevada Test Site fallout,
the Institute of Medicine has indicated that further epidemiologic studies could help to
clarify the extent to which the Nevada tests increased the incidence of thyroid cancer. The
University of Utah is currently extending the follow-up for a previous epidemiological study
of children who lived in the vicinity of the Nevada Test Site in the 1950s; results are
expected to be available in afew years. Outcomes evaluated will include neoplastic and

non-neoplastic thyroid disease.

A number of non-United States popul ations have been exposed to substantially
higher levels of radioiodine and other radionuclides than the United States population.
These populations include the residents of the Republic of Marshall 1slands; the people
living near the nuclear weapons test site in Semipalatinsk, Kazakstan; those exposed in the
former Soviet Union to accidental releases from the Chernobyl nuclear power station in
Ukraine; and persons living near the Mayak nuclear fuel reprocessing plant in Russia.
Ongoing dosimetric and epidemiological studies of these populations are expected to
provide additional data regarding the health consequences of fallout exposure. In particular,
itisfairly clear from the preliminary results from the Chernoby! studies that exposure to **|
in childhood can increase thyroid cancer risks, although these risks cannot yet be quantified

accurately and only time will tell how long they will persist. Also, on-going studies of

populations living near the Mayak nuclear fuel reprocessing plant in Russia may improve
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the risk estimate for leukemia at low dose rates. Expansion or enhancement of these
investigations may be useful to better characterize risks. The results from these

epidemiological studies should be available before further health research is considered.
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Chapter 5

Communications
Approach

Contents: This chapter outlines the many steps and challenges that may be associated with
a public awareness and education effort conveying the results of a detailed study of the
health consequences of nuclear weapons testing. The informational needs as defined by
various stakeholder groups are identified and current work being conducted by the NCI on
its ¥11/NTS Communications Project is discussed.

5.1 Introduction

Effective health communication and education efforts increase the awareness and
knowledge of a potential health risk. Often, such efforts are launched with hopes to
motivate people to seek more information and possibly seek individual care and examination
from a health care provider. Thisisnot asimple task, and communicating effectively with
multiple audiences about their exposures and the potential health consequences resulting
from nuclear weapons tests conducted 4 -5 decades ago is particularly challenging. A
comprehensive effort to communicate the results of an in-depth scientific assessment of dose
and risk, and to address the numerous issues that have been raised by stakeholders regarding
fallout, would likely be an extremely complex and resource intensive public awareness and
education effort. Thisisnot only because of the technical nature of the science used to
develop the exposure estimates and potential health risks, but also because of the breadth of
information that must be included. A study of the health consequences of nuclear weapons
testing encompasses exposures to multiple radionuclides present in radioactive fallout and

estimates of the likelihood of a number of health consequences resulting from these
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exposures. In addition, because exposure occurred across the country, information must be
designed with sensitivity to educational, cultural, and other differences in population groups.
It is clear that the devel opment, implementation and evaluation of any communications plan
will require extensive collaboration with state and local health departments, health
professional organizations, advocacy groups and community organizations and the use of

multiple channels to disseminate the information once devel oped.

Given the historical, social justice and political contexts enveloping testing programs
(for example, the United States tests at the NTS and the Marshall 1slands), a public
awareness and education campaign could engender additional public mistrust of government
and possibly intensify demands for Federal government policy and legisative changes. It
will be aformidable task to communicate information in away that is perceived as
believable as well as understandable by those concerned about the consequences of the
testing program. Nevertheless, one of the most important public health implications of
performing a detailed dosimetric and risk analysis study in the future will be the need to
clearly communicate the results of this more detailed study to the American public and

health-care providers.

This chapter provides general information about the discipline of risk
communication and focuses on the many steps and challenges that may be associated with a
public awareness and education effort to convey the results of a detailed study of the health
consequences of nuclear weapons testing. The informational needs, as defined by various
stakeholder groups, have been identified through work currently being conducted by NCI to
communicate the results of its report on Estimated Exposures and Thyroid Doses Received

by the American People from lodine-131 (**11) In Fallout Following Nevada Atmospheric
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Nuclear Bomb Tests (NCI 1997) (hereafter referred to as **!1/NTS Communications Project).
While this chapter deals specifically with communicating the results of a more in-depth
study of the health consequences to the American public of fallout exposures, a number of
the issues and strategies discussed would be applicable to communicating the results of this

feasibility report.

5.2 Componentsof a Proposed Communications Plan
There are multiple components of acommunications plan. However, it isclear that
any communications effort must target both the public and health care providersto be

effective.

5.2.1 Public Communication and Education
The objectives of anationally coordinated public awareness and education effort on
informing the American public of their potential exposure from fallout from United States

and global nuclear weapons testing are:

¢ To Satisfy the Public’s *Right to Know’

Specifically, to aert Americans alive in the 1950s and the early 1960s that they were
exposed to fallout from tests conducted at the NTS and from other global testing events,
the potential health consequences of such exposure, and what, if any, steps concerned
individuals may take to get answers to questions related to potential health effects from
global fallout. This could include educational information on the history and conduct of
nuclear testing programs within the United States and globally (for atmospheric testing
ending in 1962). Thisinformation could also provide the public with the information it
needs to enter into a public debate regarding issues of Federal responsibility with regard
to the potential health outcomes associated with the United States and global nuclear
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weapons programs. Additionally, this could be structured to provide a central

information repository for educational materials regarding these issues.

¢ ToEnablethe American Public to Understand the L evel of Exposure from

Fallout and the Potential Risk of Disease Associated with that Exposure L evel

Specifically, to educate the American public about factors that may have increased their
chances of exposure or their risk of disease so that they can self-identify whether or not
they may be in ahigh exposure and/or high-risk group. Additionally, to provide
information on the potential health consequences of radioactive fallout so that people
have the knowledge they need to make informed decisions about their health and are
motivated to act on recommended follow-up activities (i.e., seeing their health care
provider). Emphasis would be on reaching those population groups estimated to have
received the greatest exposure and having the greatest likelihood of resultant health
risks.

¢ ToAddress Special Information Needs Including Accessto Health Care and
Ability-to-Pay | ssues

Specificaly, to address the specia information needs of those who are potentially at
high-risk and/or who are concerned, but do not have a source for medical care.

5.2.2 Health CareProvider Education
The nation’ s health care providers will likely have the greatest impact on improving
the health status of persons who may have been adversely affected by radioactive fallout.
This health care provider group includes local health care providers, national, state, and
local medical associations, academic medical centers, medical schools, and schools of public

health. The objectives of this component of a communications program would be to:

¢ Inform Physicians/Health Care Providersabout the Radionuclides of Concern
and Potential Health Consequences

Specifically, to target health care professionals in the geographic regions that received
high doses and those practicing near former United States Nuclear Weapons Program
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sites. Information should aso include current recommendations by professional

organizations and others regarding screening, diagnostic and treatment options.
¢ Build Expertise

This could entail educating health care providers about radiation fallout-related disease
and potential high-risk populationsin their area and building skills through the use of
training programs and short courses for health care professionals that guide them

through the screening, diagnosis, treatment, and surveillance of specific illnesses.

5.3 Using NCI’s™/NTS Communications Project as a
M odel

Initsreview of NCI’'s 1997 report, the IOM (10M 1999) recommended that the
Department of Health and Human Services (DHHS) take additional steps to develop and
implement a communication plan to fully explain the potential health implications of **|
exposure to the American public from nuclear weapons testing at the Nevada Test Site
(NTS). Inresponseto the |lOM recommendations (IOM 1999), NCI began collaborating
with CDC to develop and disseminate accurate, yet understandable, information regarding
the potential risks of thyroid cancer and thyroid disease associated with exposure to **|
released during nuclear bomb testing in the 1950s and early 1960s at the NTS. In January,
2000 NCI and CDC sponsored a communications workshop entitled “*¥*| Fallout from NTS:;
Informing the Public.” Subsequent to this workshop, NCI, in consultation with a group of
citizens, scientists, physicians, communication experts, and representatives of the advocacy

community and state public health departments, developed its **!1/NTS Communications

Plan (see Appendix H.1). NCI is currently implementing the strategies outlined in this plan.

Because agreat deal of work has already been accomplished by NCI to structure its

131 /NTS Communications Project to ensure ongoing public involvement in the devel opment
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and implementation, it would seem appropriate to use asimilar approach for future
communication planning efforts associated with a detailed study of the health consequences
of nuclear weapons testing by the United States and other countries. In planning for this
future work, the specific recommendations made by the IOM in its review of NCI’s 1997
report concerning communicating with health care providers and the public (IOM 1999)

should also be considered.

53.1 TheJanuary 2000 **}| Communications Wor kshop
In January 2000, NCI (along with aworking group consisting of CDC, citizen,

advocacy group, state health department, and the Advisory Committee on Energy Related
Epidemiologic Research (ACERER) representatives and a health educator) planned and
convened a Workshop to begin the process of designing and implementing the **!I/NTS
Communications Project. The Workshop, entitled “ *3| Fallout from NTS: Informing the
Public,” was held January 19-21, 2000 in Rockville, Maryland (see Workshop Agenda and
Summary in Appendices H.2 and H.3). This multi-day Workshop was structured with
expert panels that explored relevant issues and public health communications
recommendations. Through the Workshop, NCI sought input from affected and concerned
citizens, health and environmental nonprofit organizations, health care providers, public
health and other local government officials, experts in radiation sciences, and expertsin
health and risk communications on how to best plan and implement the *!1/NTS

Communications Project.

Over 70 participants and presenters were directly involved throughout the Workshop
(see Appendix H.3 for the participant list). Workshop participants discussed the need for a

more comprehensive ongoing information campaign.
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At the end of the Workshop, participants agreed that NCI should proceed with plans
to communicate to the American public what is known about **'1/ NTS exposures and the
potential health consequences. Participants understood that CDC and NCI would be
providing Congress with afeasibility study regarding potential doses and health risks from
exposures from United States and global testing, and that any communications effort
associated with a more in-depth study would be resource dependent. They agreed that the
131 /NTS Communications Project should be structured such that it could be broadened as
more islearned from continuing work on exposures to global fallout and other radionuclides
from the NTS. Thus, DHHS would be able to utilize the model developed for the **1/NTS

Communications Project in planning for future communications efforts.

The Workshop ended with recommendations for further action and for creation of a
citizen review group that would be involved in the planning phases of the **!I/ NTS
Communications Project. NCI incorporated these recommendations as it developed the plan

for its *11/NTS Communications Project.

Keeping in contact with wor kshop participants

In order to meet Workshop participant expectations, NCI and CDC have made a
commitment to communicate frequently and fully with the community about their timetable
and progress toward meeting milestones. One of those milestones was to provide
participants with a copy of the feasibility report to review and to inform them of
Congressional response to thisreport. NCI and CDC have developed a process for on-going
communication with Workshop participants to keep them informed about the progressin

implementing the **'I/NTS Communications Plan, any new effortsinitiated (for example, if
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Congress decides to appropriate funds to carry out the work detailed in this report) or the

reasons for any delays. This processincludes:

¢ Progress reports sent out via an electronic mailing list — utilizing the National
Institutes of Health (NIH) LISTSERYV facility. Workshop participants (and any other
interested individuals) who subscribe to this service receive updates on NCI’'s
progress implementing the plan for the **!I/NTS Communications Project. This
processis also used to disseminate draft documents and to collect review comments.
Workshop participants also “discuss’ topics via group email exchanges.

¢ Mailings (for those Workshop participants who do not have internet access, those
who prefer mailings or those who are not subscribed to the Listserv).

¢ Other avenues of communication such as postings on NCI’s or CDC’ s websites.

53.2 The™/NTS Communications Development Group
During the *!1/NTS Communications Workshop, participants determined that a

structure was needed for continued public participation in the communication planning
process. Workshop participants decided that NCI should form aworking group of
concerned citizens and health professionals to provide guidance to NCI as it developed the
plan for the *!1/NTS Communications Project. NCI used the feedback received during the
Workshop to solicit and select eight people to comprise the Communications Development
Group. These individuals represented activists, Native American groups, minority citizens,
local and state public health departments, physicians and health care providers, and health
educators. This eight-member group provided input and feedback into the development of

the *11/NTS Communications Plan. Specifically, the group assisted in efforts to:

¢ ldentify all potential target audiences,

¢ ldentify the cultural sensitivities of those audiences;
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¢ Choose appropriate strategies to reach the intended audiences;
¢ Develop project message concepts;

¢ ldentify appropriate delivery channels (e.g., face-to-face, group, organizational,

community and media);

¢ ldentify appropriate information sources (credible persons to deliver the information);

and

¢ ldentify appropriate materials to use.

5.3.3 Assessing the Effectiveness of the *'I/NTS
Communications Proj ect

Because there would be a significant time |apse between the implementation of the
31 INTS Communications Plan and the completion of in-depth research on exposure to
radionuclides from global fallout and radionuclides other than **!{ from NTS fallout,
sufficient time exists to evaluate the effectiveness of the **!1/NTS Communications Project.
Such an evaluation is necessary to determine if the **!1/NTS Communications Project could
actually be used as amodel for communicating the results of other fallout related scientific

research.

An evaluation should focus on determining the public reaction to the *!1/NTS
Communication Project and the degree to which the original objectives (i.e., determining
changes in public awareness, the “reach” of the project, and the effectiveness of the
communication channels, etc.) were met. Additionally, an evaluation should assess the
appropriateness of any changesin public perceptions and actions. (For example, an
assessment could reveal if there were any unintentional results, such asindividuals
becoming unduly alarmed or taking unnecessary precautions or otherwise misinterpreting or

misusing the exposure/risk information). Any changes discovered from an assessment
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would be relevant to the development of a communications plan based on possible future
research described in this report. The structure and content of a communications plan would
also need to take into account the publication of new research that could potentially change
what is known about the relation between radiation exposure and a health risk or new

policies and programs that change how the risk affects the public.

5.4 Audience Profiling and M essage Development
Health communication is the crafting and delivery of messages and strategies, based

on consumer research, to promote the health of individuals and communities.

Characteristics of a successful national public health communication and
education effort include (Arkin 1999):

¢ Careful planning;

¢ Sufficient funding and staffing;

¢ Long-term legidative and public support;

¢ In-depth audience identification, focus and invol vement;

¢ Clearly identified changes and challenges;

¢ Multiple dissemination channels, activities, and strategies,

¢ Trustworthy spokespersons and credible information sources,

¢ Multiple partners; multiple types of evaluation;

¢ Evaluation; and the

¢ Flexibility to be modified as changes are identified.
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54.1 Determiningthe public’s awareness

Before the implementation of any communication effort, the level of public
awareness must be examined and considered. Prior to the January 2000 Communications
Workshop, NCI conducted limited research to measure the level of public awareness,
concern, and familiarity with the United States' nuclear weapons atmospheric tests
conducted during the 1950s and early 1960s at the Nevada Test Site. (See AppendicesH.4
and H.5 for a copy of the reports on the key findings from this market research). This
market research, along with work currently being conducted in implementing the *!1/NTS
Communications Project, will be extremely useful to DHHS in devel oping future
communication plans to address fallout issues. What followsis abrief description of the
type of research conducted by NCI and a discussion of the main areas where DHHS would

need to conduct supplemental research.

54.1.1 In-depth Interviewswith Subject Experts

In the Fall/Winter of 1999, NCI conducted 19 in-depth interviews with individuals
who were identified by agency and public representatives as having expertise in areas
related to the issue of nuclear fallout (see Appendix H.4). The main objective of these
gualitative interviews was to provide NCI with useful and detailed insights into the
perceptions and views of different organizations and experts involved in the **!1 fallout issue
and, as such; they were not intended to represent the views of al such groups or persons
(NCI 2000a). The interviews yielded results that have helped NCI determine the direction

and scope of further research for the **'1/NTS Communications Project.

184



PREDECISIONAL DRAFT —FOR PEER REVIEW AND PUBLIC COMMENT

5.4.1.2 Public and Physician Focus Groups

In December 1999, NCI conducted six focus groups with three audience segments,
referred to as the * higher-exposure public,” the “lower-exposure public,” and “physicians’
(see Appendix H.5). The higher-exposure and |lower-exposure definitions were extracted
from NCI’ s 1997 report, Estimated Exposures and Thyroid Doses Received by the American
People from lodine-131 (**41) In Fallout Following Nevada Atmospheric Nuclear Bomb
Tests (NCI 1997a and b), which outlined the key risk factors for health effects from 3%

exposure.

Conducting research with both the higher- and lower-exposed public was done to
obtain apreliminary sense of how exposure status might affect one’ s awareness, knowledge,
and concerns about the NTS and potential health effects from **!I exposure. Physicians
were defined as general practitioners, family physicians, or general internists who had been

practicing medicine for at least 3 yearsin a high-exposure state (NCI, 2000Db).

54.1.3 Current Focus Group Research

NCI has recently conducted twelve additional focus groups; four groups in each of
the following regions: Chicago, lllinois; Tulsa, Oklahoma; and Denver, Colorado. These
locations were selected based on geographic diversity and the ability to recruit lower-
exposed as well as higher-exposed individuals. NCI conducted the groups with lower-
exposed and higher-exposed African-Americans, Caucasians, Hispanics, and Native
Americans. Determination of higher-exposure was based on age (birth-15) and state of
residency during the testing years. These additional focus groups were conducted to test

messages and concepts for the development of educational materials about 1-131 exposure
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from NTS. NCI is currently summarizing the focus group findings in areport that will help

identify which messages and concepts resonate with the public.

54.2 Additional Research Needed
Development and testing would also be necessary for the expanded communication
efforts outlined in this feasibility report - specifically, communicating dose and risk
information for radionuclides from global testing and from radionuclides other than *'1 in
fallout from the NTS. Thisresearch should help identify the outstanding issues the public
may have as they begin to absorb and understand “the big picture” of the potential health

consequences associated with atmospheric nuclear weapons testing.

Qualitative and quantitative research would need to be conducted to collect
information about the concepts, messages, channels, activities, materials, and strategies
appropriate for a far-reaching and large-scale communications and education campaign on
the health consequences of fallout from nuclear testing (see Appendix H.6 for a description
of the types of “tools of research” that could be used). Research methods should be selected
to augment research collected by NCI for the **'I/NTS Communications Project. The
following section discusses the main areas where further formative research should to be

conducted.

54.3 Defining Target Audiences
Thereis no uniform “general public,” but rather numerous smaller, sometimes
intersecting groups of individuals sharing common concerns, interests, perspectives, or
demographic characteristics (Arkin 1999). The consumer research NCI has conducted for

its *11/NTS Communications Project provides a good sense of the target population groups
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for **!1 dose and risk information related to nuclear weapons testing at the NTS. However,
asthelist of radionuclides and potential health consequences expands, more research would
need to be conducted in this areato segment the target population groupsinto main
audiences, then select and profile these target audiences (see Figure 5.1). These audience
profiles would be used to help frame messages - providing DHHS with the information to

address audience-specific needs and issues.

POPULATION AT LARGE

\ Target Population Groups /4): Stratify
\ Audiences /<::| Stratify

Target Audiences <~ select & Profile

Figure 5.1 Selecting Target Audiences.

It would also be necessary to profile and link with the proposed communications
campaign’s secondary audience(s). Secondary audience refers specifically to the
audience(s) that can also benefit the campaign by reaching and influencing primary target

audiences (e.g., health care providers, grassroots organizations, etc.) (CDC 1998).

In the *11/NTS Communications Project, exposure information on **!1 fallout from
the NTS was utilized from NCI’s 1997 report. Specifically, it was used to define potentially
higher and lower exposed populations based on geographic residence and age. With this
information in hand, NCI is designing educational messages that address both higher and

lower *1/NTS exposed populations based on the focus group findings.
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Because dose and risk information on radionuclides from global testing sources and
other radionuclides from NTS are not yet fully quantified, work to further identify audiences
cannot yet occur. The dose and risk estimates with accompanying uncertainty, that would
result from more in-depth research than has occurred in this feasibility study, would more
clearly identify the subgroups of the general population that may have received higher
exposures and be most at risk. When available, these results would help the Federal
government explain to subgroups of the American public how the potential public health
impact of *3!| fallout from the NTS and from global fallout compares with that of the other

biologically significant radionuclides in fallout as well as other health threats.

To date, the broad target population groups aready defined through research and

stakeholder input include:

¢ The United States population;
¢ Native American populations;

¢ People at higher risk —those who meet research-identified factors for higher exposure
and risk (e.g., lived in high fallout areas during testing years, were children during
time of testing, drank or ate certain foods, etc.);

¢ People at lower risk — those who meet research-identified factors for lower exposure
and risk (e.g. born after cessation of testing; did not eat or drink foods of concern,
etc.);

¢ People who worked at, lived adjacent to (or currently live adjacent to) the NTS or a

United States nuclear weapons production facility;
¢ People who are concerned about potential risk from multiple radiation sources;
¢ Mobile populations (e.g., migrants and farm workers);

¢ Family and friends of those potentially at high risk;
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¢ Health care providersin areas determined to have had high fallout;
¢ Health care providersin areas determined to have had low fallout;
¢ State and local health departments,

¢ Public health and medical organizations;

¢ State and local elected officials,

¢ Environmental Health Advocates, Professional and Citizen-based
Associations/Organizations,

¢ Other Federal Agencies; and
¢ Media
As stated, the target population groups listed here represent a broad sweep of the

preliminary work conducted for the **1/NTS Communications Project. Table 5.1 illustrates
some broad assumptions made by participants of the **!I/NTS Communications Workshop
regarding target population groups, the potential information needs and perceptions of those
groups as well as potential communications channels and activities. These general
assumptions could be used as starting points to define and select target audiences and their

subgroups

54.4 Developing M essages
Work on the **!1/NTS Communications Project has revealed broad and basic
assumptions and information about the target population groups already identified (see
Table 5.1, second column). These broad assumptions could serve as a preliminary guide in
developing messages for work relating to global fallout and other radionuclides contained in

NTSfalout. Inaddition, the following discussion highlights some of the challenges and
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issues to consider when devel oping messages for a fallout-related communications and

education campaign.
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Table 5.1. Broad Target Population Groups, Assumptions And Potential Communications Channels & Activities

Target Population Groups*

Broad Assumptions

Potential Communications Channels
& Activities

THE UNITED STATES
POPULATION

(National plan to educate American
public on history of the United States
nuclear weapons program, global
testing and current knowledge about
the potential health consequences of
this legacy and to increase overall
national “awareness’ of current
iSsues)

(Large portion of population uninformed) Potentially could need:
historical context information on United States and global nuclear
weapons programs e General information on fallout production
mechanisms and fallout patterns e Information on radionuclides of
concern (beginning with what is known about **!1 and as information
becomes available about other radionuclides) e Information on general
risk factors for disease (people will “self-identify” whether they are at
“higher” or “lower” risk) e Information on history of government
actiong/inaction and acknowledgement e Information on ongoing work
to address outstanding public concerns and issues ¢ Campaign kickoff
messages & materials should be provided at least in 1 other language &
for low literacy audiences

National mass media e Targeted local
media e Internet ¢ Advocate groups e
National, regional, local archival
projects o Professional organizations
¢ Grassroots organizations e targeted
national organizations (i.e., AARP) e
Library resource centers e Industry
trade associations e Veteran's
associations e National, state and
local medical and public health
associations e Nationa and regional
advertising e Toll-free telephone
systems

NATIVE-AMERICAN TRIBES

(Would be targeted simultaneously or soon after main campaign kickoff)
Same as “ United States Population”

Plus: Feel government is not meeting all desires/gov-t efforts are
likely to disappoint e Believe that cultural differences never
accounted for in Aformulas) (scientific, communication, etc.) ¢ May
want dose information specific to Native American diet and
migratory patterns e Information on ongoing work to address
outstanding public concerns and issues

Mass mediais not primary
communication channel, intra/inter
tribal isbest e As sovereign nations,
want control of information
dissemination and outreach e
Nontraditional mediaand
interpersonal communications e
Use tribal leaders and existing
networks, such astribal advocacy
and grassroots environmental
organizations e Indian Health
Service e Tribal Councilse Triba
Enrollment System e Internet o
Small Group e Toll-free telephone
system(s)
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Target Population Groups*

Broad Assumptions

Potential Communications Channels
& Activities

PEOPLE AT HIGH RISK
Those characterized by factorsthat
increased their likelihood of
exposur e and subsequent disease
risk, such as; geographic location,
age and diet during testing period.

(Would be targeted simultaneously or after campaign kickoff — many would
“ self-identify” through education on risk factors for disease learned
through campaign kickoff messages & materials)

Potentially could need: Detailed information on risk factors for
disease for exposure to each radionuclide of concern e Information
to answer questions related to potential multiple exposures o
Assurances that health care providers are getting same information e
Information on what to do next, including what to do if health care
isnot available ¢ May want more than studies can deliver (i.e.,
comprehensive care, long-term support, compensation) e Gov-t
efforts are likely to disappoint e Information that addresses multiple
literacy levels, languages, etc. ¢ Many would be outraged at past
perceived Government secrecy and actions ¢ Need Government
acknowledgement of involuntary risk e Concerned with physical
impact of exposure and psychological stress from exposure e
Information on national, regional, state and local support networks e
Some percentage of population would be outraged at expenditure of
Federal public health funds

[Sill geographically wide-spread]
Targeted and strategic local media e
State and local health departments o
Regional and Local Health Care
providers e State and local medical
institutions and health clinics e
Internet o State and local advocacy
groups and grassroots organizations
e Library resource centers o
Industry trade associations e
Veteran's associations e Toll-free
telephone systems o Internet o
Community & Business Health
Fairs

PeEOPLE AT LOW RISK
Those who are NOT characterized by
factors that incr eased their likelihood of
exposure and subsequent disease risk,
such as; geographic location, age and
diet during testing period.

(Many would “ self-identify” as low risk through Campaign ki ckoff, or
would go the extra step to confirm low risk status with health care
provider)

Potentially could need: Repeated information to confirm their
understanding that they have low risk e May need to seek
confirmation of low or no risk status through health care provider o
Many would still be outraged at Government secrecy and past
actions

Main messages received during
campaign kickoff for all American
public e Would remain updated
mainly through Internet and other
mass reach media e Advocacy
groups and grass root organizations
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Target Population Groups*

Broad Assumptions

Potential Communications Channels
& Activities

PEOPLE WHO WORKED AT, LIVED
ADJACENT TO (OR CURRENTLY
LIVE ADJACENT TO) THE NTSOR
A UNITED STATESNUCLEAR
WEAPONS PRODUCTION FACILITY

Same as “People at High Risk”

Plus: May have concerns about multiple doses ¢ Information on
what is scientifically known about releases from nuclear weapons
research and productions facilities and potential health consequences
of those releases o Information on worker compensation programs,
where applicable

Same as “People at High Risk”
Plus;. CDC/ATSDR Heslth Effects
Subcommittees (where applicable)
e Unions e Trade organizations e
Veterans' organizations e Grassroot
organizations e Internet

PEOPLE WHO ARE CONCERNED
ABOUT POTENTIAL RISK FROM
MULTIPLE RADIATION SOURCES

Same as “People at High Risk”

Plus: Information that addresses multiple dose and “ added dose”
concerns e more detailed information on what is scientifically
known about health effects from medical & diagnostic radiation
exposures, occupational exposures (i.e., uranium mines, nuclear
weapons production facilities, etc.) and exposures to naturally
occurring radiation

Same as “People at High Risk”
Plus. Information on CDC/ATSDR
Health Effects Subcommittees
(where applicable)

FAMILY AND FRIENDS OF THOSE
POTENTIALLY AT HIGH RISK

Same as “People at High Risk”
Plus: Information on national, regional, state or local support
networks

Same as “People at High Risk”

MOBILE POPULATIONS
(E.g., migrants and farm workers)

Same as “ United States Population”
Plus. Information tailored for multiple literacy and language needs

Non-traditional media &
interpersonal communications e
Member organizations e Unions &
Worker Associations e Religious
leaders e Small group & community
channels o Internet
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Target Population Groups*

Broad Assumptions

Potential Communications Channels
& Activities

HEALTH CARE PROVIDERSIN
AREASDETERMINED TO HAVE
HAD HIGH FALLOUT

(Would likely be targeted before and simultaneous to information delivered
in national campaign — geared toward primary care physicians, including
those in family practice, general medicine, internal medicine, and other
health care providers, such as nurses, physician assistants, and internists
with specialtiesin those areas related to identified health outcomes.)
(Most under-informed) Information on exposures, risk factors for
diseasein their areas ¢ Information on fallout pattern, why their areais
estimated to have had high fallout e If applicable, patient decision aids
e Training & credentials (e.g., CMESs) to evaluate potential patients e
Would be primary information source sought by concerned
public/potential patient e Information & referral resource list(s) o
Receive volumes of educational information daily e Information on
national, regional, state or local support networks

Professional journals e Professional
associations e State health
personnel, training courses and
publications ¢ CDC-produced CME
sessions (e.g., Grand Rounds) e
Satellite information conferences e
CDC/ATSDR “case studies’ o
MMWR e ADear Colleaguef letters
e Medical/professional conferences
e Internet e Pharmaceutical
representatives ¢ Managed Health
Care Organizations

HEALTH CARE PROVIDERSIN
AREASDETERMINED TO HAVE
HAD LOW FALLOUT

(Would likely be targeted same as above)

Same as Health Care Providersin “high fallout areas’

Plus: Specific information materials designed for people at low risk
and those living in “low fallout areas’

Same as health care providersin
“high fallout areas’” ¢ More passive
communication channels (self-
motivating)

STATE AND LOCAL HEALTH
DEPARTMENTS

Have a vested interest in activities ¢ Concerned that past issue(s) not
affect present perceptions e Some states may prefer to be “ project
lead,” o May want to be involved with communications strategies e
States would communicate with local health officials ¢ Would want
to use their own information dissemination networks ¢ Would want
specific information tools for public health clinics (specific for
multiple literacy & language needs) e Would want information for
those underinsured

One-on-ones o Satellite and/or
telephone conferences o Printed
materials e Internet ¢ ASTHO,
NACCHO, NPHIC, ASTE and
other affiliate organizations
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Target Population Groups*

Broad Assumptions

Potential Communications Channels
& Activities

PUBLIC HEALTH AND MEDICAL
ORGANIZATIONS

Same as “Health Care Providers’
Plus: Information on national, regional, state or local support
networks

Same as “health care providers’ and
“environmental and health
advocates’ e Professional
conferences e Professional
organization newdletters e« Mailings
to organization memberships

STATE AND LOCAL
GOVERNMENTSAND
CONGRESSIONAL STAFF
MEMBERS

Would want advance notice of campaign kickoff e Would want
confirmation that their health departments have been engaged o
Have avested interest in all activities

Status reports e Correspondence e
One-on-ones o Satellite or
telephone conferences o Printed
materials o Internet

OTHER FEDERAL AGENCIES

Have avested interest in all activities e Would want to be informed
of activities/issues that potentially concern their agency « May be
interested in partnering with CDC/NCI

Headquarters and Regiona Office
correspondence ¢ Email e Internet o
Satellite and/or telephone
conferences e one-on-one meetings
e Internet

ENVIRONMENTAL & HEALTH
ADVOCATES
PROFESSIONAL
AND CITIZEN-BASED
ASSOCIATIONS/ORGANIZATIONS

Many have disparate viewpoints ¢ Same information as “ people at
high risk” and “health care providers’ e Need training and education
materials e Regular, consistent messages/information ¢ Have
guestions about government public health agenda(s) ¢ Many would
be viewed as more credible information sources to some target
audiences ¢ Some would like more service than study e« Some may
never be satisfied by actions taken 1 Want to provide input on
material development 1 Desire innovative communication
approaches

Professional journals e Direct mail
with key information & camera-
ready (Amat@) newsletter articles,
fact sheets, etc. o Follow-up phone
calls e Localized information e Pro-
active approaches e National
organization partnerships e Direct
contact e Focus groups e Localized
information/coverage e National,
state and local media e Internet o
Professional conferences e
Professional organization
newsletters ¢ Mailingsto
organization memberships

195




PREDECISIONAL DRAFT —FOR PEER REVIEW AND PUBLIC COMMENT

Target Population Groups*

Broad Assumptions

Potential Communications Channels
& Activities

MEDIA

Same as “United States Population”

Plus: Need timely, clear, concise, interesting information e Simplified,
clarified science to communicate to audiences ¢ Probably would still
make mistakes/ misinform public and communicate errors e They
would seek other scientific information and viewpoints e« Would need
information on the “process of science” aswell as the end results o
Information and education on uncertainty involved in estimating doses
and risk e Information on context with other causes of morbidity and
mortality e Need to educate on difference between absolute and relative
risk; individual and population riske Information on what people can do
about risk/what Gov't is doing

Editorial board meetings e Pre-
written articles (for outreach
activities) to local media outlets o
Testimonial s/first-person
information (Areal peopled) o
AMassi conference call link (i.e.,
tele. press conference, video
conference) e Radio talk show host
who isAopinion leader( e Infoto
community channels (cable, radio
stations) e Celebrity spokesperson
(media-related &/or star) o
Environmental & Health Advocates
e Grassroots organizations e
Internet

* Would require further segmentation into main audiences, then selection and profiling of those target audiences
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5.4.4.1 Understanding the social, political, and cultural context

Understanding the social, cultural, and political context associated with the
perceptions of the target population groups will be the most important consideration in
developing messages for this proposed public awareness and education plan. Over the past
50 years, Government secrecy, mass media reports and stories about radioactive
contamination have influenced how people think and feel about nuclear issues and activities.
Messages would need to be framed with consideration of societal and cultural perspectives
that are dominated by nuclear and radioactive stigmatization. Therefore, in order to
understand specific populations, communities, and regions that are targeted for risk
messages, appropriate conceptual theories developed in behavioral science research on
perceptions of risk, the social amplification of risk, and others would have to be utilized
(Kasperson et al 1988; Weart 1988; Slovic et al 1991; Kasperson 1992; Gregory et a 1995;

Flynn et al 1998; Flynn 1999).

L egacy of mistrust

Success in this communications endeavor will depend on the sensitivity of DHHS to
the American public’s views about the United States and global weapons programs. Given
the legacy of mistrust that has developed over the past half-century, thisis aformidable
socia and political context within which to communicate (Flynn 2000). For such an effort
to succeed, it would require messages that acknowledge the Government’ s responsibility for

past actions in the history of its nuclear weapons program.

M eeting racial/ethnic and/or cultural needs

Understanding ethnic differences can make or break a successful communication

campaign (Huertaand Macario 1999). It is possible that the only broad public messages
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developed in this proposed campaign would be those constructed to provide historical
context to the communications campaign - providing the American public with the facts and
issues surrounding the United States and global nuclear weapons testing legacy. Otherwise,
messages would need to be tailored so that they are meaningful and appropriate for target
audiences and their subgroups. To do this, atwo-pronged approach is recommended. This
would include: 1) conducting research to determine the racial/ethnic and/or cultural
subgroups in each identified target audience; and 2) working with a community group (such
as the Communications Development Group formed to assist NCI in the development of the
131 INTS Communications Plan) to form partnerships with identified racial/ethnic and/or
cultural groupsto assist in the planning stages of the communications project. From that
point, further research would then be conducted into the cultural sensitivities, diversity and
culture-specific risk perceptions for each subgroup - resulting in unigue project planning

strategies for each.

Tribal Nations

Because many of the populations affected by the nuclear weapons program
throughout the years of the Cold War were Native American populations, any
communication efforts should include careful planning with Native American tribal leaders,
tribal health care providers, tribal organizations, as well as with the Indian Health Service.
Risk communication research shows that the interactive process of receiving and processing
messages involves values, social-cultural perspectives, and emotional responses aswell as
knowledge (Peters and Slovic 2000; Peters and Slovic 1996; Gregory and Keeney 1994,
Damasio 1994). Tribal governments interact and deliberate differently, and this al'so must

be understood and protocols followed, as done with other sovereign nations. The challenge
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in thisregard is daunting and will require careful planning, extensive resources and specific
expertise. One possible approach would be to establish a separate Native American caucus
where research, audience profiling, message testing and other communications planning
tasks can be designed and conducted in partnership with a consultative panel of Native
Americans. This panel could objectively review the communication and education plan for
sensitivity to language, moral and religious structures, and cultural perspectivesthat are

distinct to Native American nations.

5.4.4.2 TheChallenge of Communicating Estimated Doses and
Risks

Estimating the risk of exposure to radiation released from weapons tests involves
reconstructing radiation doses from tests that took place 40 to 50 years ago, identifying
estimated exposures to populations, and estimating the subsequent potential health effects.
The only way thisresearch is possible isto rely on limited data, complex mathematical
models and expert judgments and assumptions. The results of such complex processes are
not usually convincing to the average layperson -- especially when such results are presented
with the appropriate range of uncertainty and are routinely subject to contradicting
interpretations, even among scientists. Nor can such results be easily explained to the public
in defense of their reliability or accuracy (Purchase, et a 1999; Slovic 1999; Flynn 2000).

In this dose reconstruction and risk assessment work, scientists will not be able to make
definite statements about cause and effect - and therefore may be seen as “waffling” when
asked to definitively answer the question, “Will | get sick or not?” Thus, the very data that
will serve asthe basis for this public awareness and education effort may be perceived as

“poor” or “inadequate” science.
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In addition, not everyone identifies with or understands scientific concepts. Itis
especially confusing when different definitions apply to everyday words used by both
scientists and the public (Flynn 2000). How scientists define words like risk, exposure,
uncertainty, screening, etc. may differ from how lay people or even other scientists may
define those words. For example, what does risk mean? Even if risk is confined to human
mortality, there are numerous ways it can be expressed (Slovic 1998; Sandman 1987). In
most situations, scientists believe that risk should be conveyed numericaly (e.g.,
percentages, probabilities, ranges, etc.). However, research indicates that numerical
probabilities are often meaningless to lay people. The dilemmawith verbal expressions of
probability is that while people usualy feel they understand the information better, it is
difficult to get consensus on what that information actually means (Slovic 1996; Mertz et al.

1998; MacGregor et a. 1999; Lipkus and Hollands 1999).

The specific challenge of estimating doses and potential health risks to the American
public from exposureto NTS and global fallout adds another layer of complexity. Dose
estimates from this research will not be able to account for all the factors that contribute to
individual differencesin exposure over time for any single person. Therefore, risk estimates
developed from these estimated fallout exposures will only represent the average risk for a
population group who shares common characteristics such as age, place of residence, dietary
factors, etc. Meaningful estimates of the actual risk to a particular individual will be
unobtainabl e because one cannot account for all the factors that may influence individual
risk. Thismeansit will be exceedingly important to devel op messages that clearly
emphasize that risk estimates generated for NTS and global fallout exposures are average

risks and that a person’s actual, individual risk may vary greatly from this average. One
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approach to meeting this communication challenge would be to use hypothetical exposure
scenarios in both the exposure and risk assessment. Providing hypothetical individual
scenarios that have “ characteristics’ people can identify with would provide some context
for understanding what exposures they may have received and how these exposures may

trandate into dose and potential disease risk.

As aresult, the charge to devel op messages to communicate the type of research
outlined in this report will be difficult. Partnersin this approach must discover how the
public, specifically each target audience, uses and responds to risk-related messages. In
addition, the complicated issue of trust and credibility must be examined beforeit is

determined how each audience would process and accept risk messages.

Because the scope of fallout related research is much broader than the issues being
addressed by the **'I/NTS Communications Project, the consumer research conducted for
the **11/NTS Communications Project would need to be augmented. Further research would
allow DHHS to better ascertain each audience’ s perceptions of risk, understanding of
multiple exposure information and how each audience best receives, understands, responds
to and uses risk information. Such research isvital in order to develop messages for
audiences that are credible and useful - rather than messages that overwhelm, confuse, cause

undue anxiety, or are misinterpreted.

5.4.4.3 Include Public Health Recommendationsin M essages

Informing the public about a health risk without explaining what can be done about
that risk can lead to anger and frustration (Arkin 1999). Clearly, recommended actions and

other advice would need to be included in messages. In general, these would cover:
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¢ Recommended actions to lessen the consequence of exposure (i.e. regular physicals,

early detection, lifestyle changes, etc.); and

¢ Sources of additional information or assistance (i.e., toll free hotline; Federal agencies

or organizations; state, regional or local information resource centers).

I dentifying discr epanciesin medical recommendations and developing
consistent public health messages

Before any health communication and education project is launched, it isimportant
to develop consistent messages for all audiences - specifically for messages that make
recommendations concerning visits to health care providers. Thiswould require identifying
and examining the inconsistencies in current medical and public health recommendations
specific to any health outcomes of concern. There are many differencesin scientific and
public health policy opinions surrounding what is known (and what is not known) about the
potential health consequences from the nation’ s nuclear weapons legacy as well asthe
potential health impacts from exposure to fallout from NTS and global nuclear weapons
testing. In addition, there are many viewpoints concerning appropriate medical
interventions to deal with any potential health impacts from these exposures. An expert
panel may need to be convened to explore and evaluate the scientific basis of these differing
opinions and recommendations in order to develop consistent public health
recommendations for inclusion in messages. This panel could include relevant scientific,
medical and public health organizations and advocates, such as the Agency for Healthcare
Research and Quality (AHRQ) and members of the United States Preventive Services Task
Force. DHHS has already begun to address public requests and opinions regarding

government-sponsored screening opportunities for thyroid cancer aswell as for other
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(noncancerous) thyroid diseasesin the wake of NCI’s **'1 NTS Fallout report (NCI 1997) at

athyroid disease screening workshop sponsored by ACERER in June, 2000.

5.5 Developing Working Partnerships

Working partnerships would need to be devel oped with various stakeholder groups
for both the planning and implementation phases of any proposed communications and
education plan. The NCI Communications Development Group used to plan NCI’'s **'I/NTS
Communications Project provides an example of the utility of bringing together
representatives of various constituencies to assist in communications planning. Because of
the added breadth and scope of the potential health consequences of exposure to global
fallout and other radionuclides from NTS, partners from the following areas would need to

be included in any working partnership that is developed:

¢ Federal agencies;
¢ State and local health departments,
¢ Public Health and environmental advocates,

¢ National, regional, state and local grass roots organizations (public health and

environmental),
¢ Medical and public health professionals and professional organizations;
¢ Tribal leaders and organizations;
¢ Religious organizations,
¢ National citizen and consumer organizations; and
¢ Managed care organizations.
As with other national health communications campaigns, partners are essential

because they are the ones“inthe field.” The partners sought should be those who promote
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collaboration, possess the ability to problem-solve and possess skills needed in garnering
additional resources -- volunteers, mailing lists, service networks, web sites, conference
venues, printing, etc. (CDC 1998). These partners may be needed to: gather the necessary
datato develop the communications plan; establish and maintain access to target audiences;
and /or develop and pre-test messages and materials. Or they may be needed in the
implementation phase to: participate in special events (i.e., campaign kick-off); disseminate
messages and materials; foster the credibility of messages and the program; keep other
concerned groups and organizations up to date; and/or evaluate and revise program

activities.

5.5.1 Providing Technical Assistance and Resour ces

For anational communications and education plan to be effective, provisions must
be made to coordinate and provide technical assistance and resources to state and local
health departments to ensure that communication and educational programs, materials, and
methodol ogies can be successfully planned for and applied. During the planning phase,
federal agencies may have to provide technical assistance and/or resources to enlist
assistance from various partners to define and access target audiences, develop and pre-test
messages and conduct material field testing. For the implementation phase, it may be
necessary for these agencies to provide technical assistance and/or resources to guide and
train external partners staff on how to integrate effective public education into local

programs and services.

Examples of the types of technical assistance and resource support typically

necessary for a nationwide communications and education campaign are:
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Disseminating research results and model educational protocolsto state and local

health agencies,

Developing and maintaining a clearinghouse for partners and other individuals,
groups and organizations to identify and retrieve resources and expertise currently
existing in medical organizations, universities, archival projects, grassroots
organizations, government agencies and the private sector. Such an effort could help

to better ensure consistency in all communication and educational materials;

Increasing the resources needed at the state and/or local level to implement the

communications and education campaign as well asto evaluate its reach and success,

Providing technical assistance, resources and training on risk factors for disease to
public health workers at Federal, state and local levels;

Providing informational materials to |eading managed care providers to disseminate

with nationwide benefit mailings; and/or

Developing and providing static and interactive information materials (i.e., fact
sheets, decision aids for primary care providers to promote discussion and patient
education, websites, CD-ROMSs, information kiosks).

5.6 Coordinating with Other Programs

There is agrowing accumulation of information on the history of the United States

Nuclear Weapons Program and the potential health effects from exposure to radioactive

substances. Asaresult, it isimportant to identify messages that the American public has

already received through other national, regional or local communication and education

programs concerning potential health effects from exposure to radionuclides.

Thiswould require coordination with other relevant public and health care provider

education efforts to ensure that messages contained in both the **!1/NTS Communications

Project and in the potential communication and education plan associated with any future in-
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depth assessment of global and NTS fallout are consistent and accurate. Thiswould
probably be most applicable for messages and educational materials containing information
on the history and legacy of nuclear weapons production and testing as well as the potential
health consequences associated with any radionuclides of concern. In all communication
efforts, partners would have to decide how to manage and address errors in fact,

discrepancies or contrasting scientific results and opinions.

Some examples of proposed, ongoing, or recently discontinued programs that are

relevant to the issues discussed in this report are provided in the following section.

5.6.1 TheHanford Community Health Project
In response to community concerns about health problems, the Agency for Toxic
Substances and Disease Registry (ATSDR) is developing a project to provide outreach and
education to Hanford Downwinders and their primary care providers. The focus of this
work is on radioactive iodine exposures and thyroid disease. Asaninitial step, ATSDR has
contracted with the National Opinion Research Center (NORC) to conduct areview of
health care utilization patterns, issues related to access to health care and informational

needs related to thyroid disease anong Hanford Downwinders.

5.6.2 TheHanford Thyroid Disease Study (HTDYS)

CDC and the Fred Hutchinson Cancer Research Center conducted the HTDS asa
retrospective cohort study. The primary purpose of the study was to determine whether
thyroid disease in the population surrounding Hanford is associated with exposureto 1-131
released from Hanford between 1944 and 1957, the years when the greatest releases of 1-131

occurred. The draft report for the study was released in January 1999. Since then, it has
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undergone extensive peer review by the National Academy of Sciences and the public and

the final report is scheduled for completion in 2001.

5.6.3 Case Study in Environmental Medicine on **!|

The Agency for Toxic Substances and Disease Registry in a cooperative agreement
with the American College of Medical Toxicologists (ACMT) isworking to develop a Case
Study in Environmental Medicine (CSEM) on **!1. This CSEM is a self-study guide for
PHC professionals about the impact of **!1 on the thyroid gland. It includes areview of the
exposures of the American public to **!1 from nuclear weapons production and testing, and
also discusses pathways of exposure, who is at risk, potential health effects, diagnosis and
management. It addresses both cancerous and non-cancerous thyroid and parathyroid gland
disease, and provides information about prevention of health effects on the thyroid gland in

case of nuclear accidents.

This CSEM is expected to be available by the late summer of 2001. It will be

available as a booklet and web-based interactive learning tool.

5.6.4 TheHanford Individual Dose Assessment (Hanford
IDA) Project

The Hanford Individual Dose Assessment (Hanford IDA) Project was a public
service to provide individual thyroid dose estimates for people who lived or spent timein the
Hanford Environmental Dose Reconstruction (HEDR) study area between 26 December
1944 and 31 December 1957. Theindividual radiation dose estimates were for **'| released
to the air from the Hanford facility. Along with the individual dose estimates, the Hanford

IDA Project provided information to help people understand their thyroid dose estimates and
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what it might mean for their health. The Hanford IDA Project was operated jointly by the
state health agencies of Idaho, Oregon and Washington, and was funded by CDC. This
project closed on 31 December 2000. Copies of informational material developed by the

project areon fileat CDC.

5.6.5 TheHanford Health Information Network (HHIN)
and Hanford Health Infor mation Archives

The Hanford Health Information Network (HHIN) was funded by ATSDR and was
managed by the state health agencies of 1daho, Oregon and Washington, and nine Pacific
Northwest Indian Nations. HHIN closed on June 30, 2000. However, over the years,
individuals were able to call toll-free to speak with a health educator and request free
educational materials on Hanford' s releases between 1944 and 1972 and the potential health
effects from those releases. The Network also offered a self-study guide for health care
professionals. HHIN-generated materials, procedures and data will be an important source
of information to the American public for yearsto come. In addition, HHIN operating
procedures and management principles may serve as an excellent framework to follow if a
similar program is funded in the future. Currently, HHIN publications are available through

the Washington Department of Health (www.doh.wa.gov/hanford) and select publications

are available through ATSDR.

The Hanford Health Information Archives collects and makes available the persona
records and health information of Hanford-exposed people who choose to participate. Itis

housed at Gonzaga University in Spokane, Washington.
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5.6.6 Citizen-Based and Professional Education Programs
Numerous educational materials concerning potential health risks associated with
exposure to fallout from nuclear testing at the NTS and from the nuclear weapons program
have been developed by citizen and professional advocacy groups (e.g. Alliance for Nuclear
Accountability (ANA 1998); Physicians for Social Responsibility (PSR 1998)). These

materials have been disseminated on a national, state and local level.

5.7 Implementation

Should additional work as outlined in this feasibility report be approved and
sufficient resources be made available, communications should be built on the tremendous
advances in health education theory, social marketing, communication techniques and on
grassroots expertise. Moreover, as time progresses, ever changing and improving
communication technol ogies and methods may allow DHHS to consider more direct and
cost-effective communication channels. Whatever communication strategies are selected,
community members should be involved in all phases of the communication plan to help

provide information materials and activities that are compatible with audience need.

5.7.1 Development of Education Materials
Before developing any education materials, an information database to promote a
nationally and regionally coordinated approach to public and health care provider education
should be developed. Thus, the nature and extent of existing educational materials regarding
the history of the United States nuclear weapons program, global testing programs,
radionuclides of concern, and information on the potential health consequences of exposures

to those radionuclides can be determined. Thiswill ensure;
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¢ Consistency in the information the public receives;

¢ Prompt development and dissemination of general informational materials -

eliminating time needed on to “ start-from-scratch”; and

¢ Holistic review of materials to identify gaps and needs.

After existing health education materials have been collected from both local and
national resources, review and pre-tests of the materials collected would need to be
conducted in order to decide if they are appropriate for use. Pre-testing methods should be
utilized to ensure that concepts and resulting materials are appropriate and relevant for the
intended audiences. Thiswill help DHHS obtain insight into the perceptions, beliefs and
languages of the intended audience(s). This approach will ultimately save resources, but

will take more time and effort initially.

5.7.2 Determining Communication Channels

Developing and implementing innovative and effective methods for communicating
with this project’ s defined target audiences will be necessary. Table 5.1, shown earlier in
this chapter, provides examples of the wide-range of communication channels and activities
that would have to be considered-- from interpersonal and small group to organizational,
community and mass reach media. To be successful in such a communications effort, these
channels and activities would be defined for each target audience and subgroup(s) as more
research is conducted. And as the focus turns to specific audience subgroups, priority
consideration should be made to identify effective interventions (e.g., nontraditional media
and interpersonal communications)-- for those audience groups who are low-literacy,

minority, under- (or not) insured, oral-cultures and non-English-speaking groups.
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To determine communication channels, the sources of health information among
targeted audiences and their various subgroups would need to be analyzed and a broad range
of communication channels and activities, such as, libraries and resource centers, the
Internet, print materials, advertising, video news releases, toll-free telephone information
services, commercial tie-ins, training classes, and community partnerships would need to be
considered. Extensive time and resources may be needed to adapt messages,
communication channels and communication activities to audience needs and perceptions,

cultural norms and linguistic variations to increase the understanding and reception of those

messages.

The communications and education plan envisioned would be designed to include an
array of mass media and interpersonal communication activities. Multiple mass media
strategies can include public service announcements (PSAS), radio and television programs,
an interactive web site, news coverage, and perhaps even information brochures or CD-
ROMs mailed directly to homes. Interpersonal communication activities can include such
channels as physician-patient counseling, presentations to high-risk individuals, a“ speakers
bureau,” and assistance of local grass root organizations to provide for more personal

support and message reinforcement.

For example purposes only, four mass-reach mediums that could likely be
considered for this proposed communications and education plan are highlighted below:
5.7.2.1 Interactive Technology — The Internet and Electronic
Media
Today’ s consumers do not just rely on their doctors — they look to the media and the

Internet for health care advice. Last year alone, more than 20 million adults used the
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Internet to get health information — and that number is growing every day. Asaresult, the
health care environment has changed — forever (Porter Novelli 2000). The Internet brings
health information, simultaneously, to both the public and to health care professionals.
Interactive technology can be used to relay health information on demand; enable informed
decision-making; promote interaction between the public and health professionals; and even
allow for peer information exchange and emotional support. Interactive technology also

allows for the presentation of more in-depth information.

For example, both the public and health care providers would benefit from afinal
study report and associated reference materials in electronic media format and on the
Internet. Users could instantly “jump” to the report’ s glossary, appendices, tables and
graphs, supporting data, and references asthey read. Alternatively, through an Internet site
or other electronic media, users could link to related websites, other government databases,

professional or grass root organizations, or library/resource centers.

Additionally, a website could be designed along similar lines as was done by NCI for
its 1997 *Y1/NTS report. A key component of NCI’s website has been its dose calculator.
Since NCI first launched this dose calculator, they have received consumer feedback
regarding its usefulness and readability. Asaresult, they are currently conducting usability
testing to provide insight into how best to modify the website design to improve its ease of
use and understandability. The feedback they have received and “lessons learned” can be
incorporated into any new website developed if a more detailed dose and risk study is

conducted.
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5.7.2.2 Toll-Freelnformation Services

As part of its communication strategy, toll-free telephone information services could
be considered. Three optionsin this area are to provide the public with accessto an
automated toll-free voice/fax information system, a staffed toll-free information
clearinghouse and “hotline,” or a combination of the two. It would be relatively cost-
friendly to provide an automated toll-free information service, if it isincluded as part of an
existing Toll-Free Voice/Fax Information System. For example, CDC has a system that
provides CDC-supplied voice recordings and fax-on demand services to the public and
health-care or public health workers through a toll-free telephone number. Users hear a
menu of items about which they can receive information. The system also captures address
information in order to facilitate on-demand mailings as well as provide mailing lists for

mass-mailing campaigns.

The automated system is less costly than a staffed “hot line,” and it does provide
accurate and timely delivery of materials. However, due to the social and political context
framing the issues discussed in this report, this communications effort may be best served by
a combination of an automated toll-free service and a staffed (at least part-time) information
clearinghouse and toll-free telephone service. In addition, a pilot program to monitor public

usage of the staffed hotline in order to forecast extended need would be necessary.

5.7.2.3 Education for Public Health Professionals

The CDC has been a central source of practice based, job relevant, high priority
training for public health professionals in state and local health departments since its
beginning in 1946. For many years, this training was primarily delivered in the classroom or

laboratory. But fundamental changes in the American health care system increased both the
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number of persons who needed training and the number of content and skill areas they
needed training in, and in recent years CDC found itself unable to meet the increased
demand using traditional methods. In June 1993, CDC launched the Public Health Training
Network (PHTN) (CDC 2000). This network could be used as the main communication
channel to educate and train physicians/health care providers on the potential health

consequences of exposure to NTS and global radioactive fallout.

PHTN isadistance learning system that uses a variety of instructional media: print-
based self-instruction, interactive multimedia, videotapes, two-way audio conferences, and
interactive satellite videoconferences. Since 1993, PHTN has delivered nearly 1,000,000
training opportunities to professionals in public health settings and, increasingly, in
healthcare and related settings. PHTN's success has stimulated state and federal health
agencies to produce training programs and to build their own capacity to meet training needs
through distance learning. State health departments are expanding their own capacity,
supporting field operations, and developing new courses that address their audiences’ unique

needs.

PHTN successful in the past

Evaluation studies demonstrate that PHTN programs, and distance learning as a
medium, are effective ways to update and enhance professional competencies. In particular,
CDC has successfully used PHTN to educate health care providers about potential health
effects from exposure to ionizing radiation. CDC used the PHTN in its nationwide public
health awareness campaign to alert physicians to the potential adverse health effects
associated with past nasopharyngeal radium irradiation treatment. This project altered the

policy of the Department of Veterans' Affairs (VA) and the Department of Defense (DOD)
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concerning head and neck exams for veterans and military personnel who received the
treatment in the early 1940s and 50s. It was also the impetus behind DOD’ s notification

project to alert veteran service personnel to the treatment’ s possible health risks.

Using PHTN technology, in 1996, CDC convened a live satellite videoconference to
address the history and potential health consequences of nasopharyngeal radium irradiation
treatments. This conference linked CDC with more than 250 VA and DOD medical
facilities throughout the country. Itstarget audience was physiciansin general practice,
family practice, internal medicine, otolaryngology, radiology, and nuclear medicine, nurse
practitioners and physician assistants in the same fields. The program served as a continuing
medical education program for physicians and other health care providers about the potential
adverse health effects of this treatment, and included a demonstration of athorough head
and neck examination. Moreover, to capture attention in the public health community, the
program offered CME, CEU, American Academy of Family Practice elective credits and

Continuing Nursing Education Credits.

Since then, CDC has provided the videotaped version to the VA for use in more than
200 VA medical centers, to more than 50 public and private hospitals in Connecticut and
Rhode Island, the media, and interested citizens. This effort, in combination with publishing
information in medical journals (i.e., CDC’ s Morbidity and Mortality Weekly Report, the
Journal of the American Medical Association and Otolaryngology - Head and Neck
Surgery), was a successful and far-reaching effort to educate public health care providers on

thisissue.
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5.7.2.4 Public Service Announcements (PSAS)

Within the context of alarge communications program, PSAs are most useful for
creating public awareness or heightening the public's sensitivity to a health problem or issue,
or transmitting specific information to the public. They are also appropriate for increasing
recognition of a health program, generating requests for health information or recruiting
volunteers (NCI 1996). The use of PSAs may or may not be useful during the initial
“launch” of aplan to create nationwide public awareness for fallout issues. The benefits of
using PSAs would have to be further explored. However, if PSAs are developed, they must
be carefully crafted and their delivery carefully planned before launch, so that all messages,
partner support structures, and media planning (at the Federal, state and local levels) arein

place to respond to the public’ s health concerns and potential outrage emotional issues.

5.8 Additional Work Outside the Scope of this Report

A public awareness and education effort dealing with fallout would be perceived by
the public as just one part of the big picture of potential health impacts from environmental
radiation exposure from the NTS, global, and individual emissions from nuclear weapons
production facilities. Therefore, in order for this communications effort to be considered
credible by the American public, all issues must be acknowledged, though some are beyond

the scope of the proposed research and communication efforts.

With that premise in mind, any proposed communication and education plan should
contain communications strategies that speak to outstanding public concerns and issues.

The following outstanding public concerns and issues have been raised by stakeholders:
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Concern over multiple and cumulative exposures from all phases of the United States
Nuclear Weapons Program - including weapons testing and operational and cleanup

activities related to research laboratories and weapons production facilities,

Diverse opinions from the scientific community regarding health consequences of
radiation exposures,

The provision of follow-up medical services for those in high risk groups and/or for

those underinsured;

Government accountability for past actions;
Government acknowledgement of health impacts;
Government compensation;

The desire to receive formal promises at upper Administration levels that prove the
Federal Government’ s commitment not to harm its public again in the name of
National Security.

The need for dose and risk estimates specific for Native American diets and
migratory patterns,

The need for dose and risk estimates for workers and military participants

As some of these are policy issues, an intergovernmental task force would be needed

to address these issues.

5.9 Conclusion

Development and implementation of a nationwide communications project would

require careful planning to provide appropriate, effective and credible messages and

educational materialsto the American public and to the nation’ s health care providers about

the potential health risks associated with fallout from atmospheric nuclear weapons tests

conducted in the 1950s and early 1960s by the United States and other countries. This

public awareness and educational effort would be a necessary step in providing United
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States citizens and residents with the information they need to evaluate their potential risk

from the United States and global nuclear weapons legacy.

Because the research concerning the health consequences of radioactive fallout from
the NTS and global sourcesis not complete, it istoo early to provide a communications and
education plan for communicating those results to the American public. Instead, itis
recommended that the American public receive information on the potential health
consequences from nuclear test fallout in a staggered approach. The DHHS can draw on the
strategic planning efforts already underway for NCI's **}/NTS Communications Project.
This effort, led by NCI and advocated by CDC, began in 1999 in response to public interest
and the IOM’ s review of NCI’s 1997 report, Estimated Exposures and Thyroid Doses
Received by the American People from lodine-131 In Fallout Following Nevada
Atmospheric Nuclear Bomb Tests (NCI 1997). Because agreat deal of work has already
been accomplished by NCI to structure its existing **1/NTS Communications Project to
ensure ongoing public involvement in plan development and implementation, it may be
appropriate to use asimilar approach for future communication planning efforts associated
with amore in-depth analysis of the research discussed in this feasibility report. The
effectiveness of NCI’ s approach should, however, be formally evaluated before it is adopted

for this potentially much larger communications project.

In this chapter, the numerous steps and challenges associated with communicating
information of NTS and global nuclear weapons fallout were discussed. Also discussed
were the two major components of such a proposed national education and public awareness
campaign: public communication and education and health care provider education. The

first component addresses “right-to-know” issues and educates the American public on
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scientifically determined risk factors for disease for each of the radionuclides of concern, so
that they can self-identify whether or not they are in a*“high-exposure” and/or “high risk”
group. The second component serves the premise that the nation’ s health care providers will
have the greatest impact on improving the health status of persons who may have been
adversely affected by radioactive fallout. Physicians and health care providers could be
educated on risk factors for disease, risks and uncertainties of exposure to the radionuclides
of concern and their potential health consequences, and recommended testing and screening
procedures so they can make good decisions for their patients -to not only serve as a source
of information to public, but also help with the decision process when a concerned patient

comesin.

Additionally, recruiting working partners would be extremely important for both the
planning and implementation phases of a communications and education project. The goa
in establishing these partnershipsis to ensure that the proposed communication project
meets the needs of the intended audiences, and that the materials and activities devel oped

are compatible with each audience’ s needs.

Finally, it isimportant to consider a broad range of communication channels and
activities, such as libraries and resource centers, the Internet, print materials, advertising,
video news releases, toll-free telephone information services, commercial tie-ins, training

classes, and community partnerships to meet these needs.
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Chapter 6

Condusonsand
Optionsfor Future
Work

Contents: This chapter provides a brief summary of five options that could be considered
for future work on assessing the health impacts to people in the United States from exposure
to radioactive fallout from nuclear weapons testing. The Department of Health and Human
Services will make no formal recommendations concerning future work until peer review of
thisreport has been completed.

6.1 Introduction

The purpose of thisreport isto provide an initial assessment of the feasibility and
public health implications of a detailed study of the health consequences to people in the
United States of nuclear weapons testing. The preliminary findings of this feasibility study
demonstrate that conducting a detailed study of the health impact on American people as a
result of exposure to radioactive fallout from the testing of nuclear weapons in the United
States and abroad istechnically possible. However, significant resources would be required
to implement this detailed study, and careful consideration should be given to public health
priorities, aswell asto concerns that some stakeholders have expressed to DHHS about

national and global nuclear weapons testing fallout.

To assist in the process of making a decision about future fallout-related work, five
different options have been developed for consideration. Each of these optionsis briefly

described below. Detailed estimates of the resources needed to complete each option
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considered have not been developed. However, the actual cost of some past projectsis

presented for purposes of illustration only.

6.2 Optionsfor FutureWork
Option 1. No additional fallout-related work

Rationale: The dose and risk estimates presented in this report are very preliminary.
Estimates of uncertainty have not been quantified for many of these estimates, they are
subject to avariety of errors, and they are incomplete, e.g. estimates are not provided for the

States of Alaska and Hawaii.

On the basis of these preliminary estimates of dose and risk, fallout radiation appears
to have the greatest impact on risks of thyroid tumors. The National Cancer Institute (NCI)
is undertaking a communications program to inform people in the United States about
thyroid disease and radionuclide fallout as a follow up to their dose reconstruction of **!1
releases from the Nevada Test Site (NTS) (NCI 1997). Both the American Thyroid
Association (Ladenson et al. 2000) and the American Association of Clinical
Endocrinologists (AACE 1999) are urging people in the United States to get regular thyroid
examinations as part of good preventive medicine practices. Supporting these public health
activities may be more appropriate than performing a more detailed dose reconstruction and

risk assessment for fallout from nuclear weapons testing.

An important factor for conducting this feasibility study was the public’s concern
over their right-to-know about the health impact of weapons testing. In addition, as aresult
of the NCI study on the impact of **!| released from the NTS, people became interested in

information concerning other radionuclides released from NTS and by nuclear weapons
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testing worldwide. Thisinterest was formally supported by the Department’s Advisory
Committee for Energy-Related Epidemiologic Research (ACERER), and was expressed by
participants at the January 2000 workshop held by NCI and the Centers for Disease Control
and Prevention (CDC) to devise a**'1 communications plan. Therefore, while the dose and
risk estimates presented in this report are preliminary and contain large uncertainties, they
may be sufficient to address the public’ s need for information on the public health impact of

radioactive fallout.

Option 2. Retrieve and archive the historic documentation related to
radioactive fallout from nuclear weapons testing conducted by the United
States and other nations.

Rationale: Although alarge number of summary reports related to nuclear weapons
fallout have been published, many of the primary documents upon which these summary
reports are based will be lost forever if they are not protected soon. Documents related to
nuclear weapons testing will always be valuable to the scientific and health community.
Hence, documents could be collected and protected immediately from further loss.
Implementing this option would preserve the possibility of conducting a meaningful study of
the health consequences of nuclear weapons testing in the future. This option could be

implemented alone or in conjunction with one of the other three options discussed below.

The National Center for Environmental Health of the CDC has been actively
involved in document retrieval and document data base development since 1992. Such
projects have been an integral part of dose reconstruction activities conducted by CDC for
the Idaho National Engineering and Environmental Laboratory, the Savannah River Site,

and the Los Alamos National Laboratory. These document location, retrieval, and data base
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development projects have cost between $3 million and $5 million and taken 2-4 years to

complete at each of these nuclear weapons research and development sites.

Option 3. Conduct a mor e detailed dose reconstruction of radioactive
fallout from global nuclear weaponstesting for 1odine-131, the most
significant radionuclide identified in this study.

Rationale: As noted earlier, these preliminary dose and risk analyses indicate that
fallout radiation has the greatest impact on risks of thyroid tumors. The NCI has previously
completed an extensive dose reconstruction and basic risk analysis for **!1 fallout received
fromthe NTS (NCI 1997; IOM 1999). This project cost approximately $5 million and it
took many yearsto complete. Follow up activities include development of an Internet site
where individuals may obtain an estimate of their individual dose, and implementation of a
communications project to inform people in the United States about the results of this study

and its potential public health implications.

The estimates presented in this report of *!1 doses from global fallout are crude as
they only refer to an average over the entire population of the United States, and they do not
include a quantitative estimate of uncertainty. On average over the population of the United
States, consideration of global fallout would likely increase the dose and risk estimates
previously developed for *3| from NTS fallout by about 10%. However, the distribution of
doses over the population of the United Statesislikely to be very different for global fallout
than for fallout received from NTS because deposition of global fallout is closely dependent
on thunderstorm activity. Asaresult, some people received higher doses from global fallout
than from NTS fallout while other people received much less. Therefore, it might be
desirable to perform a detailed dose reconstruction and basic risk analysis for **!1 in global

fallout, and incorporate that information into the NCI Internet site and communications plan.
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The States of Alaskaand Hawaii could be included in this effort, too. This effort should
aso include collecting and protecting primary documents related to nuclear weapons testing

(Option 2).

Option 4. Conduct a more detailed dose reconstruction for multiple
radionuclidesin radioactive fallout from both Nevada Test Site and global
nuclear weaponstesting.

Rationale: The work that has now been completed demonstrates that conducting a
more detailed study of the health impact on American people of exposure to radioactive
fallout from the testing of nuclear weapons in the United States and abroad is technically
possible. There are numerous possible subject areas that can be researched for the purpose
of improving the preliminary dose estimates provided in this report and to provide a more
complete historical record of the nature of the releases from the weapons testing and the
resulting exposures received by Americans from NTS and global fallout. These
recommendations primarily have emerged from noting the limitations of the input data and
available models to conduct the work reported here. The research options provided in
Chapter 3 of thisreport can generally be categorized as those related to (1) availability of
nuclear test data, (2) improvement in models, (3) inclusion of specific locations, and (4)
public health. However, despite the improvements that are possible, inherent and
unavoidable limitations in knowledge about the lifestyle of individual Americans will

prohibit ever determining precise doses to specific persons.

Asaresult of these technical considerations and the results presented in this report, it
might be desirable to expand on Option 3, above, and perform a detailed dose reconstruction
and basic risk analysis not only for **| in global fallout but also for other radionuclides

found in both NTS and global fallout. Asdescribed in Option 3, the results of this dose
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reconstruction and risk analysis could then be incorporated, for example, into the existing
NCI Internet site and communications plan. The States of Alaska and Hawaii could be
included in this effort, too. This effort should aso include collecting and protecting primary

documents related to nuclear weapons testing (Option 2).

The cost and staffing requirements for implementing Option 4 would depend on the
level of detail desired beyond that presented in the Report. For example, CDC’s National
Center for Environmental Health has been involved in a comprehensive dose reconstruction
for the Department of Energy’ s nuclear weapons production site at Hanford, Washington,
since 1992. This project involves portions of the States of Washington, Oregon, and 1daho,
and it includes nine Native American nations. The Hanford project has cost approximately
$30 million to date. Option 4 would, of course, involve 50 States and it could include

numerous population subgroups.

Option 5. Conduct a detailed study of the health effects of nuclear
weaponstesting fallout including, in a single proj ect, dose estimation, risk
analysis, and communication of theresultsto interested parties.

Rationale: As noted previously in Option 4, above, the work that is presented in this
report demonstrates that conducting a more detailed study of the health impact on American
people of exposure to radioactive fallout from the testing of nuclear weapons in the United
States and abroad is technically possible. The estimates of dose from nuclear weapons
testing fallout developed in this project could be refined to make them more suitable for use

in evaluating health consequences to American population groups.

This option differs from Option 4 primarily in the type of communication campaign

and risk analysis that would be undertaken. Option 4 proposes to perform alimited risk
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analysis and to utilize existing communication planning being undertaken by the NCI. This
option would include a more detail risk analysis for American population subgroups and

expand NCI’ s effort to include more of the communication options discussed in Chapter 5.

Costs and staffing requirements for communications efforts are dependent on the
results of the dose reconstruction and the risk assessment work and what public health
implications are learned through that research. However, other issues will also need to be
considered. For example, even if results from the dose reconstruction and risk analysis do
not provide arisk-based rationale for conducting alarge-scale, nationwide communications
campaign, public right-to-know and social justice issues may affect the scale and reach of
the campaign. In addition, other factors must also be considered in developing resource

estimates. Some of these factors include:

¢ Planning and implementing a campaign with public involvement. To plan, design
and conduct a campaign in a public and participatory manner takes more time,
requires more staff and requires more funding (i.e., establishing and providing
logistical support for an advisory group, for public meetings, workshops, and

consensus decision-making).

¢ Conducting formative research. The more segmented the affected audiences and
populations are (e.g., there are over 500 recognized Native American tribes), the more
complex the campaign becomes, requiring additional funds and staffing resources to
conduct formative research for audience profiling, message development and

dissemination strategies.

¢ The communication channels chosen to disseminate campaign messages and
materials. Associated costs and staffing resources could range from low-end (internet
and automated toll-free phone/fax system) to high-end (mass mailings and print and

television publicity).
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¢ Thescale of health care provider training. Associated costs and staffing resources
vary greatly when comparing a passive education program (fact sheets available
through the internet) to an active education program (for example, Continuing
Medical Education provided through satellite training).

¢ Building capacity within state and local health departments and/or other partners.
This may entail low-end efforts of merely disseminating research results and
information materials to state and local health agencies. Or it may be on the higher
end and entail such activities as developing and disseminating model educational
protocols; increasing the resources and infrastructure needed at the state and/or local
level to implement the communications and education campaign as well asto
evaluate its reach and success; of providing technical assistance, resources and

training on risk factors for disease to public health workers at state and local levels.

For example, for CDC and NCI’ s diethylstilbestrol (DES) National Education
Campaign (asmaller scale national campaign specific to individuals exposed to DES in
utero and their health care providers) it is estimated that the planning phase alone will cost
$3 - $5 million. Funding and resource needs for the implementation phase for the DES
campaign are expected to increase exponentially during the implementation and distribution
phase. In another example, in the late 1980's, CDC mailed information on Acquired
Immune Deficiency Syndrome (AIDS) to every household in the United States. This
mailing cost over $30 million. Planning for the NCI **I/NTS Communications Project has

cost approximately $1 million dollarsto date.

Public involvement is a significant component of all DHHS projects associated with
the historic development, production, and testing of nuclear weapons. ACERER has
provided advice to DHHS during the course of thisfeasibility study. However, there are

many issues that have been raised by stakeholders that transcend the mandate of DHHS. For
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example, the Department of Energy is responsible for maintaining many of the
environmental monitoring records that are needed for a detailed study; only the Department
of Defense can grant access to classified records that would allow improvement of some of
the dose estimates. Therefore, if this option is mandated, a project-specific, trans-Federal
advisory committee should be established to provide advice on the conduct of additional
activities related to the health effects of nuclear weapons testing fallout. This committee of
10-15 people could be composed of representatives from State public health agencies and
various public stakeholder groups, and independent scientists familiar with technical aspects
of the proposed activities. In addition, there would be ex-officio members representing

appropriate Federal agencies.

For the past 8 years, CDC'’s National Center for Environmental Health has been
actively working with committees chartered in accordance with the Federal Advisory
Committee Act, including ACERER. The annual cost of each of these advisory committees
is approximately $500,000. In addition, the equivalent of two full-time professional staff
and one or two support staff are required to support the activities of each advisory

committee.

6.3 Conclusions

The preliminary findings of this feasibility study suggest that the health risks from
exposure to fallout from past nuclear weapons tests may be small, but this study also
demonstrates that conducting a detailed study of the health impact on American people as a
result of exposure to radioactive fallout from the testing of nuclear weapons in the United

States and abroad istechnically possible. This chapter briefly describes five options for
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future fallout-related work that might be undertaken on the basis of the results of this
feasibility report. These options are presented for consideration during the peer review
process for this Technical Report. DHHS will make no formal recommendations for future

work until the peer review has been completed.
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Glossary

Term

Description

Absorbed dose

The amount of energy deposited by ionizing radiation in a unit
mass of tissue. Expressed in units of joule per kilogram (J/kg),
which is given the special name ‘gray’ (Gy). The traditional unit
of absorbed dose istherad (100 rad equal 1 Gy).

ACERER

DHHS Advisory Committee on Energy-Related Epidemiologic
Research

Activities

Methods used within a communications channel to deliver a
message (e.g., the activity of holding training classes to help
seniors start their own walking clubsis an example of using a
community channel).

Activity

The rate of decay of radioactive material expressed as the number
of nuclear disintegrations per second (See Becquerel).

AEC

Atomic Energy Commission, predecessor of the Department of
Energy.

Airdrop

A nuclear device dropped from an aircraft and exploded in the
atmosphere.

Alphaparticle

A particle emitted from the nucleus of some radioactive atoms
when they decay. An alpha particleis essentially a helium atom
nucleus. It generally carries more energy than gamma or beta
radiation, and deposits that energy very quickly while passing
through tissue. Alpha particles cannot penetrate the outer, dead
layer of skin. Therefore, they do not cause damage to living tissue
when outside the body. When inhaled or ingested, however, apha
particles are especially damaging because they transfer relatively
large amounts of ionizing energy to living cells.

AM

Arithmetic Mean

Atom

The smallest particle of an element that is capable of entering into
achemical reaction.

Atomic mass

The mass of an atom relative to other atoms. The atomic mass of
any element is approximately equal to the total number of protons
and neutrons in its nucleus.

Attitudes

Anindividual's predispositions toward an object, person, or group,
that influences his or her response to be positive or negative,
favorable or unfavorable.

Audience

See primary target audience and secondary target audience.
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Term

Description

Audience profile

A formal description of the characteristics of the people who make
up atarget audience. Some typical characteristics useful in
describing segments include media habits (magazines, TV,
newspaper, radio, and Internet), family size, residential location,
education, income, lifestyle preferences, leisure activities,
religious and political beliefs, level of acculturation, ethnicity,
ancestral heritage, consumer purchases, psychographics.

Audience segment(s)

A group of people who are enough alike on a set of predictors that
one can develop program elements and communication activities
that will likely be equally successful with all members of the
segment.

Background The amount of ionizing radiation to which a person is exposed

Radiation from natural sources, such asterrestrial radiation due to naturally
occurring radionuclides in the soil or cosmic radiation originating
in outer space.

Balloon A nuclear device suspended from a balloon and exploded in the
atmosphere.

Barge A nuclear device exploded from a barge moored in the lagoon of
Enewetak or Bikini.

Barriers Hindrances to desired change. These may be factors external or
internal to audience members themselves (e.g., lack of proper
health care facilities, the belief that fate causes illness and one
cannot alter fate).

Baseline study The collection and analysis of data regarding atarget audience or

situation prior to intervention. Generaly, baseline data are
collected in order to provide a point of comparison for an
evaluation.

Becquerel (BQ)

A measure of the rate of radioactive decay: The Bq corresponds to
one decay (disintegration) per second. It replaces the traditional
unit activity, the Curie (Ci).

Beta Particle

An electron (or positron) gjected from the nucleus of a decaying
atom. Beta particles penetrate the dead skin layer. The beta
particle is not stopped in tissue as quickly as an alpha particle,
producing less damage per living cell. Beta particles may interact
with living tissue by entering from the outside or by ingestion or
inhalation.

Biological half-life

The time required for abiological system, such as a person, to
eliminate by natural processes, other than radioactive decay, one-
half of the amount of a substance, such as aradionuclide, that has
entered it.
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Term Description

Cancer A collective term for malignant tumors. A malignant tumor
generally is unencapsulated, grows by invasion, and is able to
metastasi ze via lymphatic and blood systems to distant tissue sites.

CDB County Data Base

CDC Centers for Disease Control and Prevention: The CDC has 11
centers, offices and an institute. It isan agency of the Department
of Health and Human Services. The CDC is a hon-regulatory
agency - its mission isto promote health and quality of life by
preventing and controlling disease, injury and disability.

CIC Coordination and Information Center

Coefficient of The standard deviation divided by the value of the parameter

variation considered.

Collective Dose

The estimated dose for an area of the country multiplied by the
estimated population in that area of the country.

Communication (or
creative) concepts

Central themes of a communication effort to which all messages
arerelate. Concepts represent the "hooks" to which an audience
can connect or relate.

Communication
objectives

A guantifiable statement of a desired program achievement
necessary to reach agoal.

Community channel

A communication channel in which messages are disseminated at
the community level (e.g., library, supermarket, local swimming
pooal).

Comprehension

A measure to determine whether messages are clearly understood.

Concept testing

The process of learning about the target audience's responses to
possible concepts on which you might base your message. This
process usually requires qualitative research, such as focus groups.

Contributing factors

Determinants that directly or indirectly cause the problem. A
contributing factor can be biological, behavioral, or attitudinal; or
an element of the physical or social environment; or the result of
policies related to the problem.

Cost/benefit Examines the overall cost of a program compared to the dollar

evaluation value of the effects that can be attributed to the program. These
two values yield a cost-benefit ratio.

Crater The result of anuclear device placed shallow enough underground
to produce a movement of earth when exploded.

Credibility A quality that contributes to the ability of a message source to

influence the target audience. Some components of credibility
include whether the message source is trustworthy, believable,
reputable, competent, and knowledgeable.
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Term

Description

Curie (Ci)

The traditional unit of measure used to express the amount of
radioactive material present. One curieis 37 billion atoms
undergoing radioactive decay each second.

Decay constant

The fraction of a number of atoms of aradioactive nuclide that
decaysin unit time.

Decay product A nuclide resulting from the radioactive disintegration of a

(or Daughter radionuclide, being formed either directly or as aresult of

product) successive transformations in a radioactive series. A decay
product may be either radioactive or stable.

Delivery/ Studies of the functioning of components of program

Implementation implementation; includes assessments of whether materials are

evaluation being distributed to the right people and in the correct quantities,
the extent to which program activities are being carried out a
planned and modified if needed, and other measures of how and
how well the program isworking. Sometimes referred to as
process evaluation.

Demographics Data such as gender, age, ethnicity, income, or education that can
be collected from atarget audience, and can be useful for defining
the target audience and understanding how to communicate more
effectively with the target audience.

Deposition density  |The activity of aradionuclide deposited per unit area of ground.
Reported as Bq m.

Detonation A single nuclear device explosion; one or more may comprise a
test and several tests comprise a series.

DHHS Department of Health and Human Services

DOE Department of Energy, successor of the Atomic Energy

Commission
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Term

Description

Dose

When radiation enters a person’ s body, that person receives a
radiation dose. Several different terms describe these radiation
doses. Therad or gray expresses the concentration (amount of
energy divided by the tissue mass) of energy deposited by
radiation in the body. Therad isthe most basic unit of radiation
dose, but its useis limited because different types of radiation have
different effects on the cellsin the body. Therem or sievert (Sv) is
aunit of radiation dose that takes these different effectsinto
account. It puts different types of radiation on an equivalent basis
in terms of their potential impact on human cells. A third measure
of dose, effective dose is used to account for the fact that arem of
radiation dose to one part of the body does not have the same
potential health effect as arem to another part. The effective dose
allows estimation of dose to the entire body from individual organ
doses. To help people interpret these radiation doses, it may be
helpful to compare them with other radiation doses people
typically receivein daily life. Thisis called background radiation.
Each year the average American receives an effective dose of
about 3 mSv (300 millirem or 0.3 rem) from background radiation.
Thisradiation is from naturally occurring sources, such as the sun,
air, soil and radon gas. Manmade sources such as medical x-rays
add about 60 millirem per year to the average person’s dose.

Dose coefficient

A factor used to convert radionuclide intake by members of the
general public to dose. Usually expressed as dose per unit intake

(eg., SVBgY)

238



PREDECISIONAL DRAFT —FOR PEER REVIEW AND PUBLIC COMMENT

Term

Description

Dose Reconstruction

A scientific study that estimates doses to people from rel eases of
radioactivity or other pollutants. The reconstruction is done by
determining how much material was released, how people came in
contact with it and the amount absorbed by their bodies.

Dosimetric

M ethods developed to estimate the radiation doses to people or
their environment exposed to ionizing radiation. Such methods
rely heavily on dose reconstruction techniques (see Dose
Reconstruction)

Effective dose

A single dosimetric quantity useful for comparing the overall
health detriment associated with irradiation of the whole body. It
takes into account the absorbed doses received by the various
organs and tissues of the body, and weighs them according to
present knowledge of the radiosensitivity of each organ aswell as
accounts for the type of radiation and the potential of each type to
inflict biological damage. The effective doseis used, for example,
to compare the overall health detriments of different radionuclides
inagiven mix. Theunit of effective doseisthe sievert (Sv); 1 Sv
=1 Joule kg™

Effective half-life

The time required for the amount of aradionuclide deposited in a
living organism to be diminished 50 percent as aresult of the
combined action of radioactive decay and biological elimination.

Effects evaluation

A measure of the extent to which a program accomplished its
stated goals and objectives. Also called impact, outcome, or
summeative evaluation.

Electron

An elementary particle with aunit negative electrical charge and a
mass 1/1837 that of the proton. Electrons surround the positively
charged nucleus and determine the chemical properties of the
atom.

Electron-volt

A unit of energy equivalent to the amount of energy gained by an
electron in passing through a potential difference of one volt,
abbreviated eV

EML

Environmental Measurements L aboratory

Environmental factor

A component of the social, biological, or physical environment
that can be casually linked to the health problem.

EPA

Environmental Protection Agency
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Term Description
Epidemiology/ The study of the determinants of disease in people. Two basic
Epidemioligic/ types of epidemiologic studies are the follow-up or cohort study
Epidemiological and the case-control study. Infollow-up studies, groups are

identified with regard to the presence or absence of some exposure
and are followed through time to assess and compare disease rates
in each group. In case-control studies, people with disease are
compared with those without disease and the frequency of prior
exposure histories compared.

Equivalent Dose

A guantity used in radiation protection to place all radiation on a
common scale for calculating tissue damage. Equivalent doseis
the product of the absorbed dose in grays and the radiation
weighting factor. The radiation weighting factor accounts for
differences in radiation effects caused by different types of
ionizing radiation. Some radiation, including alpha particles,
cause a greater amount of damage per unit absorbed dose than
other radiation. The sievert (Sv) isthe unit used to measure
equivalent dose. The sievert replaces the rem, the traditional unit
(1 Sv equals 100 rem).

Euthyroid

A thyroid that functions normally.

Evaluation plan

Written plan that documents all tasks related to evaluation (e.g.,
designing surveys, planning data collection and analysis, reporting
on findings).

Expert review

Examination and critique of program plans or materials by selected
people who are knowledgeable in arelevant content area.

Exposure

1) A term generally used to mean subjected to or being in the
presence of radioactivity or radiation. 2) A measure of the
ionization produced in air by x or gammaradiation. It isthe sum
of the electrical charges of al ions of one sign produced in air
when all electrons liberated by photonsin a volume element of air
are completely stopped in air, divided by the mass of the air in the
volume element. The unit of exposure frequently used isthe
roentgen, R. Inthe Sl system of units, the unit of exposureisthe
coulomb per kilogram, C kg™; 1 R=2.58 x 10" C kg™,

Exposure Rate

A measure of the ionization produced in air by X or gamma
radiation per unit of time (frequently expressed in R hr'* or mR hr’

l)-

Exposure route

A pathway by which aradionuclide or other toxic material can
enter the body. The main exposure routes are inhalation,
ingestion, absorption through the skin, and entry through a cut or
wound in the skin.
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Term

Description

Exposure/reach
evaluation

M easures the extent to which a message was disseminated (e.g.,
how many members of the target audience encountered the
message). However, this type of evaluation does not measure
whether audience members paid attention to the message or
whether they understood, believed, or were motivated by it. Also
referred to as process evaluation.

External dose

The dose received from radiation sources outside of the body.

Factor-specific
strategy

A strategy (health communication, health policy, engineering,
and/or health service intervention) that is designed to cause change
in a specific factor that contributes to the health problem.

Fallout

The radioactive debris, once having been airborne, following a
nuclear detonation, that has been deposited on the earth. Special
forms of fallout include "local", "intermediate”, and global.

Femtocurie

One billionth of amicrocurie, 3.7 10 disintegration per second,
abbreviated fCi.

FIPS

Federal Information Processing Standard. The code system used
to number counties within each state of the United States. The
first and second digits are the two-digit state/equivalent territory
identifier; the last three digits are the county or equivalent area
identifier.

Fission

A nuclear transformation characterized by the splitting of a
nucleusinto at least two other nuclei and the release of arelatively
large amount of energy.

Fission yield (or
yield)

The percentage of fissions |leading to a particular nuclide by direct
formation and by decay of precursors.

Focus group
interviews

A type of qualitative research in which an experienced moderator
leads about 8-10 respondents through a discussion of a selected
topic, allowing them to talk freely and spontaneously.

Formative evaluation

Evaluation conducted during program development. Formative
evaluation measures the extent to which to concepts, messages,
materials, activities and channels meet researchers expectations
with the target audience.

Fusion A nuclear transformation characterized by the joining together of
two light nuclei (usually hydrogen) under extreme pressure and
heat that resultsin arelease of a substantially larger amount of
energy than that from fission.

Gamma A high-energy electromagnetic radiation emitted from a decaying

atomic nucleus. Gammarays are similar to medical x-rays, but are
emitted at very specific energies characteristic of their decaying
atoms. They penetrate tissue farther than beta or alpha particles,
but leave alower concentration of ionsin their path to potentialy
cause cell damage.
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Term Description

Gatekeeper Someone with whom you must work before you can reach atarget
audience (e.g., a schoolteacher) or accomplish atask (e.g., a
television public service director).

Geodemographics  [Geographic factors and trends in a specific locale (e.g., where
people live, population density, health care, climate, eating
patterns, spending patterns, leisure activities, local industry, and
outdoor activities) that can help with location decisions (e.g.,
selecting aclinic site) or local contact interventions.

GM Geometric Mean

GMT Greenwich Mean Time

Goal The overall improvement in the health problem the health
communication effort will strive to create.

GSD Geometric Standard Deviation

H Hour Detonation time (zero hour), the time the device was detonated.

Half-life The length of time in which any radioactive substance will lose
one half of itsradioactivity. The half-life determines how long a
substance will remain radioactive.

HASL Headlth and Safety Laboratory

Health behavior An action performed by an individual that can negatively or
positively affect his or her health (e.g., smoking, exercising)

Health The study and use of communication strategies to inform and

communication influence individual and community decisions that enhance health.

ICRP International Commission on Radiological Protection

Implementation plan

Written plan that documents all tasks related to program
implementation from "rollout” forward (e.g., kickoff event,
newsletter mailings, conferences). This plan differsfrom a
research or development plan that documents tasks prior to rollout
(e.g., researching the target audience, concept testing, getting buy-
in from stakeholders).

In-depth personal
interviews

A qualitative research method that involves a one-on-one
discussion between an interviewer and a respondent about selected
topics. The structure and interviewing style are lessrigid than in
quantitative, interviewer-administered surveys.

Integrated Intake

Theintake of aradionuclide over time in an area having a specific
deposition density. Reported as Bq per Bq m™.

Intermediate The nomenclature for test yields varied according to information
policy governing specific years. From 1945 through 1963,
"Intermediate” referred to test yields from 20 to 200 kt.

Internal dose The dose received from radioactive material taken into the body.
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Term Description
Interpersonal A communication channel that involves dissemination messages
channel through one-on-one communication (e.g., mentor to student, friend
to friend, pharmacist to customer).
IOM Institute of Medicine
| sotopes Forms of the same element having the same number of protons,

but different numbers of neutrons.

Key informants

Persons or organizations whose opinions can be seen as
representative of acommunity or target audience because of their
experience or expertise with the target audience.

Kickoff Start date for the public portion of a health communication effort,
after the internal, preparatory work is complete, that often includes
an announcement or event such as a news conference, health fair
publicity, or program registration drive.

Kilocurie One thousand curies, 3.7 x 10" disintegrations per second,
abbreviated kCi.

Kriging procedure  |Interpolation technique used to estimate the ***I deposition
densities in counties where measurements were not available.

kt A kiloton. The energy of anuclear explosion that is equivalent to
an explosion of 1,000 tonsof TNT.

LLI Lower Large Intestine

LLNL Lawrence Livermore National Laboratory

Low Test Yield The nomenclature for test yields varied according to information

policy governing specific years. From 1945 through 1963, "L ow"
referred to test yields less than 20 kt.

Mass-reach media
channel

A channel in which messages disseminated to a large number of
people simultaneously using various media (e.g., radio, TV,
newspapers, billboards).

Materials Tangible products that contain the message to be delivered to the
target audience (e.g., abrochure, a PSA tape, or a script for an oral
presentation).

Megacurie One million curies, 3.7 x 10 disintegrations per second,
abbreviated MCi.

Microcurie One millionth of acurie, 3.7 x 10* disintegrations per second,
abbreviated mCi.

Millicurie One thousandth of acurie, 3.7 x 107 disintegrations per second,

abbreviated mCi.

Milliroentgen (mR)

One-thousandth of a roentgen.

MSL

Mean Sea Level
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Term Description

Mt A megaton. The energy of anuclear explosion that is equivalent to
an explosion of one million tons of TNT.

Nanocurie One billionth of acurie, 37 disintegration per second, abbreviated
nCi.

NCEH National Center for Environmental Health, CDC

NCI National Cancer Institute

NCRP National Council on Radiation Protection and Measurements

Neoplastic Pertaining to the pathologic process resulting in the formation and
growth of an abnormal mass of tissue.

Neutron Neutrons are part of the nucleus of an atom. Neutrons are, as the
name implies, neutral in their charge. That is, they have neither a
positive nor a negative charge. Neutrons are about the same size
as protons.

NOAA National Oceanic and Atmospheric Administration

NRC National Research Council

NRL Naval Research Laboratory

NTS Nevada Test Site

Nuclide A species of atom characterized by the constitution of its nucleus.
The nuclear composition is specified by the number of protons Z,
the number of neutrons N, and energy content; or alternatively, by
the atomic number Z, the mass number = N + Z, and the atomic
mass. To beregarded as a distinct nuclide, the atom must also be
capable of existing for a measurable time; thus nuclear isomers are
separate nuclides, whereas promptly decaying excited nuclear
states and unstable intermediates in nuclear reactions are not so
considered.

Offsite The detection of radioactivity offsite is defined as detected outside
the boundary of the test site.

Onsite A notation that radioactivity was detected onsite only is made for
tests from which there was a release of radioactivity into the
atmosphere that was not detected beyond the boundaries of the test
site.

ORERP Offsite Radiation Exposure Review Project

PHS Public Health Service

Picocurie One millionth of amicrocurie, 0.037 disintegration per second,
abbreviated pCi.

Plowshare Name of nuclear tests carried out in the United States for civilian
purposes, e.g., excavation.

PPG Pacific Proving Ground
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Term

Description

Proton

Protons, along with neutrons, make up the nucleus of an atom.
Protons have a single positive charge. While protons and neutrons
are about 2,000 times heavier than electrons, they are still very
small particles.

Rad

A measure of the amount of energy absorbed by the body: Therad
isthe traditional unit of absorbed dose, equal to 100 ergs/gram in
any medium; now replaced by the gray (1 gray equals 100 rad).

Radiation

Energy moving in aform of particles or waves. Familiar
radiations are heat, light, radio waves and microwaves. Ionizing
radiation is avery high-energy form of electromagnetic radiation.
It isinvisible and cannot be sensed without the use of detection
equipment. lonizing radiation creates ionization within tissue;
these ions can cause cell damage.

Radioactive decay

Spontaneous disintegration of the nucleus of a radionuclide.

Radioactive
equilibrium

Establishment of aradionuclide parent-daughter relationship
where by the activity of the daughter radionuclide is approximately
the same as that of the parent radionuclide.

Radioactivity

Spontaneous transformation of an unstable atom, often resulting in
the emission of radiation. This processisreferred to as decay or
disintegration of an atom.

Radionuclide

A radioactive, unstable nuclide.

Rem

Roentgen equivalent, man: The traditional unit of equivalent dose;
replaced by the sievert (Sv) (1Sv = 100 rem). The rem measures
the damage to a human from radiation exposure. It is determined
by multiplying the number of rads by a number reflecting the
potential damage caused by the particular type of radiation.

Risk

The probability of developing a given disease over a specified time|
period. Risk can beinfluenced by several factors: personal
behavior or lifestyle, environmental exposure to other material, or
inborn or inherited characteristic that is known from scientific
evidence to be associated with a health effect. Because many risk
factors are not exactly measurable, risk estimates will be uncertain.

Roentgen (R)

A special unit of exposureto ionizing radiation. It isthat amount
of gamma or x-rays required to produce one electrostatic unit of
charge of either sign per cubic centimeter of air at standard
temperature and pressure.

S.I. units

The Systeme International (or International System) of units and
measurements. This system of units officially cameinto being in
October 1960 and has been adopted by nearly al countries, though
the amount of actual usage varies considerably. Units used
throughout this report are listed as S.I. units with traditional unit

comparisons given periodically.
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Term

Description

Safety Experiment

Experiment designed to confirm that a nuclear explosion would
not occur in case of an accidental detonation of the explosive
associated with the device.

Surface A nuclear device placed on or close to the earth’ s surface.

Sv The unit of equivalent dose of any ionizing radiation that produces
the same biological effect as a unit of absorbed dose of ordinary x-
rays (1 sievert = 100 rem).

TDB Town Data Base

Test A test isdefined in the Threshold Test Ban Treaty as either a

single underground nuclear explosion conducted at atest site, or
two or more underground nuclear explosions conducted within an
areadelineated by acircle having a diameter of two kilometers and
conducted within atotal period of time not to exceed 0.1 second.

Thermonuclear
Device

A ‘hydrogen bomb.” A device whose explosive energy comes from
fusion of hydrogen nuclei aswell as fission.

TOA Time of Arrival

Tower A nuclear device mounted at the top of a steel or wooden tower
and exploded in the atmosphere.

ULl Upper Large Intestine

Uncertainty The term used to describe the lack of precise knowledge in agiven
estimate based on the amount and quality of the evidence or data
available. All estimates contain uncertainty. In thisreport,
uncertainty exists because of alack of precise knowledge about
factors that are important in estimating a person’s dose or risk.

UNSCEAR United Nations Scientific Committee on the Effects of Atomic
Radiation

Weapons Effects A nuclear test to evaluate the civil or military effects of a nuclear
detonation on various targets, such as military hardware.

X-ray X-rays are an example of electromagnetic radiation that arises as

electrons are deflected from their original paths or inner orbital
electrons change their orbital levels around the atomic nucleus. X-
rays, like gammarays are capable of traveling long distances
through air and most other materials. Like gammarays, X-rays
require more shielding to reduce their intensity than do beta or
alphaparticles. X- and gammarays differ primarily in their origin:
X-rays originate in the electronic shell; gammarays originate in the
nucleus.
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Appendix A

Summary of the
National Cancer
|nstitute Report

Contents: This appendix provides a summary of the NCI report on **!1 doses and risks to the
American people as a result of fallout from nuclear weapons testing at the Nevada Test Ste.
It also includes a brief summary of the review of that report by the Institute of Medicine.

A.1 TheNational Cancer Institute Report

In response to a Congressional mandate, the National Cancer Ingtitute published in
1997 areport (NCI 1997) in which estimates of human exposure to and thyroid radiation doses
from ™Y1 resulting from individual nuclear tests conducted at the Nevada Test Site (NTS) are
provided. Thereport isavailablein printed form and on the world wide web

(http://rex.nci.nih.gov ;click on “What's New”, then on “ About Radiation Fallout”). The

legidation also called for the assessment of the risk of thyroid cancer associated with radiation
thyroid doses due to **!1: other studies address this requirement; they are summarized in this
chapter for the sake of completeness. Most of what follows is based on arecently published

summary of the NCI report (Bouville et a. 1999).

Low-yield nuclear tests were conducted at the NTS between 1951 and 1992. From
January 1951 through October 1958, 119 tests were conducted, most of them above ground.
Nuclear testing was discontinued between November 1958 and September 1961, but from

September 1961 until September 1992 more than 800 tests were conducted; with very few
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exceptions, these tests were detonated underground, under conditions that were designed for
containment of radioactive debris. Only 38 of these underground tests resulted in the
detection off-site of radioactive materials, the last occurrence of substantial radioactive
contamination of the environment took place in December 1970. On 2 October 1992, the

United States entered into another moratorium on nuclear weapons testing (DOE 1994).

Ninety of the nuclear tests released almost 99% of the total ***| entering the atmosphere
from all bomb tests conducted at the NTS. These ninety tests released about 6 x 10*® Bq of *!,
mainly in the years 1952, 1953, and 1957. Some radioiodine was deposited everywhere in the
United States; highest deposition densities were immediately downwind of the NTS and lowest
deposition densities were on the west coast. In the eastern part of the country, most of the
deposited **| was associated with rain, while in the more arid west, dry deposition prevailed.
Because **!| decayswith an 8-day half-life, exposure from the released **| occurred primarily

during the first month following a test.

A.2 Estimating Exposuresand Thyroid Doses

For most people, the mgjor exposure route was the ingestion of cows milk
contaminated as the result of ***| deposited on pasture grasses; other exposure routes such as
the inhaation of contaminated air and the ingestion of contaminated leafy vegetables, goats
milk, cottage cheese, and eggs also were considered. Historical measurements of the amounts
of radioactivity deposited and of daily rainfal were used as the basis for the dose calculations
whenever feasible. Nationwide deposition data were available for al but nine of the ninety
tests that were studied in detail; for those nine tests, amathematical model was used to estimate

the atmospheric transport and ground deposition of the **!1.
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Data on the transfer to milk of ***| deposited on pasture and on regional pasture
consumption by cows were used to estimate concentrations of **!1 in milk fresh from cows.
These concentrations, together with milk distribution patterns in the 1950s, were used to
estimate local concentrations of *!1 in the cows milk available for human consumption
throughout the country. The categories of fresh cows milk that were considered include the
milk obtained directly from dairy farms, milk purchased in stores, either provided from local or
from distant farms, and milk obtained from family cows. Finaly, cows milk consumption
rates, based upon diet surveys, were used to estimate the amounts of **!1 ingested by humans by
age group and by gender. The transfer of **!1 to people through other exposure routes
(ingestion of leafy vegetables, goats milk, mother’s milk, eggs, and cottage cheese

contaminated by **1, aswell asinhalation of air contaminated by **!1) was similarly analyzed.

Thyroid doses from **!1 were estimated for 13 age groups, including the fetus, and
adults of both genders, in each county of the contiguous United States and for all periods of
exposure. The overall average thyroid dose to the approximately 160 million peoplein the
country during the 1950s was 20 mGy. The uncertainty in this per capita dose is estimated
to be afactor of 2; that is, the overall average thyroid dose may have been as small as 10
mGy or aslarge as 40 mGy, but 20 mGy isthe best estimate. The study also demonstrated
that there were large variations in thyroid dose from one individual to another. The primary
factors contributing to this variation are county of residence, age at the time of exposure, and

milk consumption patterns.

A.2.1 Geography
The geographical location where people lived is very important. 1n counties east of the

NTSin Nevada and Utah, and in some countiesin Idaho, Montana, New Mexico, Colorado,
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and Missouri, the estimated per capitathyroid doses from al tests were highest, in the range of
50to 160 mGy. In many counties on or near the west coast, the border with Mexico, and parts
of Texas and Florida, the estimated per capita thyroid doses were lowest, in the range of 0.01 to

5mGy. Intermediate values were obtained in the remainder of the country.

A.22 Age
The thyroid doses to individuals at a particular location were strongly dependent
upon age at the time of exposure. Thyroid dose estimates resulting from milk consumption
were uniformly higher for young children than for adults, assuming that individuals
consumed milk at average rates for each age group from the same source. At any particular
time, the average thyroid doses resulting from milk consumption for children between 3
months and 5 years of age exceeded the thyroid doses received by adults by at least afactor

of ten.

The date of birth and geographic residence of individuas also are strong determinants
of the cumulative dose received from al tests (from 1951 to 1970). Thevariationin
cumulative thyroid doses to individual s born at different times, each of whom lived in asingle
county and consumed cows milk from local sources at averagerates, isillustrated in Table A.1.
This can be considered adose table for six typical familieslocated in the identified cities
throughout the testing period. The factors affecting the doses to parents are approximately
independent of birth dates up to 1930; doses to adult men and women born prior to thistime
were nearly the same. Thyroid doses to children born about six months prior to the three magjor
test series (1952, 1953, and 1957) were substantialy higher than the adult doses, as shownin

the three central columns. The last column shows doses to children born in 1958, which isthe
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year when the last test seriesin the atmosphere took place at the NTS. Cumulative thyroid

doses to most of the children bornin later years are estimated to be less than 1 mGy.

Table A.1 Example calculations showing the variation of the thyroid dose according to date of
birth and place of residence of theindividual considered.

Thyroid dose estimates (MGy)
Mother, Child, Child, Child,
Father, born born born born  Child, born  born
Place of residence 9/15/27 10/10/29 10/1/51 9/15/52 11/28/56  9/5/58

LosAngeles, CA 0.3 04 3 0.8 0.2 0
Sat Lake City, UT 17 18 130 96 56 1
Denver, CO 15 16 120 100 65 2
Chicago, IL 6 7 76 62 20 0.3
Tampa, FL 3 4 18 19 22 0.03
New York, NY 8 9 73 49 21 0.1

A.2.3 Diet, particularly milk consumption
For individuals within a particular age range, milk consumption can vary

substantially. For example, surveys have shown that 10-20% of children between ages 1
and 5 do not consume cows' milk. Their doses were only about one tenth of those received
by children who consumed milk at average rates for their age. Conversely, the milk
consumption of 5 to 10% of individuals in the same age range was 2-3 times greater than the
average and their thyroid doses were therefore proportionally larger. The type of milk
consumed also isimportant. It isestimated that about 20,000 individualsin the United
States population consumed goats milk during the time of the bomb tests. Thyroid dosesto
those individuals could have been 10 to 20 times greater than those to other residents of the
same county who were the same age and gender and drank the same amount of cows' milk.

On the other hand, thyroid doses received during infancy (0 to 1 y) were much smaller for
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the infants who consumed mother’s milk or formula than for the infants who consumed

cows milk.

A.2.4 Estimatingthyroid dosesfor specific individuals
The foregoing examplesillustrate that the thyroid dose received by any particular

individual depends on his’her source of milk and dietary habits and thus may differ
considerably from the group dose estimates. Furthermore, the person's total thyroid dose
from all tests depends upon place of residence and age at the time of each test. Because of
the very large number of variations in residence location, age, and dietary habits, it is not
feasible to provide estimates of cumulative doses for specific individuals. However,
detailed instructions and examples are provided in the report to permit individual s to
estimate their cumulative dose using personal residence and dietary data. I1n addition, the
information available on the world wide web enables the reader to enter a date and county of
birth, as well as gender, in order to obtain estimates of thyroid dose applicable to the
individuals with those characteristics for each test series and for all tests for arange of milk
consumption rates and for various types of milk (including mother’s milk, cow’s milk, and
goat’s milk). In these calculations, it is assumed that the individuals did not change their
dietary habits or their county of residence during the time period when atmospheric weapons

testing took place at the Nevada Test Site.

A.25 Uncertaintiesand model validation
There are large uncertainties in the estimated thyroid doses given in the NCI report
because it isimpossible to know all the information needed to determine exact doses. These

uncertainties were assessed in two ways. First, calculated concentrations of **! were
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compared with historical measurements of **| in people and the environment. Second, the
uncertainties in the historical measurements and in each of the factors used to estimate the
transfer of *!1 to people's thyroids through the various exposure routes yielded an estimate
of the total uncertainty. The uncertainty in the thyroid dose estimated for an individual is
greater than the uncertainty in the overall average thyroid to the entire United States
population. Under the best circumstances, the uncertainty of an individual's thyroid dose
from NTS | is about afactor of 3, e.g., if the thyroid dose estimate for an individual is 30
mGy, it will likely lie between 10 and 90 mGy, compared with afactor of 2 for the entire

United States population.

A.3 Estimating Risks

Thyroid cancer risk associated with external irradiation by gammarays and x raysis
well quantified. However, information is limited regarding the risk associated with thyroid
exposure from ingested or inhaled **!1 and precise dose-response estimates are not available.
To estimate the thyroid cancer risk from the **'| exposure, it was necessary to extrapolate
from what is known about external radiation, taking into account an appropriate value for
the relative biological effectiveness (RBE) of **'| compared to gammaraysor x rays. RBE
values ranging from 0.1 to 1.0 have been suggested based on experimental data (Lee et al.

1982; NCRP 1985; Walinder 1972) or a comparison of animal and human data (Laird 1987).

The risk of induction of thyroid cancer following external irradiation by gammarays
or x-raysis derived from studies of the Hiroshima-Nagasaki survivors and of several
medically exposed populations. Findings are summarized in a pooled analysis of seven

studies (Ron et al. 1995). The evidence for aradiation-related risk is strong for childhood
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exposure, and weak or non-existent for adult exposure. The pooled analysis also
demonstrated alinear dose-response rel ationship with no significant difference in risk by
gender. The excessrelative risk (ERR) decreased sharply with increasing age at exposure.
The age-specific excessrelative risks are shown in Table A.2. Ron et a. (1995) estimated
an ERR of 7.7 per Gy (95% confidence interval = 2.1-28.7), for childhood exposure at ages
younger than 15. The radiation-associated risk persisted for at least four decades and
although there was evidence of variation in radiation-related relative risk over time

following exposure, there was no evidence of atrend.

Table A.2 Excessrelative risk by age at exposure (Ron et al. 1995).

Ageat exposure,y ERRat 1Gy

0-4 9.0
5-9 5.4
10-14 18

Land (1997) estimated the lifetime excess thyroid cancer cases based on the
following assumptions: (a) there is a significant excess risk following exposure before age
20 years, but no risk after age 20 years; (b) there isalinear dose response with age-specific
risk coefficients estimated from modifying factors provided in Ron et a (1995); (c) ERR
remains constant over lifetime; (d) ERR is the same for males and females; (€) RBE could
range from 0.1 to 1.0; and (f) the estimated lifetime risk of developing thyroid cancer is
0.25% for males and 0.64% for females (SEER 1973-92). Land’s estimates and 95%
uncertainty intervals are given in Table A.3 for various assumed values of RBE. Assuming
that the RBE is 0.66, an estimate of 49,000 lifetime excess casesis predicted, with a 95%

uncertainty interval ranging from 11,300 to 212,000.
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Table A.3 Estimated numbers of lifetime excess thyroid cancer cases for a range of RBE
values (Land 1997).

Estimated number of lifetime  95% uncertainty

Assumed RBE EXCESS cancer cases interval
1.0 75,000 17,000 — 324,000
0.66 49,000 11,300 — 212,000
0.3 22,000 5,100 — 95,000
0.1 7,500 1,700 — 32,000

Hoffman (1997) used a somewhat different method to predict lifetimerisk. A
probabilistic distribution of RBE values was selected, with discrete values of 1.0, 0.66, 0.5,
0.33, and 0.2 assigned with probabilities of 35%, 40%, 15%, 7%, and 3%, respectively. The
uncertainty associated with the Ron et al. (1995) risk coefficient was also taken into account.
A central estimate of 46,000 lifetime excess thyroid cancer cases, with 95% uncertainty
limits from 8,000 to 208,000, was obtained by means of a Monte-Carlo simulation analysis

(Table A .4).

Table A.4 Predicted numbers of excess thyroid cancer cases, by gender (Hoffman 1997). The
lower and upper limits correspond to a subjective 95% confidence interval.

Gender  Lower limit Central value Upper limit

Females 6,700 37,000 184,000
Males 1,200 7,400 38,000
Tota 8,000 46,000 208,000

A.4 Subsequent Activities
In order to ensure that the results presented in the NCI report are credible, that the

predicted lifetime excess thyroid cancer cases are reasonable, and that their public health

implications are understood, the NCI requested the National Academy of Sciences— Institute of
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Medicine (IOM) to assess the soundness of the dose reconstruction, to provide a preliminary
assessment of the public health implications, and to provide guidance to the Department of
Health and Human Services for educating and informing members of the public and the
medical profession about public health issues related to the thyroid dose estimated which was
presented in the NCI report. Regarding the estimation of the thyroid doses, the conclusions of
the IOM report (IOM 1999) were that “the NCI report reflects an intensive effort to collect or
generate the data needed for a complicated series of analyses, although documentation of
methods, analyses, or results was insufficient in afew places. The committee concluded that
the NCI was unlikely to have grosdy over- or underestimated the collective I-131 dose, but it
was less confident that the NCI had redlistically determined the uncertainty associated with the
estimate.” With respect to the NCI estimates of cancer risk, it isindicated in the |lOM report
(1999) that “the committee considered the NCI approach to devel oping estimates of excess
cancer cases due to *!1 exposure generally reasonable, but the committee did raise questions
about certain assumptions. In particular, it noted that there is disagreement within the scientific
community about the assumption of dose-response linearity, that is, the assumption that the
smallest dose of **!1 to the thyroid resultsin some excess risk of cancer. Most exposureto *|

following the Nevada tests was low-level exposure for which evidence of cancer risk isvery

limited.”
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Appendix B
ACERER Issues

Contents. This section provides a list of recommendations made by the Advisory Committee
on Energy-Related Epidemiologic Research and the status of the Department of Health and
Human Services' response to those recommendations.

In the fall of 1998, the Advisory Committee on Energy-Related Epidemiologic
Research (ACERER) provided a set of formal recommendations to Department of Health
and Human Services (DHHS) concerning its research into the occupational and public health
consequences of the nation’ s nuclear weapons production and testing activities. These

recommendations (and the status of our response actions) are as follows (ACERER 1998):

¢ “Fulfill thelegidative intent of Public Law 97-414.”

The NCI (NIH 2000) has recently updated the Radioepidemiological Tables that were
published in 1985 (NIH 1985). Thisrevision required developing risk models for more
than 20 specific cancers, including those organs and tissues that are of interest following
exposures to radioactive fallout. Although the tables are being developed to estimate
the “probability of causation”, that is, the probability that a cancer that has been
diagnosed in an individual is the result of some previous exposure to radiation, the
models could be used to estimate the lifetime risk of developing cancer, a more useful
guantity for those exposed to fallout and who as yet have no observable health effects.
Additionally, the NCI is developing the **'I/NTS Communications Plan that will
provide the American public and the nation’s health care providers with accurate, yet

understandable, information regarding the potential risks of thyroid disease associated

! Advisory Committee for Energy-Related Epidemiologic Research (ACERER), (1998). Resolution containing sic
recommendations concerning the Department of Health and Human Service' s Follow-up to the NCI study, October, 1998.
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with exposure to ** released during nuclear bomb testsin the 1950s and 1960s at the
NTS.

¢ “Complete a comprehensive dose reconstruction project for NTSfallout.”

Thisfeasibility report provides DHHS s initial work to provide dose estimates beyond
3% to include all of the biologically significant radionuclides from NTS and global
testing. The options for future work discussed in Chapter 6 address this ACERER

recommendation.

¢ “Notify Americans of the factorsthat might help them to deter mine whether

they received significant radiation dosesfrom NTSfallout.”

NCI has taken the lead in communicating information to people exposed to *!1 fallout
from the Nevada Test Site as well as the potential health implications of these
exposures. The communications plan developed by NCI for the *1/NTS
Communications Campaign may prove to be a useful model for communicating
information about exposure and risk from other radionuclides from NTS aswell as
global falout. If adetailed study is conducted and sufficient resources are provided, a
comprehensive, nationwide public awareness and provider education campaign could be

implemented.

¢ “Createapublic and health care provider information service on NTS exposures

and resulting public health concerns.”

A major component of the communications and education approach discussed in this
feasibility report calls for the devel opment of education strategies, plans and resources
to guide health care practitioners through patient education, diagnosis, treatment, and
the surveillance of illness in persons exposed to radioactive fallout. Thisreport aso
discusses the need to explore and evaluate existing inconsistent health care
recommendations and guidelines in order to develop consistent messages for health care
providers. Also, the establishment of a national resource center to provide information
and education to both concerned public and health care providersis outlined as a
potential mechanism for addressing the public’ s needs and concerns.

¢ “Support archival projectsto document experiences of exposed peoples.”
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CDC agrees with ACERER that the citizen input they have received throughout their
energy-related work at nuclear weapons production sites can provide helpful
information on records recovery, past exposures and exposure pathways. In the
communications and education approach presented in this feasibility report, archival
projects are discussed as a useful source to not only measure the level of public
awareness, concern, and familiarity with the issues, but also as potential partners during
the planning and implementation phases of a communications effort to assist in defining
target audiences and disseminating information. |f additional fallout-related work is
funded, it may be possible to assist national, regional and local efforts devoted to
recording and preserving the histories of peoples exposed to radiation from nuclear
testing and nuclear weapons materials production. It would be important to identify and
protect existing data archives (such as, historical reports, monitoring data, institutional

memories, etc.) in order to facilitate any future scientific work.

¢ “Further evaluate screening opportunitiesfor thyroid cancer. It isurgent, in the
meantime, to evaluate the advisability and feasibility of screening for other
(noncancerous) thyroid and parathyroid diseases, with a priority to evaluate this

servicefor those at highest risk dueto their exposures.”

ACERER with planning and logistical support from NCI and CDC, held a discussion of
screening issues with invited experts on June 8, 2000. Thisisavery complex public
health issue that has been considered by the Institute of Medicine and others. Though,
ACERER has not made formal recommendations to DHHS regarding targeted screening
of higher exposure groups, DHHS has been proactive in investigating current thyroid
screening recommendations by groups such as the Preventive Services Task Force and
the American Thyroid Association. Additionally, it has explored existing coverage of
thyroid disease screening procedures by programs under its purview such as Medicare
and the Indian Health Service.

Since ACERER first submitted these recommendations to DHHS, they have been

updated on the progress of NCI and CDC on both the **}I/NTS Communications Project and
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the work being conducted to complete this feasibility report. Specifically, ACERER and

other members of the public have been able to review and provide advice and comment on:

¢ Theagendaand draft materials for the ***I/NTS Communications Project January
2000 Workshop;

¢ Theoutline of the ™1 /NCI Communications Plan;
¢ Monthly progress reports on the Communications Project’s activities;

¢ Progressreports on CDC and NCI’ s work to examine the scientific feasibility of
estimating the doses and potential risks to the American publics resulting from other
radionuclide exposure from NTS fallout and global nuclear weapons testing and the

subsequent nationwide communication of this research; and

¢ They will be provided a draft copy of thisfeasibility report and they will have an

opportunity to comment.

The agencies and DHHS will continue to work with their advisory committee as

work progresses on these fallout-related projects.

B-4



PREDECISIONAL DRAFT —FOR PEER REVIEW AND PUBLIC COMMENT

Refer ences

NIH. National Institutes of Health. NIH Publication No. 85-2748. Report of the National
Institutes of Health Ad Hoc Working Group to develop radioepidemiological tables.
Bethesda, MD; 1985.

NIH. National Institutes of Health. Draft report of the NCI-CDC working group to revise
the 1985 NIH radioepidemiological tables. Bethesda, MD; 2000.

B-5



PREDECISIONAL DRAFT —FOR PEER REVIEW AND PUBLIC COMMENT

Appendix C

Document

Pr eser vation and
Retrieval: Current
and Potential
Future Activities

Contents: Any additional fallout-related work will require an extensive review of fallout
monitoring programs. This section describes some of these programs and the need for
document identification and preservation.

C.1 TheNeed for Original Data

In amost ten years of dose reconstructions, the Centers for Disease Control and
Prevention (CDC) has always tried to locate and use original data whenever possiblein
order to reduce calculation errors and loss of accuracy. In many cases, this hasled to
substantial revisions to previous release data. For example, at the Savannah River Site and
Fernald, CDC’ s estimates more than doubled the previously reported amounts of some
released radioisotopes, and at Hanford CDC determined that the amount of **!1 should be
increased by 70%. These results were obtained simply by careful evaluations of known
sources and activity at those sites, without discovering any previously unknown activities or

rel eases.

In conducting this feasibility study, CDC discovered extensive repositories of data

that could be used in this study. However, some of these data have already been destroyed.
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Some are being preserved in various repositories, and they may or may not be catal ogued.
An unknown amount exists in undocumented collections at different government facilities or
in private hands. The people who conducted the research and who understand the data will
not be available much longer, due to retirement or death. If thereis ever going to be a study
of the health effects of all nuclear weapons tests using original data, the information

collection phase must be done soon.

C.2 Past Research

M easurements and evaluations of fallout dispersal and deposition during the era of
nuclear testing were, in the aggregate, probably the largest environmental monitoring
program ever undertaken by the United States and other countries. Most of the monitoring
programs were classified at the time, and many still are. Future studies will require access
to and declassification of documents by the Departments of Energy (DOE) and Defense
(DOD). In addition to the specific and extensive monitoring conducted with each test, there
were many national or international monitoring programs. For example, the United States
Public Health Service (PHS) maintained a nationwide network of gummed film collecting
stations and conducted a nationwide milk-sampling program (Devore and Terrill 1982). The
United States Atomic Energy Commission’s Health and Safety Laboratory in New Y ork
City, later renamed the Environmental Measurements L aboratory, a'so maintained a
nationwide sampling program including atmospheric samples, soil samples, and gummed
film samples (Bouville and Beck 2000; Friend 1961; Harley 1976; Salter 1965). The
Applied Fisheries Laboratory at the University of Washington collected extensive seawater

and marine biology samples (Hines 1962).
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In addition to the efforts of the PHS and the Atomic Energy Commission, many state
agencies, universities, other government agencies, and even some corporations conducted
their own monitoring programs. The DOD had its own set of sampling programs that
remain classified to thisday. Eastman Kodak conducted fallout measurements because

fallout was exposing newly manufactured film.

Every nation that conducted atmospheric nuclear weapons tests took similar
measurements, and many other nations had significant fallout measurement programs during
this period. Japan and India monitored and analyzed Chinese fallout data. New Zealand and
Australia collected data on French tests in the South Pacific and British testsin Australia.
Finland, Sweden, and Norway collected and analyzed fallout from Russian atmospheric tests
on NovayaZemlya. The United Kingdom conducted an extensive program of atmospheric
137Cs and *Sr monitoring. There were also someinternational programs under the auspices

of the United Nations.

Since the end of nuclear testing, the United States, several foreign governments, the
United Nations, and various non-governmental organizations have conducted studies of the
health effects of fallout in various regions of the world. For example, the International
Atomic Energy Agency (IAEA) conducted a dose reconstruction on Fangataufa and
Mururoa after the French tests there. The United States and the Republic of the Marshall
Islands jointly conducted aradiological survey of the Marshall Islands after testing by the
United States in the Pacific Ocean. The governments of the countries of the Former Soviet
Union are conducting epidemiological and radiological studies around Soviet test sites, and
making their data available internationally. The Scientific Committee On Problems of the

Environment (SCOPE), part of the International Committee for Science, recently completed
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an assessment of the environmental and human impacts of nuclear test explosions

(Kirchmann 2000).

C.3 Current Status of Document Preservation

Ten years ago the DOE declared a moratorium on the destruction of all energy
related documents of epidemiological significance. Since that time DOE documents shipped
to a Federal Records Center or the National Archives have indefinite destruction dates if
they are in agroup of records covered under the moratorium. Many of these records,
particularly the older ones, are not cataloged in any detail. A researcher may be able to
determine that there are 60 cubic feet of documents about nuclear weapons testing at the
Federal Records Center in Maryland, but it is necessary to actually visit the Center and open
boxes to determine what the documents are and whether they are needed. Since these

records are in a safe place, this effort may be deferred for the time being.

In 1978, the DOE launched a comprehensive effort to gather as much information
about United States nuclear weapons testing as possible. Thisinformation is held at the
Coordination and Information Center (CIC) in LasVegas, NV. Thisinformation isvery
well catalogued, and researchers can search for documents by title, DOE number, author, or

key words viathe Internet (http://www.osti.gov/wai sgate/opennet.new.html). Aslong as

CIC’ sfunding remains stable, these documents will remain available for researchers.

The DOE has an Internet site listing sites that contain relevant documents

(http://tis.eh.doe.gov/workstation/homerep.html). However, this Internet site does not

provide enough information for a researcher to determine what is available without an actual

visit to the facility. If these documents are to be useful for future research, someone should
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visit each site and catalog documents actually useful for fallout research. The documents are

protected, however, so this could be deferred.

Other agencies in addition to the DOE conducted their own research or
measurements programs, such as the PHS (Devore and Terrill 1982) or Eastman Kodak.
These documents are not covered by DOE’s moratorium and could be destroyed at any time.

The documents at these sites should be copied and catal ogued as soon as possible.

Many nations sent reports of their fallout measurements to the United Nations
Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) in Vienna, Austria,
beginning in 1958. Many of these research reports are out of print and the copy at
UNSCEAR may be the only surviving copy. Since submission of reportsto UNSCEAR was
voluntary, none of their report series are complete. However, UNSCEAR documents may
be useful in two ways. First, the research reports themselves may provide useful scientific
data (even if incomplete); and second, while UNSCEAR does not have any raw datait is
possible to use UNSCEAR's records to identify countries and |aboratories where original
datamay be found. UNSCEAR has not determined how long they will retain any of these
research reports. CDC has borrowed some of the UNSCEAR records relevant to fallout, and

is copying them now.

Many scientists with years of experience on fallout studies have unique datain their
own offices. Others working for universities, the government, or other organizations took
their data with them when they retired. These data are the most fragile of all. They are not
catalogued, covered by a moratorium, or available to future researchers. For example, one

retired scientist had several thousand measurements of radioactive iodine in animal thyroids
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from al over the world. Some of the information was contained in hand written notebooks
and some of it was stored on antiquated IBM tapes. CDC was able to find a contractor
capable of reading old data tapes, retrieved the data, and now hasit in aformat that modern
database software can read. CDC is now making arrangements to borrow the remaining
notebooks and have them keyed into a database and appended to the existing data. The
government should mount an aggressive effort to identify, copy, and preserve information

like this as soon as possibleif thisinformation is ever to be used in a new study.

The DOD has never declared a moratorium on destruction of records of
epidemiological significance, and they are not under any obligation to share whatever
relevant data they may have with the Department of Health and Human Services (DHHYS).
The Navy was in charge of early weapons testing in the Pacific, including radiological
measurements; and the Air Force has been conducting atmospheric measurements for many
years. Most of thisinformation remains classified. Immediate steps should be taken to
identify, catalogue, protect, and declassify this material (in that order). Thisrequires giving
government staff with the appropriate security clearances access to the material, but it will

not be necessary to declassify any documents until the time comes to use them.

CDC has not visited any foreign repositories for fallout related information except
the UNSCEAR headquartersin Vienna, Austria. CDC'’s staff knows with afairly high
degree of confidence what laboratories have conducted measurements, but we do not know
what data are still available or how long it will be available. DHHS could identify exactly
what kind of data are required from foreign laboratories to fill the holesin available data for

calculating health effects on residents of the United States from global fallout and begin
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negotiating with foreign governments for permission to review, copy, and use their data as

necessary.

In the United States, CDC has visited 15 sites to evaluate documents for their
relevance to this fallout study. There has been no attempt to catal og these documents, and

only afew copies were made as examples of what was there.

¢ Theinformation at some sites was not useful for future fallout studies. CDC noted
that fact and will take no further action.

¢ Some of the DOE information at Federal Records Centers was useful. This
information was covered by the moratorium, so it will not be destroyed. However, it
was not very clearly described, so it will eventually be necessary to visit these
Centers, open boxes, and enter abstracts of the useful documents into a database if

thisinformation is to be useful to future researchers.

¢ Some of the DOD information at Federal Records Centers was useful. Most of this
information was not covered by the moratorium and will be destroyed in the next few
years if no action istaken. CDC has not been able to do anything with this material
yet.

¢ Some of the DOD information was not made available to CDC, so it isimpossible to
tell whether it isuseful or not.

¢ There are large quantities of useful information at national laboratories. This
information is often scattered all over the laboratory, not catalogued in any way.
While this information fits the description of material covered by the moratorium, the
administration of the moratorium only covers groups of boxes in archives, not
individual records, so thereis no guarantee the material will be preserved. Under a
different appropriation and for a different project, CDC is busy searching, copying,
and cataloguing relevant documents at the Los Alamos National Laboratory. There
are no document retrieval and assessment activities underway at any other national

laboratory at this time, due to lack of funding or a mandate to do so.
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The Environmental Measurements Laboratory (EML) in New York City isan
important source of fallout data. Some of thisinformation is very well preserved and readily
available, such as the soil sampling data posted on the Internet. In addition to their own
research, the EML has collected published reports from all over the country or the world
about fallout measurements. Many of these are out of print. Since they are not DOE
reports, but copies of old journal reports, they are not covered by the moratorium, and CDC
discovered EML staff was preparing to destroy these reportsin order to reduce required
office space and save money. Other information, such as gummed film data, wasto be
stored uncatalogued in boxes in the basement of the building. While this material would not
have been lost, it would not be available to future researchers because no one would be
aware of the existence of the material. CDC made two more visitsto EML, where they
segregated fallout relevant material from other material; and made arrangements with EML
staff to retain that material. CDC also got permission from DOE to ship the gummed film
datato Atlanta, where they are making arrangements to have the data scanned into a

computer.

In 1978, the PHS combed its own archives and collected about 11,000 documents

about fallout. The 1979 report Effects of Nuclear Weapons Testing on Health: Report of

the Panel of Experts (Hulley 1979) describes the contents of this archive. In Hulley (1979),

the panel concluded that the PHS archive contained enough information to assess the health
effects of fallout. CDC hasacopy of thisreport. All of the documents from the original
archive are on microfilm at the DOE's Coordination and Information Center (CIC) in Las

Vegas.
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During the years of nuclear weapons testing Congress held many hearings on the
health effects of fallout and the need for further nuclear weaponstesting. The published
hearings are out of print now, but CDC has found extensive collections of these hearingsin
severa locations — CIC, university libraries, and the Environmental Measurements

Laboratory, to name afew. CDC has a copy of the Hearings before the Special

Subcommittee on Radiation of the Joint Committee on Atomic Enerqy, 85th Congress First

Session on the Nature of Radioactive Fallout and its Effects on Man 1957 and will use

others as the need arises. These hearings are valuable in two ways. They contain useful
information themselves, and they point to locations where more information may be found.
As with other documents cited above, DHHS needs to identify Congressional hearings
relevant to the fallout study which are not already stored at CIC, find and copy them, and

ensure they are stored in a protected archive.

C.4 Possible Future Actions
Thereis afundamenta need for DHHS to continue the past efforts of itself and other
agencies to ensure the preservation and continuing availability of data necessary for future

fallout research. Priorities should be:

¢ Continue the search for documents not held by a government agency; copy them,

catalog them, and take steps to ensure their preservation.

¢ Enroll other government agencies, especialy the DOD, in the effort to identify,

preserve and publish information.

¢ Make copies of the documents publicly available in paper form in alibrary or scan

them and make them available over the Internet.

¢ Specific actions that could be done in the near future:
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Find PHS gummed film and milk data.

Extend the moratorium to DOD data.

Review DOD data, especially data on post-test fission product ratios.
Copy UNSCEAR documents and return the originalsto Vienna.

Scan EML gummed film data into computer readable form if they are not already
availablein that form.

Catalog the reports at the EML and establish areading room or library for them.

Visit 44 facilities identified by DOE that contain fallout relevant material, and protect

and catalog the material if necessary.

Assemble alist of Congressional hearings relevant to fallout and ensure that a
complete collection is preserved somewhere.

Begin negotiations with foreign laboratories for permission to examine and possibly
copy their data.
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Abstract

This report provides estimates of the external radiation exposure and whole body
effective dose received by residents of the continental U.S. during the period 1951-1962
from weapons tests carried out at the Nevadatest site. Estimates are given on a county
by county basis for each test and for each year of testing. The average committed
population dose from all NTS tests was about 0.5 mSv, about equivalent to 1-2 years of
external radiation exposure from natural background. Residents of the counties
immediately downwind from the NTS incurred much higher doses, in excessof 3 mSv,
while the residents of the Far West, Pacific NW and SE received lower than average
exposures. The tests and radionuclides that contributed the most exposure are discussed
as well as the dependence on fallout time of arrival. The most exposed individuals were
outdoor workers, the least exposed, persons who spent most of their time indoorsin
heavily constructed buildings.

The deposition of radionuclides that contribute to internal radiation exposure viathe
ingestion pathway was also calculated on a county by county and test by test basis. The
general pattern of deposition, tests contributing the most to the deposition, deposition
density versus distance from the NTS, and the differences in deposition between
radionuclides are discussed. In genera the deposition of long-lived radionuclides such as
Sr-90 and Cs-137 was about afactor of 20 less than that from “global fallout” from high
yield weapons tests carried out in the Pacific and Soviet Union. However, the deposition
of short-lived isotopes such as 1-131 was greater than from “global” fallout”.



I ntroduction

In response to a request by Congress to the CDC and NCI to investigate the impact on the
U.S. population from weapons tests, the NCI contracted with the author of this report to:

“Prepare crude estimates of the doses from external irradiation received by the American
people as a result of the above-ground tests carried out at the Nevada Test Ste (NTS).
These dose estimates would be:

- based on areview of the readily available open literature and information; it is
not expected that sophisticated computer models should be developed or used
for this purpose. For the purposes of thia assessment, the extensive database of
lodine-131 that was prepared by NCI in the framework of the nationwide NTS
fallout study could be used;

- averaged over large regions of the continental U.S., with indications on how
the high-risk populations would be identified. However, if feasible, primary
calculations should be carried out on a county by county basis, and averaged
only for presentation purposes,

- calculated separately for the most important radionuclides produced in nuclear
weapons tests. Those would include, but would not be limited to Te-1-132,
Ba-La-140, Zr-Nb-95, Cs-137, and Np-239;

- provided in terms of average whole-body dose for gamma irradiation and of
dose to the skin for betairradiation.

- caculated by year and summed over al NTS tests, with a comparison to the
published UNSCEAR latitudinal averages for all tests.

2. Provide alist of references regarding: (1) the history of nuclear weapons testing at the
NTS; (2) the production of important radionuclides during those tests; (3) the
networks of fallout measurements; (4) the assessment of the activities deposited on
the ground; (5) the vertical migration of fallout radionuclides into deeper layers of
soil; and (6) the assessment of the doses from external irradiation.

3. ldentify reports that could be declassified. Examples of such reports are those that
would provide the fission and total yields, and those that would greatly facilitate the
estimation of doses due to the plutonium isotopees.”

This report along with an associated electronic database is presented in fulfillment of the
above scope of work.

As per the scope of work, this report relies heavily on previous studies of NTS fallout

(eg. NCI (1997); Hicks (1982, 1990); Church et al.(1990); Beck et al. (1990, 1996).
Exposure rates and deposition densities were calculated for about 60 of the approximately
100 atmospheric tests conducted at the NTS. These 60 tests accounted for over 95% of
the total 1-131 produced (NCI, 1997) and corresponded to the majority of tests for which
total 1-131 deposition was estimated by the NCI (1997) in their study of 1-131 exposure
to the American people from NTSfallout. A few tests considered in the NTS study for
which only local fallout estimates were estimated were not treated in this study. The tests



considered in thisreport are listed in Table 1. Table 1 also gives some specific
information about each test that was used in the calculations described later in this report.

The basic starting point for the estimates in this report were the daily 1-131 deposition
density estimates and associated uncertainty estimates from NCI (1997). All calculations
for this report were carried out separately for each county (and sub-county as defined in
NCI (1997), Appendix 2, and then summed to provide estimates on atest by test, annual
and total NTS basis. The total exposure and deposition density for other nuclides was
calculated from the NTS I-131 deposition densities by using the relationships calcul ated
by Hicks (1981) for each NTS shot. Besides the total free-in-air exposure rate from
gamma emitters, provided by the Hicks data, estimates were also made of the annual
whole body effective dose, the beta-ray dose to the skin from radionuclides in the surface
soil, and the 50y committed effective dose. The radionuclides that contributed most to
both gamma and beta-ray exposure were identified.

Deposition densities were estimated on a county by county basis for each test for the
radionuclides listed in Table 2. These radionuclides were determined by Ng et al. (1990)
to account for over 90% of the potential dose from ingestion in the ORERP (Church et
al., 1990) study. A database (in Excel) containing the estimated deposition density of
each radionuclide listed for each test on a county by county basis was provided to NCI
earlier in partial fulfillment of this contract. The database containing these deposition
density estimates and associated uncertainty estimates will be used by the NCI to
estimate internal radiation doses due to ingestion of contaminated food. The patterns of
total deposition for some of the longer-lived nuclides are discussed in this report and the
total deposition of various radionuclides is compared to that from the "global” fallout
resulting from the high yield tests carried out in the Pacific and in the USSR.

In addition to the references provided in the text of thisreport, an additional reading list
is provided in fulfillment of item 2 of the scope of work. A list of datathat is presently
classified but if unclassified would be useful in improving the estimates made in this
report and allowing similar estimates to be made for weapons test conducted outside the
U.S. isalso included in fulfillment of item3.

The next section of this report describesin detail the methodology used to calculate
exposure and deposition densities.



Table 1: Tests considered in this study

Test Test Date yield (kT) Type Cs-137/ % Cs-137 Pu-240/ Pu-241/ _ Cs-137/
Sr-90 from Pu* Pu-239 Pu-239 Pu*
BAKER-1 1/28/51 8 air 1.79 72% 0.027 0.0006 5
Baker-2 2/2/51 8 air 1.79 72% 0.026 0.0005 5
BAKER 10/28/51 4 air 2.50 100% 0.033 0.0011 4
CHARLIE 10/30/51 14 air 1.16 18% 0.028 0.0010 20
DOG 11/1/51 21 air 1.27 31% 0.028 0.0010 12
EASY 11/5/51 31 air 1.24 28% 0.036 0.0011 13
SUGAR 11/19/51 1 surface 1.06 3% 0.001 0.0000 316
UNCLE 11/29/51 1 crater 1.06 3% 0.001 0.0000 299
ABLE 4/1/52 1 air 1.06 3% 0.001 142
BAKER 4/15/52 1 air 1.06 3% 0.001 144
CHARLIE 4/22/52 31 air 1.27 31% 0.051 0.0028 11
DOG 5/1/52 19 air 1.28 32% 0.035 0.0012 11
EASY 5/7/52 12 tower 1.27 31% 0.024 0.0005 24
FOX 5/25/52 11 tower 1.27 31% 0.024 0.0006 24
GEORGE 6/1/52 15 tower 1.27 31% 0.026 0.0015 24
HOW 6/5/52 14 tower 1.26 30% 0.027 0.0005 24
ANNIE 3/17/53 16 tower 1.28 32% 0.025 0.0010 23
NANCY 3/24/53 24 tower 1.27 31% 0.028 0.0012 23
RUTH 3/31/53 0 tower 1.06 3% 0.000 306
DIXIE 4/6/53 11 air 1.27 31% 0.022 0.0006 12
RAY 4/11/53 0 tower 1.06 3% 0.000 292
BADGER 4/18/53 23 tower 1.34 38% 0.034 0.0011 19
SIMON 4/25/53 43 tower 1.12 12% 0.027 0.0006 60
ENCORE 5/8/53 27 air 1.16 17% 0.052 0.0028 20
HARRY 5/19/53 32 tower 121 24% 0.038 0.0018 29
GRABLE 5/25/53 15 air 1.04 0% 0.001 833
CLIMAX 6/4/53 61 air 1.11 11% 0.034 0.0009 33
WASP 2/18/55 1 air 1.77 71% 0.055 0.0036 5
MOTH 2/22/55 2 tower 1.77 70% 0.078 0.0065 9



Test

TESLA
TURK
HORNET
BEE/ESS
APPLE/WASP'
POST

MET
APPLE2
ZUCCHINI
BOLTZMANN
WILSON
PRISCILLA
HOOD
DIABLO
KEPLER
OWENS
SHASTA
DOPPLER
SMOKY
GALILEO
WHEELER/

(+COULOMB)
LAPLACE

FIZEAU
NEWTON
WHITNEY
CHARLESTON
MORGAN
SEDAN
SMALLBOY

Test Date yield (kT) Type
3/1/55 7 tower
3/7/55 43 tower

3/12/55 4 tower
3/22/55 9 tower/crater
3/29/55 17 tower/air
4/9/55 2 tower
4/15/55 22 tower
5/5/55 29 tower
5/15/55 28 tower
5/28/57 12 tower
6/18/57 10 balloon
6/24/57 37 balloon
7/5/57 74 balloon
7/15/57 17 tower
7124/57 10 tower
7/125/57 10 balloon
8/18/57 17 tower
8/23/57 11 balloon
8/31/57 44 tower
9/2/57 11 tower
9/6/57 1 balloon/
surface
9/8/57 1 balloon
9/14/57 11 tower
9/15/57 12 balloon
9/23/57 19 tower
9/28/57 12 balloon
10/7/57 8 balloon
716/62 104 crater
7/14/62 20 surf tower

* Estimated-see text

Cs/Sr % Cs-137 Pu-240/239 Pu-241/239 Cs/Pu*
fromPu*
2.42 98% 0.019 0.0003 8
1.20 23% 0.033 0.0008 32
1.38 43% 0.058 0.0036 16
1.42 46% 0.085 0.0071 13
1.16 18% 0.025 0.0006 40
2.47 99% 0.019 0.0005 8
1.03 -1% 0.007 0.0001 10000
1.06 4% 0.031 0.0008 186
1.11 10% 0.032 0.0008 69
1.51 53% 0.079 0.0060 12
1.29 33% 0.082 0.0065 9
1.07 5% 0.011 74
1.12 12% 0.067 27
1.22 26% 0.062 26
2.37 96% 0.072 0.0054 7
2.44 98% 0.070 0.0047 3
1.19 22% 0.057 30
1.26 30% 0.070 0.0046 11
1.08 6% 0.006 136
2.19 90% 0.075 0.0050 7
1.04 0% 0.038 785
1.07 6% 0.000 72
1.43 47% 0.063 0.0040 14
2.46 99% 0.072 0.0058 3
1.41 45% 0.073 14
1.29 33% 0.074 10
1.23 26% 0.077 0.0063 12
2.44 98% 0.063 8
2.51 100% 0.065 0.0056 8



Table 2: Radionuclides for which deposition densities were cal cul ated

Nuclide Halflife (parent), d
Sr-89 52
Sr-90,Y -90* 10400
Sr-91 0.4
Y-91m (=0.65* Sr-91) *
Y-91 59
Y-93 04
Zr-97, Nb-97* 0.7
Zr-95, Nb-95* 64
Nb-97m (=0.96 * Zr-97) *
Mo-99 2.8
Tc-99m (=0.96 * M0-99) *
Tc-99 7.8E7
Ru-103, Rh103m* 39
Ru-105, Rh-105m* 0.2
Rh-105 15
Ru-106, Rh-106* 368
[-131 (from NCI, 1997) 8
Te-132 3.3
1-132 (=1.03* Te-132) *
1-133 0.9
[-135 0.3
Cs-136 13
Cs137 11000
Ba-140 13
La140 1.7
Ce-141 32.5
Ce-143 14
Pr-143 14
Ce-144, Pr-144* 284
Nd-147 11
Pm-147 956
Np-239 2.36
Pu-239 24131y
Pu-240 6569 y
Pu-241 144y
Am-241 430y

* in equilibrium with parent




M ethodol ogy

Deposition Densities

The deposition densities of the nuclides listed in table 2 were calculated from the
corresponding NCI estimates of 1-131 deposition density. The daily geometric mean
(GM) 1-131 deposition densities and corresponding geometric standard deviations (GSD)
were decay corrected back to H+12 hours. The ratio of the H+12 h I-131 value, which
includes the 1-131 that grew in from precursors (NCI, 1997), to the ratio of each of the
radionuclidesin Table 2, as afunction of fallout arrival time, was calculated using Hicks
(1981). The H+12 h 1-131 value for each day of fallout was then multiplied by the
appropriate ratio for atime of arrival corresponding to that day to obtain the respective
deposition density.

Because the fallout estimates based on gummed-film data were decay corrected to the
midpoint of the day of sampling and the test detonations were generally near the
beginning of the sampling period (Beck, 1984), fallout arriving on the same day as
sampling was assumed to have atime of arrival of 0.5 d, on the second day 1.5 d,
etc..Generally, only about 10 days of data had to be considered for a given shot, although
afew shots produced significant fallout for periods of up to two weeks. Daily deposition
densities were calculated only for short-lived nuclides (half lives less than 30 d). For
longer-lived nuclides, the ratio to H+12 h 1-131 did not vary significantly over the first
several weeks of fallout and thus their total test deposition could be calculated directly
from the sum of the daily 1-131 depositions.

The daily deposition densities were then summed to obtain atotal test deposition density.
Since the 1-131 deposition densities were given as geometric means with aGSD, it was
necessary to first transform the GM to a mean and the GSD to a variance before
summing, using standard transformations as discussed in NCI (1997). After the means
and variances were summed, the results were transformed back to geometric means and
GSD’ss, assuming the sum of lognormally-distributed distributionsis itself approximately
lognormally-distributed (see NCI, 1997). The Excel spreadsheet database which
accompanies this report contains both the mean values and the GM values. For the long-
lived radionuclides, the deposition densities were cal culated by multiplying the summed
I-131 deposition density by the appropriate ratio for that test from Hicks' data. No
additional uncertainty was assumed due to use of the Hick’s cal culated isotope ratios.
Because of the large GSD’ s associated with the I-131 deposition data, any small
additional error in Hicks' data would have a negligible effect on the error in the
deposition densities.

Besides, the individual test values, the deposition densities for each test series (year of
testing) and for all NTS tests were obtained by summing the individual test resultsin a
similar manner. The short-lived nuclide deposition densities for radionuclides that did not
contribute significantly to external dose were not summed to obtain annual or total
values. It was assumed that for these short-lived nuclides, the exact week of deposition
would be required to make reasonabl e estimates of ingestion dose. If annual sums are



desired for these radionuclides, it isafairly simple task to obtain them since the GM to
mean transformed values are provided in the accompanying database.

A detailed example of the calculation of the deposition density of Cs-137 and Ba-140 for
arepresentative county for arepresentative test is given in Appendix 1

Plutonium isotopes were also contained in the fallout from Nevada weapons tests. Pu
isotopes do not contribute to external exposure and contribute in only a minor way to
ingestion exposure. The main hazard from Pu is generally viathe inhalation pathway .
However, The inhalation pathway has been shown to not have been a significant
contributor to population exposure from NTS testing (Church et al., 1990). Because of
the generally high degree of interest by the public in Pu contamination, deposition
densities of Pu-239, 240 and 241, and of Am-241 which is a decay product of Pu-241 are
also estimated in this report. However, only crude estimates can be made for individual
tests since Hicks does not provide any estimates of relative Pu deposition. The ratios of
Puto Cs-137, Sr-90, etc. are till classified (see Appendix 3). Thereason for the
classification still being in place is that knowledge of such ratios would allow one to
estimate the fission efficiency of individual tests.. However, one can still roughly
estimate Pu deposition densities for individual tests by assuming an average ratio of
Pu/Cs-137 deposition density from Pu fission based on observed environmental
measurements, if one can estimate the relative amounts of fission due to Pu-239 versus
U-235 for each test..

In Table 1, we list the ratio of Cs-137/Sr-90 activity (Hicks, 1981) and the Pu-240/239
and Pu-241/239 atom ratios for each test (Hicks and Barr, 1984). Table 3 presents the
fission yields for Pu and U-235 for a fission neutron spectrum and for athermal neutron
spectrum.

Table 3: Fission yields for Cs-137 and Sr-90 (England and Ryder, 1994)

Nuclide U-235 U-235, Pu-239 Pu-239,
Cs-137 6.22 6.19 6.58 5.50
Sr-90 5.46 5.78 2.05 2.10
Cs/Sr (atom) 1.14 1.07 3.21 2.62
Co/Sr(activity) 1.06 1.00 3.00 2.44
Observed ratio 1.04 2.5

Note that the Cs/Sr ratiosin Table 1 range from avalue of 1.04 to 2.5. Based on the
fission yieldsin Table 3 one can infer that the Cs/Sr ratio of 1.04 represents shots where
the fission was entirely from U-235, while the ratio of 2.5 represents fission entirely from
Pu-239. It is assumed that for these low yield tests essentially none of the fission was
from high-energy neutrons and that for at least most of the tests, no other fissionable




material was used. As can be seen, both U-235 and Pu-239 fueled most of the tests".
Based on Hick’s calculations, the tests inferred to be all U-235 also correspond to those
that produced no Am-241 (Hick’s, 1981) and exhibited very low Pu-240/239 atom ratios
and little Pu-241 (Table 1), consistent with a pure U-235 weapon. (A small amount of Pu
will be produced from Np-239 decay even in a pure uranium device since Np-239 is
produced by the activation of U-238). Assuming only a mixture of Pu and U-235 asfuel,
one can then derive equation 1) for the fraction f of Cs-137 activity that resulted from Pu-
239 fission for each shot:

f=171* (x-104)/x wherexisthe CgSr activity ratio from table 1. Q)

Using the Cg/Sr activity ratios from Hicks, given in Table 1, one can then estimate the
fraction of the Cs-137 produced that was from Pu-239 fission for each shot from equation
1. Thisfraction is given in the fifth column of Table 1.

Since these were tests, it is expected that the fission efficiency, and thus the ratio of Cs-
137 to Pu-239 from Pu fission probably varied considerably from shot to shot. However,
if we choose areasonable estimate for the mean for al tests and assign a conservative
error estimate, we can make rough estimates of Pu deposition which, while possibly
significantly in error for a given shot, should provide reasonable total deposition values
when summed over al shots. A Cs/Pu ratio of 4 was thus adopted for tests where all the
fission was from Pu. . Using thisratio then results in the crude estimates of total Cs/Pu
for each test shown in the last column of| Table 1./ The choice of this particular ratio is
somewhat arbitrary but seems to provide estimates of Cs/Pu reasonably consistent with
measurements of Cs-137/Pu-239+240 in NTS fallout (Krey and Beck, 1981).

An uncertainty corresponding to a GSD of 1.5 was assigned to reflect the large
uncertainty in this mean efficiency estimate and the likely large variability from test to
test. Using this formulation, Pu-239+240 and Pu-241 deposition densities in fallout were
estimated for each test, test seriesand for all NTS fallout. (Note that for tower and
surface shots, since Pu is arefractory material, according to Hicks (1982, 1990) only %2
the Pu from tower and surface shots would be deposited outside the immediate vicinity of
the NTS. Thus the Pu deposition estimates for these shots were multiplied by 1/2).
Because of the large uncertainty, the Pu deposition estimated for a particular county for
any particular test has alarge uncertainty (GSD = 2- 4), resulting both from the large
uncertainty inthe NCI 1-131 deposition density estimates as well as the large uncertainty
in fission efficiency. However, the sums over all tests have smaller uncertainty (GSD =
1.5-2.0) and are believed to present a reasonable exposition of the total Pu deposition

! (The very low Np-239 values given by Hicks for some shots that apparently used very
little Pu, suggests that U-233 may have been used in afew tests.)
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acrossthe U.S. from NTStesting.? Accur ate estimates of Pu deposition from
particular testswill only be possible if additional information on the Cs/Pu ratios for
particular testsiseventually unclassified and thusthe Pu results presented in this
report should betreated asonly preliminary crude estimates.

Some additional Pu-239 is generated from the decay of Np-239. Np-239 isformed by the
activation of U-238, present in all U fueled weapons and possibly also in Pu-fueled
devices as atamper. Hicks (1981) provides estimates of Np-239 for each shot and these
were used to estimate the Pu-239 that would remain after the Np-239 had decayed. This
Pu-239 contribution isincluded in the estimates of Pu-239 in this report. For devices
partially or totally fueled by Pu, this contribution is small. However, for U fueled devices
it isthe only source of Pu in the fallout. Np-239 is also a significant contributor to
external radiation exposure rates during the first few days after detonation.

Pu-241 was a so estimated from the Pu-239+240 estimate and the reported 241/239 atom
ratios. At this time most of the Pu-241 deposited has decayed into Am-241 with a
resultant Am-241 activity equal to theratio of Pu-241/Am-241 half-lives (see Table 2).

External Radiation Exposure

Hicks (1981) calculated the relative exposure rate versus time for each NTS test using
deposition to exposure rate conversion factors published by Beck (1980). The conversion
factors used by Hicks assume the radioactivity was distributed in the soil with a
relaxation length of about 0.1 cm for all times (the relaxation length is defined as the
depth at which an exponentially decreasing activity fallsto 1/e of the value at the
surface). This value was chosen since even fresh fallout is attenuated somewhat as a
result of surface roughness (Jacob et al.,1986; Eckerman and Ryman,1993). However, it
iswell established (UNSCEAR, 1993, NCRP, 1999, Miller et al., 1990; Gale et al.,1964)
that radionuclides penetrate deeper into the soil with time. Data from the Chernobyl
accident indicates that that even after afew weeks arelaxation length of 1 cmis not
uncommon (Likhtariov et a.,,1996; UNSCEAR, 1993), particularly in areas with typical
rainfall levels. After afew months, measurements have generally shown that the
distribution reaches about a 3 cm relaxation length before the penetration beginsto slow
and asymptote (Beck, 1966; UNSCEAR, 1988; Miller and Helfer, 1985). However, for
heavily watered areas, relaxation lengths of up to 6-7 cm have been observed (Miller et
al., 1990; Beck and Krey. 1980).

Because, as will be shown later, most of the radiation exposure occurred during the first
few weeks, the use of a 0.1-cm relaxation length by Hicks (1981) for all timeintervals
had only a small impact on the total integral exposure. However, in this report, an attempt
was made to use a somewhat more realistic model. The 0.1 cm relaxation length used by
Hicks was maintained for the first 20 d after detonation, but from 20 d to 200 d, a

2 Note that the county Pu deposition-density estimates for a particular are correlated since the uncertainty
in Cs/Pu (or 1-131/Pu) isthe same for all counties for a given test. Thus the uncertainty in the Pu deposited
in the U.S. from a given test will have minimum uncertainty of GSD=1.5. This correlation was accounted
for in calculating the total Pu deposition for the U.S. discussed later in this report.
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relaxation length of 1 cm was used, while for times greater than 200 days, a relaxation
length of 3 cm was used. The corresponding deposition-density to exposure conversion
factors for each of these relaxation lengths are from Beck (1980). Although a gradually
increasing relaxation length would be more physically realistic, the fact that most of the
exposure occursin the first 20 d, did not warrant the considerable effort that would be
entailed in calculating dose rates using a continuously-variable relaxation length.

Since the penetration into the soil would be slower in more arid regions, maintaining the
0.1 cm relaxation length for the first 20 d provides a dightly conservative estimate of the
exposure for sites with greater precipitation and early fallout arrival times. Table 4
illustrates the dependence of the exposure rate in air on the various relaxation lengths.
Note that the exposure rate is reduced by about 1/3 as the activity penetratesto a
relaxation length of 1 cm and about Y2 as the activity penetrates to a relaxation length of 3
cm from 0.1 cm. This accentuates the importance of the first few weeks after atest with
respect to total external radiation exposure to an even greater degree than previous
calculations based only on radionuclide decay.

Table 4: Exposure rate ( - R/h per mCi/knm?) versus relaxation length for selected fission
products (Beck, 1980)

Nuclide Relaxation length (cm)
0.1 1 3

Zr-95 1.20E-02 7.94E-03 5.63E-03
Ru-103 7.85E-03 5.25E-03 3.58E-03
Rh-106 3.37E-03 2.25E-03 1.56E-03
Te-132 3.38E-03 2.29E-03 1.54E-03
Cs-137 9.29E-03 6.15E-03 4.32E-03
Ce-141 1.09E-03 7.25E-04 4,92E-04
Ce-144 2.53E-04 1.70E-04 1.16E-04
Np-239 2.56E-03 1.75E-03 1.17E-03

Since Hicks already calculated exposure rate versus time for the first 0-20 days using a
relaxation length of 0.1 cm, hisresultsfor 0.5-20 d were adopted directly and fit to a
function of the form at™. This function was then integrated to obtain the total exposure
from TOA to 20 d , where TOA isthetime of arrival in days. In al cases the correlation
coefficient for the fit over the period 0.5-20 d was greater than 0.99. The variation in the
exponent from shot to shot also turned out to be quite low (x = 1.109 ** 0.022). To obtain
the integral from 20 d to the end of the year, the subsequent year, and to 50y, the Hicks
data for nuclides that contribute to the exposure at those times were entered into a
Spreadsheet. The variation with time from 20 d on was calculated directly from the
appropriate Bateman equations that account for ingrowth of precursors and radioactive
decay. By using the appropriate analytical formulae normalized to Hicks' dataat 20 d, it
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was possible to integrate analytically over the various intervals of interest. Note that due
to the change in depth profile at 200 d, integration had to be done by first integrating
from 20 d to 200 d (or to the end of the first year if less than 200 d) and then from 200 d
to the end of the year.

Thus for each test, the total exposure was obtained for the year of the test, the next year,
and finally for atotal period from fallout time-of-arrival to 50 y. Hicks' calculations were
normalized to unit exposure rate at H+12 h, which corresponds to a particular value of
effective 1-131 deposition density at H+12 h. Thusthe ratio of the effective [-131
deposition for each day calculated by the NCI (1997), was multiplied by the appropriate
normalized exposure integral to obtain the actual exposure for that interval and time-of-
arrival. Theindividual daily estimates were then summed to obtain annual and 50y
committed exposure estimates for each test, test series, and for all NTStests. Again, no
additional uncertainty was assigned for the exposure estimates since the error in the
deposition density estimate dwarfs the estimated error in exposure rate estimates. The
uncertainty in normalized integral exposure for a particular day is estimated to be at most
10-20%, due primarily to variationsin the depth profile from site to site. The error in the
conversion factors themselves are thought to be less than 5% (Beck, 1980).

A detailed example of the calculation of total exposure for arepresentative county for a
representative test is given in Appendix 1.

Because the NCI deposition data are given for a particular day, the exposure estimates for
sites where the fallout arrived very early (lessthan 12 h) are underestimated in this report.
The exposure rate falls very rapidly during the first few hours (see Table 5) and thus the
integral isvery sensitive to arrival time for short arrival times. For this report it was
assumed that the fallout that occurred on the day of the test occurred at H+12 h (H + 0.25
h for the 1952 tests due to a different gummed-film sample interval). Thus, for those sites
where significant fallout occurred prior to H+12 h, the data presented here may be
significantly in error (up to 50% too low). Thisisillustrated by Table 5, which givesthe
exposure rate and integral exposure versustime for atypical test. However, the exposure
rates and external doses for close-in sites have been calculated in great detail for each
community (Anspaugh and Church, 1990; Henderson and Smale, 1990; Thompson et al.,
1990) and these dose estimates should be used in lieu of those in this report.

Table 5 also gives the fraction of the exposure occurring in various time intervals. One
can see that that the exposure rate falls of f rapidly with time and that over 80% of the
exposure occurs in the first 20 d for an arrival time of 12 h. Thus only a small fraction of
the total exposure (about 1% as shown later) isincurred in the year(s) after the test
occurred unless the tests were very late in the year, particularly for locations where the
fallout arrived within a day or two. The drop off in exposure rate was of course
accentuated by the penetration of the activity into the soil with time. Previous
calculations that did not take this penetration into consideration overestimated the total
exposure. Note that the common assumption of at™?decay rate and no penetration would
imply only about 50% of the dose being incurred in the first 20 d!. The difference results

13



not as much from the greater penetration with time but more to the fact that the exposure
rate drops off much more rapidly than
t12 after 20 d (Hicks, 1981).

Table 5: Relative Exposure rate and total exposure versus time of arrival (TOA)*

TOA, d Exposure rate, mR/h Total Exposure (50 y), mR
0.25 2.1 53
0.5 1.0 45
15 0.30 33
25 0.17 27
35 0.12 24
55 0.071 20
10.5 0.035 14
20 0.015 6

*values are for shot HARRY but are similar for all tests.

The exposures calculated in this report are generally based on estimates or measurements
of radionuclide deposition densities and conversion factors from deposition density to
exposure rate. Very few actual measurements of exposure were made outside the
immediate vicinity of the NTS. However, for statesimmediately downwind from the
NTS, al available data was used to estimate deposition densities including actual
exposure rate measurements if any (Beck and Anspaugh, 1991; Beck, 1996). The
conversion factors relating deposition density to exposure rate in air have been validated
in many studies and as mentioned previously are believed to be accurate to better than
5% for a given depth distribution (NCRP, 1999).

Whole Body Effective Dose

In order to calculate the whole body dose from the free-in-air exposure data, one must
first convert exposure to dose in air by multiplying by afactor of 0.875 rad/R.. Then, to
convert to dose in tissue and account for shielding by the body, one must convert from
radsin air to rem (or in S.I. units, Gy to Sv). In this report we chose to follow the ICRP
guidelines (ICRP, 1991) and estimate the effective whole body dose that weights the
effects on various organs in a proscribed manner. The UNSCEAR (1993) recommends a
factor of 0.75 £ 0.05 to convert from Gy to Sv for adults. Thisis similar to average values
recommended by the ICRP and others (NCRP, 1999). This factor of course varies with
the energy of the radiation and the orientation with respect to radiation incidence (NCRP,
1999, Eckerman and Ryman, 1993), However, avaue of 0.75 is areasonable average for
fission products (NCRP, 1999). The net conversion from exposure in air to effective dose
isthus about 0.875 * 0.75 = 0.66 for adults. Calculations using computer phantoms have
indicated that the effective dose to young children is about 30% higher (NCRP, 1999).

14




Thus the dose to adults exposed outdoors is about 2/3 the outdoor exposure. However,
most people spend most of their time indoors and thus their exposure is reduced greatly
due to attenuation of the radiation by building materials. The amount of shielding (i.e. the
shielding factor) will depend on the type of structure. In general, based on areview of the
available literature, it is estimated that heavily constructed buildings made of brick or
concrete will provide ashielding factor of about 0.2 + 20% (1 s,d,) while lightly
constructed buildings will provide a shielding factor of about 0.4. £ 20% (NCRP, 1999).
These estimates are fairly conservative and allow for a small amount of radioactivity that
may be tracked into the home from contamination of shoes, etc. Assuming that on
average most persons spend about 80% of their time indoors (UNSCEAR, 1993; NCRP,
1999) with an average shielding factor of 0.3, their whole body effective dose would be
0.66 * (0.2 + 0.8 * 0.3) = 0.29 x Outdoor exposure. However, the UNSCEAR estimated
that persons who work outdoor spend on average only 40% of their time indoors and the
most exposed outdoor worker spends only about 30% of his/her time indoors. The NRC
(1977) made a similar estimate of 40% of time spent indoors for the maximum exposed
individual. Assuming only 30% indoorsin alightly shielded structure for the maximum
exposed outdoor worker, the dose to the most exposed individuals would be

0.66 * (0.7 + 0.3* 0.4) = 0.54 x Outdoor exposure or almost twice that of the average
exposure. Conversely, the UNSCEAR (1993) estimated indoor workers spend only about
10% of their time outdoors while other estimates indicate some individual s spend even
less time outdoors. Assuming 5% as a reasonabl e estimate for the least exposed
individual living in awell shielded house and/or working in awell-shielded building, the
minimum exposed individual would receive a dose of about 0.66 * (0.05+ 0.95* 0.2) =
0.16 x outdoor exposure, or about %2 that of the average dose.

Thus the actual dose to any individual can range by about afactor of four depending on
the amount of time spent outdoors and the type of structure the individual lives and works
in. The dose to children could be about 30% higher than that for adults for the same
fraction of time outdoors. In thisreport, all calculations of dose are based on the average
exposure given above and estimates for any individual should be adjusted up or down
based on the above discussion.

Note that no additional uncertainty has been incorporated in the dose estimates in this
report above that for the uncertainty in the underlying deposition density estimates that
were used to estimate exposure. However, using a S.D of + 20% for the shielding factors,
+ 0.05 for the conversion from rad to rem and 0.8 £ 0.05 for the fraction of time spent
indoors by an average individual implies that the uncertainty (one S.D.) in the average
conversion from exposure to dose of 0.3 is about 0.04, or about 10%. Even for the sum
over al tests, the uncertainty (GSD) in the outdoor exposure in a given county averages
about 1.3 (GSD). Thus, this additional uncertainty in converting to dose can be ignored
provided one adjusts their individual dose estimate for time spent outdoors on average,
particularly during the first few weeks after each test.
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Beta Skin Dose

All of the exposures and doses discussed above refer to exposure to gamma radiation
from the fission products deposited onto the ground. However almost all of the gamma
emitting radionuclides al'so emit beta rays and a number of fission products emit beta rays
but no gamma rays. Because of their low penetrating power, beta rays are attenuated
rapidly in soil and even in air and thus contribute little to whole body radiation exposure
(Eckerman and Ryman,1993; NCRP,1999). However beta rays can contribute to the dose
to skin, particularly in the days immediately following fallout before the activity has
penetrated more deeply into the soil. Because the betaradiation is so sensitive to the
actual depth distribution in the soil, only avery crude estimate can be made of the dose.
Thus the beta skin dose has been estimated only for asingle test, HARRY . The variation
in beta dose from test to test is expected to be negligible compared to the variation due to
variations in depth distribution (penetration rate) in the soil.

Besides the beta radiation itself, the beta rays produce a small amount of gamma
radiation via bremsstrahlung (Eckerman and Ryman,1993). This gamma radiation,
although only a small fraction of the energy of the betaray itself, can produce a small
whole body exposure and add to skin dose. Furthermore, it is generally the only way a
beta emitter can irradiate body organs other than the skin. In order to account for both
beta radiation itself as well as the accompanying bremsstrahlung, we have used the dose
factors calculated by Eckerman and Ryman (1993) to estimate doses to skin for the
deposition densities of the various fission products reported in Hicks (1991).
Unfortunately, however, Eckerman and Ryman (1993) do not separate out beta and
gamma dose contributions in their tabulated results and also did not cal culate values for
exponentially decreasing concentrations in soil. Thus the beta dose for beta-gamma
emittersfor a 1 cm slab source was inferred by plotting their doses for pure beta emitters
versus their total energy of emitted betas and using this curve to estimate the beta doses
from beta-gamma emitters. The dose for a source with a 0.1-cm relaxation length,
corresponding to the distribution used for gammarays for the first 20 days, was then
estimated. For this estimate, it was assumed that all the activity is contained in a 0.144
cm thick slab, corresponding to the mean depth of a 0.1 cm relaxation length exponential
distribution and that any activity from depths greater than that would not contribute
significantly due to attenuation. Thus the skin dose values from Eckerman and Ryman
(1993) for a 1 cm slab with 1 Bg/cm?® were multiplied by afactor of 5.3 to correspond to
the concentration in a0.144 cm slab for a deposition density of 1 nCi/m? with a0.1 cm
relaxation length.

The beta skin dose from fallout distributed with a 0.1 cm relaxation length was then
calculated to be about 25-50% of that from a plane source on the soil surface, depending
on the age of the fallout. The early fallout contains a greater fraction of higher energy
beta rays and thus the attenuation in soil is lower. The results of these calculations are
presented in the next section and compared to the gammaray exposure results.
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Results

Fallout Deposition

Thetotal deposition density of Cs-137 from al NTS tests examined through 1962 is
shown in Figure 1. The pattern of deposition is similar to that for I-131, shown in Figure
2 (from NCI, 1997) athough, due to its long-half life, the drop off in activity in the
eastern U.S. isless than that for 1-131. Deposition densities range from less than 5
mCl/km? in the western and northwestern states to over 20 near the NTS. Asfor the -131
deposition, the regional and local variations are due to variations in precipitation, which
is the main fallout mechanism at distances remote from the test site. The well-
documented elevated region in northern New Y ork state was due to heavy thunderstorm
activity during passage of the cloud from shot SIMON in April, 1953 (NCI, 1997; Beck
et a., 1990). The deposition density patterns for most of the other radionuclides covered
in this report were in general intermediate to the patternsfor Csand I, with any
differences reflected by the differences in respective half-lives.

The deposition density data for each test for all covered nuclides is contained in the
database accompanying this report. However, the patterns for Sr-90 and Pu-239+240 vary
somewhat from those for Cs-137 and 1-131due to the differencesin Sr and Pu production
as afunction of the device fuel. Figure 3 shows the ratio of total Cs-137 to total Sr-
90..Figure 4 isfor theratio of Cs-137 to Pu-239+240. Note that the Csto Sr ratio varies
from about 0.8 to 1.9 with relatively low Sr deposition in Idaho, western Montana,
western Nevada and the S.E. states and relatively higher Sr deposition relative to Csin
areas of the Midwest. The differences, of course, reflect the fact that the fallout in
different regions resulted from different test(s). The Cs/Pu ratios, shown in Figure 3 vary
from 3 to over 50. The highest relative Pu deposition was in counties near the NTS.
However, areas in the mountain states, eastern NM and the Midwest exhibited generally
low relative Pu deposition. For most of the country, the Cs to Pu activity ratio was about
10-20. As discussed previously, the Pu estimates in this report for any particular county
are very uncertain and should be viewed only as illustrative of the variations across the
country due to the varying tracks of Pu-fueled tests versus U-235-fueled tests. The
number of counties within each range is shown in parenthesisin the figure captions.

Figure 5 shows the fraction of the total Cs-137 deposition in the continental U.S.
resulting from each test series. The 1957 Plumbbob series deposited 35% of the total Cs
followed by the 1953 Upshot Knothole series (23%). Of course the fraction of the total
deposition in a particular year for any particular county will differ from this distribution
due to the varying fallout tracks during different years. (The maps shown later of externa
exposure versus year reflect the relative annual depositions of fission products in each
ared). The ten tests depositing the most Cs in the continental U.S. are shown in Figure 6,
while figure 7 shows comparable data for the population-weighted deposition density.

Two tests from the 1953 UPSHOT-KNOTHOLE series deposited the most Cs-137

(SIMON and HARRY). HARRY also deposited the most 1-131 (NCI, 1997).. The
comparable plot for the tests resulting in the highest population-weighted deposition
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density differs somewhat from the total deposition. Foe example, HARRY’ simpact on a
population-weighted basis was much less than for total deposition, reflecting the fact that
the fallout tracks and deposition patterns for each test differed, sometimes significantly
(NCI, 1997; Beck et al., 1990)..

The total amount of Cs-137 deposited in the continental U.S. from all tests was 62500 Ci.
The total deposition for a number of other selected radionuclides is shown in Table 6

The total deposition density was calculated for several r radionuclides in order to
compare with the deposition from “global” fallout as reported by UNSCEAR (1993). For
this purpose, the calculated values for each county were weighted by population and then
summed. Because of the sharp gradations in deposition from west to east, and the higher
populationsin the eastern U.S., these popul ation-weighted values are dlightly less than
the mean unweighted deposition obtained by dividing the total deposition by the total
area of the continental U.S. However, they are afairer indicator of the impact the
deposition had with respect to both external and internal population doses. The resulting
popul ation-weighted deposition densities for the U.S. are given in Table 6 and compared
with corresponding estimates by UNSCEAR for the 40-50 degree latitude band of the
northern hemisphere

Table 6: Total deposition and popul ation-wei ghted mean deposition density of selected
radionuclidesfor NTSfallout and “global” fallout.

Nuclide Total Deposition Population weighted Deposition density
(kCi) (nCi m?)
NTS NTS “global fallout”**
Cs-137 62.5 6.9 140
Sr-90 49.2 53 87
Zr-95 5900 680 1030
Ru-103 11500 1240 760
Ba-140 37600 3900 620
Ce-141 13500 1460 570
Ce-144 1070 123 1300
Ru-106 635 71 650
Sr-89 9000 980 540
1-131 40100 5200 513
Pu-239+240 3.6# ~0.42 1.6
Pu-241 14.6 ~1.6 20

**for 40-50 degree latitude band, # About 5% of total isfrom the decay of Np-239.

Thus for the long-lived radionuclides, NTS fallout contributed only about 5% of the total
deposition. The deposition of short-lived radionuclides such as Sr-89, Ba-140 and 1-131
was several times that of “global” fallout. These results are consistent with the fact that
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although the total fission yield of NTS tests was only about 1 M T, compared to about 150
MT for tests outside the U.S., most of the debris from the large thermonuclear tests
outside the U.S. was injected into the stratosphere. According to the UNSCEAR (1993)
the average residence time for this stratospheric debris before re-entering the troposphere
and depositing isabout 1y. Thisdelay in falout coupled with a more uniform deposition
over the entire globe accounts for the reduced impact of global fallout and in particular
the very much-reduced short-lived activity relative to the amounts produced.

Another factor contributing to the greater deposition per unit yield in the continental U.S.
of NTStestsisthe fact that tests detonated near the ground, either on the surface or from
relatively low towers, deposit alarge fraction of their debrislocally and regionally
compared to tests detonated higher in the atmosphere. Figure 8 compares the cumulative
Cs-137 deposition versus distance from the NTS as a fraction of that produced for various
types of tests. Figure 9 compares the deposition as a fraction of the total deposited in the
U.S. From figure 8, one sees that |ess than 10% of the activity produced in an air burst
deposits within 4400 km (or within the continental U.S.) compared to about 45% for
tower and surface shots. Balloon-borne devices deposited 30% in the U.S,, less than
tower shots but much more than air bursts. (The height of detonation for balloon shots
was generally on the order of 500 m compared to ~100-200 m for tower shots (Beck,
1984)). For all NTStests, 34% of the Cs-137 produced deposited in the continental U.S.
In terms of the total deposited inthe U.S,, al types of tests deposited the same
approximate fraction of their total U.S. deposition at distances greater than 2000 km.
However, tower shots, as expected, deposited a greater fraction very closeto the NTS,
while air bursts seemed to deposit a greater fraction from 1500-2500 km.

Overall, air bursts deposited only about 8% of the total activity produced within the
continental U.S., consistent with the UNSCEAR estimate of an average tropospheric
residence time of 30 d. assuming a cross-country transit time of about 4 d on average.

The estimates of total deposition and fractional deposition discussed above of course rely
upon the accuracy of the underlying 1-131 deposition densities calculated by interpolating
arelatively small number of gummed film measurements and weighting interpol ated
values by measured precipitation (NCI, 1997). However, most of the random uncertainty
in total deposition is averaged out when summing over alarge number of tests, days per
test, and counties. The calculated propagated uncertainty in total deposition islessthan
5% (GSD < 1.05). This assumes of course that there is no large systematic error and that
the daily deposition estimates are not correlated. The values for a particular day are
correlated with values for nearby counties since that is the basis of the kriging method
used (see NClI, 1997), however, results from one day to another and one test to another
should not be correlated.
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Exposure and Dose

The geographical distribution of total whole-body effective dose from al NTStestsfor a
typically exposed individual (80% indoors, 0.3 shielding factor) is shown in Figure 10.
The specific mean and GM free-in-air exposures for each county for each test, year, and
total NTS are included in the database that accompanies this report. The interested reader
can estimate his/her exposure and dose by multiplying by the appropriate indoor/outdoor
and shielding factor correction factor as discussed in the previous section. As expected,
the dose pattern is similar to the I-131 deposition pattern presented in NCI (1997) since
the exposure rateis closely related to the deposition of short-lived radionuclides. The
most exposed were individuals who lived in states immediately downwind from the NTS.
However, pockets of higher and lower exposures occurred throughout the U.S. as aresult
of the uneven deposition of fallout and the variation in tracks of the many tests that
contributed. The geographical distribution of doses varied significantly from year to year
as shown in Figures 11-16. As can be seen the 1952 TUMBLER-SNAPPER series
impacted areas to the north of the NTS more than did the tests in other years, while the
fallout from the 1955 TEAPOT series was concentrated in the center of the U.S. The
1957 Plumbbob series accounted for much of the exposure to residents of ND, MN and
surrounding areas.

The relative impact of various test series was investigated by cal culating the population
exposure, i.e. the product of the exposure for a given county multiplied by its population,
and then summing over all counties. The population exposure versus year of exposureis
givenin Table7.

Table 7: Population exposure and per capita exposure versus year of exposure

Y ear Annual 50y Committed per capita
------- 10° person-R---------- mR

1951 2180 2250 13

1952 5040 5310 31

1953 6320 6630 39

1954* 56 0.34

1955 3930 4170 24

1956* 37 0.23

1957 6730 7530 41

1958* 275 17

1962 1570 1640 9.7

Total NTS 26400 27900 162 (49 mrem), 171 committed

* From previous years fallout.

The uncertainty in the above calculated population exposures was less than 1.1 (GSD) for
all years except 1951 and 1962. The GSD for 1951 was 1.2 due to the large uncertainty in
the I1-131 deposition density estimates for some of the early Ranger series tests. The GSD
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for the 1962 fallout which was due mainly to the SEDAN cratering shot is very large, 1.8,
again due to very uncertain estimates of 1-131 deposition. The population exposure for
each year includes that from fallout in that year plus from fallout in the previous year, if
any. The per capita exposure of 162 mR corresponds to an average whole body effective
dose of about 0.5 mSv (50 mrem), for the years of testing, about what an average person
would receive from natural background radiation in 1-2 years depending on the area of
the country. Residents of some counties near the NTS received doses in excess of 3 mSv
(300 mrem) while residents of the extreme western and northwestern states and some
Midwestern counties received average doses less than 0.25 mSv (25 mrem). The
committed (50 y) dose from all NTStests is about 5 % higher than the dose received
during the testing years. In contrast, the UNSCEAR, 1993, has estimated the popul ation-
weighted per capita dose from external radiation from “global” fallout in the latitude
band 40-50 degrees to be about 1 mSv. Twenty-five tests accounted for over 80% of the
population exposure but no single test accounted for greater than 7%. The ten top
contributors that account for about 50% of the population exposure are shown in Figure
17. Again, the impact of the SEDAN shot is very uncertain (GSD = 1.8) while the GSD
of the population exposures for the other 9 testsare all in therange 1.1-1.3.

A large number of fission products are produced in a nuclear explosion. However, only a
relatively few account for most of the external exposure. Different radionuclides
contribute significantly to the exposure rate at different times and thus the most important
radionuclides with respect to total exposure depends on the time of arrival of the fallout.
Table 8 shows the largest contributors to total integrated exposure (% of total integrated
exposure from nuclide and decay products) for several different times of fallout arrival.
The data are for shot HARRY but vary only slightly from shot to shot with volatile
nuclide contribution being greater for tower and surface shots as opposed to air bursts.
However, as shown earlier, the surface and tower shots account for most of the radiation
exposure to the population of the continental U.S. As can be seen, at early arrival times
the short-lived iodine isotopes contribute relatively more to the exposure while after a
few days, 1-132, Ba-140, Zr-Nb-95 and Ru-103 dominate. [-132 isamajor contributor
even for later arrival times. Note that by contrast, most of the external dose from “global”
fallout was due to the longer-lived nuclides, with Cs-137 accounting for about 50% of the
exposure and Ru-103, Ru-106, Ce-Pr-144 and Zr-Nb-95 most of the remainder
(UNSCEAR, 1993). In contrast, these nuclides contribute only small amounts to the
integral dose from NTS fallout.

Figures 18-22 show the fraction of the total dose from al NTS tests that resulted from
Te-1-132, Ba-La-140, Zr-Nb-95, Np-239, and Ru-103, respectively. Note that as expected
from the dependence on arrival time shown in Table 8, the shorter-lived nuclides such as
Np-239 (2.4 d) have alarger impact close to the NTS while the relative contribution of
nuclides with relatively long half lifes such as Zr-95 (64 d) is much greater at large
distances from the NTS. Because of this strong dependence on time of fallout arrival, the
radionulide composition accounting for the total exposure varies significantly with
distance from the NTS.
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Table 8: Percentage of total integral exposure contributed by various fission products as a
function of falout arrival time

TOA= 0.5d 2.5d 5d
Nuclide (%) (%) (%)
Te-1-132 23 27 20
Ba-La140 21 35 43
[-133 13 3 <1
Np-239 6 6 4
Zr-Nb-95 6 10 14
Zr-Nb-97, 97m 6 1 <1
[-135 5 <1 <1
Ru-103 3 6 7
[-131 3 4 4

The doses discussed above are from gammairradiation. Table 9 presents the estimates of
the ratio of beta skin dose to whole body gamma dose outdoors for shot HARRY asa
function of time of arrival of fallout. Thisratio is about 2 for fallout shortly after the test
but falls to about 1.0 after afew days. The ratio of dose ratesis about 5 at early times and
falsto about 1 at about 5d. Note that it has been assumed that the beta dose can be
neglected after 20 days. The activity is then assumed to be distributed with arelaxation
length of 1 cm, deep enough to reduce the beta-ray flux to a negligible level. The beta
dose estimates determined here are in reasonable agreement with previous. For example
the ICRU (1977) estimated the beta skin dose rate from a plane source of fission products
to be about 8-16 time the total effective dose. Theratio of dose ratesfor a0.1 cm
relaxation length for early arrival timesis about 3-5 from Table 9. Dose rate ratios
calculated for a plane source for the same beta spectrum (HARRY') ranged from about 7-
11 over thefirst 2-3 days, with the higher value, that likely corresponds better to the beta
ray spectrum assumed by the ICRU, corresponding to earlier arrival times. Only a
relatively few nuclides emitting higher energy beta rays contribute significantly to the
dose: Rb-88, Sr-91, Y-92, Y-93, Sb-128, Te-129, 1-132. |-133, 1-135, Ce-143, and Pr-
145. The relative contributions of each to the total dose depended on fallout time-of —
arrival

The actual impact of beta exposure is of course even less than the ratiosin Table 9. The
average individual would be exposed to beta radiation only for the 20% of time spent
outdoors, resulting in an actual beta skin dose to gamma whole body dose ratio of about
0.2-0.4. Furthermore, since the radio-sensitivity of the skin is generally accepted to be
much lower than for other organs, even the beta dose to the most exposed individuals
who spend up to 70% of their time outdoors can be considered insignificant compared to
their whole-body gamma exposure.

Two sources of beta radiation exposure might be significant in some cases. One, the

direct deposition of radioactivity onto the skin during cloud passage. The second,
contamination to the skin from children playing in contaminated soil, both from soil
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adhering to the skin as well as due to a closer proximity to the source. The former caseis
only of significance to individuals living close to the test site and was considered by
Henderson and Smale (1990), in the ORERP study. Neglecting the dose from soil
adhering to the skin, the dose to a child playing on the ground would probably be about a
factor of two higher than that to a standing adult due to the closer proximity to the source
plane. However, thiswould still probably not constitute a significant exposure. A more
significant exposure route would likely be direct ingestion of soil (NCRP, 1999).

Table 9: Betaray skin dose divided by whole body gamma dose as a function of fallout
time of arrival-shot HARRY

Timeof arrival, d dose rate ratio integrated dose ratio*
0.5 4.8 1.9

15 3.0 1.3

2.5 15 11

55 1.1 0.8

10.0 0.7 0.4

*100% outdoors

Summary and Conclusions

Fallout from atmospheric tests at the NTS resulted in an average external radiation
exposure of about 0.5 mSv to the population of the U.S., about %2 that incurred from
“global” fallout from the large scale testing outside the U.S. However, residentsin the
states immediately downwind from the NTS received much higher exposures while the
exposures in the western and northwestern U.S. and some areas of the Midwest and SE
were much less than the average. Most of this exposure occurred with the first 3 weeks of
each test and was due to relatively short-lived radionuclides. In contrast, the exposure
from “global” fallout occurred over a much greater span of time (1952-62) and primarily
from afew long-lived radionuclides. Thus the dose rate was more uniform with time.
Almost the entire whole-body effective dose to the population was from gamma rays
emitted by fission products deposited on the ground. The actual dose received by any
individual depended on the fraction of time he/she spent outdoors during the first few
weeks after fallout and the degree of shielding provided by his/her dwelling. The most
exposed individuals at any particular location would have been outdoor workers or others
who spent most of their day outdoors. Beta radiation from fission products in the surface
soil did result in additional dose to the skin when outdoors. However, this contribution
was not large enough to be considered an important component of total fallout radiation
exposure except perhaps for children who played in the soil for significant intervals of
time.
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The deposition of fission products contributed to internal radiation exposure viaingestion
aswell as external exposure. The deposition densities of all nuclides that could contribute
significantly to ingestion doses were calculated for this study although the internal doses
viaingestion will be treated in a separate report. It is noteworthy that the deposition of
long-lived nuclides was much less than from global fallout, while the deposition of short-
lived radionuclides was generally higher. About 1/3 of the fission products produced by
theroughly 1 MT of NTS explosions was deposited within the continental U.S. Surface
shots and shots conducted on towers produced much more fallout in the U.S. per unit
yield than air bursts.

The annex to this report, in the form of Excel spreadsheet files, gives the calculated
deposition densities of all the radionuclides considered for each test for each county of
the U.S. The free-in-air exposure resulting from each test and test seriesis also tabulated
for each county. By accessing the data for their particular county of residence for any
given year(s) and applying the appropriate correction factor to convert from exposure to
dose by adjusting for the actual fraction of time spent outdoors, the interested reader can
estimate his’her whole body dose from NTS fallout.

Three appendices follow. Appendix 1 provides a detailed example of the calculation of
deposition density and exposure for a representative county to illustrate the cal cul ational
procedure. The other two appendices are included to satisfy the scope of work givenin
the introduction of thisreport. Thefirst is abibliography of additional references on
weapons testing in Nevada and Assessments thereof. The second discusses the need for
declassification of documents that might improve our ability to assess the impact of
fallout from weapons testing, both within the U.S. and outside the U.S., on the American
population.
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Appendix 1: Example of Calculation Procedure

In this appendix the calculation of the deposition density of Ba-140 and of Cs-137 for a
particular arbitrarily-chosen county, St. Louis (FIPS=29189), from shot HARRY,,
5/19/53, is shown in detail. The calculation of the total external exposure for St. Louis
County resulting from shot HARRY is also illustrated.

DEPOSITION DENSITY

All calculations start with the measured effective I-131 reported by the NCI (1997).
These measured 1-131 values (mCi/km? ) for St. Louis county for various days after the
detonation (TOA) are shown in the second column of Table A1. Asdiscussed in the text
aTOA of 1.5d refersto falout on the second day after the detonation or in this case on
5/20/53, etc. The corresponding GSD reported in NCI (1997) isgiven in column 3. The
effective 1-131, denoted as 1-131*, is just the measured value decayed back to H+12 h
(column 5). The effective 1-131 includes the contributions of 1-131 that will subsequently
grow in from Te-131 and Te-131m since these contributions are included in the reported
measured 1-131 (NCI, 1997).

In order to calculate the corresponding Ba-140 and Cs-137 for each day with 1-131
deposition it is necessary to know the ratios of Ba-140/1-131* for each of these days.
These values, from Hicks (1981) are given in columns 5 and 6, respectively. Note that the
values in the Hicks Tables (Ci/km?) for al nuclides are normalized to a unit exposure rate
of 1 mR/h at H+12 h. In each case the value of Ba-140 or Cs-137 for the particular TOA
was obtained from the Hicks (1981) Table for test HARRY and divided by the
corresponding 1-131* H+12 h value from Hicks for test HARRY ,.819 mCi/km?. The
latter value was obtained from the tabulated values for test HARRY for 1-131, Te-131,
Te-131lmat H+12 h (1-131* =[ [-131*193 h + Te-131m* 30 h + Te-131 * 0.417 h] /
193h ) and represents the total 1-131 at H+12h plus the I-131 that will subsequently grow
infrom Te-131 and Te-131m.
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Table Al: Measured |-131 deposition density (mCi/km?), ratios of Ba-140 and Cs-137 to
1-131*, and calculated Ba-140 and Cs-137 deposition densities (mCi/km?).

TOA. d [-131 GSD I-131* _Ba-140/1* _ Ba-140 _Cs-137/I* _ Cs-137
0.25 0 0.85 0.00121
0.5 0 0.83 0.00121
15 20 2 21.8 0.78 17.0 0.00121 0.026
2.5 16 2 19.0 0.74 14.1 0.00121 0.023
3.5 50 2.5 64.8 0.70 453 0.00121 0.078
4.5 8 2 11.3 0.66 7.5 0.00121 0.014
5.5 16 15 24.6 0.63 15,5 0.00121 0.030
6.5 16 15 26.8 0.59 15.8 0.00121 0.032
7.5 0 0.57 0.00121
8.5 0 0.54 0.00121
9.5 0 0.51 0.00121
10.5 0 0.48 0.00121

Multiplying the Ba-140/1-131* and Cs-137/1-131* by the measured 1-131* providesthe
estimated GM deposition densities of Ba-140 and Cs-137 for each day of fallout. Since
the uncertainty in the Hicks (1981) ratios of deposition densities is assumed to be minor
compared to the larger uncertainty in the measured deposition densities, the GSD for Ba-
140 and Cs-137 are assumed to be the same as that for the corresponding measured [-131.

In order to calculate the total Ba-140 and Cs-137 deposition densities for this county from
shot HARRY one must sum the daily values. However, one cannot sum GM values so
one must first convert each daily GM to the corresponding mean. Asdiscussed in NCI
(1997), the conversion is given by mean, m=GM * exp (0.5 * s where s* = In (GSD).
The corresponding variance, var = m? = [exp (° ) —1]. Table A2 gives the calcul ated
means and variances for the days with fallout.

Table A2: mean and total deposition densities (mCi/km?).

Ba-140 Cs-137
TOA GM mean var GM mean var
1.5 17.0 21.6 288.4 0.0264 0.0335 0.000694
2.5 14.1 17.9 197.4 0.0230 0.0292 0.000528
35 45.3 69.0 6258 0.0784 0.119 0.0187
4.5 7.45 9.48 55.4 0.0137 0.0174 0.000186
55 15.5 16.8 50.7 0.0298 0.0323 0.000187
6.5 15.8 17.2 52.8 0.0325 0.0353 0.000222
SUM: 152 6903 0.267 0.0205
GM = 134 0.235
GSD = 1.7 1.7
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The mean of the total deposition density of Ba-140 is thus 152 mCi/km?® with a variance
of 6003. Asdiscussed in NCI (1997), the sum of lognormally-distributed distributions
can themselves be assumed to be approximately lognormally distributed with a GM given
by GM =m/ SQRT [1 + var / m? ] and aGSD given by GSD = exp [SQRT (In{1 + var /
m?)}. Using these equations, the GM Ba-140 deposition density for this county for shot
HARRY isthus 134 mCi/km? with a GSD of 1.7. The corresponding Cs-137 deposition
density is0.235 with aGSD of also 1.7.

In asimilar manner the deposition densities resulting from all other tests conducted in
1953 were calculated and the total Ba-140 and Cs-137 deposition densities from all 1953
(UPSHOT-KNOTHOLE) tests obtained by summing the means and variances of the
individual test results. To obtain the total deposition density from al NTS tests, the
means and variances calculated for each test series were summed. These sums are
provided in the database that accompanies this report along with the calculated
conversionsto GM and GSD for each test, test series, and NTS totals.

EXPOSURE

The calculation of free-in-air exposure again starts with the measured 1-131* values and
the [-131* value per mR/h at H+12 h (= 819 mCi/km?) for HARRY given in Hicks
(1981). The exposure rate at any timet is given by the deposition density at timetin
mCi/km? multiplied by a dose rate conversion factor : R/ h per mCi /km? taken from
Beck (1980). Asdiscussed in the text, these conversion factors are a function of the
assumed depth distribution. For t < 20 d, a depth distribution with a relaxation length of
0.1 cm was assumed. Thiswas the value used in Hicks (1981) for all times. For t >20d
< 200 d, arelaxation length of 1 cm was assumed in thisreport, and for > 200 d, a
relaxation length of 3 cm. The conversion factors for Ba-140, La-140 and Cs-137 for
each relaxation length are given below:

Tablze A3: Conversion factors from deposition density to exposure rate, R/ h per mCi
/km

Nuclide RL =0.1 cm RL-1cm RL =3cm
Ba-140 2.41E-03 1.62E-03 1.10E-03
La-140 3.33E-02 2.28E-02 1.60E-02
Cs-137 9.28E-03 6.15E-03 4.32E-03

In order to calculate the total exposure rate as a function of time from TOA to the end of
the year, and to 50 y after detonation for a particular test, it is necessary to sum the
exposure rates per unit 1-131* from each of alarge number of radionuclides contributing
to the total exposure rate at any particular time, multiply thistotal by the measured 1-131*
deposition density, and then integrate the total from all nuclides over the period of
interest. For the first 20 d after detonation a very large number of nuclides contribute to
the exposure rate (> 100). .Since Hicks aready calculated the total exposure rate per unit
[-131* for this period for arange of t, it was not necessary to attempt to recal culate and
tabulate the individual radionuclide exposure rates for this period. They can be obtained
directly from the Hicks (1981) tables if desired. The exposure rates versus time per unit |-
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131* for the first 20 d as reported in Hicks (1981) for shot Harry are given below (The
reported exposure rates have been normalized to unit deposition density of 1-131* by
dividing by 819.

Table A4: Exposure rate versus time of arrival for test HARRY per mCi /km? [-131*

TOA (h) _ mR/h
18 7.84E-04
21 6.57E-04
24 5.54E-04
48 2.50E-04
120 9.83E-05
240 4.54E-05
480 1.81E-05

In order to calculate the total exposure from any particular time of arrival (TOA) to 20d
after detonation, the exposure rates in Table A4 were fit to afunction of the form at™ for
the period 12 hto 20 d (480 h). The results of thisfit for test HARRY was a = 5.62E-04;
b=-1.0958 with a correlation coefficient r* of 0.9995. Theintegral from any time TOA to
20 disthen lat™ dt = [0.4602/ (0.0958)] [TOA 2% _20°9%%¥] The resultant total
integral exposure from TOA to 20 d for various TOA are given in the second column of
Table A5 below. Note that this formulation actually assumes a 0.1 cm relaxation length
for times TOA to 20 d rather than for a period totaling 20 d after deposition. Thisis
reasonable, however. Asthe time of arrival of fallout increases due to increasing distance
of the fallout cloud from the NTS, a greater fraction of the deposition is due to washout
from precipitation (NCI, 1997). This wet deposition resulted in greater penetration into
the soil than that from the dry deposition that occurred near the NTS at early arrival
times.

The exposure rate from 20 d post detonation to 200 d could not be taken from the Hicks
(1981) tables directly since we use an exposure rate conversion factor that assumesal
cm relaxation length. However, the number of radionuclides contributing significantly to
the total exposure during this period is much smaller (about 24). It was thus possible to
use the actual time variation of the deposition density for each of these radionuclides
multiplied by the appropriate dose rate factor from Beck (1980) to calculate the integral
exposure for each for the desired interval. For example: the exposure rate for Cs-137 for
the period 20 d to 200 d is given by:

| (t) :R/d = Cs(20 d) mCi /km?* 6.15E-03 : R/ h per mCi /km?* 24 h/d * exp(-8 * t),

where Cs(20 d) is the deposition density of Cs-137 (per unit [-131*) at 20 d after
detonation, from Hicks (1981) and 8 = In (2) / Tys.

The integral from 20 d to 200 d is thus:

| (MR) = Cs(20d) * 6.15E-03* 24* 1/8 * [exp (- 20 * 8) —exp (-200* 8)]/ 1000.
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The half life of Cs-137 is11000 d (Table 2). The exposure rates of the other
radionuclides contributing to the exposure rate during this period were calculated in a
similar manner. Note that for a few radionuclides that grow in from precursors ( e.g. Nb-
95 from Zr-95) the activity versustimeis afunction of the parent activity and the
analytical relationship is sometimes more complicated than that for a single radionuclide.
The daughter to parent activity for these nuclidesis given by D/P =0 (T2 p)/(Tyzp - T12
d) * [1—exp (-84 —8p) t], where O is the number of daughter atoms produced per parent
decay and the subscripts p and d stand for parent and daughter, respectively. This
equation is easily integrated to provide the integral exposure of the daughter activity in a
manner similar to that for the parent as described above. (If the daughter half lifeis short
compared to that of the parent the activity of the daughter is approximately equal to that
of the parent at al times, and the exposure rate is just the parent activity multiplied by the
exposure rate conversion factor for the daughter).

Since HARRY was detonated on the 139" day of the year (May 23), there were 226 d
remaining in the year 1953. The total exposure for the year from a deposit on day TOA
was thus the sum of the exposures from TOA-20 d, 20-200d and 200-226 d. For the last
26 days, the calculation was similar to that for 20-200 d except that the integration was
from 200 d to 226 d and the deposition densities from 200-226 d were multiplied by the
exposure rate conversion factors for a 3 cm relaxation length, rather than for al cm
relaxation length. For the year 1954, and for the remainder of the 50 y period for which
the exposure was calculated, only a few radionuclides contributed to the exposure. Again,
the integrated doses were calculated individually for each as shown above for Cs-137,
integrating over the appropriate time interval.

Table A5 givesthe final integrated exposure for each of the time intervals of interest,
TOA-20 d, 20-200 d, the entire year (1953), 1954, 1955 -50Y, and the total = TOA - 50
Y. By multiplying each of these normalized exposure values by the corresponding
measured |-131* for each day with fallout (from Table A1), one obtains the mean and
GM exposures for St. Louis County for test HARRY shown in Table A6, along with the
corresponding variances and GSD’s. Again, the means are calculated from the measured
GM, asdescribed previoudly for the deposition density calculations, and then summed to
obtain the total exposure resulting from all days of fallout. The total exposure from all
testsin the year 1953, and from all NTS tests, was calculated in a similar manner by
summing the mean exposures from each test.
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Table A5: Integral exposure from time of arrival to 20 d, 20 d to end of year, 1953, 1954,
TOA-50y, per unit 1-131* deposition density (mR per mCi/km?2)

TOA TOA-20d 20d-226d _ 1953 1954 1955-50Y TOA-50Y
0.25 0.0551 0.008108 0.0632 0.000404 0.001255 0.0649
0.5 0.0448 0.008108 0.0529 0.000404 0.001255 0.0545
15 0.0297 0.008108 0.0379 0.000404 0.001255 0.0395
2.5 0.0233 0.008108 0.0314 0.000404 0.001255 0.0330
3.5 0.0192 0.008108 0.0273 0.000404 0.001255 0.0290
4.5 0.0162 0.008108 0.0243 0.000404 0.001255 0.0260
5.5 0.0139 0.008108 0.0220 0.000404 0.001255 0.0237
6.5 0.0120 0.008108 0.0201 0.000404 0.001255 0.0218
7.5 0.0104 0.008108 0.0185 0.000404 0.001255 0.0202
8.5 0.0090 0.008108 0.0171 0.000404 0.001255 0.0188
9.5 0.0078 0.008108 0.0159 0.000404 0.001255 0.0176
10.5 0.0067 0.008108 0.0148 0.000404 0.001255 0.0165

Table A6: Total exposure from HARRY for St. Louis County, mR

-------------- For 1953 TOA-50Y -----mmmmmmmeee-
TOA GM mean var GM mean var
1.5 0.83 1.05 0.68 0.86 1.10 0.74
2.5 0.60 0.76 0.36 0.63 0.80 0.39
35 1.77 2.69 9.52 1.88 2.85 10.71
4,5 0.27 0.35 0.08 0.29 0.37 0.09
55 0.54 0.59 0.06 0.58 0.63 0.07
6.5 0.54 0.59 0.06 0.58 0.63 0.07
SUM: 6.02 10.75 6.39 12.07
GM = 5.28 5.68
GSD = 1.7 1.7

Although the exposure contribution from each radionuclide was not estimated separately
in the database accompanying this report, the exposure from all tests for afew specific
radionuclides was cal culated from the corresponding deposition densities and used to
prepare the data shown in figures 18-22. These figures illustrate the fraction of the total
exposure from these particular radionuclides. The mean deposition densities of each
radionuclides for each test and test seriesis provided in the database and can be used to
estimate exposures for a particular year from any particular radionuclide by multiplying
by an appropriate dose rate conversion factor from Beck (1980).
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Appendix 2: Additional Reading

(1) The history of nuclear weaponstesting at the NTS:

AndersR.M., Holl, JM., Buck, A.L. and Dean, P.C., The United States nuclear
weapons program. A summary history. US Dept. of Energy rept. DOE/E5-
0005 (draft), March, 1983.

Frieson, H.N. A perspective on atmospheric nuclear tests in Nevada. Nevada
Operations Office rept. NV O-296; Aug. 1985.

Joint Committee on Atomic Energy . The nature of radioactive fallout and its
effects on man, Congressional hearings transcript.; 1997.

Joint Committee on Atomic Energy. Falout from nuclear weapons tests,
Congressional Hearings transcript; May, 1959)

U.S. Dept. of Energy. Announced Unted States Nuclear Tests, July 1945 through
December, 1987. Nevada Operations Office rept. NVO-209, Rev. 8; 1988.

(2) The production of important radionuclides during those tests:

Environmnetal Contamination from Weapons Tests. USAEC rept. HASL-42;
1958.

Hicks, H.G. Radiochemical data collected on events from which radioactivity
escaped beyond the borders of the Nevada test range complex. Lawrence
Livermore National Laboratory rept. UCRL-52934; Feb. 1981.

Radiological Health Data. U.S. dept of Health, Education and Welfare, Public
Health Service. Monthly reports, 1958+

Public Health Service. Tabulation of findings, rdaiation surveilance network”,
available from CIC, Las Vegas.

Schoengold, C.R., DeMarre, M.E., McDowell, E.M., Radiological effluents
released from announced U.S. continental tests. 1961 through 1988. U.S.
Dept. of Energy Nevada Operations Office rept. DOE/NV-317; May, 1990.

USAEC, Hedlth and Safety Laboratory Fallout Quarterly Reports, 1958-.
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(3) The networks of fallout measurements:

Bouville, A. and Beck, H.L. The HASL gummed-film network and its use in the
reconstruction of doses resulting from nuclear weapons tests. Environ. Intl; in
press.

Eisenbud, M. An Environmental Odyssey. People, Pollution, and Politics in the
Life of a Practical Scientist, University of Washington Press, Seattle and
Washington, 1990.

Harley, John H., A Brief History of Long-Range Fallout, in Health and Safety
Laboratory report HASL-306, Environmental Quarterly, July 1, 1976, pp I-3
tol-1

(4) The assessment of the activities deposited on the ground:

Bouville, A., M. Dreicer, H.L. Beck, W.H. Hoecker, and B.W. Wachholz. Models
of radioiodine transport to populations within the continental U.S. Health
Phys. 59(5): 659-668; 1990.

Bouville, A. Reconstructing doses to downwinders from fallout. Proceedings of
the Thirty-First Annual Meeting of the National Council on Radiation
Protection and Measurements. Proceedings No. 17, pp. 171-189. NCRP,
Bethesda, MD, 1996.

Whicker, F.W. Environmental pathway analysis in dose reconstruction.
Proceedings of the Thirty-First Annual Meeting of the National Council on
Radiation Protection and Measurements. Proceedings No. 17, pp. 93-106,.
NCRP, Bethesda, MD, 1996.

(5) The vertical migration of fallout radionuclides into deeper layers of soil:

See referencesin text.
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(6) The assessment of the doses from external irradiation:

Beck, H.L.; Krey, P.W. Radiation exposure in Utah from Nevada nuclear tests.
Science 220:18-24; 1983.

Lloyd, R.D.; Gren, D.C.; Simon, S.L.; Wrenn, M.E.; Hawthorne, H.A.; Lotz,
T.M.; Stevens, W.; Till, JE. Individual external exposures from Nevada Test
Site fallout for Utah leukemia cases and controls. Health Phys. 59(5):723-737;
1990.

Simon, S.L.; Till, JE.; Lloyd, R.D.; Kerber, R.L.; Thomas, D.C.; Preston-Martin,
S.; Lyon, J.L.; Stevens, W. The Utah leukemia case-control study: dosimetry
methodology and results. Health Phys. 68(4):460-471; 1995.

Haskell, E.H., I.K. Balliff, G.H. Kenner, P.L. Kaipa, and M.E. Wrenn.
Thermol uminescent measurements of gamma-ray doses attributable to fallout
from the Nevada Test Site using building bricks as natural dosimeters. Health
Physics 66, 380-391; 1994.
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Appendix 3: Classified Data that could be of Usein Assessing
Fallout Impact on U.S. Population

The ability to estimate fallout deposition from NTS shots was made possible by the
calculations of Hick based on cloud measurements of the relative production of the
various fission products from each test. The composition of debrisis very dependent on
the spectrum of neutrons produced in the device and the composition of the fuel. Similar
datafor test carried out by the U.S. and U.K. in the pacific as well as for tests carried out
in the Soviet Union will be required to allow comparable estimates of fallout deposition
to be made for tests carried out outside the U.S. Such data, if available, is classified. s

Also classified isthe fraction of the total yield of individual shots that resulted from
fission versus fusion. Again, this information will be needed to make reasonable
estimates of deposition and resultant doses from tests held outside the U.S. In some cases,
even the exact value of the total yield is classified. Since tritium is a byproduct of fusion,
any information on the amount of tritium released from a particular test is probably also
classified.

For the NTS tests, the efficiencies of fission are classified as well as any information that
would allow oneto infer those efficiencies, such asratios of Cs-137/Pu activity. Thusthe
amounts of residual (unfissioned) Pu in the fallout had to be inferred as discussed in this
report. The resultant crude estimates of Pu deposition thus have relatively large
uncertainty compared to the deposition of fission products.
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Figure 11. Dose to average exposed individual from testsin 1951. Number of counties in each group shown in parenthesis
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Figure 17: Ten tests with the greatest contributions to total population exposure. The value for SEDAN is much more uncertain than
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Figure 19: Fraction of total dose from Ba-La-140. The number of countiesin each group is shown in parenthesis.
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ABSTRACT

According to a Congressional request to the Department of Health and Human Services a
feasibility study has been conducted to determine if doses to the American public from
radionuclides other than '*'I can be calculated for the tests of nuclear weapons and related
devices conducted at the Nevada Test Site (NTS). Results of this feasibility study on doses
received via the ingestion of contaminated foods indicate that doses from other radionuclides can
be calculated, as have the doses from '*'I that were reported earlier by the NCL. The methods of
calculation are based upon the methods developed and used earlier by the Off-Site Radiation
Exposure Review Project; these methods employed seasonally adjusted values of radioecological
transfer of radionuclides to humans. Doses were calculated for 61 of the more significant events
that occurred at the NTS during 1951, 1952, 1953, 1955, 1957, and 1962. Detailed results are
provided in two CDs that accompany this report. Summary results in the form of coded maps for
each of the above years and for the total time period are also provided. The total estimated
collective effective committed dose from the ingestion of contaminated foods is 110,000+14,000
Sv; the total estimated per caput effective committed dose is 680190 uSv. The larger fractions
of dose resulted from the tests of Operation Plumbbob conducted in 1957, Operation Tumbler-
Snapper in 1952, and Operation Upshot-Knothole in 1953. The largest contribution from any
single event is estimated to have been from Project Sedan, a cratering experiment in 1962,
although the uncertainty in dose calculated for this event is unusually large due to the absence of
information regarding its fission yield and other factors; there is also concern about the validity
of the input data for this event. The radionuclide "*'T was by far the most important contributor
to collective effective dose and accounted for nearly 90% of the total age-corrected collective
effective dose. The thyroid is estimated to have received by far the largest collective organ dose
of 2,000,000+280,000 person Sv. Most organs received a collective dose of about 15,000 person
Sv; other than the thyroid, the organs receiving the higher doses were the colon (56,000+8400
person Sv) and the bone surface (31,000+£4000 person Sv). The per caput dose calculated here is
almost the same as the 670 uSv effective dose committed from the consumption of contaminated
food over a comparable time period of 50 years from global fallout, as inferred from the work of
the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR).
However, the more important contributors to dose from the NTS were short-lived radionuclides
(®'1,*Sr, and '*'Ba), whereas for global fallout the more important contributors were long-lived
radionuclides (**’Cs *°Sr, and '*C). While the per caput doses from the two sources are about the
same, doses from the NTS vary from county-to-county by a maximum factor of nearly 300; it is
expected that the doses from global fallout would have been much more even due to the nature
of the processes involved. Doses from the two sources also would have been received at
different times—during the 1950’s for NTS fallout and during 1963—1965 for global fallout. The
dose from inhalation has not been calculated explicitly; rather, the relative contribution of
inhalation compared to ingestion has been estimated for the ten more important radionuclides
and for *****Pu. For the ten more important radionuclides, the relative contribution varies from
about one third to much less. For *****°Pu the relative contribution via inhalation is calculated
to be about 2.6 times that from ingestion; however the total contribution of dose from ******°Pu is
small.
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INTRODUCTION

Congress has asked the Department of Health and Human Services (HHS) to study the
health consequences to the American people of nuclear weapons tests. Within that framework a
purchase order has been received to assist in the determination of radiation dose to the American
people from the weapons tests conducted in Nevada.

The primary work to be performed is to “prepare crude estimates of the doses of internal
radiation received by the American people as a result of the aboveground tests carried out at the
Nevada Test Site (NTS).” These estimates are to be

e Based upon a review of the readily available open literature and information; it is not
expected that sophisticated computer models should be developed or used for this

purpose;

e Based upon an electronic data base of radionuclide-deposition densities prepared by Beck
(1999);

e Averaged over large regions of the continental United States with indications of how the
high-risk populations could be identified. However, primary calculations should be
carried out on a county-by-county basis and averaged only for presentation purposes;

e (alculated separately for the more important radionuclides produced in nuclear weapons
tests of the types carried out at the Nevada Test Site. Radionuclides should include *°Sr,
137Cs, and '"°Ru; if sufficient information is available from Beck and other sources doses
from additional radionuclides should be calculated.

e Provided in terms of absorbed dose for some of the more radiosensitive organs and
tissues (red bone marrow, gastrointestinal tract, etc.);

e (alculated by year of testing (1951, 1952, 1953, 1955, 1957, and 1962) and summed over
all tests at the Nevada Test Site (NTS) with a comparison to the published latitudinal
average doses (UNSCEAR 1993) for all tests; and

e Provided both in written form and in an electronic version.

Additional work to be performed included the provision of a list of references regarding
(1) networks performing measurements of fallout radionuclides in air and foodstuffs and (2) the
assessment of doses from internal radiation. The funds made available to accomplish this work
consisted of $25,000. Thus, it was necessary to find very efficient means to accomplish this
complex task.

The purpose of this report is to describe the results of the study outlined above. Based
upon the deposition-density values provided by Beck (1999), dose commitments to internal
organs that originated from the ingestion of contaminated food have been estimated for adults in
each of approximately 3100 counties in the continental United States. Estimates are made for 20
parent radionuclides from 61 events tha