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RERF News

The 37th Board of Directors Meeting

The 37th meeting of the Board of Directors was
held at the National Academy of Sciences (NAS) in
Washington, D.C., U.S.A. on June 19 and 20, 2002.
Twenty-three peopleincluding directors, supervisors,
and observers attended the meeting, and animated
discussions took place concerning RERF manage-
ment.

In hisopening address, Dr. Burton G. Bennett said,
“RERF s mission is to study radiation effectsin A-
bomb survivors. We hope to maintain the
Foundation’s scientific excellence and fulfill our so-
cial obligations in terms of the welfare of A-bomb
survivors.” The Board then approved the minutes of
the previous Board meeting (36th, Hiroshima), and
proceeded to report on the status of RERF. In the
status report, Dr. Bennett used a dlide presentation to
introduce various aspects of the RERF research ac-
tivities. Dr. Bennett expressed in the report his
intention of continuing to work for the accomplish-
ment of the following goals: to enhance congeniality
and trust among all the staff, strengthen epidemiol-
ogy, and restore a balance in the U.S.-Japanese
management of RERF. A report on the health study
of children of A-bomb survivors was presented by
Dr. Senjun Taira, who explained the history of the
expansion of samplesizein the study. Dr. Tairastated
that full-scale health examinationswould start in July
2002.

In his report on the agreement on joint courses
with Hiroshima University and results of applications
for the Ministry of Education, Culture, Sports, Sci-
ence and Technology (MEXT) Grant-in-Aid for
Scientific Research, Dr. Eiichi Taharanoted the high
standing accorded to research conducted at RERF.
Other items of report included “ present personnel
status,” “FY 2001 salary revision,” “FY 2002 labor-
management negotiations,” and “international
collaboration.”

In the discussion of issues proposed by the mem-
bers of the Board, Dr. Bennett suggested regarding
the “directorship balance” that the previous number
of permanent U.S. directors be restored. Thisissue
is to be deliberated further by the governments of
Japan and the U.S. In the area of “future planning,”
Dr. Taharaexplained the results of each department’s
brainstorming sessions and further discussions at
Future Planning Committee meetings. It was pro-
jected that the future plans would be developed and
completed within two years. Concerning the issue of
relocation of the Hiroshima Laboratory, Dr. Taira
stated that relocation is an issue that RERF cannot
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avoid, and that he would like the issue, along with
the future plans, to be considered.

Among the items for deliberation, a summary of
“recommendations of the 29th meeting of the Scien-
tific Council” was presented by Dr. Joe W. Gray. In
the responses of RERF to the recommendations of
the Scientific Council, Dr. Tahara said, “\We appreci-
ate the Scientific Council’s recommendation that
RERF must continue to broaden its research base
beyond a strict focus on radiation effects, consider-
ing the importance of RERF as a joint institution
supported by the U.S. and Japan. We will continue
the brainstorming approach for the establishment of
future plans.” Following this, deliberationswere car-
ried out on the “FY 2001 research activities report
and audit,” “FY 2001 settlement of accounts and au-
dit,” “FY 2002 working budget,” and “FY 2003
provisional budget plan,” and all of the items were
approved by the Board of Directors.

Asregards the “ el ection/appointment of directors
and others,” it was concluded that Mr. Kazuaki Arichi
and Dr. Jonathan M. Samet would continue to serve
as directors until successors are decided. Concern-
ing Scientific Councilors, Dr. Toshitada Takahashi,
Director of the Aichi Cancer Center Research Insti-
tute, and Dr. Joel S. Bedford, Professor of Colorado
State University, were elected as successors to Dr.
Shinichiro Ushigome and Dr. Joe W. Gray, respec-
tively. It was decided that the next Board meeting
would be held at the Hiroshima Laboratory on June
18-20, 2003.

List of Participants

Permanent Directors:

Burton G. Bennett, Chairman

Senjun Taira, Vice Chairman

Eiichi Tahara, Permanent Director and Chief of Re-
search

Visiting Directors:

Kazuaki Arichi, Councilor, Japan Institute of Inter-
national Affairs (submitted aletter of attorney for
both days)

Takefumi Kondo, Professor, Department of Preven-
tive Medicine and Public Health, Keio University
School of Medicine

Hiromichi Matsudaira, Consultant, Radiation Effects
Association

John E. Burris, President, Beloit College

Jonathan M. Samet, Professor and Chairman, Depart-
ment of Epidemiology, School of Hygiene and
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Public Health, Johns Hopkins University (sub-
mitted aletter of attorney for the 1st day)

Richard B. Setlow, Senior Biophysicist, Biology
Department, Brookhaven National Laboratory,
Adjunct Professor, Biochemistry and Cell Biol-
ogy Department, State University of New York
at Stony Brook

Supervisors:

Tomio Hirohata, Professor Emeritus, Department of
Public Health, Faculty of Medicine, Kyushu Uni-
versity

David Williams, Senior Financial Advisor, National
Academy of Sciences (NAS)

Scientific Councilor:

Joe W. Gray, Professor of Laboratory Medicine and
Radiation Oncology, Program Leader, Cancer
Genetics and Breast Oncology, Comprehensive
Cancer Center, University of California, San Fran-
cisco

Representatives of Supporting Agencies:
Shigeki Shiiba, Deputy Director, General Affairs
Division, Health Service Bureau, Ministry of

Health, Labour and Welfare

SevenV. Cary, Deputy Assistant Secretary for Hedlth
Studies, U.S. Department of Energy (DOE)

Joseph F. Weiss, Japan Program Manager, Office of
Hedth Studies, DOE

Libby White, Office of Health Studies, DOE

Warren R. Muir, Executive Director, Division on
Earth and Life Studies, National Research Coun-
cil (NRC), NAS

Evan B. Douple, Director, Board on Radiation Ef-
fects Research, Division on Earth and Life
Studies, NRC, NAS

Catherine S. Berkley, Administrative Associate,
Board on Radiation Effects Research, Division
on Earth and Life Studies, NRC, NAS

Secretariat:

CharlesA. Waldren, Chief Scientist

Masaharu Yoshikawa, Chief of Secretariat

Richard D. Sperry, Administrative Advisor, Secre-
tariat

Observer:
Seymour Abrahamson, former RERF Vice Chairman
and Chief of Research

The 29th Meeting of RERF Scientific Council

The 29th meeting of the Scientific Council was
held on April 16-18, 2002, in Hiroshima. The mest-
ing was co-chaired by Drs. Joe W. Gray and Yasuhito
Sasaki. After RERF Chairman Dr. Burton G. Bennett
extended greetings and introductory remarks, Chief
of Research Dr. Eiichi Tahara presented a general
report of RERF research. Dr. Tahara aso presented
areport of the Future Planning Committee of the
RERF based on internal brain-storming sessions
among department members and chiefs of the depart-
ments throughout the past year, listing several
possihilities that were suggested as future directions.
Dr. Tahara further proposed a set of policies on the
use of biological samples developed by the Working
Group on Ethical Policy for Biological Samples,
based on recently established ethical guidelines set
forth by the Japanese government for the protection
of human rights and privacy of study participants.
Present status and trendsin the U.S. were introduced
by American councilors.

Drs. Gen Suzuki and Masazumi Akahoshi pre-
sented a response to the Multinational Peer Review
of the Departments of Clinical Studies. Presentations
were then made by all departments. In addition to
overviews given by department chiefs, thefollowing
more specific presentations were made:
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o Adult Health Study (AHS) Report 8 (Michiko
Yamada, Clinical Studies)

 Cataract study (Kazuo Neriishi, Clinical Studies)

« Thyroid disorders (Misalmaizumi, Clinical Stud-
ies, Nagasaki)

 Microarray-based comparative genomic hybrid-
ization (CGH) (Norio Takahashi, Genetics)

« Epilation, chromosome aberrations, and dose bias
(Yoshiaki Kodama, Genetics)

« Clonal chromosome aberrations (Nori Nakamura,
Genetics)

 Cancer and noncancer mortality (Yukiko Shimizu,
Epidemiology)

o F, mail survey (Akihiko Suyama, Epidemiology,
Nagasaki)

« Projections regarding Life Span Study (LSS)/F;
cohorts (Eric Grant, Epidemiology)

« Plan for molecular epidemiology (Hidetaka
Eguchi, Epidemiology)

« Molecular basis of A-bomb induced carcinogen-
esis (Yuko Hirai, James Cao, Kiyohiro Hamatani,
Radiobiology)

« T-cell homeostasis (Seishi Kyoizumi, Radiobiol-
ogy)

o LSS cancer incidence (Dale Preston, Statistics)

» Describing and interpreting radiation effects

(Donald Pierce, Statistics)
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« Probability of radiation causation (John Cologne,
Statistics)

« F, cancer and noncancer mortality (Shizue Izumi,
Statistics)

« Dosimetry revision status (Shoichiro Fujita, Sta-
tistics)

The Scientific Council affirmed continued sup-
port for the core mission of RERF, but a so supported
expansion of this core mission in amanner based on
thorough evaluation of research priorities, funding
bases, and resources. The Council’s general recom-
mendations are summarized as follows:

L ong term planning. The Council encourages con-
tinued departmental brainstorming on future plans,
and supports the idea that RERF must broaden its
research base beyond a strict focus on radiation ef-
fects. In this, continuation of RERF as a joint
U.S.-Japanese effort is important. RERF is encour-
aged to obtain blood, serum, and tumor samplesfrom
asmany LSS and F; members as possible, including
those who have moved away. Collection should more
involve representatives of local physicians and re-
search communities. Patients should be asked for
consent to use of specimensin international collabo-
rations. The Council supports development of
international and private sector collaborations. In-
creased involvement should be achieved with
organizations representing L SS and F, cohortsin the
development of strategic plans and molecular epide-
miology studies. Efforts should be made to increase
the value to cohort members of the RERF studies, in
order to encourage their maximal participation. The
public should be better shown that RERF work isthe
foundation of international radiation protection, and
that refinements will come from future work. The
policy on intellectual property should be reconsid-
ered and revised to encourage collaborations with
academia and the private sector.

Cohort and tissue resour ces. As the cohort and
specimens are unique and highly valuable for re-
search, every effort should be made to maintain the
cohorts and increase the number of subjects contrib-
uting specimens. Further effort should be made to
increasethe F; study with personswhose parentswere
exposed to high doses, even though not living lo-
cally. A better system of prioritization and protection
of specimens is needed. Production of microarrays
is recommended, and immortalization of nucleic ac-
ids should be attempted.

Coallaboration. Collaboration is needed both to pro-
mote high-quality work and improve the reputation
of RERF in Japan. Specia efforts should be made to
collaborate with organi zations having advanced ana-
lytical capabilities. Policies for collaboration and
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sharing of biosamples should be reviewed. Interna-
tional and private sector collaborations should be
developed. Involvement in Millenium Project should
be evaluated.

Organizational and management issues. Online
journal access should be enhanced. External peer
review is needed for projectsinvolving highly tech-
nical methods. Scientific and fiscal policies are
needed for external grants. MEXT (Ministry of Edu-
cation, Culture, Sports, Science and Technology)
proposals using RERF facilities should only be for
projects relevant to the broadly defined mission of
RERF. There needsto be morerapid review for clini-
cal RPs, and renewal reviews should be made every
1-3 years. More publication in high-impact journals
isneeded. The Department of Clinical Studies should
become more involved in cancer studies, integrating
with the Epidemiology Department. There should be
increased support for I T activities. Investigators are
encouraged to seek statistical advice during study
design, and to take advantage of pilot studies. The
Council supports annual alternation of regular meet-
ing and departmental/program peer review.

Extensive eval uations and recommendations were
also made for each research department.

Members of the Scientific Council

Takefumi Kondo, Professor, Department of Preven-
tive Medicine and Public Health, Keio University
School of Medicine

Yusuke Nakamura, Director, Human Genome Cen-
ter, Institute of Medical Science, University of
Tokyo (Absent)

Ohtsura Niwa, Director and Professor, Radiation
Biology Center, Kyoto University

Yasuhito Sasaki, President, National Institute of Ra-
diological Sciences

Shinichiro Ushigome, Visiting Professor, Jikei Uni-
versity School of Medicine (Absent)

J. Martin Brown, Professor and Division Chairman,
Division of Radiation Biology, Department of
Radiation Oncology, Stanford University School
of Medicine (Absent)

Joe W. Gray, Professor of Laboratory Medicine and
Radiation Oncology, University of California, San
Francisco

Gloria M. Petersen, Professor of Clinical Epidemi-
ology, Mayo Medical School

Theodore L. Phillips, Professor and Chairman, Ra-
diation Oncology, Cancer Center, School of
Medicine, University of California, San Francisco

Clarice R. Weinberg, Chief, Biostatistics Branch,
Environmental Diseases and Medicine Program,
National Institute of Environmental Health Sci-
ences
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Staff News

Dr. Kazunori Kodama, formerly RERF Chief of
Clinical Studies, rejoined RERF in July 2002 as Chief
of Epidemiology. During histime away from RERF
he was Professor, Institute of Health Sciences,
Hiroshima University. Drs. Shuhei Nakanishi and
Nobuaki Hattori joined the Department of Clinical
Studiesin April 2002. Dr. Nakanishi was before that
amedical student at Hiroshima University and Dr.
Hattori comesfrom the Gastroenterol ogy Department
of OdaMunicipa Hospital, Shimane Prefecture. Also
in April 2002 Dr. Masataka Taga joined the Depart-
ment of Radiobiology, following his position as
Lecturer, Kyoto University Radiation Biology Cen-
ter. Dr. Asao Nodajoined the Department of Genetics
in September 2002, having been Lecturer, Depart-

ment of Molecular and Cellular Biology, Kobe Uni-
versity.

Dr. Kei Nakachi moved in July 2002 from being
RERF Chief of Epidemiology to Chief of the De-
partment of Radiobiology/Molecular Epidemiology.
Dr. Donald MacPhee vacated the position as Chief
of Radiobiology due to mandatory retirement age,
and continues at RERF as Research Advisor. Drs.
Kazue Imai and Hidetaka Eguchi, of Dr. Nakachi’'s
molecular epidemiology research group, followed
him in that departmental change. Dr. Fumiyoshi
Kasagi moved in August 2002 from the RERF De-
partment of Statistics to the Department of
Epidemiology.

Current Status of the New Study of Children of A-Bomb Survivors

A mail survey and clinical study of the RERF F;
cohort was initiated in recent years; some informar
tion was provided in the Spring-Summer 2001 issue
of Update. Thisisamajor RERF program to supple-
ment studies of this cohort when they were children,
and the continuing surveillance of their mortality and
cancer incidence. Study design resulted inamail sur-
vey cohort to obtain lifestyle information, with the
clinical study comprising those respondents express-
ing interest in participating. A primary aim of the
clinical study isto ascertain any excessrisk for mul-
tifactorial diseases such as hypertension, diabetes,
and cardiovascular diseases as this cohort reaches
middle age.

A primary aspect of progressin the past two years
has been to expand the size of theinitially selected
mail survey and clinical study cohorts. Themain point
of this was to further include those for whom one
parent has a positive dose estimate but there is no
RERF information on the other parent (which very
likely means they were unexposed). Thisresulted in
adding 6,600 personsto the original mail survey co-
hort of about 18,000. Notably, the number of persons
for whom at least one parent had a dose of 5-500
mSv was thereby doubled, and the corresponding
number for dose >500 mSv was increased by 50%.
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Exceptional care is being taken to carry out this
study in ascientifically and ethically most appropri-
ate manner, and to assure the public and F,; population
that thisisbeing done. During 2000-2003 there were
seven meetings of the Scientific Committee and six
meetings of the Ethics Committee, both of these be-
ing external committees established for this study.
Separate informed consent procedures were estab-
lished for the clinical examination and for
preservation of serum plasma, urine, and blood cells
for future molecular biology studies. A pilot clinical
study of 500 personswas conducted in 2002, and the
full-scaleclinical study began in July 2002. Approxi-
mately 10,000 F, cohort members are expected to
participate in the clinical study over afour-year pe-
riod. This is about 60% of those successfully
contacted in the mail survey.

The success of thisstudy will not hinge on whether
a statistically significant radiation effect for multi-
factorial diseasesisfound. The purposeisto estimate
whatever risk there may be, and in theinitial plan-
ning of the study it was determined that the precision
of such an estimate will be high enough for the study
to be scientifically useful. Upper confidence limits
on thetruerisk will beimportant whether or not there
isfound a statistically significant effect.
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Current Status of Dosimetry Revision

Previous issues of RERF Update have reported
progress towards a revised RERF dosimetry system.
The new system DS02 to replace DS86 was given
final approval on 15 March 2003 by the Joint U.S.-
Japanese Senior Review Group, chaired by Dr.
Warren Sinclair and Dr. Wataru Mori. The Final Re-
port is essentially finished in draft form, and RERF
is starting to prepare the publication of it.

Aswith previous systems, the implementation of
DS02 to compute dose estimates for survivorsin
RERF cohortsis a subsequent project, which we ex-
pect to complete by about the end of May 2003.
Presently, the effortsin that project involve moving
from the free-in-air kerma estimates for each survi-
vor, which have now been computed, to calculation
of shielding fromterrain and structures and then com-
putation of organ doses.

Anarticleby Drs. Harry M. Cullingsand Shoichiro
Fujitain thisissue of RERF Update providesinsight
into the history leading up to the project, basic con-
siderations during the devel opment of the new system,
and indications of the changesin free-in-air kerma
for gamma-raysand neutronsin each city. Subsequent
publicationsin the scientific literature and in RERF
Update will document the changesin shielded kerma,
organ doses, and risk estimates for cancer and other
effects.

Following is a news release prepared by the Se-
nior Review Group, and the impressive list of
scientistsinvolved in the dosimetry review and revi-
sion project.

A major reassessment of the system used at the
Radiation Effects Research Foundation (RERF), Ja-
pan to determine radiation doses for atomic-bomb
survivors has resolved the long-standing problems
with the system that has been in place since 1986,
and has defined the parameters for a replacement
dosimetry systemfor survivor dose cal culation. Over
the past two years, a Joint U.S.-Japan Working
Group, chaired by Dr. Robert Young and Dr. Hiromi
Hasai, has undertaken a comprehensive evaluation
of the calculations that comprise the RERF dosim-
etry system and the measurements that are used to
verify these calculations. At a meeting in Tokyo on
March 14-15, 2003, a Joint U.S.-Japanese Senior
Review Group, chaired by Dr. Warren Snclair and
Dr. Wataru Mori, approved DS02 (Dosimetry Sys-
tem 2002), which was devel oped by the Joint Working
Group.
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The dosimetry reassessment was mandated and
supported by the U.S Department of Energy (DOE)
and the Japanese Ministry of Health, Labour and
Welfare (MHLW), which are jointly responsible for
the RERF, in an effort to resolve the apparent dis-
crepancy between neutron activation cal culated by
the existing DS86 system and as measured in mate-
rial exposed to neutrons at the time of the bombing.
During the course of this reassessment, the working
groups, with members and associates from Ameri-
can, German, and Japanese universitiesand national
laboratories, have recomputed all aspects of the
Hiroshima and Nagasaki radiation calculations,
made new fast-neutron and low-background thermal-
neutron measurements, upgraded the calculation of
theradiation shielding provided by terrain and large
buildings, and conducted a comprehensive reassess-
ment of all radiation measurements in activated
material. The new calculations produced during this
reassessment agree with both gamma and neutron
measurements out to distances from the detonations
at which sample measurements become indistin-
guishable from background, effectively resolving the
long-standing neutron dose discrepancy. The calcu-
lations that produce this agreement are the basis for
the new RERF dosimetry system, DS02.

The RERF is supported by the DOE Office of
Health Sudies (Environment, Safety and Health; EH-
6) and the dosimetry reassessment effort in the U.S.
was funded both by the DOE Office Biological and
Environmental Research (SC-72) and EH-6. The
current reassessment was made possible largely by
the development of techniques such as accelerator
mass spectrometry for the measurement of trace-
amounts of neutron activation remaining from 1945,
and by the availability of massively-parallel com-
puting capacity that permits three-dimensional
calculation of a problem as vast and complex as an
atomic detonation.

The new cal culations and measurements produced
during this reassessment have confirmed the yield
and epicenter for the Nagasaki detonation while re-
fining both these values for Hiroshima. Current
measurements and calculations confirm a 21-kilo-
ton-yield for the Nagasaki bomb and a burst point
to within 2 meters of previous assessments. In
Hiroshima, the estimated yield has been increased
from 15 kilotons to 16 kilotons and the epicenter has
been repositioned 20 meters higher and 15 meters
to the west. While supercomputing technology made
recal culation of the nuclear explosions possible, ap-
plication of current geographic information systems
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technology has reconciled the exact hypocenter lo-
cations on new, more accurate maps with World War
Il vintage maps. The new dosimetry system will be
implemented at RERF as quickly as possible. Al-
though significant changes in risk estimates are not
expected, the improved calculation and refined
shielding considerations should reduce the uncer-
tainties and provide much confidence in the validity
of risk assessments.

Joint Senior Review Group:

Warren K. Sinclair, President Emeritus, National
Council on Radiation Protection

Harold L. Beck, Environmental M easurements L abo-
ratory (retired)

Richard E. Faw, Kansas State University (retired)

Nolan E. Hertel, Professor, Georgia | nstitute of Tech-
nology

Wataru Mori, President, Japanese Association of
Medical Sciences

Tatsuji Hamada, Consultant, Japan Radioisotope
Association

Hiromi Hasai, President, Hiroshima I nternational
Gakuin University

Ohtsura Niwa, Director, Kyoto University Radiobi-
ology Center

Joint Working Group:

Raobert W. Young, Defense Nuclear Agency (retired)

George D. Kerr, Oak Ridge National Laboratory (re-
tired)

Robert F. Christy, President Emeritus, Californialn-
stitute of Technology

Harry M. Cullings, Radiation Effects Research Foun-
dation

Stephen D. Egbert, ScienceApplications|nternational
Corporation
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Alexandra R. Heath, Los Alamos National Labora-
tory

Dean C. Kaul, Science Applications International
Corporation

Robert T. Santoro, Oak Ridge National Laboratory

Tore Straume, University of Utah

Paul P. Whalen, Los Alamos National Laboratory

Stephen W. White, LosAlamos National Laboratory

Shoichiro Fujita, Radiation Effects Research Foun-
dation

Masaharu Hoshi, Hiroshima University

Toshiso Kosako, University of Tokyo

Takashi Maruyama, National Institute of Radiologi-
cal Sciences

Yasuo Nagashima, Tsukuba University

Yutaka Okumura, Nagasaki University

Tokushi Shibata, High Energy Accelerator Research
Organization

Kiyoshi Shizuma, Hiroshima University

Contributing Associates:

JoeV. Pace, John M. Barnes, Yousry Y. Azmy, Charles
O. Slater, Richard A. Lillie, Oak Ridge National
Laboratory

Alfredo A. Marchetti, Jeffrey E. McAninch,
Lawrence Livermore National Laboratory

JamesA. Roberts, Science Applications International
Corporation

Werner Ruehm, Ludwig Maximilians Universitaet,
Munich

Gunther Korschinek, Technical University of Munich

Satoru Endo, Hiroshima University

Tetsuji Imanaka, Seiichi Shibata, Kyoto University

Kazuo Iwatani, Kazuo Kato, Hiroshima Prefectural
College of Health Sciences

Kazuhisa Komura, Takashi Nakanishi, Kanazawa
University
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Ten Thousand Days Atop Hijiyama: Part 2

Ten Thousand Days Atop Hijiyama

Part 2. Genetics Program

Akio Awa

1. Introduction

In 1927, Dr. H. J. Muller devised away to detect
mutations in germ cells of Drosophila (fruit flies),
and demonstrated that ionizing radiation can induce
such heritable mutations.? Subsequently, many sci-
entists performed radiation experiments using
various animals and plants, confirming Dr. Muller’s
findings. For this achievement, Dr. Muller was
awarded in 1946 the Nobel Prize in Physiology and
Medicine.

As evident from the above, research for elucidat-
ing the genetic effects of A-bomb radiation has
become an increasingly important scientific project
of our institution. Thus the genetics project was
launched in early days of the Atomic Bomb Casualty
Commission (ABCC) and has been continued to date
at the Radiation Effects Research Foundation
(RERF). Before describing our F, cytogenetics
project, | will briefly describe below an outline of
the early genetics programs at ABCC, i.e., the“Un-
toward Pregnancy Outcome Study” started in 1948
and “Mortality Study” in 1958.

A. Untoward Pregnancy Outcome Study—
Malformationsand Other Abnormalitiesat Birth
In 1948, Dr. James V. Neel, an internationally-
known human geneticist who served as Acting
Director of ABCC at the time of itsinception, initi-
ated alarge-scale study of genetic effects of atomic
radiation in cooperation with Dr. William J. Schull,
and many U.S. and Japanese collaborators.? The ob-
jective of this study, that enrolled about 80,000
newborn babies, was to scrutinize from epidemio-
logica and statistical point of view avariety of genetic
endpoints, such as con-
genital malformations
among newborns and
stillbirth, and neonatal
mortality rate. Medical
check-upswerea so per-
formed nine months
after birth to determine
whether there were any
abnormalities that had
been either overlooked
or not yet manifested at
the time of physical ex-
aminations at birth.

Dr. James V. Neel [taken

in 1983]
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Because of a shortage of food immediately after
World War 11, pregnant women who registered their
pregnancy at a public office were granted the privi-
lege of having an increased ration of rice. Therefore,
amost all women who werein thefifth month of preg-
nancy would be officially registered. This made it
possibleto accurately confirm the state of pregnancy.
Based on this pregnancy registration, pregnant
women were interviewed by the ABCC field work-
ers regarding whether they and their spouses were
exposed to A-bomb radiation. For the exposed, their
distance from the hypocenter and shielding status
were verified and documented.

In those days, most women in Japan delivered
babies at home. It isworth strongly emphasizing that
the midwivesin Hiroshima and Nagasaki had played
avery important rolein this study.

Since there was no system for estimating radia-
tion doses for A-bomb survivors, newborns were
divided into 25 categories, five for mothersand five
for fathers on the basis of their parental exposure
status (distance from the hypocenter, presence or
absence of shielding, etc.). Comparisons were made
of the rates of malformations, stillbirth, and mor-
tality at birth. The study was finished in 1954. As
shown in the literature cited at the end of this re-
port,23 the amount of research findings was
enormous and extensive. Their findings indicated
that no statistical evidence of relationship with pa-
rental exposure was observed for any of the genetic
markers under study.

In parallel with thisinvestigation, the sex ratio of
the children of A-bomb survivors was also studied.
In the general human population, males and females
are born with an equal probability. It was theoreti-
cally anticipated that the parental radiation exposure
would result in a change of the sex ratio of the off-
spring. Although there was some expectation of a
decrease of females born to exposed fathers and a
decrease of males born to exposed mothers, statisti-
cal analyses of the actual findings failed to support
this hypothesis.

B. Mortality Study

In 1958, Kato et al.* initiated, through the K oseki
surveys, astudy of the mortality of the children of A-
bomb survivors. Using the F; cohort of A-bomb
survivors who were registered in the Neel study, the
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Mortality Study population was newly founded. The
number of deaths and the causes of death among the
F, children were ascertained through the Koseki
checks, and comparisons of death rates were made
between the exposed and control (both non-exposed
and distally exposed) groups.

This study, covering about 54,000 children, also
failed to demonstrate evidence of genetic effects of
parental radiation exposure.>¢ It also failed to verify
any increase in the mortality rate due to congenital
childhood cancer in the exposed group.” A follow-
up mortality study has been continued to date, by
expanding the sample size of up to 80,000 F; chil-
dren.

As mentioned above, none of the early genetic
study series provided any positive evidence of the
genetic effects of A-bomb radiation. The results of
the past genetic studies at ABCC seem in conflict
with those of studies performed by Muller and his
followers using various animals and plants. In par-
ticular, the mutation studies of Russell et al 8
conducted in the 1950's using tens of thousands of
irradiated mice at Oak Ridge National Laboratory,
were not in line with the human studies at ABCC. If
genetic effects of radiation in various animals and
plantsarerea, why did the ABCC studiesfail to prove
the increased mutation rates in the human popula-
tion? This problem has not been resolved as yet, and
it still remains an important issue to be investigated.

2. F, Cytogenetics Study: 19671984
A. Initial Studies: 1967-1968

The purpose of the chromosome study, termed F;
cytogenetics, was to evaluate genetic effects of A-
bomb radiation on humans using the then novel
technique of chromosome andysis. More specificaly,
this study was designed to answer the question of
whether parental exposureto A-bomb radiation would
increase the frequency of children carrying radiation-
induced chromosome aberrations. In other words, if
the chromosome aberrations were produced de novo
in the germ-line cells of the exposed parents (both
sperm in the male and ovain the female), then the
increased genetic risk with radiation-related chromo-
some aberrations would be anticipated among the
offspring of survivors. As already described in Part
1, there are two types of chromosome aberrations,
(i) abnormalities of chromosome number (aneup-
loidy), and (ii) structural aberrationsof chromosomes,
as represented by reciprocal translocations. The
former type of chromosome aberrations are in gen-
eral characterized by phenotypic abnormalities of
varying degree of severity. Down’s syndrome, fea-
tured by the presence of an extrachromosome 21, is
atypical example of this category. Structural chro-
mosome aberrations were considered as the most
suitable marker for the evaluation of genetic effects
of ionizing radiation.
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Thestructural rearrangements of chromosomesare
further classified into two groups,; one wherethereis
no loss or gain of chromosome material (genetically
balanced rearrangements), and the other being asso-
ciated with either loss or gain of parts of certain
chromosomes (genetically unbalanced rearrange-
ments). The carriers of the former aberrations look
superficially normal. In other words, the carrier’s
phenotype is normal, though his (or her) genotypeis
abnormal. Carriers of reciprocal translocations are
found to predominate in this category of aberrations,
so that they are often called “trand ocation heterozy-
gotes.” In contrast, the latter type of unbalanced
rearrangements would result in the serious pheno-
typic impairments of the carrier, often leading to
death.

The proportion of persons having translocation
heterozygotes in the general human population is
estimated to be about 1 in 1,000. This rate does not
seem to beinfluenced by racial or ethnic differences.
Family studies have confirmed that about 80% of the
translocation heterozygotes are inherited from either
one of the carrier parents. The remaining one-fifth of
the trand ocation heterozygote children was found to
born to genetically normal parents due to a de novo
mutation produced in germ-line cellsin either of the
parent.®

In our proposal, we adopted use of the frequency
of translocation heterozygotes as an indicator of the
genetic effects. If theincreased rate of the trandoca-
tion carriersis statistically significant in the exposed
group as compared with the controls, then we can
deduce that the increase would be ascribed to the ex-
posure of the parentsto atomic radiation. When these
chromosome aberrations are detected in the children
of A-bomb survivors, their parents as well as sib-
lings must be investigated to determine the origin of
the aberrations.

In the early spring of 1967, we prepared a pilot
study project.’° The study subjects were chosen from
the children born to exposed women enrolled in the
Fertility Study population.'* The samples were fur-
ther divided into four groups: children born before
theatomic bombing (Group 1), children whose mother
was exposed to the bomb (Group 1), children whose
father was exposed (Group I11), and children whose
parents were both exposed (Group V). Group | con-
stituted as a comparison group, while Groups 11V
were the exposed. Our proposal was submitted and
approved immediately by ABCC.

A pilot study started in the spring of 1967, and
was completed in the fall of the same year. Somatic
chromosomes analysis was performed on atotal of
185individualsin Hiroshimaand Nagasaki, compris-
ing 128 in the exposed group (born between 1946
and 1963), and 57 controls (born from 1940 through
1946). There was no instance of children with in-
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born chromosome error, except for one case in the
exposed group showing asex chromosome mosaicism
of 45, X / 47, XXX. Because of the small sample
size, no proof of genetic effects was attained.’?

B. Extended Study: 1969-1984

In 1968, we again started planning afull-scale F;
cytogenetics study in cooperation with the Statistics
Department staff. Study subjects under study were
selected on the basis of the F; Mortality Study of
Kato et al .*Advantagesin use of thispopulation were
two-fold; (i) exposed categories are well defined, and
(ii) dosimetry (T65D) information was available for
some parents. After exclusion of deceased cases
(about 5%) and individual s having moved away from
Hiroshima and Nagasaki (35%), about 22,000 chil-
dren born after 1 May 1946 were found to be eligible
for study. All of these were found to reside in the two
cities, whom ABCC staff members could easily con-
tact. Young students and others who temporarily
moved away from their parents’ address were con-
tacted during summer or winter school vacations.
Those who lived separately from their parents be-
cause of marriage or other reasons but who lived
within the cities were a'so included in the popula-
tion. About ahalf of the 22,000 individualswere born
to parents either one or both of whom had been ex-
posed to the bomb within 2 km from the hypocenter,
with T65D estimated dose of 1 rad or more. The re-
maining children were born to either non-exposed or
distally exposed parents, with estimated dose of less
than 0.5 rad, serving as a comparison group for the
exposed.

There were some social and ethical problems we
had to resolve prior to the realization of the project.
The most seriousissue was the dark image of words
“hereditary diseases.” In those days, there was aten-
dency to discriminate against people afflicted with
such diseases and to segregate them from the soci-
ety. Under these circumstances, the words“ heredity”
and “hereditary diseases’ were taboos. Some of the
human geneticists were skeptical as to whether the
general public could correctly understand the mean-
ing of the words “hereditary disease.” In order to
obtain agreement to our research, we decided to visit
the homes of the study participants, and to fully ex-
plain them and the parents (or close relatives) the
purpose of our research. Prior to theinitiation of the
work, it was absolutely necessary to reach mutual
understandings between the examinees (study par-
ticipants) and examiners (ABCC), and to obtain their
cooperation. This was indeed a key to a success of
our study.

Today, genetic knowledge has been widely dis-
seminated among the public, though in alimited way,
and genetic counseling provided by certified physi-
cians or experts in human genetics has become a
routine procedure. However, about 30 years ago, phy-
sicianswho specialized in human geneticswererare
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in Japan. In addition, there were neither adequate
guidelines nor manuals available for genetic coun-
seling. Since none of usin ABCC were physicians,
we needed help from experts in the Japanese Society
of Human Genetics regarding thisissue. Prior to the
initiation of our project, we were able to obtain a
great deal of knowledge on genetic counseling from
the Society members. It should be noted here that we
received aremarkable support from Dr. Koso Ohama,
a staff member of the Department of Obstetrics and
Gynecology at HiroshimaUniversity School of Medi-
cine, in establishing measuresto carefully take when
hereditary diseases were detected.

The cytogenetics study was thus launched with
all involved being determined to walk a tightrope,
coping with difficult problemswe had never encoun-
tered before. Asafirst step, public health nurses and
medical social workers at the Clinical Contacting
Section of the Department of Medical Sociology (cur-
rently belonging to the Department of Clinical
Studies) visited homes of the participants and their
parents. They explained our genetics study in easy
terms. When understanding was either unavailable
or amore detail ed explanation was requested by them,
| visited their home accompanying a social worker
in charge, and gave them further detailed explana-
tions. Some of the participants hesitated about
participating in our study. In this case, we were cau-
tious not to forcibly persuade them to participate, and
alwaysfollowed their own judgment.

Our public health nurses, Mss. Chie Yanagawa,
Miyoko Kamisako, and Midori Kamouchi, willingly
committed to this program and worked very hard,
helping our study to become a great success. | now
canimagine how difficult it must have been for these
membersto perform all their dutieswithout any pre-
vious experience. Mr. Kanjuro Hidada (former
Administrative Assistant Chief of the Department
of Clinical Studies) and other staff of the Clinical
Contacting Section took a heavy burden of contact-
ing the participants by home visit. The staff in the
Medical Records and Coding Section of the Statis-
tics Department (currently in the Department of
Clinical Studies) provided great help with neces-
sary backup support. We owe a debt of gratitude to
these people for the smooth operation of our study.
Although belatedly, | would like to express my sin-
cere appreciation to those involved.

The citizens of Hiroshima and Nagasaki became
increasingly interested in our study through cover-
age by the mass media. As | well knew, many of the
A-bomb survivors seemed to have concerns about
genetic effects of radiation in their offspring. They
were also anxious about the genetics study itself.
Those who opposed the study were much concerned
about the possible consequences of genetic effects
of radiation among the children of A-bomb survivors.
None of us had any idea about what to do if any evi-
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dence of genetic effects was demonstrated. For this
reason, some peopledid not want to conduct the study.
Those who supported the study wished that any ge-
netic problems should be scientifically clarified and
settled the issue as soon as possible. Two opposite
opinions seemed to be well represented in the results
of alarge-scale public opinion poll carried out in the
Chugoku Shimbun on July 31, 1972.13

In those days, more than 20 years had already
elapsed after the atomic bombings. As the children
of A-bomb survivors became older, they began mov-
ing out from Hiroshima and Nagasaki to other
megal opolitan areas such as Kanto and Kansai dis-
tricts. The major reasons for this move were (i) to
receive better education, and (ii) to get much better
job opportunities. Thistendency irritated me a great
dedl. | believed that, as time goes by, the chance of
conducting genetic studieswould become smaller and
smaller. It occurred to methat early 1970'swould be
the last opportunity for us to conduct a large-scale
genetics survey.

In the course of cytogenetic study, | was deeply
indebted to Dr. Hiroshi Maki, then Associate Direc-
tor of ABCC (who passed away on October 23, 1998),
in the realization of the genetics study. Caught be-
tween the one-sided claim of mine and the generally
difficult situation that ABCC faced at that time, Dr.
Maki must have worried greatly. | feel sorry for Dr.
Maki now, and continue to respect him and appreci-
ate his efforts toward this study.

For some five years from the spring of 1969 to
1974, about 4,000 cases in two cities, about 2,300 in
Hiroshima (60%), and about 1,700 (40%) in
Nagasaki, could be examined cytogenetically. This
amounted to 720 individuals per year. This meant
that the medical social workerswould have met par-
ticipants of approximately 3,400 in Hiroshima and
2,300 in Nagasaki in this period.

Inthefall of 1974, our study wastemporarily sus-
pended. Thiswasduein part to introduction of anew
research project proposed by Dr. James V. Nedl, the
details of which are described in the later section of
thisarticle. In short, the existing organizational struc-
ture for routine working procedures was inadequate
for the realization of anew project. It was thus ur-
gently needed to establish anew interna structurein
the ABCC. After several months of lengthy discus-
sions by the ABCC managerial staff concerned, we
could somehow settle this difficult task by sharing
new working loads among all department members.
Thus we were able to resume the cytogenetics sur-
vey in the summer of 1975.

The F, Cytogenetics Study was terminated in the
fall of 1984, 15 years after itsinitiation. A total of
16,298 individualsin both cities, 9,828 in Hiroshima
and 6,470 in Nagasaki, were cytogenetically scruti-
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nized. Dataanalysisof our resultswas postponed until
the new dosimetry reassessment system (DS86) was
finalized. Even under the DS86 system, however, ra-
diation-dose-related analyses were difficult because
of the paucity of dose information with regard to pa-
rental reproductive organ doses, which remains until
now unavailable for some of the parents of F; chil-
dren.

Of the 16,298 individual s whose chromosomes
were studied, autosomal structural aberrations were
ascertained in 23 out of 8,322 individuals of the ex-
posed group, and in 27 of 7,976 in the comparison
group. Sex chromosome aberrations identified in-
cluded 19 individualsin the exposed group and 24 in
the comparison group. Thus no statistically signifi-
cant difference was obtained between the proximally
and distally exposed groupsin terms of the frequen-
cies of carriers having structurally rearranged
chromosomes, or in terms of chromosome aneup-
loidy. Although the frequencies of these aberrations
were lower in the exposed group than in the com-
parison group, no statistical significance was
demonstrable between the exposed and control
groups.*

Mention must be made that the participation rate
of this study was unexpectedly high, being 74%
throughout this study; 70% in Hiroshimaand nearly
80% in Nagasaki. In both cities, the participation rate
was dlightly higher in the proximally exposed group
than the distally exposed group. Among those who
visited ABCC-RERF, many wanted to be given a
more detailed explanation. Although my memory is
now vague and inaccurate, during the entire study
period | interviewed at least several hundred partici-
pants in Hiroshima at the time of their visit to our
institute. This gives an idea of how the children of
the exposed people positively participated in the ge-
netics program, and how deep wastheir concern about
their health problems.

| would like to close this chapter by citing part of
the acknowledgements described in our F; paper 14
asfollows:

“We are grateful to the Hiroshima and Nagasaki
citizens for their willingness to voluntarily partici-
pate in this survey. Without their cooperation this
study would not have been possible.”

3. Dr. Neel and Biochemical Genetics
Study: 19711984

Dr. Neel visited Hiroshimain the fall of 1971,
with a plan of initiating a new genetics study to be
conducted at ABCC. That was the time when anew
technology of e ectrophoresis had become practically
availablefor protein (and enzyme) anaysis. Proteins
that are the end-points of the gene products show
differing electric charges. When a gene mutates, it
may, or may not, induce an alteration of electric
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charges of the same protein. Thus this method was
thought useful to detect some forms of the protein
variants by identifying the electric charges that are
deviated from the normal pattern. A small amount of
serum or plasmain the blood is required for analy-
sis. Aliquots of sample are placed in starch gel arrays.
When electric current is applied to the gel, proteins
move aong within the arrays. Depending on the elec-
tric charges, proteins would stop at a specific array
position. The gel is stained with dye to visualize the
position of proteins, and thus the mobility of pro-
teins under study is measured. If the position of a
target protein deviates from expectation, the protein
isconsidered asavariant or amutant. Thistechnique
is also capable of measuring a large number of
samplesat atime. A drawback is of thistechniqueis
that mutated proteins are not necessarily associated
with changesin the el ectric charges.

Dr. Nedl, bringing this new technology with him,
came to Japan with the intention of initiating a study
at ABCC for clarifying the relationship between ra-
diation dose and gene mutation frequency using this
technique. As soon as Dr. Neel arrived in Hiroshima,
he started working hard by attending various meet-
ings, to make briefings and discuss the feasibility of
new electrophoretic technique with those concerned
in and outside ABCC. He also worked energetically
to makethe general public aware of his project through
themass media. All the eventsand happeningsin those
days were described in detail in his book.1®

ABCC had, since its inception, always received
criticisms from A-bomb survivors and the mass me-
dig, insisting that the victims of the atomic bombings
had been handled at ABCC as guinea pigs, and for
not providing medical treatment. The same held true
for Dr. Nedl’sresearch proposal ; the news mediawere
more or less bitter towards him. There was an esca-
lated view against this plan saying that * ABCC should
know that to examine the blood of the children of A-
bomb survivors is more costly than to produce an

Dr. Neel and the author [taken in 1988]

Return to Table of Contents

atomic bomb.” Although opinions and criticisms of
this kind were publicly open, akey issuein the suc-
cess of the new project depended on whether ABCC
could obtain understanding and support of A-bomb
survivors and the local community.

Many Japanese scientists also were aware of the
situation of A-bomb studies, and held views similar
to those of the mass media in Japan. | regretted in
those days that this unique and important genetics
project had not been conducted under the initiative
of Japanese scientists funded by the Japanese gov-
ernment. It was my belief that it was aresponsibility
of Japanese scientists to conduct a study of genetic
effects of the atomic bombings. In fact, funds from
the Japanese government were very limited regard-
ing research of the A-bomb effects. Consequently,
ABCC was the only institution that could conduct
genetic studies.

Despite Dr. Neel’s efforts and great excitement,
his project did not easily get started. Based on dis-
cussions with those concerned at ABCC, it was
decided that Dr. Neel should conduct a feasibility
study as to whether the technology would be appli-
cable. A full-scale study was indeed launched three
and a half years later, after ABCC was reorganized
into RERF. Thereafter, Dr. Nedl visited Hiroshima at
least once a year without fail, and stayed here for a
month, or as long as 2-3 months, to check the
progress of the project, and to put relevant research
suppliesin order.

The Biochemical Genetics Laboratory, abbreviated
as“BGS’ Lab, was established in the Department of
Clinicd Laboratories. Since Dr. Nedl was not perma-
nently assigned to RERF, the laboratory was placed
under the administrative supervision of Dr. Howard
B. Hamilton, Chief of the Department of Clinical Labo-
ratories. To set up routine laboratory procedures, Drs.
Robert Tanis and Raobert Ferrell from the University
of Michigan came to Hiroshimaand worked hard ev-
eryday inthelaboratory. Drs. Naoki Ueda (Yamaguchi
University), ShinyaKishimoto (HiroshimaUniversity),
and Shigeo Akaiwa (Tokyo Medical and Dental Uni-
vergity) were newly recruited to the laboratory. Several
technicianswere transferred from other sections of the
department. Sincethen, many research associateshave
been recruited from time to time. This included Dr.
Chiyoko Sato (former Chief of the Department of Ge-
netics) and others such as, to name just afew, Drs.
Takeshi Kageoka, Kazuaki Goriki, Norio Takahashi,
Jun-ichi Asakawa, Mikio Fujita, and Keiko Hiyama.

4. Beginning of Biochemical Genetics
Study: 1975-1984

Theyears 1974 and 1975 were the time of prepa
ration of ABCC's reorganization. The ABCC issue
became a subject of diplomatic deliberations between
the U.S. and Japanese governments, and ultimately
the two countries reached to an agreement stipul at-
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ing that ABCC would become a Japanese juridical
person foundation.

On the morning of Tuesday, April 1, 1975, under
a clear blue sky, the opening ceremony of the new
Radiation Effects Research Foundation was held in
thefront yard of the main entrance. Four people were
appointed as directors of the new organization: Dr.
Hisao Yamashita (former professor of Keio Univer-
sity) asChairman; Dr. LeRoy R. Allen (former ABCC
director) as Vice Chairman; Dr. Gilbert W. Beebe as
Chief of Research (formerly called Chief Researcher);
and Dr. Masuo Takabe as a Permanent Director. That
summer, Dr. Beeberesigned from RERF and returned
to the United States. Dr. Stuart C. Finch assumed the
position of Chief of Research.

The Crow Committee, which was convened just
prior to the reorganization, recommended that in ad-
dition to the Life Span Study (L SS), the Adult Health
Study (AHS), and the Pathology Study, RERF initiate
the Biochemical Genetics Study asatop priority. Based
on this recommendation, a comprehensive genetics
research program was approved asthe RERF Platform
Protocol, and endorsed by the Board of Directorsin
late 1975.16 Thisincluded the Mortality Study, Cyto-
genetics Study, and Biochemical Genetics Study as
major genetic components of the platform protocol.

After approval of the protocol, the initiation of
the Biochemical Genetics Study (BGS) wasofficialy
announced. The actual work, however, did not get
underway. Thiswas dueto alack of aresearch leader
who could coordinate overall administrative and rou-
tineworksin order. The true responsible investigator
was Dr. Neel, but he was not permanently stationed
at RERF. The research associates just assigned to
RERF had no idea how to operate the daily work in
the laboratory.

| talked with Dr. Finch, who aso was a newcomer
of RERF as Chief of Research, and who had beenirri-
tated by the delay of BGS program, about how to
proceed with getting the BGS program in motion. We
agreed the following items: (i) Current administrative
and operationd structures of RERF were adequate only
for conducting the currently ongoing LSS, AHS, and
Pathology Study projects, and thus there was no lee-
way for conducting the BGS project, (ii) In order to
initiate the BGS program, a project leader wasindis-
pensable for the coordination of al necessary works,
and (iii) Thevertical organizationa structurewassuited
only for top-down work, but not horizontal collabora-
tion with the membersin other departments.

Therole of coordinator of the study fell on me.
Since | brought up theissues, | guessthat waswhat |
had to deserve. After | became a coordinator of the
BGS program, | solicited of all department chiefs
and supervisorsto support BGS research activity and
to share the newly added working load caused by
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this program. Through more than ten weekly meet-
ings, we could reach an agreement establishing new
supporting systemsfor the BGS program through the
lending of hands from other department members,
adding to their own daily routine work. All mem-
bers, key persons of RERF attending the meetings,
agreed voluntarily, or somewhat reluctantly, to ac-
cept extra burden of work for this purpose. Some of
the major changesin the work procedures at ABCC-
RERF are asfollows.

For realization of the F; BGS project, it was un-
derstood that support was required from members
from all departments; especially from the clinical
research staff, Department of Medicine (currently
Department of Clinical Studies). Until that time, clini-
cal membersdid not participatein the F;, cytogenetics
program, but thiswas successfully changed. Empha-
sis should be made that this arrangement was made
possible by the effort of the late Dr. Hisao Sawada,
then Assistant Chief of the Department of Medicine,
to whom our thanks are dedicated.

Because the proposed study subjects would be
expected to include young people, we decided not to
draw blood for safety and health purpose from chil-
dren below 12 years of age, or pupils of the primary
school. For this we would better wait until they
reached that age. Occasionally, the parents of the
study participantsvisited RERF bringing al children,
some of who were enrolled in our study cohort, and
asked usto do medical checkupsfor dl of them. When
requested by the parents, blood was drawn even un-
der age of 12 yearsfor routine genetic tests.

Dueto the geographical location of ABCC, which
stood on the top of Hijiyama, arrangements were
made to use taxis for transporting the participants.
Dispatchers then played a new role in this project.
An institution-wide work sharing system for genetic
study was thus established. After many trialsand er-
rors, a new working system finally proved to be
smoothly workable.

In those days, we had aweekly clinical night shift
(from 1:00 p.m. to 8:00 p.m) on Thursdays at
Hiroshimaand Wednesdays at Nagasaki. We thought
this arrangement would be efficient and also conve-
nient for those participants who are unableto cometo
REREF clinic during daytime of the weekdays. Nearly
half of the participants visited RERF to receive medi-
cal check-upsincluding blood drawing relied on those
night clinics. When avariant was discovered, aphysi-
cian or aresearch scientist in charge made an interview
with the variant carrier to explain the result of testsin
detail, and ask permission together with his (or her)
parents for further family studies. After obtaining
agreement from them, afamily study was performed
in order to verify the origin of the variant. Thanksto
the devoted efforts of the entire RERF staff, the BGS
project was finaly in order.
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The BGS project was initiated in 1975 simulta-
neously with the Cytogenetics program. Both
programs were successfully completed in 1984. At
thetime of completion of the BGS study, the number
of children totaled 23,661, 11,364 in the proximally
exposed group and 12,297 in the distally exposed or
unexposed group as control. The number of geneloci
analyzed was 544,779 for the exposed and 589,506
for the comparison group, respectively. The numbers
of mutated genes that were confirmed through fam-
ily studiesweretwo in the proximally exposed group,
and four in the distally exposed group.t’

None of these genetic studies have provided the
basis for verifying genetic effects of atomic radia-
tion. In order to verify the observed negative findings,
afurther genetic study with the aid of much refined
technology would be desirable. | understand that a
couple of new F, study projects have been approved
and are currently ongoing. If further genetic research
isto continuein the future, it will be associated with
a human genome project that is a collaborative re-
search involving scientists from all over the world.

5. Unforgettable People

Over my thirty yearsof scientific career at ABCC-
RERF, | have encountered a great number of
unforgettable people who have rendered an immense
help to me. Not to mention the chairmen and direc-
tors of the ingtitution, a great many colleagues have
supported mein various ways. | now feel guilty that
| caused alot of troubles that influenced to a great
extent a number of goodwilled people. Whenever |
met troubles, | used to ask Dr. Hiroshi Maki for his
help. He did help medl thetimein many ways. | till
remember Dr. Maki’swarm face with smile, and used
to say: “Don’t worry. Thisismy job.”

Mention must be made of Dr. Howard B.
Hamilton, Chief of the Department of Clinical Labo-
ratories, who would keep me under control when |
started to stampede. Kanze-school Noh performance
was more than just a hobby for Dr. Hamilton. In the
spring of each year, he dedicated a Noh play to the
Gods at Itsukushima Shrine. He also was an expert

(from left) Dr. Hiroshi Maki, Dr. William J. Schull, Mrs.
Victoria Schull, Mrs. Chie Maki [taken in 1996]
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of Kabuki, and was acquainted with many famous
Kabuki actors. His collection of “Kumadori (make-
ups of famous Kabuki actors copied directly to the
sheet of paper taken immediately after the actual per-
formance)” isnothing but atreasure. He now livesin
Virginia, in asuburb of Washington D.C.

Dueto space limitation, | will describe below my
recollections of only afew people.

Dr. Sajiro Makino (1906—1989):

Dr. Makino, my mentor, devoted his lifetime to
the human and animal chromosome research, that
covered all animal kingdom. He was very active and
productive while working with classic techniques,
using an old-fashioned L eitz microscope without any
support of advanced technology that is available to-
day. He received the Japan Genetics Society Award
in 1944 for his research on mouse chromosomes.
Then he turned to chromosomal research of trans-
plantable ascites tumors of rats, such as Yoshida
sarcoma. He was the first to discover what is known
asthe “stem-line cell theory.” The theory indicated
that each tumor cell line has a specific, and thus
unique, karyotypic pattern, and that such a cell line
plays a central role in the proliferation of tumors.
For thistheory he was conferred the Japan Academy
of Sciences Award in 1958. In the mid-1950’s, he
moved into a new area of human cytogenetics, and
paved the way for this research field in Japan. His
name became widely known both nationally and in-
ternationally as an authority on human and
mammalian cytogenetics. This was the reason why
ABCC asked help from Dr. Makino in the conduct
of new research on radiation cytogenetics. In 1973,
he was el ected as amember of the Japan Academy of
Sciences. Immediately after hisretirement from uni-
versity, Dr. Makino received an honor as Professor
Emeritus of Hokkaido University.

Dr. Makino was avery eager mentor for young re-
searchers who eventually became active scientists.
Noneof hisdisciples could escape from hisloud voice
in scolding. Dr. Masao Sasaki, currently Professor
Emeritus of Kyoto University, who served until re-
cently as Scientific Council of RERF, is one of the
most excellent students trained by Dr. Makino. Dr.
Makino always advised his disciples to write scien-
tific papersin English. He kept saying: “That isthe
only meansto be internationally evaluated by the sci-
entists of theworld.” He himself published over 700
papers, including co-authored works, and 20 mono-
graphs and books, most of which were written in
English. He practiced what he preached to his students.
Despite the fact that | had long been one of his stu-
dents, after dl, | have been nothing but a packhorse.

For morethan 40 yearssincel first received training
from Dr. Makino in 1958, and began wandering into
theworld of “chromosomes,” what | havelearned from
the microscopic worksis: “Chromosomes never lie.”
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Dr. James V. Nedl (1915-2000):

Together with Dr. Schull, Dr. James V. Ne€l, Pro-
fessor Emeritus of the University of Michigan
Medical School, was afounder of the Japan Society
of Human Genetics. | am sure that many of the Japa-
nese human geneticists never forget their names.

In the spring of 1968, annual meeting of the Ja-
pan Society of Human Genetics was held at the
Hideyo Noguchi Commemorative Auditorium of
Keio University in Tokyo. It wastherethat | first met
Dr. Neel. He was invited as a guest speaker for the
keynote lecture of the Society. During the conference,
| had a chance to talk with him about our F; cytoge-
netics program. Dr. Neel listened intently to mewith
furrowed brows. | till remember vividly what he said
after | finished my talk. He said; “I think you know
that we did conduct a large-scale genetic study in
1948, and the subject is still extremely important for
the elucidation of the genetic effects of radiation. But
you must also redlize that this indeed is a difficult
task to perform and to interpret.”

Dr. Neel and | first started working together in
1971, when Dr. Neel brought the idea of initiating
the BGS program. Although he kept saying; “Re-
searchismy hobby,” hisattitude toward research was
very strict and he never allowed any compromise.

In the years of 1968 and 1969, in the AHS study,
and in 1969, in the F, study, we discovered an ex-
tremely rare type of cellsin cultured lymphocytes
from AHS and F, participants. It showed an uncount-
able number of complex chromosomal aberrations
so that karyotype analysis was impossible. The dis-
coverer of the cell was Dr. Toshio Sofuni, who was
our research associate during the period between
1967 and 1979. Apparently, the aberrant cell was
unrelated to any radiation exposure. We could not
understand why such an incredible cell was produced
and present in the body of a healthy non-irradiated
person. In any case, we named it “a cell with mul-
tiple chromosome aberrations.” We recorded the
phenomenon in detail in our data books. Some of the
results were published in our AHS paper in 1978.18
Almost at the same time of our discovery, aresearch
team headed by Dr. Nedl carried out human genetics
studies on the native Venezuelan people in South
America. They also discovered the same kind of ab-
errant cells in Yanomama tribe residents. They
reported the resultsin 1968.19

Around the mid-1980’s, when Dr. Neel came to
Hiroshimaas hisroutine visit, | showed him some of
cells with multiple chromosome aberrations that we
had encountered in our F; study subject. He was sur-
prised and extremely pleased by the conformity with
his own experience in South America. We immedi-
ately conducted epidemiological analysis on the F;
members in whom at least one or more of cellswith
extremely aberrant chromosomes were detected. The
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results of analysis were then published.?

Dr. Neel recommended in the report that the cell
with multiple chromosome aberrations be called a
“rogue cell.” | learned that the term “rogue” means
“scoundrd,” “villain,” and an expression like*arogue
elephant.” Inthereport, theterm wasused in theclas-
sical biological sense of a“marked deviant from the
typical observations.”

Since we published the report, there have been
many papersthat have dealt with the rogue cell phe-
nomenon, discovered all over the world. Many
cytogeneticistsin European countries and, in particu-
lar, scientists from the former USSR, observed
instances of rogue cellsin the course of chromosome
screenings on the sufferers of the Chernobyl nuclear
plant accident. For this reason, a symposium on
“rogue cells” was held in early 1990’s in Obninsk,
Russia. In achromosomal study of those exposed in
the Chernoby! accident undertaken at RERF, we also
observed many rogue cellsderived from the residents
living in uncontaminated areas.?! Dr. Nedl's interest
was shifted toward the elucidation of the mechanism
by which the rogue cells are produced. Later on, he
hypothesi zed the possibility of aninteraction between
host cells and tumorigenic/teratogenic viruses.?223

In avery unfortunate turn of events, Dr. Neel
passed away on February 1, 2000. In the Christmas
card | received from him one year prior to his death
he had written the words:

“Therogue cell story isgetting more and more
exciting.”

This was to be the last message that | would re-
ceive from himin his own writing.

Dr. William Jackson Schull:

Dr. Schull and his wife, Victoria, have had a
longstanding relationshipwith ABCC aswell asRERF.
Hefirst came to Japan in 1949. Since he participated
inthe Child Health Study as Dr. Ned!’ sright-hand man,
so to speak, his contribution to the Japan Society of
Human Genetics have been significant, starting with
the initial genetic study at ABCC followed by the
Hirado consanguineous marriage study.?* He worked
hard not only in research but aso in the administrative
operations after ABCC was reorganized into RERF.
He served as Vice Chairman (from 1978 to 1981),
Director (from 1990 to 1992), and again as Vice Chair-
man and Chief of Research (from 1996 to 1997). |
always call him Jack, in afamiliar manner. | still feel
heis*“mon oncle (my uncle).”

When Jack came to Japan as the Vice Chairman
of RERF in 1996, he was in the office next to me.
When 5:00 p.m. rolled around, Jack asked meto walk
home together, since our destinations were more or
less the same. We walked down Hijiyama together,
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crossed the Tsurumi Bridge, rambled on the western
bank of the Kyobashi River, and then headed north.
There was always aflavor of the four seasons around
the bank of theriver. While strolling along, we would
talk on various topics. Jack was truly erudite. Even
being a Japanese, | wasin the position of being taught
from him things about the history of Japan, such as
hidden Japanese Christians in western part of Japan,
various habitsin the consanguineous area, and so on.
Wewould sometimesdrop in at ahotel standing near
the river’s bank, and enjoy one or two drinks of
whisky and water. However, dueto alack of enzyme,
adehyde dehydrogenase, my facewould quickly turn
bright red even after one drink of weak whiskey and
water. It was always an enjoyable end of the day’s
work.

Our Staff:

My long story now comes to an end. During the
10,000 or more days of research life on top of the
hill, I welcomed here many scientists from overseas
to receive training at RERF. In the summer of 1980,
Dr. Jin Cuizhen from the Chinese Institute of Radia-
tion Medicine in Beijing came to Japan for a period
of one year, and her passion for work really left a
strong impression on me. Even after the retirement,
shedtill is active as aleader of the chromosome ab-
erration research in China.

At the end of December 1993, before reaching
mandatory retirement age, | resigned from the post of
Chief of the Genetics Department. As| wrotein Part
1, Dr. Nori Nakamura, who had served asthe Assis-
tant Chief of the Radiobiology Department, was
appointed as my successor. | find Dr. Nakamura's ef-
forts highly respectable as he and his colleagues have
published many papers amid the harsh research envi-
ronment, and he holds a strong scientific leadership
position both in and out of RERF. | want to take this
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The Way to DS02:
Resolving the Neutron Discrepancy

Harry M. Cullings and Shoichiro Fujita
Department of Statistics

In 1987, RERF published thefinal report on DS86,
which wasanew and fundamentally different type of
dosimetry system for the A-bomb survivors. DS86
used detailed calculations of the interactions of neu-
trons and gamma rays, rather than an adaptation of
empirical results of atomic weapons tests and asso-
ciated measurements. This gave DS86 more power
and flexibility than its predecessors, which suffered
from difficulties when trying to generalize from re-
sults of specific bombs, test conditions, and shielding
experiments.

However, anissuestill unresolved when DS86 was
published was adiscrepancy between some measured
neutron activation levels, e.g. in building materials,
and levels calculated from DS86. After publication
of the DS86 Final Report (RERF 1987), various com-
mittees and individual investigators continued to
examine the problems identified in that report. By
themid-1990's, further measurements and discussion
greatly raised the level of interest in what popularly
became known as the “neutron discrepancy.” The
story of DS02 isin many ways astory of the neutron
discrepancy and its resolution.

In May 2001, a committee of the National Re-
search Council Board on Radiation Effects Research,
that was formed in 1996, published areport (NRC
2001) with specific recommendations about how

DS86 should be updated and revised. At about the
same time the U.S. Department of Energy formed a
working group of scientiststhat collaborated with a
pre-existing Japanese group on an intensive new pro-
gram of calculations and measurements, culminating
in the forthcoming publication of a report recom-
mending a new dosimetry system, DS02.

Contrary to expectations, DS02 does not produce
very large changes from its predecessor DS36 in ei-
ther the free-in-air neutron or gamma-ray doses at
distances relevant to survivors, even though its de-
velopment addressed in a cogent manner the
motivating neutron discrepancy. Aswill be discussed
elsewhere, DS02 will result in some important
changes in shielded survivor doses, because of im-
proved capabilities to address terrain and structural
shielding. But the more central part of the story, re-
lating to the neutron discrepancy and affecting all
survivor doses, concerns the free-in-air gamma ray
and neutron fluences and kerma that are calculated
by the dosimetry system asafunction of distancefrom
the hypocenter. The changesin free-in-air kermapro-
duced by DS02 are shown in the figure. In the
remainder of thiscommunication adiscussionisgiven
of the causes of these changes and their significance,
including their relationship to the neutron discrep-

ancy.
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All retrospective measurements of neutron dose-
related quantitiesin Hiroshimaand Nagasaki involve
activation products in materials that were present at
the time of the bombings. These are traces of radio-
activeisotopes produced by neutronsfrom the bombs,
in nuclear reactions with normal isotopes of various
elementsin rocks and other building materials. The
strategy of such measurementsisto find an element
that had a high probability of interacting with bomb
neutrons to create a radioisotope with a reasonably
long half-life. That is, long enough to be still present
years later at the time of measurement but short
enough to emit sufficient radiations per unit time to
be detected. The investigator uses physical and
chemical techniquesto enrich asamplein the activer
tion product radioisotope. Then, radiation emission
counting, using techniques that detect only the char-
acteristic radiations emitted by the particular
radioisotope of interest, is used to make very sensi-
tive measurements.

Japanese investigators made the first measure-
ments of neutron activation productsin 1945, within
a few weeks of the bombings. They realized that
“fast,” i.e. high energy, neutrons react with sulfur to
create a radioisotope of phosphorous, P-32, and that
the porcelain insulators on electrical power lines con-
tained a paste of pure elemental sulfur. They made a
number of such measurements, although the detec-
tion technology available at the time allowed
measurementswith useful precision only at locations
very close to the hypocenter. These measurements
could not be repeated in later years because P-32 has
a half-life of 14.3 days and was gone within a few
months after the bombings. It would not be until the
time leading up to DS02, some 50 years later, that a
new technique would be devised to make retrospec-
tive measurements of fast neutrons, which are the
portion of the neutron spectrum most closely related
to survivor neutron doses. In the meantime, a differ-
ent type of measurement would have to be made.

Because of the difficulty of finding suitable acti-
vation productsfor fast neutrons, investigatorsturned
to the activation products associated with “slow” or
“thermal,” i.e. low energy, neutrons. Thermal neu-
trons have only the minimal energy associated with
random thermal motion at the temperature of their
surroundings: they started out as faster neutrons but
lost their energy and directionality in scattering in-
teractions with air and ground materials before they
reached the sample. Thus the thermal neutrons that
created activation in a sample were not neutrons that
traveled straight from the bomb, and the shielding
considerations that affect levels of thermal neutrons
in ameasured sample are not the same as those that
affect the fast neutrons that delivered most of the
survivor dose. As a conseguence, measurements of
thermal neutrons activation products are subject to
difficulties of interpretation and depend on detailed
calculations to establish a proportionality between
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thenumbers of fast and therma neutronsat asample’s
location.

Japanese investigators made the first measure-
ments of thermal neutron activation in the 1960’s,
using the cobalt radioi sotope Co-60, which was pro-
duced by the interaction of thermal neutrons with
small amounts of cobalt typically present iniron and
steel. As noted, the notion of a neutron discrepancy
had its beginnings in the DS86 Final Report, in the
time period when neutron measurement of this type
was still arelatively developing field. Although in-
vestigators in the mid-1980’s had recently begun
making a new type of thermal neutron activation
measurement with an isotope of the rare earth ele-
ment europium, the main results available for DS86
were the measurements of Co-60 that had been made
sometwenty yearsearlier by investigators of the Japa-
nese National Institute of Radiological Sciences
(INIRS) (Hashizume 1967). The chapter on Mea-
surements of Neutron Fluences in the DS86 Final
Report began its Summary and Conclusionswith this

paragraph:

The sulfur activation by neutrons above 3 MeV
and the europium activation by thermal neutrons
show no important discrepancy with calculations.
Cobalt activation, however, contradicts the calcu-
lated values by an ever-increasing factor that isfive
at 1000 m. If the measured cobalt activations were
accepted as correct representations of thermal
fluences and the assumption is then made that the
calculated fluences on the ground are low by a fac-
tor that appliesto all energies, then the proportion
of neutron kerma in the mixed radiation field be-
yond 1000 m at Hiroshima would change from
insignificant to significant.

This chapter of the DS86 Final Report further
emphasized that the europium measurements avail-
able at the time wereinsufficient to either confirm or
deny the cobalt discrepancy.

The cobalt discrepancy thus defined in DS86 it-
self contained all the essential elements of the neutron
discrepancy that would give rise to the dosimetry re-
evaluation and the DS02 system. The measured
values suggested an obvious trend: calculated values
appeared substantially above measured values near
the hypocenter and below measured values at longer
distances.

Intheten yearsfollowing the publication of DS86,
Japanese and U.S. investigators made many more
thermal neutron activation measurements. Additional
cobalt measurements were published in 1990 (Kerr
et al, Kimuraet al), 1992 (Shizumaet al), and 1993
(Kimura and Hamada, Shizuma et al). Even larger
numbers of measurements were made using eu-
ropium, which is present in all rocks at very low
concentrations, typically on the order of afew parts
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per million, but has agreat affinity for activation by
thermal neutrons. Due to europium’s ubiquity,
samples that were in known locations at the time of
the bombing, e.g., in structural materials, were easier
to find than iron or steel samples necessary for co-
balt. By 1993 Japanese investigators had made
europium measurements at dozens of additional lo-
cations, extending to ground distances asfar as 1370
m in Hiroshima (Hoshi et al 1989, Nakanishi et al
1991, Shizumaet al 1993).

In addition to europium, the new technique of ac-
celerator mass spectrometry (AMS) was applied to
measuring neutron activation products (Straume et
al 1990). Because AMSS counts atoms of a particular
isotope by ballistically separating them as ions by
their charge-to-massratio, rather than by waiting for
them to decay and counting their characteristic ra-
diations, it opened the door to low level measurements
of activation products with very slow radioactive
decay. It was applied to the chlorine isotope CI-36,
and was extended down to concentrations approach-
ing the order of one CI-36 atom per 10" atoms of
chlorine.

In 1992 (Straume et al), an influential paper based
on Cl-36 measurements and summarizing other mea-
surements of thermal neutron activation suggested
that measured values were “afactor of two to ten, or
more” higher than calculated values at distances be-
yond 1 km in Hiroshima. The extensive series of
Eu-152 measurements published in 1993 (Shizuma
et al) appeared to add further support to this trend.

Meanwhile, work was being done in the realm of
calculations, including re-calculation in 1993 of the
delayed radiations from the bombs, using new physi-
cal constantsand adjustmentsto the energy groupings,
to try to resolve the discrepancy. At aconference on
the HiroshimaDos metry Discrepancy Study in1994,
papers were presented that reported on the updating
of DS86 to include newer interaction probabilities
between neutrons and air (Hale et al), on the DS86
source term (Whalen), and on efforts to explain the
measurements by devising ad hoc sourcesto replace
those from the cal culations based on physical prin-
ciples of nuclear explosions (Rhoades et al). An
influential paper (Kaul et al) made a multivariate
analysis of the problem and asserted that no reason-
able bomb source term could simultaneoudly explain
al of the available measurements.

A major assumption underlying much of the de-
bate in the 1990’ s rel ating to the neutron discrepancy
was that the problem was the Hiroshima sourceterm
of DS86, as opposed to its transport calculations.
The modelsfor calculating the transport of radiations
over distances of hundreds of metersthrough air had
been proven elsewhere in atomic weapons tests.
These models establish the quantitative relationship
between the fluences in the source term and those at
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the location of interest. Moreover, the Hiroshima
bomb was a unique type of design not measured el se-
where in such tests, as the Nagasaki bomb had been.
Hence the most logical cause of the discrepancy
seemed to be the calculation of the types and num-
bers of radiations emitted in various directions at
various energies by the Hiroshima bomb: the
Hiroshima source term.

The ongoing debate about the neutron discrepancy
in the 1990's was hampered by alack of an agreed-
upon quantitative definition of the trend in the
discrepancy as afunction of distance. Thiswas par-
ticularly problematic at longer distances, where the
measurements become increasingly imprecise asthey
approach natural or “background” levels, i.e., all
measurements havefinitelevel sunrelated to the bomb
radiations, whose natural variability isalimiting fac-
tor in measurement precision. In general, a model
with neutron fluences lower than DS86 near the hy-
pocenter and higher than DS86 at longer distances
required a more penetrating neutron spectrum. To
explain such adifference from DS86, concomitantly
with the increasing concern created by the neutron
discrepancy, some investigators suggested theories
based on an unplanned sequence of eventsin the ex-
plosion of the Hiroshimabomb. They suggested that
the bomb might have had breachesin its heavy metal
case before the fission chain reaction of the nuclear
material occurred, which would have allowed the
escape of unattenuated neutronsin certain directions,
resulting in larger numbers of neutrons at further dis-
tances than calculated by DS86.

Many of the models proposed to explain the dis-
crepancy attempted only to explain a trend vs.
distance in thermal neutron activation that was more
like the apparent trend in the thermal neutron mea-
surementsthan that in DS86, and did not address other
radiations and their measurements completely. One
of the major theoretical concerns about attempts to
make any such alternative model was the question of
how much of adeparture from thetrend in DS86 was
physically obtainable from any feasible source term,
even onewith atotally unshielded “ barefission” neu-
trons escaping in some directions, if it were
constrained to originate from alocalized source at
the height above ground of the Hiroshima bomb.
Despite the complexities involved, it seems fair to
say that, in general, the observation made in 1994
had merit: the physically plausible models under con-
sideration prior to the reassessment effort were not
able to satisfactorily and simultaneously explain all
of the measurements, including the 1945 sulfur mea-
surements of fast neutrons and the gamma ray
thermoluminescent dosimetry (TL D) measurements.

Thiswas the general situation when the National
Research Council’s Board on Radiation Effects Re-
search charged its committee on RERF dosimetry,
beginning in 1996, to prepare areport on the prob-
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lem, which was published in 2001. In 2000, the U.S.
Department of Energy formed aU.S. working group
to work in concert with the existing Japanese work-
ing group on the dosimetry reassessment that resulted
in DSO2. The U.S. funding allocated for DSO2 fo-
cused strongly on the re-eva uation of both the source
term and the transport cal culations of DS86 and the
resulting free-in-air (i.e., unshielded) kerma values.
Complete new calculations were performed using the
latest weapon simulation codes available at Los
Alamos National Laboratory. Relative to DS86, the
new calculation made many improvements:
. thenewest dataon physical constantswere used,
- theentire bomb up to and including thetail fins
was modeled,
. afiner time and spatial resolution was used,
- finer discrete subdivisions of energy and angle
were used, and
- the calculation, which must consider eventsthat
occur a timeswell below themicrosecond level,
was carried out to afull second, much longer
than the DS86 cal cul ation.

In addition to the source term calculation, which
fully and dynamically models the transmission of
neutrons through the bomb casing as the bomb is
exploding, the Little Boy replica, made of unused
partsidentical to the Hiroshimabomb, was subjected
to new experimental measurements of transmission
of neutrons through the case. These measurements,
using a wide-energy-spectrum, accelerator-based
neutron source at Los Alamos, provided new empiri-
cal verification of the source term.

New transport cal culations were performed using
two complementary methods, Monte Carlo and dis-
crete ordinates, and were found to agree. The latest
valuesfor physical constants, particularly the inter-
action probabilities for neutrons of various energies
colliding with atomic nuclei of the nitrogen and oxy-
geninair, were used. Again, aswith the source term,
Nno Major surprises emerged.

None of these efforts led to results that could pro-
vide a satisfactory explanation of the neutron
discrepancy. Furthermore, although many details of
the Hiroshima bomb’s design specifications remain
classified, the Los Alamos group provided cogent
assurances that the bomb could not have exploded
with alack of integrity in the case, because if it had
done so the yield of the explosion would not have
been in the range that clearly occurred.

How, then, has the neutron discrepancy been re-
solved?

The resolution resulted primarily from

- reconsideration of and changesto the estimated
height of burst and yield of the Hiroshimabomb,

- better calculations of the relationship between
free-in-air quantities and the quantities existing
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update 20
in samplesin situ,

- better understanding of the natural variability
among measurements at different sites due to
physical irregularitiesin the real city that are
not practical to model, and

. abetter understanding of the limitations of dis-
tal measurements.

One of the troubling aspects of the neutron dis-
crepancy was the disagreement near the hypocenter,
where measurementsare at their best dueto the strong
signal, and calculated values exceeded measured
values for most types of measurements. When it be-
came clear that neither the new source term
calculations nor the new transport calculations were
likely to explain this aspect of the discrepancy, the
working groups were compelled to consider the
“bomb parameters,” particularly the interrelated
guantities of bomb yield and height of burst.

To tackle this problem, all known measurements
made to date were assembled in alarge spreadsheet
and the calculated activation for each measured
sample was specified as afunction of the burst height
and yield. These calculated values include correc-
tions such as the “transmission factor” relating the
calculated free-in-air value at a sample’s distance to
the calculated in situ value in the sample based on its
size, composition, and geometrical configuration. In
many cases, thisinvolved new, detailed, Monte Carlo
calculations using amodel of the entire building in
which the sampleresided at the time of the bombing.
Such calculations are also the best way to address
the question discussed earlier, of establishing the re-
lationship between numbers of fast and thermal
neutrons at a given location. Because thermal neu-
trons are more like a diffusing cloud of gas and do
not have the directionality of fast neutrons, thethings
such as shielding that affect the relationship between
the free-in-air fluence and the fluence in the sample
are different for thermal than for fast neutrons. The
entire ensembl e of measurements was combined with
appropriate statistical weighting in a calculation to
determine the yield and height of burst that would
best fit the totality of available measurements. The
yield and height-of burst valuesimplied by the mea-
surements were carefully considered in light of all of
the other lines of evidence bearing on those param-
eters, such as the yield range implied by the new
source term calculations, and all of the older data
relating to sightings, shadows of thermal burns, blast
canisters, and so on. A change was made, and was a
key improvement in the agreement of measurements
and calculations at short distances.

In Hiroshima, the yield was increased from 15 kt
to 16 kt, producing an essentially uniform, propor-
tional increase of about 6.7% in all fluences, all other
things being equal. In addition, the height of burst
was raised from 580 m to 600 m, which tends to de-
crease the fluences near the hypocenter but has a
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diminishing effect at longer distances. The most im-
portant other factor affecting the unshielded gamma
kermain Hiroshimais an increase in the “prompt”
portion of the gammaray fluence in the source term,
which increase is due to the newer values for physi-
cal constants (“cross-sections’) that were used in the
DS02 calculations The total prompt gamma ray
fluence per kiloton of yield in the source term in-
creased by 31% in Hiroshima, but the effect on kerma
ismuch smaller because only asmall fraction (about
4%) of thetotal kermais due to prompt gammarays.
(The remainder is delayed gamma rays emitted by
the radioactive materials in the fireball and by the
capture of neutrons by nitrogen in the air near the
fireball.) The overall effect of these changes, along
with others due to the newer cross-sections and im-
provements in computational capability, is that the
gammaray kerma, shown in the right panel of the
figure for Hiroshima, is slightly reduced near the
hypocenter, where the effect of the increased height
of burst predominates. At distances beyond about 500
m the other effects begin to predominate, and the
kermaisincreased by afactor approaching 10% at
longer distances.

After careful consideration of the available evi-
dence in Nagasaki, the working groups concluded
that the yield and height of burst should remain un-
changed. The predominant factor affecting gamma
ray kermais an increase of about 37% in prompt
gammarays per kiloton of yield, similar in propor-
tion and for the samereasons astheincreasein prompt
gammaraysin Hiroshima. Thekermavaluesaremore
uniformly increased because the height of burst is
unchanged, and the effect is more pronounced than
in Hiroshima because prompt gamma rays produce a
larger proportion (about 25%) of the total gamma
ray kermain Nagasaki. This factor, combined with
others related to the newer cross-sections and im-
provementsin computational capability, resultsinthe
relatively uniform increasein gammakermaover the
entire distance range shown in the figure.

In Hiroshima the DS02 neutron kerma s lower
than DS86 near the hypocenter, increases to values
slightly more than 10% above DS86 at distances on
the order of 1 km dant range, and falls off to values
less than DS86 at distances beyond about 2 km. The
trend in thermal neutron activation vs. distance is
similar but not identical to what is shown here for
kerma. Aswith gammarays, the changein fluenceis
essentially proportional to yield. The effect of the
increased height of burst is similar but somewhat
stronger than for gamma rays because neutrons are
more strongly attenuated by the same distance
through air. The other features seen in the plotted
curve are due to changes in cross-sections and im-
provements in computational capability. The
reduction near the hypocenter is more important to
improving the agreement with measurementsthan the
slight increase at somewhat longer distances.
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The most marked change arising from the new
calculations is the substantial overall reduction in
neutron kerma in Nagasaki, although the effect on
survivor doses is negligible because the neutron
kermatherewasaready so small inrelationto gamma
kerma. Thisis primarily attributable to carrying out
the source ca culation to much longer times than were
feasible in DS86, which resultsin more down-mod-
eration of the neutrons by the hydrogenous materials
in the high explosive of the Nagasaki bomb. This
down-moderation, areduction overall in the energy
of neutrons leaving the nuclear explosion, resultsin
fewer neutrons at distances relevant for survivors.

In summary, the primary effect on total kermaand
hence on survivor dosesin contrast to DS86 isavery
modest increase of 5to 10% in both cities, which is
primarily due to gammarays and is thusillustrated
by the gammaray kermavaluesin the plots beyond
about 1000 m ground distance, where most survi-
vors are located. But what of the more important
aspect of the neutron discrepancy, particularly with
respect to survivor dose—thetrend at longer distances
by which the measurements appeared to increasingly
exceed the calculated values? It is clear from thefig-
urethat DS02 calculated values of neutron kermain
Hiroshima do not greatly exceed DS86 estimates at
longer distances, although there is some minor in-
crease at distances from about 700 to 1500 m, where
most of the discrepant measurements were |located.

The range from about 700 to 1500 m is the por-
tion of the discrepancy whose resolution has more to
do with the understanding of the measurements, and
their relationship to the calculated “freein air” val-
ues of the dosimetry system, than does the
discrepancy closeto the hypocenter. Investigatorsin
this realm have long understood the difficulties of
interpreting measurements that begin at some point
to approach limits of detection because the signal of
interest istoo weak to reliably separate from “noise”
or “background.” And thereis genuine room for dis-
agreement about matters such as, for instance, the
acceptable, statistically defined error rates that one
will agreeto tolerate in distinguishing signal from
noise.

But the most important understandings relate to
peculiar, technical aspects of the measurements.
These measurements require special methods to de-
tect levels much lower than similar measurements
made for routine purposes, such as radiation protec-
tion in the vicinity of an operating nuclear facility.
Furthermore, theinvestigatorsin thiscase arenot only
compelled to peer back in time over several decades
or more, but are forced to find ways to use natural
materials rather than designed and specially prepared
dosimeters.

One exampleisthe measurement of Eu-152, which
isdetected and quantified by the characteristic gamma
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raysthat it emits at certain discrete energies. Rocks
and building materias contain many other, naturally
occurring radioactive isotopes that emit gammarays
at energies too close to the Eu-152 gammas to be
completely distinguished by even the most modern
detectors. Extremely low-level measurements rely
upon both sophisticated chemical processing and
spectral methods to reduce the natural interferences.
They also require avery careful quantitative assess-
ment of the “non-bomb-related counts” from the
interferences that remain, and from the spectral con-
tinuum of ambient x rays and system noise. The
working group held workshops on the special statis-
tical and quantitative methods needed for such
problems. Other related topics were addressed in
detail, such as the properties of samples themselves
(e.g., content of hydrogen and other elements with
strong neutron interaction probabilities) that affect
the amount of activation for agiven number of bomb
neutrons impinging on the sample.

Another example relates to chlorine 36. New un-
derstanding emerged from differences between
measurements in granite vs. those in concrete. Re-
ports of measurements in granite became important
inworking group mestings circa 2000, whereasthose
in concrete had been reported since about 1990. Be-
cause of the 300,000-year half-life of CI-36, natural
levelsin rock were produced asit sat in the earth for
times on the order of amillion years or more before
being quarried by humans, by neutrons from cosmic
rays and spontaneous fissions of natural uranium and
thorium in the rock. Much of the chlorine in con-
crete, on the other hand, has been in the hydrosphere,
particularly the earth’s oceans, where there is typi-
caly less shielding of the cosmic ray fluence but also
less natural uranium and thorium, for much of its“re-
cent” history on the geological time scale. Thusthe
natural Cl-36 levelsthat affect measurements at me-
dium to long distances are determined differently in
concrete and in various types of rocks, including the
pebbles that are often present in concrete.

Another consideration isthat chlorideion, in con-
trast to the chemical forms of cobalt or europium in
measured samples, is substantially mobile in some
materials, and much more so in concrete than gran-
ite. Some advancesrelated to understanding potential
sources of misleading results in concrete samples
taken near the surface of awall or other structure.
Artifacts can result from infiltration of rainwater with
a Cl-36 level different from the level in the surface
concrete, or from the existence of surface concrete
that was added to exterior walls after the war, among
other causes.

One useful endeavor of the current work has been
an organized program of chemical processing of eight
large samples of granite from various distances, by a
specidized, contracted |aboratory at the Japan Chemi-
cal Analysis Center, followed by measurements of
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Eu-152 in aspecial, low-background counting facil-
ity located in a deep underground tunnel in Japan.
The same samples were also measured for Cl-36 by
three different laboratories, in Japan, Germany, and
the United States, as part of a designed inter-
comparison among different activations products,
laboratories, and methods.

In another development, new techniques for mea-
suring the isotope nickel 63 were developed in the
years leading up to DS02, which allowed the first
measurements of fast neutrons since 1945. Nickel 63
atoms are produced by the interaction of fast neu-
tronswith copper. A new and very sensitive method
uses specia chemical processing to completely sepa-
rate nickel from the copper, followed by accelerator
mass spectrometry with (AMS) a special gas-filled
magnet detector in Munich, Germany. Japanese in-
vestigators have also shown that radiation counting
methods based on beta emissions of nickel 63 may
also be feasible with special sample preparation, in
caseswherelarge enough samples of copper are avail-
able. The capability of making direct, new
measurements of the numbers of fast neutrons pro-
duced by the bombsisamajor development, and the
AMS measurements of nickel 63 have added confi-
dence to the dosimetry assessment.

All available measurements made since 1945, in-
cluding the original Japanese measurements of fast
neutron activation in sulfur, were re-evaluated for
DS02. Thisincluded a re-evaluation of sample map
coordinates and hypocenter locations. Map work was
done with modern geographical information system
software, using both war-era maps and newer, more
accurate maps in conjunction with war-era aerial
photographs and other sources of information. TLD
measurements of gammaray dose aswell asthe neu-
tron activation measurements were re-eval uated,
including all of the newer TLD measurements made
since DS86. Bounding cal cul ations were done as part
of the transport cal culations to evaluate the effect on
radiation transport of assumptions differing from the
idealized DS86 assumption that the radiations were
transported over an earth surface consisting of flat,
level ground of uniform composition and moisture
content. All of these improvements and many more
contributed to the new understanding of calculations
and measurements that emerged in DS02.

The above descriptions, of course, cover only
some of the more salient aspects in which DS02 rep-
resents substantial improvementsin both calculations
and measurements. In the final analysis, the work-
ing groups concluded that the existing body of
measurementsis consistent with DS02 cal culations,
from the hypocenters out to distances at which indi-
vidual types of measurements become insufficiently
reliablefor validation of the calculations, dueto their
technical limitations. Thisis a very important im-
provement over the situation that existed with DS86.
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In addition to what has been discussed here, sub- for Nagasaki factory workers where shielding by
stantial improvements have been made in the area of buildings and equipment have long been problem-
shielding calculations. Thisincludes shielding by ter- atical. These further issues will be discussed in
rain and neighboring structures not accounted for in subsequent publications.

DS86, and what should be substantial improvements

The discussion given here represents only the personal views of the authors and not those of the
Joint U.S.-Japan working group, the RERF, the U.S. Department of Energy, or the Japanese Ministry
of Health, Labour and Welfare. The authors gratefully acknowledge the assistance of the Update
Editor and Dale Preston, which was invaluable in preparing a readabl e discussion.
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Department of Statistics
Projections of Radiation-Related Mortality in the LSS

RERF reports clearly indicate that atomic bomb
radiation exposure has a significant and continuing
impact on cancer and noncancer death rates in the
Life Span Study (LSS). It is generally well known
that slightly more than half of the members of the
RERF LSS cohort had died by the late 1990's. How-
ever, it is less well known that most of the
radiation-related deaths in the LSS are expected to
occur in the future. The figure presents estimates of
the annual number of radiation-associated cancer and
noncancer deathsin the LSS for the follow-up to date
and projections for the future. The meaning of “ex-
cess deaths’ hereisthe same asin LSS reports, both
for the current follow-up and projected lifetime risks.
In particular, for a specific cause thisincludes those
hastened by radiation exposure even though they
might have occurred later in the absence of expo-
sure.

We estimate that between 1950 and 1997 there
were about 450 excess solid cancer deaths, 100 ex-
cess |leukemia deaths, and 250 excess noncancer
deathsin the LSS. Our projections suggest that these
numbers will increase to well over 1,000 for solid
cancers and 500 for noncancer diseases, with little
increase in the number of radiation associated |euke-
mia deaths. The large projected increase in solid
cancer deathsreflectsthe observation that excessrisks
are highest for those exposed as children or young
adults, and about half of the cohort was under age 25

at the exposure. Thereis of course some uncertainty
in the future projections, and also for the past since
the excess deaths are not directly observable. Esti-
mates of the number of radiation-related noncancer
deaths are considerably less precise than those for
solid cancer or leukemia, since the nature of both the
low dose noncancer risks and age-time patternsin
the noncancer are poorly characterized.

These calculations are based on the current age-
specific risk estimatesfor solid cancer and noncancer
disease mortality of LSS Report 13, which will ap-
pear shortly. The leukemia risk estimates were
described in the previous LSS Report 12. For can-
cer, age-specific excess risks depend on both attained
age and exposure age, and as noted these are highest
for those exposed as children. For noncancer diseases,
the exposure-age variation is presently less clear and
noneis used for calculations here.

The remaining follow-up will provide better un-
derstanding of the crucially important age-time
patterns of radiation-related risk for both solid can-
cer and noncancer mortality. It isdifficult with even
the current 50 years of follow-up to distinguish be-
tween variations with exposure age and attained age.
For noncancer mortality important further informa-
tion will be obtained regarding risk at under about
0.5 Sv, which is at thistime rather unclear.

Past and Projected Radiation-Related Mortality in the LSS

30 -
— —‘ '~§
) Solid Cancer f' b
> S’ \
o 20~ '
1] \ Y
E A Y
® _ .
a) Noncancer Diseases .
% 101 Leukemia - "
(] - = ~
§<> : f .‘
L } ]

I
0 T T - I— — T
1945 1965 1985 2005 2025

Return to Table of Contents

RERF Update Volume 14, Issue 1, Spring 2003



In Memoriam

In Memoriam: Gilbert W. Beebe, 1912—2003

After along a productive life, Dr. Gilbert W.
Beebe, who played a central rolein the organization
and continuing success of the Atomic Bomb Casu-
aty Commission (ABCC) and the Radiation Effects
Research Foundation (RERF), died on March 3rd in
Washington, D.C. Hewas 90 years old. Dr. Beebeis
survived by hiswife, Ruth, four children, and five
grandchildren.

Asall of thosewho knew him can attest, Dr. Beebe
was an outstanding scientist and an excellent man-
ager. Prior to World War |1, Dr. Beebe, who was
trained as a sociologist and statistician, worked on
studies of contraception and family planning. From
1942 through 1946 he managed the Statistical Analy-
sis Branch in the Office of the Surgeon General for
the USArmy. Following the war, Dr. Beebe, together
with the famous heart surgeon Dr. Michael DeBakey,
led the efforts to organize a large-scale follow-up
study of the health US war veterans. Their efforts
resulted in the creation of the National Academy of
Sciences (NAS) Medica Follow-up Agency (MFUA)
in 1946. Under Dr. Beebe's leadership the MFUA,
which is till active today, carried out many impor-
tant studies.

Asthe MFUA was being created, U.S. President
Truman directed the NAS to organize and manage
health effects studies of the atomic bomb survivors.
Dr. Beebe played a key role in recruiting scientists
and overseeing research at ABCC. By themid-1950's
there was afeeling that, with the decline in the rates
of radiation-induced leukemia and the lack of appar-
ent effects on children born to the survivors, further
studies of the atomic bomb survivor studies were not
necessary. To counter this misconception and improve
the quality of ABCC research, Dr. Beebe, together
with Seymour Jablon, organized the Francis Com-
mittee to review the ABCC program and make
recommendations regarding its future. The
committee’s 1955 report laid the foundation for the
creation and follow-up of the Life Span Study (LSS),
Adult Health Study, and F, cohort. The first of Dr.
Beebe's three terms as Chief of the Department of
Statistics at ABCC lasted from 1958 through 1960.
During this crucial period he organized the Depart-
ment of Statistics, guided the creation of the LSS and
F, cohorts, helped organize the Hiroshima and
Nagasaki Tumor Registries, and established the ba-
sic mortality and incidence follow-up methods that
are till in use today. Dr. Beebe returned to ABCC
for two years from 1966, the period during which
the T65D dosimetry wasintroduced. Dr. Beebe'sthird
term of serviceat ABCC beganin 1973. He stayed at
RERF through 1975 serving as the last Chief of the
Department of Statistics at ABCC and as a Director
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and the first Chief of Research at RERF. Following
his return to the U.S., Dr. Beebe continued to over-
see RERF and direct the MFUA until 1977.

After leaving NAS, Dr. Beebe went to work in the
Clinical Epidemiology Branch of the U.S. National
Cancer Institute (NCI). Following the Russian
Chernobyl accident in 1986, he organized and man-
aged the successful efforts to establish follow-up
studies of clean-up workers and children exposed to
radiation as aresult of the accident. He was actively
involved in thiswork until the time of his death. He
also continued to take an active interest in RERF re-
search, most recently working on the analysis and
reporting of our liver cancer incidence studies with
Dr. John Cologne, Dr. Shoji Tokuoka, and other
RERF scientists.

Over the years, Dr. Beebe arranged for many
young Japanese researchers to obtain training and
experience in the U.S. through fellowships at NCI
and other research institutions. Dr. Beebe'slegacy at
RERF will continue in many ways, including the
newly created Gilbert W. Beebe Fellowship. This
program, which is being managed by NAS, provides
support for visiting researchers (including Japanese
scientists) to work on joint NCI-RERF research
projects.

When | came to RERF in 1981 six years had
passed since Dr. Beebe worked at RERF, however
hisimpact on the scientists and staff was still readily
apparent as hardly aday went by without several ref-
erences to the near-legendary Dr. Beebe. Over the
last 15 years as | had the chance to meet and work
with him | developed an even greater appreciation

Dr. Gilbert W. Beebe in 1966 (photo courtesy of
Archives Office, Department of Information
Technology)
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for hiskind, insightful, though sometimes demand-
ing, advice and support. Last year, as | prepared a
talk for aspecia symposium in Dr. Beebe's honor, |
asked former RERF staff members for recollections
and remembrances and received a surprisingly large
number of heartfelt comments. As expected, | again
heard the tales of Gil’stireless and hard-driven work
habits, especially his ability to produce an amazing
amount of well-written reports and memos (easily
keeping asmall group of secretariesfully engaged in
preparing manuscripts). However, without exception,
those who worked with Dr. Beebe also noted how
they were inspired and encouraged by his actions,
support, and example.

Dr. Beebe was a conscientious and energetic sci-
entist with a unique talent for the organization of

important, large-scale, research projects and a spe-
cia ability to guide and inspire others. Dr. Beebe
was motivated by adesire to advance knowledge and,
despite his numerous major accomplishments, never
sought to focus attention on his own crucial contri-
butions.

Though few people at RERF today worked with,
or even knew, Dr. Beebe, | hopethat all of uswill be
inspired by Dr. Beebe's quiet but effective style and
will work to keep his spirit alive through the conduct
of ethical, innovative research that benefitsthe atomic
bomb survivorsand dl of humanity. All of usat RERF
should be proud to play arole in Dr. Beebe's con-
tinuing legacy.

DaleL. Preston

In Memoriam: Abraham Kagan, 1922—2003

Dr. Abraham Kagan, our mentor and one of the
world's pioneersin epidemiology research on circu-
|atory diseases, passed away on February 1 thisyear.
| take this opportunity to express my regret over his
death.

Dr. Kagan played a central role in the NI-HON-
SAN Study, which was initiated in 1965. This
renowned international collaborative study has
proven epidemiologically that, among Japanese de-
scendents spending many yearsin theWest in Hawaii
and San Francisco, the rate of cerebral stroke has
decreased whereas that of heart diseases has in-
creased. This study therefore pointed out that
improvement of lifestyleis essential for the preven-
tion of heart diseases and stroke. Because the

Dr. Abraham Kagan in 1984 (photo courtesy of
Archives Office, Department of Information
Technology)
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Japanese organization responsible for this study was
ABCC, the Department of Epidemiology and Statis-
tics and the Department of Medicine were actively
engaged in the study around 1974, when | first joined
ABCC. | was naturally involved, as | was aiming to
become a physician specializing in circulatory dis-
eases. Dr. Kagan, who was responsible for this study
in Honolulu, was the organizer of the Honolulu Heart
Program and lived there. | visited Honolulu severa
times because of my involvement in the study, and |
vividly remember his warm hospitality asif it were
yesterday. Also, when | organized the 30th anniver-
sary symposium of the NI-HON-SAN Study held in
Hiroshimain September 1996, he visited Hiroshima
with his colleagues, including Drs. Katsuhiko Yano,
David Curb, and Beatriz Rodriguez, and participated
in fruitful discussion over a span of two days.

My speciaty has somehow changed from inter-
nal medicine of circulatory diseasesto epidemiology
on circulatory diseases, but over these 30 years since
| graduated from medical school, Dr. Kagan has been
my model, on whom | have tried to pattern myself.

Currently in Japan, prevention and care of lifestyle
diseases such as heart diseases and stroke is one of
the most important issuesin health management. We
should cope with health problemsin the 21st century
on the basis of Dr. Kagan's many achievementsin-
cluding the NI-HON-SAN Study.

In closing, | offer my prayers for the soul of Dr.

Kagan.
Kazunori Kodama
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Resear ch Protocols Approved 2002

RP 1-02 Health Effects Study of the Children
of A-bomb Survivors: Clinical Health Study
Fujiwara S, Suzuki G, Yamada M, Takahashi N,
Akahoshi M, Hakoda M, Neriishi K, Soda M, Hida
A, Imaizumi M, SuyamaA, Koyama K, Nakachi K,
KatayamaH, Pierce DA, Preston DL, TairaS

The objectives of the clinical health study on the
children of A-bomb survivors (F, Clinical Study
[FOCS]) are (1) to elucidate epidemiologically the
effects of parental exposure to A-bomb radiation on
the development of multifactorial diseasesamong the
children of A-bomb survivors, (2) to preserve blood
samples for the future molecular biological studies,
and (3) to contribute to the health and welfare of the
F, population via health examinations and health
guidance.

TheF, Clinical Study will be carried out over four
years. A study cohort of about 17,500 has been iden-
tified, and each year one-fourth of those will be
invited to participate. Thiswill be done by including
them each year in amail survey, which will explain
the study and determine their willingness to partici-
pate. There was a pilot mail survey of 300 personsin
which about 50% of 300 persons (75% of the pilot
mail survey respondents) expressed willingness to
participate in aclinical study. Thusit can be expect-
ed that around 9,000 of the mail survey cohort of
17,500 will agree to participate.

Therewill beapilot clinica study involving about
500 people, both cities together, chosen from those
expressing willingnessto participate in the pilot mail
survey and first year of the full mail survey. The ob-
jectives of the pilot clinical study are to evaluate the
usefulness and vaidity of the study forms and proce-
dures, method of contacting subjects, and to review
the organizational structure and costs of the health
examination.

Inthe F; Clinical Study, upon obtaining informed
consent from the participants, the health examina-
tion including interviews, medical examinations,
anthropometric measurements, blood pressure mea-
surements, urinalysis, hematological tests, occult
stool blood reaction tests, electrocardiogram (ECG),
abdominal ultrasonography, and radiological exami-
nation for stomach and so on will be conducted. Also,
gynecological examinations, and detailed examina-
tions will be conducted if necessary. Multifactorial
diseases detected via these examinations and vari-
ous measurements will be analyzed in relation to
radiation exposure of their parents, taking into con-
sideration confounding factors. Blood drawn from
those who gave their consent will be preserved for
future molecular biological studies.

TheF, Clinical Study will contribute to the health
management of the children of A-bomb survivors by
feeding back the clinical results of the health exami-
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nation to them and by giving them appropriate guid-
ance.

Asarule, the procedure and contents of the health
examination, theethical issues, datamanagement, and
so on are the same in the pilot and full-scale clinical
studies. However, when some additions and modifi-
cations are indicated by the pilot clinical study, an
addendum to this research protocol will be submit-
ted for the full-scale clinical study. Molecular
biological studieswill be conducted after a separate
detailed research protocol is prepared and approved
following the institutional procedures of RERF.

RP 2-02 Studies on Skin Cancer Incidence
among the RERF Life Span Study Cohort,
Hiroshima and Nagasaki (Addendum to RP 2-
91)
Kishikawa M, Koyama K, Iseki M, Yonehara S,
Tokuoka S, SodaM, Mabuchi K, Ron E, Preston DL,
SuyamaA, Nakachi K

The aim of this study is to describe and quantify
therisk of skin cancer in the Life Span Study cohort.
The findings obtained from the previous skin cancer
study (RP 2-91) completed during the study period
from 1950 to 1987 suggest an increase of skin can-
cer risk by radiation, but for further assessment of
radiation effect on skin cancer, this study proposes
toreview, together with previoudly obtained data, skin
cancer cases hewly developed in 1988 and after.

RP 3-02 Health Effects Sudy of the Children
of A-bomb Survivors: Mail Survey

Koyama K, Suyama A, Grant EJ, Nakachi K,
Watanabe T, Fujiwara S, Suzuki G, Preston DL,
TairaS

A mail survey is being planned in the RERF F,
cohort to obtain baseline epidemiological informa-
tion that will be used for ongoing mortality and cancer
incidence studies at RERF and the establishment of
a sub-cohort for a clinical health examination pro-
gram.

The mail survey will be sent to approximately
24,000 people. Thisincludes 17,698 surviving mem-
bers of the F, mortality cohort whose koseki isin
Hiroshima or Nagasaki and whose current addressis
in or near the cities. In addition, we expect 6,000—
7,000 members whose koseki is in either city or
surrounding areas but whose current address infor-
mation is not available will be subjects of the mail
survey cohort. In order to minimize the time between
the receipt of the survey and the scheduling of the
clinical examinations conducted at the Department
of Clinical Studies, RERF, the survey will be carried
out over four years with the questionnaire being sent
to one-quarter of the sample subjects per year.

The questionnaire and associated documents are
virtually identical to those used in the “Pilot Mail
Survey of the Children of Atomic Bomb Survivors’
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(RP 4-00) that were sent to 300 members of the mail
survey sample between May and July 2000. The
material included in this survey will also include an
additional brochure that provides a detailed descrip-
tion of the planned health examination.

The results of the pilot study suggest that we can
expect a 70% response rate with about 8% of the
non-responses resulting from outdated addresses.
About 75% of the respondents indicate some will-
ingness to participate in the clinical examination.
This suggests that the mail survey will identify
12,000-12,500 potential clinical program partici-
pants.

Scientific and ethical issuesrelated to the design
and conduct of this study have been reviewed by the
third-party committees established by RERF specif-
ically for consideration of thissurvey and therelated
clinical examination program. These committees
have indicated their support of the plansfor the mail
survey.

RP4-02 Perturbation of T-cell Homeostasisin
Atomic-bomb Survivors

Kusunoki Y, Kyoizumi S, Hayashi T, Hakoda M,
Suzuki G Kasagi F, Fujita S, KodamaY, MacPhee
DG

We wish to examine the proposition that radia-
tion exposure can seriously perturb one or more of
the mechanisms responsible for T-cell homeostasis
in man. Our approach leans heavily on a number of
recently-devel oped techniqueswhich webelieve will
help usto learn agreat deal about the history of the
T-lymphocyte populations which are of vital impor-
tance to the immunological defense activities of
atomic-bomb (A-bomb) survivors. The nature and
extent of any substantial impairment (or in some situ-
ations unbalancing) of their immunological defense
systems may well be an important element in their
excessive (and ongoing) cancer and non-cancer dis-
ease histories.

Our basic strategy involves studying the blood
leukocytes of about one thousand A-bomb survivors
who are current or recent participants in the Adult
Health Study (AHS) population to determine (1) the
numbers of T lymphocytes that contain T-cell re-
ceptor-rearrangement excision circles (TRECs) and
(2) the average lengths of telomererepeatsin T lym-
phocytes and other immunity-determining cell
populations.

TRECsare circular DNA molecules generated in
thymocytes during the T-cell receptor (TCR) gene
rearrangement process in the thymus, and an indi-
vidual’s ability to produce T lymphocytes in the
thymus can be evaluated by determining how many
of hisor her T cells contain TRECs as a fraction of
the total T-cell population. Assuming that A-bomb
radiation isamost certain to have increased the rate
at which age-dependent thymus dysfunction occurs
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(as has been suggested by severa previous studies),
we can expect to find that the numbers of T cells
with TRECs will be somewhat lower in A-bomb
exposed survivors than in age-matched but non-ex-
posed controls.

The lengths of telomere repeats in peripheral
blood memory and naive T lymphocytes will also
be measured to provide uswith an indication of how
many cyclesof cell division these T-cell populations
have undergone prior to being sampled. If it is sup-
posed that T lymphocytesare required to divide more
frequently during the recovery processfromA-bomb
radiation-induced cell loss than are the T lympho-
cytes of the appropriate unexposed controls, it ought
to be possible to detect greater reductionsin telom-
erelengthsin cellsfrom both the naive and memory
T-lymphocyte populations of exposed individuals
than are seen in concurrent T lymphocyte popula-
tionsfrom unexposed controls. Moreover, given that
the recovery to near normal of the peripheral T-cell
pool from A-bomb damage is thought to result in
large part from an expansion in the population of
memory T cells that survived exposure to A-bomb
irradiation, we ought to be able to detect amore pro-
nounced shortening of telomerelengthinthememory
T-cell population of any given exposed survivor than
in hisor her naive T-cell population.

We believe that the results of these types of mea-
surement will provide uswith areasonableindication
of the extent to which abnormalities of the immune
functions (including, but not exclusively, the defense
functions) of A-bomb survivors have been causal in
certain of the diseases that appear to be more com-
mon in A-bomb exposed survivors. Wewill therefore
carry out a detailed investigation of any possible
rel ationships between the perturbations in lympho-
cyte-dependent immune function we have described
under RPs 3-87 and 1-93 and the inferences con-
cerning mechanism(s) that we hopeto be ableto draw
from our measurements of TREC-bearing CD4 T-
cell numbers and T-lymphocyte telomere lengths.
Clinical laboratory dataincluding blood test results
and records of inflammatory disease(s) will be as-
sessed to determine how they relate to TREC-bearing
CD4 T-cell numbers and telomere lengths. From
these analyses, we hope to bein a position to deter-
mine whether A-bomb radiation has perturbed the
normal processes of T-cell homeostasis, as well as
whether any such perturbations are directly involved
in disease development or disease statusin A-bomb
Survivors.

To gain abetter understanding of the mechanisms
involved in radiation-induced perturbation of T-cell
homeostasis, we a so plan to investigate the process-
esof T-cell reconstitution following radiation-induced
damage using a number of potentially valuable ani-
mal models. By reconstituting irradiated mice with a
population of mouse T cellsthat carry a stable genet-
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ic marker along with functional TCRsthat differ from
those of the irradiated mice, we intend to examine
many of the parametersthat help to restore and main-
tain T-cell production and memory inirradiated hosts.
Once we have made solid progress in the mouse/
mouse system, we are planning to reconstitute the
immune systems of immunodeficient mice with hu-
man rather than mouse T cells, and to investigate
whether we can use such a system to better charac-
terize some of the mechanismsinvolvedin the control
of human T-cell memory in both control and irradi-
ated animals.

RP5-02 Papillary Thyroid Carcinomasin Resi-
dents of Hiroshima and Nagasaki Who Were
Exposed to A-bomb Radiation as Children: A
Sudy of RET Gene Rearrangementsand Other
DNA Changes Potentially Responsible for the
Originsand/or Development of These Tumors
Hamatani K, Hira Y, MacPhee DG, KoyamaK, Soda
M, KatayamaH, Preston DL, Tokuoka S, Fukuhara T,
Hayashi Y, FujiharaM, Tsuda N, Mabuchi K, Ron E

Rearrangements of the RET proto-oncogene have
been found to occur in the thyroid tumors of a con-
siderable number of patients with histories of
radiotherapy aswell asin children who lived in the
Chernoby! contaminated area. Radiation-associated
thyroid cancerswith relatively short latencies and/or
thehistological pattern of asolid variant mainly seem
to contain rearrangements of the RET/PTC3 type and
rather fewer of the RET/PTC1 type. By contrast, tu-
mors with relatively long latencies and/or
morphologically typical papillary features seem to
contain predominantly RET/PTC1-type rearrange-
ments. The elevated risk of papillary thyroid
carcinoma that is known to have occurred among
people who were exposed to the Hiroshima/Nagasa-
ki atomic bombs (A-bombs) as children is also
believed to be due in the main to the induction of
RET gene rearrangements, and in particular to the
induction of RET/PTC1 rearrangements, by A-bomb
radiation. We now plan to use the reverse transcrip-
tion-polymerase chain reaction (RT-PCR) technique
together with RNA samples derived from paraffin-
embedded blocks of tumor tissue to determine which
of several possible rearranged RET gene transcripts
can be detected in the thyroid tumors of a carefully-
selected group of A-bomb survivors. Our aimisto
determine which of the known gene-activating rear-
rangements of the RET proto-oncogene are most
likely to have been involved in the development of
papillary thyroid carcinomas in those A-bomb survi-
vors with an exceptionally high excess relative risk
(ERR) who were still very young at the time of the
bombing. However, we do not expect to be able to
explain al thyroid tumors among A-bomb survivors
on the basis of rearrangement-induced RET gene
expression. We are therefore planning to carry out a
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|ater-stage screen of al otherwise uncharacterized
tumor tissues for DNA sequence-based evidence of
putatively causative mutant genes, and to do so with
the best techniques that are available at the time.

RP6-02 A Nested Case-Control Sudy of Breast
and Endometrial Cancer in the Cohort of Japa-
nese Atomic Bomb Survivors
Sharp GB, Neriishi K, Hakoda M, Suzuki G,
Akahoshi M, Cologne JB, Imai K, Eguchi H, Nakachi
K, Key TJ, Stevens RG, Kabuto M, Land CE

A nested case-control study of breast and endome-
trial cancer in the Adult Health Study (AHS) is
proposed which builds upon the results of the Kabu-
to and associates study which was recently published.
Theinitial study provided evidence for an associa-
tion of free estradiol level in serum prior to diagnosis
and subsequent risk of breast cancer. Although orig-
inally designed to examine a possible interaction of
radiation and hormones, the number of caseswastoo
small to address this question. The Kabuto and asso-
ciates study included breast cancer cases diagnosed
in the AHS cohort through 1983. The proposed new
study will additionally include cases diagnosed since
this time, resulting in a combined study group that
will be more than four times larger than that used in
the original study. Because risk factors for endome-
trid and breast cancer are similar, thisresearch project
will also investigate the etiology of endometrial can-
cer. Controls will be matched to breast cancer cases,
and endometrial cancer cases will be compared to
thepooal of breast cancer controls. The proposed study
will examine a series of hormone-related serum mea-
surements, including total estradiol, bioavailable
estradiol, testosterone, sex hormone binding globu-
lin (SHBG), progesterone, insulin-like growth factors
1, 2, and binding protein-3 (IGF-1, IGF-2, and |G-
FBP-3), and prolactin. The study will also investigate
the role played by phytoestrogen in the etiology of
these diseases and, based on data available from the
AHSinterviews, will also takeinto account confound-
ers and other risk factors. Because elevated body
burden of iron may increase susceptibility to breast
or endometrial cancer and because of evidence of
biologic interaction between iron and estrogen, we
will also measure serum ferritin, as an indication of
body iron level, and protein-carbonyl, as an indica-
tor of oxidative stress. Estrogen burden is believed
to be closely related to lifetime risk of breast and
endometrial cancer, and there is reason to hypothe-
size that the effect of estrogen varies with ferritin
level in the etiology of these diseases. A diet rich in
phytoestrogens may reduce risk.

RP 7-02 Measurement of Thyroid Autoanti-
bodiesin Atomic-bomb Survivors (Addendum
to RP 2-99)

Imaizumi M, Neriishi K, Akahoshi M, MaedaR, Soda
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M, Suzuki G, Fujiwara S, YamadaM, NakashimaE

This research protocol is an addendum to RP 2-
99. The primary objective of RP 2-99 isto study the
effect of atomic-bomb radiation on thyroid disease
incidence. With this addendum protocol, diagnosis
of autoimmune thyroid disease among the subjects
of thethyroid study (RP 2-99) will be made by anew-
ly developed thyroid autoantibody measurement
method, which enables diagnosis of autoimmune thy-
roid disease with increased sensitivity. This project
isindispensablefor studying the rel ationship between
autoimmune thyroid disease incidence and radiation
dose.

RP 8-02 Ophthalmologic Study of Children of
Atomic Bomb Survivors (Addendum to RP 1-
02)
Minamoto A, Kumagami T, Yoshitani N, Mishima
HK, AmemiyaT, NakashimaE, Neriishi K, HidaA,
Fujiwara S, Suzuki G, Akahoshi M

Cataracts are a multifactorial disease that stems
from a combination of environmental and genetic
factors. Animal experiments have suggested the pos-
sibility of an increase in the incidence of congenital
cataractsin the offspring of A-bomb survivors. How-
ever, the number of casesis expected to be too small
for this purpose in this study. For congenital cataract
cases, if found, its relationship with radiation will be
investigated as a case report. Our research will quan-
titatively investigate the opacity of eye lenses and
retinal arteriolosclerosisin the offspring of such sur-
vivorswho are at least 50 years of age at the time of
examination. It is designed to investigate the associ-
ation of lens opacity with multifactorial diseases and
the radiation dose to which the parents were exposed.
Lens opacity and retinal arteriolosclerosis are to be
graded with the Lens Opacity Classification System
[1 (LOCSII) and Scheie classification, respectively,
and regression analysis conducted after incorporat-
ing a variety of risk factors. Lens and retina
photographs will be stored permanently in our com-
puters as digital images.
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