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HIROSHIMA, NAGASAKI, YOU ARE THERE!
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Characteristics of the Atomic Bomb

jasaki (11:02 am, 9 August 1845)°
Fat Man Length: 3.5m
Diameter : 1.5m

Weight : 45t

21 kt (TNT)

Characteristics of the Atomic Bomb

sshima (8:15 am. 6 August 1945)
i.ittle Boy Length : 3m
Diameter : 0.7m

Weight : 4t
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Atomic Bomb Dosimetry of Hiroshima (H) and
Nagasaki (N)

Atomic bombs release high energy radiations of 2 major
types , gamma and neutrons. “Fortunately” the gamma
radiation contribution was 99 times larger than the
neutron\contribution, which also was quite small

. The biological effectiveness of an equivalently

measured absorbed physical dose of neutrons is at least 10
times greater than that of the same dose of gamma
radiation. . '“3
Establishing a survivors dose will depend on a number of
factors, the distance from the hypocenter (the point of

the highest dose on the ground), in the open air or shielded
with in or by a building ,the type of shielding (wood,brick,

concrete , the position of the survivor relative to the



blast,sitting, standing, prone, size( baby, child, adult) to

name just some.

For every 200

meter distance from hypocenter the dose is reduced in half.

Most exposed survivors were from 1000 meters (.62 miles)

to 2500m (H) -2700m (N). Beyond those distances the

exposure levels were equivalent to natural background.
Dose is described in units of Gray (Gy) and in this case
was instantaneously received.

Total body doses in the range of 3-4 Gy are

usually lethal in

days, weeks or a few months. About 85% of the survivors
in our study have been assigned doses ranging from

0.005 Gy to 2+ Gy.

The most recent and probably the last major revision of the
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doses received was in 2002 and is known as DS 02, which

supercedes Dose System DS 86 (cost of about 10 million

dollars).

In the back of this handout I list the present level of
exposure of the US population to natural background
radiations and medical diagnostic radiation as compared to

30 years ago. Note that medical levels have doubled!



About the Radiation Effects Research Foundation

RERF was originally established by the U.S. National Academy of Sciences in 1947
as the Atomic Bomb Casualty Commission (ABCC) to undertake an extensive surveil-
lance of the health of the atomic bomb survivors, The Japanese Institute of Health of the
Ministry of Health and Welfare joined ABCC in its research in 1948. In April 1975,
ABCC was reo ized{Mto the nonprofit, bi-national Radiation Effects Research
Foundation. @e %ﬁow (’omelm'ﬁé;{ - TIm . chaveed 1 £

Annual funding is-provided-byth€ Japafiese Government through the Minis-
try of Health, Labour and Welfare, and by the U.S. Government through the Department of
Energy (DOE). The National Academies, through its Board on Radiation Effects Research
(BRER), serves as a liaison to RERF for the DOE and provides assistance and support.

RERF collaborates on research projects with physicians and scientists from other re-
search institutes, universities and hospitals to expand its research fields and strengthen

findings on A-bomb survivors. RERF is currently involved in the tissue and tumor

registries in Hiroshima and Nagasaki; sitg;s_;_)_eciﬁc cancer studics that include case review
by external pathologists; and a re-evaluation of e DIST6 dos etry system that includes
both Japanese and American physicists. ©30 g .

REREF runs several programs through the departments listed below.

The Department of Epidemiology conducts studies on 120,000 A-bomb survivors
primarily with regard to cancer incidence and causes of deaths. The department endeav-
ors to clarify the risks associated with human exposure to ionizing radiation.

The Department of Statistics analyzes interdisciplinary information collected to study

radiation effects, lends statistical support and advice to radiation scientists, and assists
with data management.
22,600

The Department of Clinical Studies conducts biennial health examinations (:ré,é-bomb
survivors to detect diseases and any radiation-induced health effects. The survivors are
informed of all examination results and referred to specialized hospitals when necessary.

The Department of Genetics conducts studies to determine whether there are increased
mutations in children of A-bomb survivors. It also measures chromosome aberrations in
the blood cells of the survivors and residual radiation signals in teeth.

The Department of Radiobiology studies mechanisms responsible for radiation effects
including effects on the immune system and cancer induction.

The Department of Information Technology is responsible for managing and storing
information for use in various studies, maintaining computers, and sending information to

world computer networks.

For more information...Visit the RERF home page at www.rerf.jp or the BRER
home page at www.nationalacademies.org/brer.

The nation turns to the National Academies—National Academy of Sciences, National
Academy of Engineering, Institute of Medicine, and National Research Council—for
independent, objective advice on issues that affect people's lives worldwide.

Copyright 2003 by the National Academies
Permission is granted to reproduce this document in its entirety, with no additions or alterations.
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Current evidence from ABCC/RERF studies
for late health-related effects of radiation

STRONG WEAK NONE
] significant Bordertine statistical No statistically significant
ch Association | results in one or more significance or effect obssived. This may
by : with Atomic- | studies. Questions about inconsistent results. reflect a true lack of effect or
s&. ; bomb potential biases are largely | More studies may be | result from inadequate
b 2y : Radiation resolved. Risk clearly neaded. sample size.
related to amount of
exposure.
! A-Bomb Survivors (except In-utero Survivors)
; Leukemia (except chronic | Esophagus; Salivary Chronic lymphoid leukemie;
§A | lymphoid leukemia and glands; Liver; Skin; Adult T-cell leukemia; .
2] ’ Malfignant adult T-cell laukemia); Urinary bladder; Pancreas; Gallbladder;
8 = Tumors Breast (women); Thyroid; ‘| Nervous system; Rectum; Uterus; Bone
! Colon; Stomach; Lung; Muttiple myeloma; «
| Ovary Malignant Iymphoma
-] !
. : Radiation cataract; Cardiovascular Infortility; Glaucoma;
3 ! Hyperparathyroidism; mortality and total non- | Autoimmune dissases;
=X ! Dslays in growth and cardiovascular mortality | Generalizod premature
; Noncancer | dsvelopment (exposed at | at high doses (>1.5 aging; Senile cataracts
; Diseases and | young ages) Gy); Thyroid diseases;
i Conditions Chronic hepatitis and
i liver cirthosis; Myoma
! uteri; Earlier onsst of
=3 ; menopause
* Decrease in T-cell- Susceptibifity to viral Changes in natural immune
! Iimmune mediated responses; infections; Increased responses
Competence | Changes in humoral autoantibodies
=7 immune response
! Chromosomal | Lymphocytes
- - i Aberrations
i Somatic Erythpocytes Lymphocytes
| ‘ Mutations -
In-utero Survivors
~ Malignant & otal solid tumol Leukemia
= Tumors | 9009 Pyt \.
Microcephaly; Mental Noncancer mortality
Noncancer | retardation; Delays in
Dieoases and | growth and development;
S Conditions | Lower |Q and poorer
school performance
| Chromosomal Lymphocytes
Aberrations

i

Notes: For the children of A-bomb survivers (Fi), no effects with statistical significance (including borderfine
statistical significance) have yat been found in relation to exposure to atomic-bomb radiation. The lack
of statistically significant relationships with atomic-bomb radiation has been confirned for the following
effects: solid tumors, leukemia, sHllbirth, major congenital anomalies, earty mortality, chromosomal
abnormmalities, and protsin variants.
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. Table 2. Distribution of selected sofid cancers identifiedbe- = - the representative dose. There was a statistic;
tween January 1958 and December 1998 among significant dose response trend in the 0-0.15
LSS cohort members range which was similar to that estimated for

- . Mean age at entire dose range (Figure 2).
i Cases % female " glagnosis Both the ERR per gray (ERR/Gy) and EAR
TOTAL 17,448 54 67.4 10,000 person years per Gy (BEAR/10* PY Gy) w
Stomach 4,730 46 67.7 about 50% higher for women thai men. Wl
é“o';gn };’: ;1 gg gender-specific cancers were excluded from
Liver 1494 40 67.0 analyses, the ERR/Gy remained s1gmﬁcanﬂy lar
Breast 1,082 100 59.8 for females than males, but there was no gen
Cervix 859 100 60.0 difference using an EAR model. Figure 3 u:
Rectum 838 50 68.0 gender-averaged risks to illustrate how the exc
Bladder :‘;‘? g‘:‘ 3'2 risk varies with age-at-exposure and attained a
mmam 330 83 724 The ERR/Gy decreased with increasing age
Nervous system 281 67 62.6 exposure and attained age. The EAR/10'PY. Gy a
Other 3,619 52 68.7 decreased with i mcreasmg age at exposure;, bu

; , increased with i mcreasmg attained age;:Indéed, w
the cohort is female. As expected, stomach cancer, a 25% increase in follow-up, we estimated:a:5(

which has a very high incidence in Japan, was the increase.in the number of radiation-associat

most common cancer site. Lung cancer was-the next cancer cases indicating.that the radiation:effect

.most-frequent cancer, but the number of cases was solid cancer incidence. persists throughont life. -

substantially smaller. Males predommated in both Statistically significant dose-responses.y

of these cancers. There also were over 1,000 cases for most.cancer sites, including oral cavity;esop

of cancers of the colon; liver and breast. gus, stomach, colon, liver, lnng,non-melanomask
Table 3 provides information on the dose distribu- breast, ovary, bladder, nervous system;:and-thyic

tion and cancer risks in the LSS. It can be séen that (Figure 4). ERRsforcaneetsofthepanm,jm
lhedosedlsm’bunomshlghly skewed: dose estimates tate, and renal cell were non-glgmﬁcanﬁy‘
. wereé 1éss-than 200 mGy forabout 75% of the. almost i :
45,000 cohort-membérs: with dose estimates above -as;a:group::Our data also suggﬁt that the ] {
5 -mGy, whereas survivors with doses‘over 1-Gy related risks for cancers of the:fectum, gallblndds
account for less than 5% of survivors in this gmup and uterus may be lower than those for all sol
cancers combined. There was evidence; | th
radiation exposure during childhood or adolescén
may elevate the risk of developmgeanceroﬂhebos
oi theuterus.
- -Assessing: sxw-spemﬁc chncer nsks is: nnpom
beumse Inologmally 1( is almost certain: that vm

] _ohﬁ:gjmﬁe;;&combmed. m 'ob,sngyg@ a

BT

Note: Esﬂajngtgs of’ﬁtted exeass c’asgs

1 Walghted*adiustedeolnndmlmey S s
tmmmmmmmmmmmeammmmmooosey

_‘i MCIBEWE T nnorfq_h't: + NON mor‘h«lt'by L :
mmmwm‘: . - Rmummmg




Science Articles: Solid Cancer Incidence
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Solid Cancer Dose Response

R R e Vo L v RN ARy

0 5 1 15 2
dose (Gy)
Figure 2. All solid cancer fitted linear dose response and dose category
specific ERR estimates.

Solid cancer

ERR

51 000 at exposure & 60-
- 4 — 30 o 50

I B —— 50 §
3 34 € 40

2 g
'g 24 5 30
81 ' 20
g \_ﬁh__ § -
o L] L) L) L ¥ L] L) L] L] K 10-

35 0 65 80
attained age

Figure 3. Age-dependence for the gender-averaged solid cancer ERR (left panel) and EAR (right pane!) for
exposure ages of 10, 30, and 50 years.
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gender-averaged for 1 Gy at ige 70 after exposure at age 20

Figure 4. Site specific ERR estimates with 90% confidence intervals. The ERR's are gender-
average and correspond to the fitted risk at age 70 for a person exposed to 1 Gy
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Non-cancer Effects of Radiation

Clinical researchers conducting the Adult
Health Study (the subset of the LSS group that
receives biennial clinical examinations) have ana-
lyzed the relationship between radiation exposure
and a number of selected noncancer disorders.
Some radiation effects have been found in the Life
Span Study population, with statistically significant
excess risks for cardiovascular, digestive, respira-
tory and _non-malignant thyroid diseases. Although
mechanisms for such effects are not presently
understood, careful epidemiological investigation
has indicated that these appear to be actual radiation
effects.

Radiation studies also show a pattern of
growth retardation for survivors who were exposed
to the bomb’s radiation in childhood. Early inves-
tigations of possible accelerated aging have largely
been supplanted by study of more specific non-
cancer discases, although there remains some
interest in generalized aging. Of the diseases most
specifically associated with aging (arteriosclerosis,
senile cataract, dementia, osteoporosis, arthritis),
the clearest evidence of increased risk with radia-
tion exposure is for arteriosclerosis.

The considerable epidemiological differences
among radiation-related leukemia, solid cancers
and non-cancer diseases are illustrated in Figure 5.

Effects of Fetal Exposure

Fetal brains are damaged by radiation, at least
at moderately high doses. RERF’s examination of
the in utero study population (about 3,000 people)
has revealed a correlation between radiation expo-
sure and both mental retardation and microcephaly
(small head size).

Approximately 1,100 pregnant women are
thought to have been exposed within 2 km of the
bombsites, receiving a dose of more than 0.005 Sv.
About 150 of them received doses greater than 0.5
Sv. The frequency of severe mental retardation
was dose-dependent for survivors exposed before
birth at either 815 or 16-25 weeks of their
mother’s pregnancy, with effects especially marked
in the former group. Dose-related decreases in
school performance and IQ scores have also been
observed among the in utero group after excluding
severely mentally retarded children.

Excess Deaths per year

W .

Figure 5. The epidemiological differences among
radiation-associated leukemia, solid cancer and non-
cancer diseases are evident in this graph showing
estimated past and future radiation-associated mortal-
ity per year in the Life Span Study cohort by calendar
year. There are uncertainties for both observed (solid
curves) and unobserved (dashed curves).

Severe mental retardation (%)

8-15 weeks

All gestational .

40t ages .-

30

10

o S5
0.0 0.4 0.2 0.3

-
e
-’

0.5 ¥
Uterine dose (Gy)

Figure 6. The figure plots the percentage risk of
severe mental retardation for those exposed in the
womb against the mothers’ uterine dose measured in
Grays. Those exposed at a gestational age of 8-15
weeks were most at risk. There were 2,800 people in
this study. For irradiation, 1 Gray (Gy) i
approximately equal to 1 Sievert.
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The Genetic Studies (A very limited synopsis)

Beginning in1947 the planning of what has been the largest human
genetic studies were undertaken by Drs. James Neel and William
Schull. Pregnant women registered at local government offices in
order to receive additional food stamps. There were ABCC
personnel at these offices to meet with these women (optional) and
information was obtained on age, place at the time of the bomb
ATB , what health effects they or their husbands suffered and an
array of other information that would be recorded with the
subsequent birth information.

By 1948 Japanese physicians, former military doctors. on the staff
were instructed to screen newborns for what might be congenital
defects. The majority of babies in Japan were delivered in their
homes by midwives. The midwives were members of a
professional organization. They were enlisted into the program and
paid for informing of each birth and paid quite a larger sum if they
deemed there was an observable abnormality, a stillbirth, or
abortus involved.

The physicians visited these cases almost immediately. Some 65%
of these were subsequently autopsied as well as those who died
within 6 days of birth. (At one time there were literally hundreds of
jeeps and trucks at their disposal).

From Feb. 1948 until 1954 clinical examinations were carried out
on some 70,000 children within usually days after birth and over
20,000 children were reexamined 9 months later.

31, 000 children were born to exposed parents and
41,000 were born to the unexposed parents.

Extensive data analysis demonstrated that there was no statistical
difference between the 2 groups for any of the endpoints studied.
The doses were estimated based on distance and location ang other



information. These estimates were tentative until better dosimetry
became available.

After 1954 clinical exams were stopped but records were
continued with respect sex determination of subsequent births and
mortality rates. The registry was expanded to 77,000 births and
this phase was concluded in 1982.

In the 60’s and 70’s the children were checked, during the school
year, for physical development. No difference between the groups.

In 1968 Dr Awa and his staff initiated a cyto-genetic study of
16,000 children. Blood samples were collected from them and
special studies were carried out. White blood cells were grown and
their chromosomes from a particular stage of development were
analysed for chromosome rearrangements and numerical changes.
Ten cells were examined under a microscope from each participant
and the slides on which they were prepared were maintained for
future studies.

These endpoints were chosen because they could have been
induced by radiation but would not have been recognized as a
health problem in standard clinical exams No significant
differences were found.

In 1975 mutation studies were undertaken on the same group. 30
blood serum proteins from each fresh sample were examined by a
new technique,electrophoresis, that could detect an alteration in the
protein structure. Some hundreds of thousands of samples were
analysed Also a smaller sample of 11 blood enzymes were
followed for loss or diminished activity. The results were negative.

In 1985 cancer incidence studies were followed for those under 20
years. Negative results



20

In the late 80’s blood samples were taken from 500 families from
the more highly exposed groups, mother father and at least 1 child
and permanently stored in frozen condition so that DNA studies
could be undertaken. 500 unexposed families also provided blood.
When the ability to screen a large sample of genes from each
individual becomes economically feasible the immortalized cells
will be available.

In 2001 -06, 1200 /\Of the study group visited our clinical program
and were studied for late onset genetic disorders including

coronary disorders, diabetes , hypertension. The results were
negative

Mortality and cancer follow-up study of the entire population was
completed in 2003.

A National Academy of Sciences Committee of renowned
geneticists met to consider whether the program should be started.
Their report published in Science(1947) stated:

“Although there is every reason to infer that genetic effects can be
produced and have been produced in man by atomic radiation,
nevertheless the conference wishes to make clear that it cannot
guarantee significant results from this or any other study on the
Japanese material. In contrast to laboratory data, this material is
too much influenced by extraneous variables and are too little
adapted to disclosing genetic effects. In spite of these facts, the
conference feels that this unique possibility for demonstrating
genetic effects caused by atomic radiation should not be lost.”
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4] Radiation Effects Research Foundation
i A Cooperative Jopan-US Research Organization

RERF's Resgarch ‘ What is Radlation?

http://www.rerf.or.jp/general/qa_e/qa8.html
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» JAPANESE »TOP

Frequently Asked Questions

) Top > Frequently Asked Questions > Answer

Frequerntly Asked Questions

» were they chosen for this study?
v"'"._‘w

8 How many atomic-bomb survivors are included in the group being studied by RERF and how

To establish a population framework in which to conduct long-term follow-up of

b iRy
AL
About RERF mortality and cancer incidence, about 84,000 people were selected from 280.000

Groetings A-bomb survivors who were resident in Hiroshima or Nagasaki at the time of the
Objoective and History October 1950 Japanese nationa! census. Of these, about 54,000 were exposed to
Orgunization significant radiation doses (Question 11) within about 2,500 meters from the

Operations and Financef

Compliance with Laws hypocenters. Another 40,000 members of the study population were exposed beyond

Yeatly Schedvule

Research Activilies

2,500 meters and received very low doses.

Research Programs i In the 1950 Japanese national census, approximately 280,000 people indicated that
Active Research Protocols they had been exposed to the atomic bombs. RERF s study population probably

Radiation Health Effects
Partner Graduate Schools

includes about 50% of those proximally exposed (within about 2,500 meters of the

hypocenters) and 25% of those _distally exposed (greater than 2,500 meters from the

Library hypocenters). These percentages are not precise because the census did not record the

Recent Scientific Papers location of exposure in reference to the hypocenters.

List of Publications
Downloadable Dats
Historical Materials
Request for Publications

“Communlty Access

Getting to RERF

Tour Rosorvations

An additional 27,000 who were not in Hiroshima or Nagasaki at the time of the bombs,
but whose family registries were in Hiroshima or Nagasaki and who lived in either city at
the time of the 1950 census also were included as an unexposed compatrison group.
These groups constitute the 120,000-member Life Span Study {LSS) cohort.

In addition to studying the LSS cohort, RERF scientists are involved in studies of several
other populations: the Adult Health Study (AHS), in utero-exposed, and E; cohorts. The
AHS population comprises 23,000 members of the LSS, who, since 1958, have been
asked to participate in biennial medical examinations carried out at RERF. The in

utero-exposed cohort is a group of about 3,600 people who were exposed to the bomb

l while in the womb. The Fy population consists of about 77,000 people born in
» For turthar dotals Hiroshima or Nagasaki between 1 May 1946 and the end of 1984 to parents with and
without exposure to the bombs.

B RERF Glossary

l1of 2
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e Radlation Effects Research Foundation » JAPANESE » 1OP
YR A Cooperative Jopan-US Research Organization
RERF's Research What is Radlatlon? ! Froquentiy Asked Questions
) Top > Frequently Asked Questions > Answer
Frequently Asked Questions
@ 11 What is "significant” radiation exposure?
iy
———
. m In the discussion of cancer risks presented here, attention is focused on survivors with
estimated exposure doses greater than 0.005 Gy (5 mGy). No excess risks of cancer or
Aol RERE other diseases have been seen among survivors with doses below 0.005 Gy.
Groolings '
Objective and History . 4 7
ixation A dose of 0.005 Gy is somewhat greater than the typical annual background radiation level
Otganizat
o fansand Eisce] to which people are exposed in normal daily fife (0.001 to 0.003 Sv per year) and about
CampRinta vl kanc one-fourth the currently accepted maximum annual dose allowed for radiation workers
Yearly Schedule :
(0.02 Gy).
Research Activities
Research Programs ‘ Survivors with doses of 0.005 Gy or more were typically within about 2,500 meters of the
Active Rescarch Protacols hypocenter in Hiroshima and 2,700 meters in Nagasaki. The average dosa received by such
Radiation Health Effects R is about 0.2 Gy. The radiation d d sed by haif f 200-mst
Partnar Eendkunia:Sehonls survivors is al .2 Gy. The radiation dose decrea Y or every mater
increase in distance from the hypocenters.
tibrary
Recent Sclentific Papors
List of Publications
Downloadable Data Figure. Relationship between distance from hypocenters and radiation dose in air.
Historical Materials If inside a typical house, the dose is reduced by 50% or more.
Request for Publications Shown at the right are genera! biological symptoms and
. i radiation doses from other sources.
" Community Access
100
Golling lo RERF 5o|. “ —— Hiroshima
Tous Rospevativny N5 1 100% doatn witin severa 0ays 1o weeks with
inquitios ‘g modem medical intorventons
links
1 Vomiting, navsea
%= 05 Decrease of lymphocyte counts
9 Cumuiative dose of residual radiation
§ 0.1 beyond the first day
T 005 < Gastric fluoroscopy (skin dose)
<
0.01
0.005 1
F h i
+ For fusthar detalls j A ) background d
0.001
- N 0.0005 h
i RERF Glossary 0.000% : " . + Chest X-ray photogra
U500 1000 1500 2000 2,500 Aphoknrapy
Distance trom hypocentsss (m)
2/6/10 2:09 PM
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Radiation Effects Research Foundation  JAPANESE »TOP
# A Cooperciive Japan-US Research Organization
RERF‘s Resedrch ‘ What is Radlation? | Frequentiy Asked Questions
) Top > Freguently Asked Questions > Answer
Frequently Asked Questions
@2 How many cancers in atomic-bomb survivors are attributable to radiation?
T Qz Table 1 summarizes the number of cancers (from 1950 to 2000 for leukemia deaths and
from 1958 to 1998 for solid cancer occurrence) in the Life Span Study (LSS) A-bomb
Aboul BERF survivors in relation to radiation dose. The proportion of cancer deaths attributable to
Groetings : radiation exposure is considerably higher in those exposed closer to the hypocenters (as is
Oblwstive anid Kistory ! the case with acute deaths from injuries and burns) (see also tables in "Solid cancer risks"
Organization N .
o ions and Fi ; and “"Leukemia risks" in "Radiation Health Effects”). Overall, nearly half of leukemia deaths
Compliance with Laws and about 10% of solid cancers are attributable to radiation exposure. If one assumes that
Yoarly Schedule
] LSS survivors represent about half of all survivors in the two cities, the total number of
- Research Activities 5
cancers atfributable to radiation exposure through 2000 may be about 1,800 cases.
Research Programs
Active Resoarch Protocols Table 1. Excess numbers of leukemia deaths end solid cancer occurrencss in
Radiation Health Effocts rolation to dose :
Partnsr Graduate Schoals Y P
Recent Sclontific Papers
List of Publications
Downloadable Data
Historical Materials
Roquest for Publications
Cor.nmunlty Avc_:ces-s... * Weighted bone marrow dose (10 x neutron dose plus gamma-ray dose) for leukemia
Golling to RERF i and weighted colon dose for solid cancers. For indication of the corresponding
Tour Reservations ; distance, please see Table 2.
Inquiries : * These includs not-in-city (NIC) group, which is not included in the leukemia data.
Links i
e Map Table 2 presents the rough idea regarding the distance from the hypocenters and radiation
dose.
S Table 2. Mean weighted colon dose of LSS subjects and the
» For further details 3 o’ the by - g
conditions differ among the survivors, this rodiation dose-distance
: relation doas not apply to everyone)
-» RERF Glossary
2/6/10 1:53 PM
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At
Approximate distance from hypocenters
Weighted colon dose
Hiroshima Nagasaki
0.005 Gy 2,500 m 2700 m
005 Gy 1,900 m 2,050 m
0.1 Gy 1,760 m 1.850 m
0.5 Gy 1,250 m 1450 m
1Gy 1,100 m 1,250 m
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Frequently Asked Questions
@5 What health effects other than cancer have been seen among the atomic-bomb survivors?
e 0 5 The Life Span Study mortality analyses have revealed a statistically significant
relationship between radiation and deaths resulting from causes other than cancer (see
About RERF also "Deaths due to non-cancer disease” in "Radiation Health Effects”).
Groolings ;
Chjwctivmdos Nistey A total of 18,049 non-cancer deaths occurred between 1950 and 1997 among the
Organization . L -
g sions and Fi 49,114 persons with significant radiation doses. The overall risk for non-cancer deaths
m"b':' ":'?u“ is considerably smaller than that for cancer deaths, but because non-cancer causes
Yoarly Schodule
comprise a larger fraction of human deaths overall, the total number of estimated
Research Actlvities radiation-related excess non-cancer deaths is about 50-100% of the number of
Research Programs ! estimated radiation-related cancer deaths (the reason for the wide range is that the
Aotivi RbMSEN Fraiiacals data do not yet clarify the shape of the dose response, and different estimates of
Radiation Health Effects
radiation-related }
Partnor Graduate Schools number of excess cases result from various shapes of response that
. can be fit to the data).
Recont Scientific Papers | Clinical researchers conducting the Adult Health Study of biennial clinical examinations
List of Publications have analyzed the relationship between rodiation exposure and a number of selected
Downloadable Data . . .
Historical Materials non-malignant (non-cancer) disorders. Statistically significant excess risks were
Request for Publications detected for uterine myoma, chronic hepatitis and Eiver citthosis, thyroid disease, and
':""(I:dhihuvnif';i-'Atcft:'e:SfS*l'f- cardiovascular disease.
Gofiting to RERF
four Rosorvations The results suggested that the thyrold gland in young persons may be more sensitive to
Inquisies | radiation not only in the development of thyroid cancer, but also possibly in the
links ‘ development of non-malignant thyvold disorders.
SHeo Map i ¢
S egichisite - Cataracts are another condition related to radiation. Symptoms can appear as early as
one or two years following high-dose exposure and many years after exposure to lower
| Seieeh doses.
» For fyrthet delails
Some non-cancer diseases may be sssociated with altered immune functions in.
: -l e A-bomb survivors. immunological study of survivors demonstrated that the proportion
n RERF QGlossary B
of helper T cells was significantly decreased with increased radiation dose (see
2/6/10 1:56 PM
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“Immunology Studies® of the Department of Radiobiology/Molecular Epidemiology).

Furthemmore, the prevalence of myocardial infarction was significantly higher in
individuals with a lower proportion of helper T cells. These resuits suggest that
myocardial infarction in A-bomb survivors is partly due to dsfects of helper T cells.
Such defects may contribute towards a reduced immune defense against microbial
infections, possibly leading to atherosclerosis.
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“Resedrch Acilvitis”

Whatheanhaffectshavebeenseanamongmedﬂdrenbomtoatomic—bombsunﬁvors?

One of the earliest concerns in the aftermath of the atomic bombings was how radiation
might affect the children of survivors. Efforts to detect genetic effects began in the late
1940s and continue. Thus far, no evidence of increased genetic effects has been found.
THsdo&smtnmsswﬂymeaaneﬁectsexistbemusempastsmdieswere
limited in their ability to detect genetic damage.

Recent advances in molecular biology make it possible to evaluate genetic effects at the
gene (DNA) level. RERF scientists are preserving blood samples that can be used for
such studies.

Monitoring of deaths and cancer incidence in the children of survivors continues, and a
clinical health survey was undertaken for the first time during 2002 to 2006 to evaluate
potential effects of parentat radiation exposure on late-onset lifestyle diseases. To
date, there is no radiation-related excess of disease in adulthood, but it will require
several more decad&stofdlydetemheﬂﬁs.asmispopulaﬁonisstﬂlrelaﬁvelyyoung
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e ecmemee w2 avuue J.U IOV can be compared to esti-
over all time from the Chernobyl accident is mates of medical exposure from other developed
" 000 person-Sv. countries. In Europe, the reported annual effective

Medical 3.0 mSy

Total ~ 8.0

‘omparison of per capita dose to the U.S. population from various medical radiation sources in 1980 and the
ary NCRP estimate for 2006.
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