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Atomic Bomb Dosimetry ofHiroshima (H) and
Nagasaki (N)

Atomic bombs release high energy radiations of2 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 ofan equivalently

measured absorbed physical dose of neutrons is at least 10

times greater than that ofthe same dose ofgamma

radiation..

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 ofshielding (wood,brick,

concrete, the position of the survivor relative to th~



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 of3-4 Gyare

usually lethal in

days, weeks or a few months. About 85% ofthe 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 ofthe



doses received was in 2002 and is known as DS 02, which

supercedes Dose System DS 86 (cost ofabout 10 million

dollars).

In the back ofthis handout I list the present level of

exposure ofthe US population to natural background

radiations and medical diagnostic radiation as compared to

30 years ago. Note that medical levels have doubled!
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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 (ABeC) to undertake an extensive surveil­
lance of the health of the atomic bomb survivors, The Japanese Institute of Health of the
MinistIy of Health and Welfare joined ABCC in its research in 1948. In April 1975,
ABCC was~; the nonprofi~ bi-n2'onal Radiation Effects Research
Foundation. ~ tROW (o((lmrrr£,f ,:flln· Cha\r-ed.,. f t

Annual fun mg .s-pro¥iJed-by1~pa ese Government through the Mims-
try ofHealth, 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; site-specific cancer studies that include case review
by extfrn~1 pathoJosists; and a re-evaluatiOn·oM OS~6 dosll!letry system that includes
both Japanese and American physicists. '1>:» ~il. .

RERF runs several programs through the departments listed below.

~ ~/6C>O
The Department of Clinical Studies conducts biennial health examinations on...,{\-bomb
survivors to detect diseases and any radiation-induced health effects. The sua{'i~ors are
informed ofall examination results and referred to specialized hospitals when necessary.

The Department of Genetics conducts studies to determine whether there are increased
mutations in children ofA-bomb survivors. It also measures chromosome aberrations in
the blood cells ofthe 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
infonnation for use in various studies, maintaining computers, and sending information to
world computer networks.

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 infonnation collected to study
radiation effects, Jends statistical support and advice to radiation scientists, and assists
with data management.

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

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
Pennission is granted to reproduce this document in its entirety, with DO additions or alterations.
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• • Summary of Findings

Current evidence from ABCCIRERF studies
for late health-related effects of radiation

; I

Aesodation
with Atomic>­

bomb
Radiation

STRONG
St8tisticaIIy significant
results In one or more
slUcias. QueslIons about
potenliaJ biases 818 largely
msoIved. Risk cleerty
related to amount of
exposure.

WEAK
Borderline statistical
significance or
Inconsist8nlresulls.
More studies may be
needed.

NONE
No stalisticaJly significant
effect obseJved. ThIa may
rellect 8 true lack of effect or
result from Inadequate
samplesim.

A-Bomb Survivors (except In-utero SUrvivors)

Leukemia (except chronic Esophagus; SalIvary Chronic lymphoid Ieukeml8;
lymphoid leukemia and glands; Uver; Skin; Adult T-<leD 1euk8rA1a; .•

Malignant adult T-e:eIlleukemla); Urinal)' bladder; Pancreas; Gallbladder;
Tumors Breast (women); Thyroid: N'ervous system; Rectum; Uterus; Bone

Colon; Stomach; Lung; Multiple myeloma;. ,.
Ovary Mal'lgnanllympt;oma • •

~--------- -------------- -------------1----------------
Raciation cataract; Carciovascolar Inferti6ty; Glaucoma;
Hyperparathyroidism; mor1allty and total non- Autoimmune disellles;
Delays in growth and caJtiovascular rnoI1BIlty Genel'8llz8d premature

Noncamcer development (exposed at at high doses (>1.5 a,jng; Senile catamcts
01...... mid young ages) Gy); Thyroid diseases;

ConcIIions Chronic hepatitis and
liver cirrhosiS; Myoma
uteri; Earlier onset of
menopause

F========: =========== ~======~-~-~=-~-~=""",,-""'-==-~~-~==- ~=-
Decrease In T-cell- SUsceptibility to vire! Changes In natural bnmune

fmmune medated responses; infections; Increased responses
Competence Changes in humoral autoentibodies

immune response---------- ----------------- ----------------- -------------_..
ChJVm080mel Lymphocytes
AbemItIone

---~-----_. ---------------~------------- -------------Somallc ~ Lymphocyles
Mutations

In-utero Survivors

Notes: For the children of A-bomb survivors (1=1), no effects with statlslicaI signilicance (mcluding bordelfine
slalisticel significance) have yet been found in relation to exposure to alomic-bomb radiation. The lack
of s1atistically significant relationships with atomic-bomb radiation has been confinned for the following
elfects: solid tumors, leukemia, slillblr1h, major congenital aoomaJles, early mortafdy. chromosomal
abnormafities, and protein variants.
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Site cases "'tamale
Meanageal

dIagm)sIs

lOTAl 17.448 54 67.4
Stomach 4.730 46 67.7
Lung 1,759 41 71.2
Colon 1,516 54 69.3
Uver 1.494 40 67.0
Breast 1.082 100 59.8
CerviX 859 100 60.0
Rectum 838 50 68.0
Bladder 469 33 70.6
lllyroId 471 81 60.4
NurHnelanoma skin 330 63 72.4
Nerwus system 281 67 62.6
Other" 3.619 52 68.7

Table 2. DistribUIIon of seIeded solidcancers IdenIIfied be­
tween.January 1958 and December 1998 among
L$S c:ohMt mamberS . .

the represeDlative dose. There was a.staitisti~
significant dose~ uend·in tJ1e~jS
range which was siJDilar to that es~:jor
en~dose range (Figure 2). .

Both the ERR per gray~y) and EAR
10.OOOpmon yeaIS per Gy (BAR/l()4 PYGy) W
about 50% higher for women thaiimen~-WJ

gender-specific cancers were ex~luded~.JIl

analyses. theERRiGy remained significandy li.r
for females tbanmales. but there wasJiogeo.
difference using an EAR model. Fi~ 3 11:
gender-averaged risks to illuS~ how tbCexo
risk varies with age-at-exposure and~ a.
The ERR/Gy d~reasedwitb.increQi.Oi.jge
exposwe and attained age. The EAR/l()4~.Q3tla
decreased with increasing age at expo~~bir
increased within~gattainedage1Jnd~kw

the cohort is female. As expected. stomach cancer, a 25% increase in follow-up, we estinl8ltdia:S(
whicbhas a very high in.cidence in Japan•.was the increase.in the numbet.<Qf.radiation,,~m.;i~.1

iJl*~~oncancer 8i~.1.Ilng~~Was,thenext cancer cases indicating,thatth~:~q~~:
.moSt:~u~Dt cancer, but tbenUIDber,Qf cases ·was solid cancer incideiice.persists ibrougJiol¢;.Ji@.~ci,

s~~ij...uy;s,maner.Males pxetl9lQjpated. in.both Stati$ticanY'si~d~respo~~~
Of theSeC8DcetS. There alsO were~over 1.000 cases forJilost:,eancer sileSt D.lcluding mal cjlVitYi~
ofCanceis.oObe col~'liverandtnasL . guS,stomacb, colon, liVCc,1ung;DOJHD~~*
·Tabk~ PiovideS mtomwion_on~ dosedistribu- breast, oV8l)';blad~,~Qus·8)'StCD4f~'.

liOnamh:ancer risks in the LSS~ItcaIibeseeo that (Figure 4). ERR's forC8DCelS'.of the pancmis;.):Jit
.~:~:~DutioDishisbJY;~~'J:I1lse.a'es ~.,and'JeDal ceU·~..DOlh§ignificantly;'@Vij
···;~~;ttian2QP·mGy .for'8bout7S50fthcal~ but",erecoDSistemwi~;d.iQ;fiSk,fora11s()ljA~~
4S.000:cobort:meoi~\With,dose~_abc>~~ '8S,;~~:L~._al$O:Sggp$t:tfIat, di~~~p
5,mGY;'·Wh~ sUivivors with doses~o~~· I'Gy iel8ted·rlSkS for cancers ofi~~ilectum, gaIlbiaddt
account for less than S% of survivors in .ms gro~p. and uterus may be lower than thosef~.@.;~l
1bedatain~~3also:~;~.·' .'* caneem_COU1~1beIeW8Sevi~.~1tJ

response and Uldieatethat-there~~ ..... '.' ~~Ie l8diati()n.exposlired..utg.cbildhoodoUdo)~
n~~ofradiation-assoclate(I'~~~~:\W);inl~ may.elevatelheriskofdevel~pingcancer:ofithe'~
S.~2g0m.Qy dosc~ •.At:~q~:~~.P.fim~ Q~tbelJ~ . . ..·'-::-:i
a1m.ostha1f fth .. .~~.. -. ·AssessiD ;sib>.-~Cc8ncerrisksis·:

===.~::S :=:':.·=~.·..jsa.;k;J3.U=.'~.~
liDear:dase response usingweigbte(:t~o»::dQse.as. ofOver100.000 peopje~-the>:n'fiiDlier.of caSesfur:niQ

.-·~.~:.~·~·.~;i~;;·?("·.~~:·:/ - . . " ."" .. ". . .~.... .'. -~ ... ~ -~ ". ;:'
Table 3. =~==1~~1~~';;~#.~~8~. ~n-yeaf. and~~,\YIth flt~ed·excess Mfj. ,

.... " .........> .... ~) "'''''~''~'''' •.~,~,. ..•. • • . .

~:t'; -sutiJ~f;/': .·?f~:~~.. ~ti1';,::<~~.t:;':·: C'aSes ='.:=):'....?-'
. - ..- -. ... - . - . ~~;~~~~:~

'o~" ':1' ··::·;~mi··~ ';"./:.7:~): '.t:!$ 8~ ,..... ~~ '. .... ;;.:

~U. -0.2 .5.5?:r 1f198: 1 .',_ A~ 75 7~
0.2-0.5 5.935 14301', .. ~'~",1;1~ - 179 15.7
0.5 -1 3.173 1260 8'~'" . '-688 . 206 29.5
1-2 ·1.647" 1118 i4.i~Jifg.:~p..;~~,t~ . 19644.2
2 ~ .. '564 934 1~i'l~.~1·~'·" :>'~1~ 111 61.0
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Figure 2. All sorld cancer fitted linear dose response and dose category
specific ERR estimates.

Figure 4. Site speciftcERR estimates with 90% confidence Intervals.The ERR's are gender-
- average and correspond to the'fltted risk at age 70 for a person exposed to 1 Gy
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Rgure 3. Age-<fependence for the gender-averaged solid cancer ERR (left panel) and EAR (right panel) for
exposure ages of 10. 30. and 50 years.
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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 measmed in
Grays. Those exposed at a gestational age or8-IS
weeks were most at risk. There were 2,800 people in
this study. For~jrradiatio~ 1 Gra~(Gxl.!J

approximately eq~Sievert. _ - .-

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

- 70
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c 60
0 8·15 weeks
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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 8-15 or 16-25 weeks of their
mother's pregnancy, with effects especially marked
in the former group. Dose-related decreases in
school performance and lQ scores have also been
observed among the in utero group after excluding
severely mentally retarded children.

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--lOry and non-malignant thyroid diseases. Although
mechanisms for such effects are ~ot 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 diseases, 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 considerabl~ epidemiological differences
among radiation-related leukemia, solid cancers
and non-cancer diseases are illustrated in Figure 5.

5
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The Genetic Studies (A very limited synopsis)

Beginning in1947 the planning ofwhat 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 ofthe bomb
ATB , what health effects they or their husbands suffered and an
array ofother 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 ofbabies 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 ofeach 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%
ofthese were subsequently autopsied as well as those who died
within 6 days ofbirth. (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 ofthe endpoints stq~i~.

The doses were estimated based on distance and location an~ 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 ofsubsequent 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

I q



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~ study group visited our clinical program
and were studied foflate 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 ofrenowned--­
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 ofthese facts, the
conference feels that this unique possibility for demonstrating
genetic effects ca~sed by atomic radiation should not be lost."
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1& Radiation Effects Research Foundation
mgg A Cooperative Japan-lJS Research Organlzaflon

• JAPANESE • TOP

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

were they chosen for Utis study?

0 8 To establish a population framewor1< in which to conduct Iong-tenn follow"";'P of

mortality and cancer incidence. about 94,000 people were selected from 280.000

A-bomb survivors who were resident in Hiroshima or Nagasaki at the tima of the

OCtober 1950 Japanese national census. Of these, about 54,000 were exposed to

significant radiation doses (Question 11) withln about 2.500 meters from the

hypocenters. Another 40.000 members of the study population were exposed beyond

2,500 meters and received very low doses.

Frequently Asked QuestIons

Frequently Asked QuestionsWhat Is Radiation?RERF·. Research

D~ > Frequently Asked Questions> AnsNer

About RERF

Groeflnlll

Objecti¥e and MidOf\'

Org_lzaUon

Opentlans and FiDaftcel
CampUanm with laws

Yearly SChedule

Research Activities

Research PrOllnuna

Active Research Protac:ola

Radiation Health Effecta

PlInnor Gro.d\lllto Schools

library

Recent Sclentlflc~.

List of PIIb1Ic:atlona

Downloadable Datil

H~torloalMaterials

Request for Publications

Community Access

In the 1950 Japanese national census. approximately 280,000 people indicated that

they had been exposed to the atomic bombs. RERF' s study population probably

includes about 5096 of those proximally exposed (within about 2,500 meters of the

hypocentBrs) and 2596 of those distally exposed (greater than 2,500 meters from the

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

location of exposure in reference to the hypocenters.

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 comparison group.

These groups constitute the 120,OQO-member Ute Span Study (lSS) cohort
Geltlng to IlIF

Tour losOfYatloni

Inqulrlos

link,

SIte Map

• For further dotals

I.RBR..tJ~1

In addition to studying the LSS cdlort, RERF scientists are involved in studies of several

other populations: the Adult Health Study <AHSl, 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

IJtero.exposed cohort is a group of about 3.600 people who were exposed to the bomb

while in the womb. The Fl population consists of about 77,000 people born in

Hiroshima or Nagasaki between 1 May 1946 and the end of 1984 to parents with and

without exposure to the bombs.
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Frequently Asked Questions - Radiation Effects Research Foundation http://www.rerf.or.jp/generaJlqiLelqall.html

IiiJ Radiation Effects Research Foundation
aI A Cooperative Japan-u5 Research Ofganlzaffon

• JAPANESE • TOP

o 11 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

other diseases have been seen among survivors with doses below 0.005 Gy.

Frequently Asked Questions

D!Qe > Frequently Asked Questions> Answer
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e 11 What Is "significant" radiation exposure?
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A dose of 0.005 Gy is somewhat greater than the typical annual background radiation level

to which people are exposed in nonnaI daily life (0.001 to 0.003 $V per year) and about

one-fourth the currently accepted maximum annual dose allowed for radiation wot1<ers

(0.02 Gy).

Research Proll'lllM

Active Relearch Protocoll

Radiation Health Eftecll
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library

Survivors with doses of 0.005 Gyor more were typically within about 2,500 meters of the

hypocenter in Hiroshima and 2,700 meters in Nagasaki. The average dose received by such

survivors is about 0.2 Gy. The radiation dose decreased by half for every 20o-meter

increase in distance from the hypocenters.
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Figure. Relationship between distance from hypocenters and radiation dose in air.
If inside a typical house. the dose Is reduced by 5096 or more.

Shown at the right are general biological symptoms and
radiation doses from o1her sources.
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e 2 How many cancers in atomic-bomb survivors are attributable to radiation?

«) 2 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 Ute Span Study (lSS) A-bomb

survlvors in relation to radiation dose. The proportion of cancer deaths Bttnbutable to

radiation exposure is considerably higher in those exposed closer to the hypocenters (as is

the case with acute deaths from if\iUries and bums) (see also tables in 'Solid cancer risks'

and "Leukemia risks' in "Racf181lon Health Effects'. Overall, nearly half of leukemia deaths

and about 1096 of solid cancers are attributable to radiation exposure. If one assumas that

LSS survivors represent about half of aD survivors in the two cities. the tataI number of

cancers attnbutable to radiation exposure through 2000 may be about 1,900 cases.
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• Weighted bone marrow dose (lOx neutron dose plus gamrna-ray dose) for leukemia
and weighted colon dose for solid cancers. For indication of the corresponding

distance. please see Table 2.

• These Include not-ln-city (NIC) group. which Is nat included In the leukemia data.

T" J. EllC8SS numbers of IeuksmIa deBths lind solid e:atJCBr' ClCCLmlnC8S in
lfII8tIon to dose

Table 2 presents the rough idea regarding the distance from the hypocenters and raefJatian

dose.
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Approximate distance from hypocenters
Weighted colon dose

Hiroshima Nagasaki

0.005 Gy 2.500 m 2.700 m

0.05 Gy 1.900 m 2.050 m

0.1 Gy 1.700 m 1.850 m

O.5Gy 1.250 m 1,450 m

1 Gy l.1oom 1.250 m

&em!••
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e5 What health effects other 1han cancer haw been seen among the atcmic-bomb suMvors?

What Is Radiation? I Frequently Asked Questions

o5 The Life Span Study mortarJty analyses have reveafed a r.1atistically significant

relationship between radiation and deaths resuttIng from causes other Ulan cancer (see

also ·Dellths due to oon-cancer disease· in "RadiatIon HeaI1h Effects'.
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A total of 18,049 non-cancer deaths occurred between 1950 and 1997 amoog the

49.114 persons with signifICant radiation doses. The overall risk for non-<:ancer deaths

is considerably smaller than that for cancer deaths. but because non-cancer causes

comprise a Iargar fraction of tun.'l d881hs overaJJ. the total number of estimated

radiatfon.rela1e excess non-cancer deaths Is about 50-10096 of the number of

estimated radlation-reIot cancer deaths (the reason for the wIda range is that the

data do not yet clarify the shape of the dose response, and dlfferent estimates of

number of excess radiatIon-reIat cases result from various shapes of response that

can be fit to the datal.
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CIlnlcaI researchers conducting the Adult Health Study of biennial clinical examinations

have analyzed the relationship between rodIation exposure and a number of selected

non-maIignant (non"caIlCel) disci ders. StatIstically significant excess risks were

det8ct8d for uterine myoma, chronic hepatitis end 6ver dnhosis, thyroid disease. and

cardiovascular disease..

Oottm, to lEaf

rour I.s....atlons

I"qul"os

Unlu

SIlo Map

The result$ suggested that the thyroid gland in young persons may be more sensitive to

radiation not only in the dewIopment of thyroid cancer. but also possibly In the

development of non-ma\lgnant thyrold disorders.
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-
Cataracts ant another condition refat8d to radiation. Sympb:lms can appear as early as

one or two yeln following high-dose exposure and many years after uposure to lower

doses.

• lOf fuflher dOlans

,_ RBRP(l~1
Some I'lClfH:8llCer dlseeses may be 8S8QCIated wi1h~Itn~_~ in.

A-bomb survivors. immunoi0gicai study of survlvors demonstrated that the proportion

of he/per T cells was sIgn\fic;antIy de<:nlased with Increased radiation dose (see

lof2 2$110 1:56PM-
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"Immunology Studies· of the Department of RadiobioIogy/McleC:Ular Epidemiology).

Furthermore. the prevalence of myocardia/Infarction was signiflcanUy hlgher In

individuals wfth a lower proportion of helper T cells. These results suggest that

myocardial infarction In A-bomb survivors Is partly due to defects of hefper T cells.

Such defects may contribute towards a reduced immune defense against micrtlbIaI

Infeetlons. possibly lead"mg to atherosclerosis.
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& What hea!th effects have been seen among the children born to atomic-bomb survivors?

o 7 One of the earliest concerns In tha aftermath of the atomic bombings was how radiation

might affect the children of survivors. Efforts to detect genetic effects began In the late

19405 and continua Thus far. no evidence of increased genetic effects has been found.

This does not necessarily mean that no effects exist because some past studies were

limited in their abifrty to detect genetic damage.

Recent advarces in molecular biology make it possible to evaluate genetic effects at the

gene (DNA) level RfRF 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 parental radiation exposure on Iate-onset lifestyle diseases To

date. there is no radiation-related excess of disease in adulthood, but it Will require

several more decades to fully determine this, as this population is still relatively young.
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over all time from the Chernobyl accident is
. 000 person-Sv.
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___~._....... v .. aVVUL J.V rn~v can be compared to esti­
mates of medical exposure from other developed
countries. In Europe, the reported annual effective

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