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SUMMARY

Data accumulated by RERF-ABCC have been used
to estimate the LDjo 0 associated with the A-
bombing of Hiroshima. A range of values emerge,
varying slightly with the method of estimation used.
This range, derived from DS86 marrow doses, and
based on a linear fit 1o equally weighted estimates
of the probabilities of death at various doses, is 2.3~
2.6 Gy. A linear estimate in which the probabilitics
of death at the various doses are weighted by
the inverse of their variances is somewhat lower,
2.2 Gy. These eslimates include deaths in the first
day, and the severely injured (burns, trauma) who
survived the first day but succumbed later to their
injuries. If inclusion of the latter groups biases
downwards the estimate 17.5% or so, as one study
suggests, and the range of the LDg g0 is adjusted
upwards by this amount, it would be 2.7-3.1 Gy.
Given the nature of the data, this range would
appear to be the “best” estimate.

These values are discussed in terms of possible
ascertainment biases, nonlinear models, competing
causes of mortality, and estimates of this parameter
from other surveys of survivors in Hiroshima. It
is shown that the LDsg/60 18 relatively insensitive
to the curve of mortality fitted to the observations,
but the choice of model can influence substantially
estimation of the LDgg gp. It is also noted that the
slope of the mortality curve is shallower than animal
experimental evidence leads one 1o expect; presum-
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ably, this reflects the greater genetic heterogeneity
in the human species than in most experimental
animals, the difficulties inherent in separating deaths
attributable to radiation from those stemming from
other causes, notably burns and trauma, and inac-
curacies in the dose estimates themselves. Finally,
it is shown that there is a surprising concordance
in the various estimates from Hiroshima given
the different groups of survivors involved and the
methods used to estimate the LDsj6q.

INTRODUCTION

Numerous attempts have been made to estimate
the distance or dose at which 50% of the individ-
uals exposed to the A-bombing of Hiroshima or
Nagasaki succumbed, ostensibly from their expo-
sure to ionizing radiation. Each of these studies
has its own strengths and weaknesses; none is
above exception. Often the data were collected
under circumstances which precluded definition of
a satisfactory sampling frame, and with singular
exceplions, identification of individuals at risk of
death has been obtained retrospectively through
surviving surrogates. Furthermore, for those studies
removed in time from the actual bombing, differ-
ential migration from these cities could obscure the
true distribution of survivors, and thus confound the
estimate of the LDsgp60-

Among the earliest studies are those of a) the Joint
Commission for the Investigation of the Medical
Effects of the Atomic Bomb in Japan,'? a bina-
tional group of Japanese and American investigators
present in these cities shortly after the bombing
(see also the study of the Japanese Medical Party
of the Committee for Atomic Bomb Casualties on
22 November 1945) and b) Professor Raisuke
Shirabe, a member of the faculty of the School
of Medicine at the University of Nagasaki.*~® Sub-
sequent ones have made use of ¢) the survey of
survivors conducted in Hiroshima in 1946, approx-
imately one year after the bombing, by Dr. Tkuzo
Matsubayashi of the Hiroshima City Office,” or d)
an ad hoc reconstruction of the events attending
the bombing made in 1969-75 by the Research
Institute for Nuclear Medicine and Biology of the
University of Hiroshima (RINMB).!%!! In addition
to these broader surveys, and a further one to be
described shortly, there are several special groups
of survivors who have been studied and whose
mortality experiences are germane.l%12
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The purposes of the present study are, first, Lo
attempt a critical analysis and synthesis of previous
studies in Hiroshima and Nagasaki in the context of
the recent binational reassessment of the exposures
associated with the nuclear weapons detonated over
these cities in August 1945,'% and second, to
describe and analyze the data pertinent to this
issue collected by ABCC, and its successor, RERF.
Two measures will be used to describe mortality,
namely, distance and dose, the former being the
distance from the hypocenter and the latter the
dose, ecither the free-in-air (FIA) kerma to tissue
or, wherever practicable, the marrow dose at which
death occurred in 50% of exposed individuals.

PREVIOUS STUDIES

Joint Commission. Timewise, the most im-
mediate and extensive effort to estimate injuries
and deaths in these cities occurred shortly after
the bombing under the auspices of the binational
group of Japanese and American investigators Lo
which reference has been made. Their findings
have been summarized by Oughterson and Warren!
and published in extenso in a six-volume report.?
Our observations and conclusions on their study
are based on the more extensive report, although in
general it differs from the summary in only minor
ways.

To estimate the total casualties, the Commission
drew a random sample of approximately 5,000
individuals from 265 of some 523 chonaikai (neigh-
borhood associations) in existence at the time of
the bombing (ATB). The chonaikai, as well as
the tonari-gumi (a group of about 10 neighboring
households) of which the chonaikai were comprised,
were legally mandated in 1940, although the history
of similar organizations in Japan goes back much
further. These associations exercised considerable
control over the lives of their members throughout
the war, being responsible for such functions as
rationing and civil defense. It can be presumed,
therefore, that as sources of information they were
fairly reliable. A detailed description of the sclec-
tion process will be found in the six-volume report?
(see also Reference 1, Appendix D).

Briefly, the basis of sample seclection was the
recently completed decennial census (November
1945). The census cards on all individuals between
the ages of 13 and 60 were randomly ordered, and
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from this random ordering every 20th individual
was chosen for study. A questionnaire was then
completed on each selected individual which scught
to enumerate all of the members of their families as
well as their relatives and friends, and determine
their fates. The questionnaire, as reproduced in the
report, did not contain a specific question on the
date of death of those individuals who were killed or
succumbed subsequently; however, date and cause
of death were sought in the Commission’s statistical
surveys of 6,993 (of 6,898) 20-day survivors in
Hiroshima (in Nagasaki). A cautious procedure
in interpreting the Comumission's data is to assume
that death could have occurred anytime between 6
August (in Hiroshima) or 9 August (in Nagasaki)
and the completion of the questionnaire. They do
not state precisely when the survey was conducted
nor the interval of time that elapsed between its
initiation and completion. However, sampling was
based upon the nationally sponsored census that had
been conducted in November 1945 and therefore
collection must have taken place later; Masuyama®
states that it occurred in the middle of December
1945.

In all, in Hiroshima, 4,706 questionnaires were
issued of which 3,739 (79.5%) were returned.
Collectively, information was obtained on 20,541
persons of whom 5,240 (25.5%) were dead (Ref-
erence 1, Appendix D, Table 5). The death rates
within this sample were used to extrapolale total
deaths in the city's population, and the results
differed only slightly from the number of deaths
the city authorities had reckoned. The Commis-
sion’s analysts contend, therefore, that the sample
was representalive of the population as a whole
(exclusive of the military). They note the inevitable
inaccuracies concerning the exact position of some
of the individuals, but conclude that at that time
such errors were probably not large.

From this sample, a distance-casualty curve was
constructed, and the distance LDgp so determined
was 1,250 m (see Reference 1, Figure 3.10). This
estimate is, of course, without regard to shielding,
and, as earlier mentioned, it is not explicitly stated
over what interval of lime deaths were summed.
Some uncertain percentage of these survivors were
shielded, most commonly through their presence
in a Japanese wooden structure. They further
noted that isomortality curves in Hiroshima traced
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almost isocentric circles, and that the death rate
corresponded to a calculated curve drawn as if lethal
effects were diminishing inversely proportional to
the square of the distance.

The Japanese Medical Party of the Committee for
Atomic Bomb Casualties conducted its own survey
on 22 November 1945 under the supervision of
Dr. Motosaburo Masuyama.? Twenty-eight small
districts were selected using a random sampling
number on the map of Hiroshima. Within each
district chosen, families were randomly selected for
interview and asked about the fate of each member
of the family and adjacent families. The fates of 874
individuals exposed at distances from 490 to 2,030
m were determined; 510 had died. It is not clear,
however, how these authors handled distances for
those members of the family who died outside their
homes, and shielding was apparently ignored. As
a consequence, it is difficult to derive an LDsq/60,
even a crude one, from their data.

In Nagasaki, the Joint Commission used a simi-
lar sampling strategy to that described above for
Hiroshima. To individuals, 4,100 questionnaires
were distributed in 229 of the 324 chonaikai in
the city; 3,505 (85.5%) were returned with informa-
tion on 18,158 persons; for reasons not identificd,
1,736 of these persons in 22 of the chonaikai (in
the Tomachi, Kosakaki, Kogakura, and Doinokubi
districts) were excluded, leaving 16,422 individuals
of whom 3,781 (23.0%) were dead (Reference 1,
Appendix D, Table 6). The distance LDsy was
estimated to be 1,300 m, again without adjustment
for shielding (see Reference 1, Figure 3.11). The
similarity of this figure to the one obtained in
Hiroshima is somewhat surprising in view of the
differences now known to have existed in the yields
of the two weapons (Nagasaki, being substantially
larger), and the distribution of FIA exposures. How-
ever, it must be borne in mind that the burst altitude
was determined to achieve maximum damage from
the blast, and not by the anticipated release of
radiation.

Since shielding was ignored, it is difficult to put
these distance eslimates into a perspective of use
to us today. However, some rough approximations
which provide, albeit imperfectly, the basis for a
dose estimate which takes shielding into account

RERF TR 17-87

§ 7, BOEARHIEMOEFIRILHAL THBET S
PR LR L 2l s A — B L 2 LR
LTwab.

AAMOR FRMEEFHEZA 2, 19456114
WML SR EoEEo T ehaoHNks
EfRLAEAOBR LicfhtEEO B, S
S EAVTBEBEABA L. BT LZXER
PLEREEEAMML, TETIOFTKLEVRO
FHEOBMEALAOEFRIZOWTHEL A, 480~
2,030 m THMEL 8L DETERETES. T4
bbb, 51080 Ab k. LAL, BEUST
L AERA OB s o oS
AThRS, 1, BELEHREAL TORER O
F— 575 LDg PAE-EEMES A LHZ
THETH 5.

SEAEERZ, EWTbLMEOLBEELFRED
Bt AHE 2 ET L 2. HTNOIT RS 3248 229
#H124,100 O WA EAF L7-; 3,5054 (85.5%)
AENLE K, 18,1588 2oV TR 5 hiz; TR
DB L L Ao, RORTANS (FE], AW, b
£, THEEBE)ICBL TWZL 364 KR E N,
B 016,422 P IZFE LS A73,7814 (23.0%) & - /-
(Cfk 1, 162D, %#6). LDgpiHMEIE 1,300 m &
#Esh, COBRELEROWMIEITOhE, S
(CdE1, M3.112M). AETEEmMO LI ITHH
cEfah-ESoBhcEdesst(Taby,
B TORAI AN KEP L L) RUERY
H—w DA EELLE, COBEIERIZDNT
KON BEERCIEEEBLTVS, LAL,
ERoOENEELEROMEDRIRRIILES LD
mEEhSbOT, TREIAABRSRELRIZET
WCHEShALOTREVILEEREYRIES
5 .

TOL IR R AR L CHEE S N BEMER BT
AT AL BEETHE. LL, PLHEES
ERETIES 24, TReirobBHEEELL
GitOMERLBC L RTRTH S, £, GH



RERF TR 17-87

are possible. First, the Joint Commission describes
mortality in a series of wooden buildings (all fac-
tories) at distances within 1,600 m (see Reference
2, Volume VI, page 48, Tablell). The numbers
of individuals are small and dose imhomogeneities
undoubtedly existed among the survivors within a
given structure; however, linear extrapolation from
the observed mortality rates (all below 50%) in these
buildings suggests a distance LDj5q/6p in the neigh-
borhood of 800 m. Given the disparate numbers of
individuals at risk in these buildings, and the role of
sampling variability in the building mortality rates,
a large error must exist in this estimate. As an upper
bound, however, one can extrapolate from the upper
95% confidence limits of the estimated death rates.
This compensates, to some extent, for the inherent
differences in accuracy of the various rates. The
distance so obtained is about 990 m. Second, the
Joint Commission also describes mortality in a large
group of school children who were shielded (see
Reference 2, pages 25-38, Table 6). A very crude
estimate of the distance LDy, is possible if one
assumes that those schools not specifically stated
to be ferroconcrete were wood, missing children
are presumed dead, and untraced individuals are
subtracted from the alleged school population. The
estimate that emerges from the observed death rates
in the intervals 500-1,000 and 1,000-1,500 m is
about 970 m. Again, the error of this estimate must
be large and there is, of course, the uncertain degree
to which the probability of death is age dependent.

Shirabe’s survey. This study, conducted in
Nagasaki, occurred in the three months from Oc-
tober through December 1945. Although of historic
interest, the estimate of the distance LDgg it pro-
vides is unpersuasive, for reasons to be adduced
shortly, and almost certainly biased. Be this as it
may, visits were made to different localities (23
in all) at different distances from the hypocenier
ranging from 700 to 3,500 m, and in each locality
individuals acquainted with that neighborhood were
identified. These persons were carefully questioned
for the movements of all members of their neighbor-
hoods just before and after the explosion. Age, sex,
location ATB, injuries, deaths, and whether they
moved or were taken to other areas [ollowing the
bombing were recorded. In all 1,502 persons were
identified of whom 559 (37.2%) had died prior to
the survey.*®
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Shirabe and his colleagues observed 1) that within
1,000 m the mortality rate varied in the different
localities from 42% (in the University Hospital) to
100%, with most death rates being above 90%;
2) the distance LDjsp was about 1,500 m, terrain
and structural shielding ignored; 3) the death rate
for males was higher than for females over most
distances again without adjustment for shielding;
and finally, 4) the death rates were higher for the
elderly and children under 10 years of age than for
individuals of other ages. Although the numbers are
small, most of the deaths of individuals exposed
within 1,000 m occurred within two weeks after
exposure whereas at distances beyond 1,000 m
deaths tended to occur later, and at 2,000-3,000 m
mosl look place in the third and fourth weeks after
the explosion.

The analyses of their data were relatively simple
and, as previously indicated, do mot explicitly
account for differences in shielding by structures or
terrain, the latler a more important consideration in
Nagasaki than in Hiroshima. It should be noted too
that theirs was an opportunistic, not a probability-
based sample and thus distances were not repre-
sented on a population density basis. Furthermore,
331 (22.0%) of the 1,502 individuals (or 58.3%
of those exposed within 1,000 m) were exposed
in the University Hospital, a reinforced concrete
building 800 m from the hypocenter. Mortality
in this group was 42.3%. Two other discrepant
localities are those in Takao (distance 1,200 m;
mortality 89.6%) and Ueno machi (distance 1,500
m; mortalily 60.09%). Exclusion of the three groups
cited, would place the distance LDj5, at about 1,100
m, a value more consistent with that in Hiroshima.
At this distance in Nagasaki, the DS86 marrow dose
of an individual standing in the open would have
been about 2.19 Gy.

In addition to the data just described, in an ap-
proximately three-week period from the latter part
of Qctober through the first part of November
1945, Dr. Shirabe and his associates identified
5,520 survivors, largely through visits to individual
houses, schools, and factories, exposed within 4,000
m. Information on age, sex, shielding, symptoma-
tology, illnesses, and Ireatment were recorded.

This was a prodigious undertaking at the time
and under the circumstances that obtained. Their
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observations have subsequently been used to assess
the reliability of exposure, shielding, and symp-
tom information obtained at later dates,!? and as
the basis of mortality studies.'®'® Distance as
ascertained in later histories tend generally to be
closer than Shirabe found; this trend is not limited
to a specific range of distances nor a period of
time.!* However, the trend itself has obvious im-
plications for estimates of the distance LDsq based
on data more recently obtained. As to shielding
and symptomatology, good agreement exists for
individuals within wooden Japanese buildings, and
for the occurrence of epilation (consistency 75%)
and bleeding gums (69%), but lesser symptoms or
injuries, e.g., fire burns, appear poorly recalled.

Matsubayashi’s survey. Almost exactly one
year after Lhe bombing of Hiroshima, on 10 August
1946 to be exact, with financial support from the
Japanese Scientific Research Council, Dr. Ikuzo
Matsubayashi’s survey occurred. The head of each
family living within the city on that date was
required to report the A-bomb casualties within his
household (and relatives) to the city office. Age,
sex, location ATB, brief information concerning
shielding and injuries, and date of death were
recorded. Ishida and Matsubayashi® have described
the survey and its findings more fully in ABCC TR
20-61.

Briefly, they found 1) the casualty rates from the
1946 survey to be lower than those reported by the
Joint Commission,!? 2) mortality rates for the first
day and average mortality rates for the periods 1 to
6 days, 7 1o 14, 15 to 30, and 31 to 60 to be an expo-
nential function(s) of distance from the hypocenter
(the rates declined linearly or as a function of
two straight lines, when plotted on semilogarithmic
paper), decreasing rapidly with increasing distance,
and 3) the highest death rates from radiation injury
occurred among the population exposed between
500-999 and 1,000-1,499 m within about 10 and
20 days, respectively, after the bombing.

When the date of death was taken into account,
the slopes of the mortality rates on distance were
surprisingly similar in the first, 1-6, 7-14, 15-30,
and 31-60 days, but were different from those at
61-91, 92-183, and 184-365 days post bombing.
From these observations, they tentatively concluded,
first, that deaths seen beyond 2,000 m were caused
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by mechanical injuries, burns, and the like but
not radiation, and second, that “deaths caused by
radiation per se occurred during the first two months
following the atomic bomb explosion.”

They made no effort to estimate the LDsg nor did
they explicitly take shielding into account. A rough
value for the distance LDsp, shielding ignored, can
be derived by interpolation from their Figure 1. Itis
about 950 m. It is even more difficult 1o place this
distance estimate into a proper dose perspective than
the estimate of the Joint Commission. Here there
are no ancillary sets of data to which one can wrn,
and the authors acknowledge that their data give
systematically lower distance-dependent death rates
than those reported by the Commission, as we have
previously noted.

Research Institute for Nuclear Medicine and
Biology survey. The last of these studies to be
described involves a reconstruction survey con-
ducted by Hiroshima City authorities and members
of the Research Institute for Nuclear Medicine and
Biology (RINMB) of Hiroshima Universily in the
years from 1969 through 1975.1' Two phases were
involved. In the first, individuals within the 113
districts (machi) of the city located within about
1,500 m of the hypocenter were identified and
encouraged to provide information on the prebomb
composition of the districts, names of shops and
places of business, and resident families. Surviving
members of the latter were contacied Lo construct
house maps, and to prepare tentative lists of the
survivors and the relatives of each family, and
where they could be reached, if still alive. In the
second stage, house-to-house visits were made to
interview and confirm the surviving members of the
families or their relatives given on the individual
house maps; these inlerviews sought to determine
the types of dwelling units and the names and fates
of all of the household members ATB. Relationship
to family head, sex, date of birth, injuries sustained
at the time, present place of residence (if alive),
and the like were recorded. Wherever practicable,
such informalion was corroborated through the
interviewing of other family members. However,
only 30%-40% of the potential households were
actually involved in this second, or confirmational
stage. As the investigators carefully note, since
living members constitute the source of all of the
information they collected, deaths are systematically
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underrecorded, and extrapolation of their results to
the entire city leads to an estimated number of A-
bomb deaths substantially lower than the number
generally believed to have occurred,

Based on this reconstruction, however, a rosler
of 21,540 individuals residing in 56 districts of
the city was compiled; attention centered on the
7,633 individuals whose residences and places of
exposure were within the zone 500-1,500 m from
the hypocenter. For their analysis they further
restricted their attention to 3,215 persons exposed
at distances of 500 to 1,300 m within Japanese
houses of whom 1,640 (51.0%) died sometime
in the interval from the bombing to § October.
Distances were not individually estimated; survivors
and deaths were aggregated within 100 m ranges
from the hypocenter.

They present their data as a series of curves of mor-
tality on distance from the hypocenter for different
intervals of time. For each of these time intervals, a
distance LDsy was estimated. For deaths occurring
between 6 August and 10 September (or 5 Oclober),
the estimated distance is 1,002 m (1,026 m); for
7 August through 10 Scptember, it is 887 m,
and finally, for 20 August through 16 September
(an interval corresponding roughly to the time of
occurrence of death among the essentially otherwise
uninjured Otake work parties, described below), it
is 867 m. The latter distance is shorter than that pre-
dicted from the Joint Commission’s account of the
mortality among the Otake labor parties presumably
uncomplicated by other causes of death. Although
the methods of analysis are not fully described, it
appears that for the distance-response curves for
deaths or the estimates of the LDsq /g0, based on
intervals not including the first day following the
bombing, no adjustment was made in the number
of individuals at risk. Alternatively stated, deaths
occurring prior to the days of interest were not
excluded from the population on which subsequent
risk is computed.

Recently, their data have been reanalyzed by
Rotblat!” who argues that the best estimate of the
distance LDgq /g0 is 892 & 11 m, and deduces from
this a marrow dose LDgp 60 of 1.54 Gy. This value
was arrived at using the preliminary estimates of the
FIA kerma values with a reduction for shielding by
houses based on the average transmission factors
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available in 1983. Since these estimates differ
somewhat from those of the DS86, the carlier and
the corrected ones in rad are given below, For
simplicity the various gamma-ray componenis were
combined, and the same transmission factors used
by Rotblat have been employed.
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FIA kerma
without reduction
for shielding

FIA kerma
with reduction  Absorbed dose
for shielding  in bone marrow

Source
Old New Old New Old New
Total gamma 503 628 202 252 151 188
Neutrons 33 48 12 17 3 4
Total 536 676 214 269 154 192

The exposure of an individual in a wooden structure
at 892 m was computed also through using the
average lransmission factors for wooden buildings
and body shielding from an analysis of detailed
shielding histories on 11,164 survivors in the Life
Span Study (LSS) sample exposed in wooden build-
ings in Hiroshima. When this is done, the FIA
kerma within the building and the absorbed doses
within the marrow for gamma rays (and neutrons)
are 2.89 (0.17) and 2.38 (0.06) Gy, respectively.
We shall return to a discussion of these calenlations
shortly.

Special groups.  Possibly the most informative
data are those derived from special groups of
exposed individuals where the number of persons
at tisk is reliably known and their exposures can
be better estimated. The Joint Commission report
describes several such groups in both cities.1'?
Some of these, such as the survivors in the
Fuchi primary school or the University Hospital
in Nagasaki are not presently useful, but they
may become so once better estimates of individual
doses are available. These survivors were all
in reinforced concrete buildings (some carthquake
proof) of varying heights within 1,000 m of the
hypocenter. Other groups, with seemingly simpler
shielding, are informative now.

One of the later, a working partly from Otake, a
small town near Hiroshima, involved five subgroups
of laborers, varying in size from 24 to 30 individu-
als, exposed at what was then thought to be 1,000 m
and shielded only by wooden buildings. Although
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not actually within the latter structures, these men
were all said-to-be standing in the shade of the
houses awaiting a roll call. Seventy-two (55.4%)
of 130 individuals, none of whom had “more than
trifling injuries”, subsequently died of the effects
of radialion (3 of the original 135 died of bumns,
they had been less well shielded than the others
because of an alleyway, and 2 died when trapped by
a collapsing building). The first of these 72 deaths
occurred on 26 August, that is, 20 days after the
bombing, and almost all by 13 September. The
incidence of death was strikingly similar in all five
groups—14 of 27, 15 of 27, 13 of 27, 11 of 24, and
19 of 25.

In another group of 33 men, at a similar distance and
again shielded by wooden buildings, 4 died at once
when a building collapsed, and 21 died subsequently
of radiation effects. The first died on 25 August
and the others died by the end of the first week
in September. Thus, among 159 men who did not
suffer other serious injuries, 93 (58.5%) died. Given
the present consensus location of the hypocenter,
these men were actually exposed at a distance of
1,010 m. The newest FIA shielded kerma estimale
(DS86), based on an average transmission factor of
0.47 for gamma rays, at this distance is 2.36 Gy and
if it is presumed that they all died of the hematologic
consequences of their exposure, the marrow dose
would have been approximately 1.86 Gy, assuming
the average marrow dose to be 0.79 of the FIA
shielded kerma. It is important to bear in mind
that this dose estimate presumes their shielding to
have been intact at the time of their exposure to
prompt radiation, which seems reasonable, as well
as throughout the emission of delayed radiation
from the fireball itself. The latter supposition cannot
be true, because it is known the buildings collapsed
under the blast. A more meaningful estimate of
their exposure would seem to be the following:
Woolson et al'7 have estimated that the shock wave
reached 1,000 m in about two sec (see Reference 17,
Figure 2). Prior to its arrival approximately 60% of
the delayed radiation would bave accumulated. At
this distance the FTA kerma from delayed radiation
without reduction for shielding was around 2.5 Gy.
Thus, about 1.5 Gy was subject to attcnuation from
the buildings, and 1 Gy was not, and the marrow
dose from delayed radiation would be (1.5 x 0.47
x 0.79) plus (1 x 0.79) or 1.35 Gy. Prompl
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radiation at this distance is some 80% of the value
of the delayed radiation, or about 2 Gy. The latter
would, of course, be subject to both building and
tissue attenuation; accordingly, the marrow dose
from prompt radiation would be about 0.74 Gy.
Adding the prompt and delayed components leads
to a marrow dose of about 2.09 Gy. It is imporlant
to reiterate that these men had none of the stigmata
of fire or flash burns nor traumatic injury.

Finally, they describe a group of 106 workmen in
the open at about 1,000 m. All received severe
bums and 48 died at once or within a few days
of their burns. Forty-eight others died within two
weeks, most of them within four days. Again
death appeared altributable 1o bums but some also
showed evidence of radiation injury. All of the 10
survivors exhibited acute radiation sickness. Two
other smaller groups, 27 and 60 men, respectively,
at approximately the same distance were studied.
Of these, all died either instantly or within two
weeks. Thus of 193 men only 10 survived (95%
mortality). Al this distance the FIA kerma (DS86)
was 4.2 Gy, and the marrow dose would have been
approximately 3.3 Gy, based on the average body
transmission factor of (.79 previously cited.

Kamada et al'? have recently reexamined the mor-
tality among 90 Shintoku high school students, all
girls either 14 or 15 years old ATB, exposed in
the Central Telephone Office in Hiroshima. The
latter structure, a reinforced concrele building with
a rough cement facing and a roof 50 cm thick, was
located 550 m from the hypocenter. This building,
one of several in Hiroshima studied in detail by the
Joint Commission, is carefully described in Volume
VI of their report (Reference 2, pages 139-148; see
also Reference 1, page 60). Among these students,
31 were seriously injured and died within 24 hours;
another 29 died within nine weeks, presumably of
bone marrow failure. The remaining 30 students,
alive in 1946, have been followed thereafter. Six
of these have developed breast cancer (26-38 years
after exposure).

Average exposure of the group of 59 students
surviving more than a day has been estimated
physically and cytologically. The FIA kerma,
derived from the T65D dosimetry which includes
an estimate of the attenuation through concrete,'®
was 5.98 Gy. Cytogenetic studies are available on
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10 of the survivors in this building, 3 students and 7
other young workers, all exposed on the first {loor.
The average estimated dose for the three students,
based on the frequency of chromosomal aberrations
revealed by G-banding of T lymphocytes, is 6.53 Gy
(average T65D: 7.64 Gy), and for the other seven
workers it is 1.93 Gy (average T65D: 2.71 Gy).
The average T65D dose of a group of seven student
survivors on the second floor, apparently none of
whom have been studied cytologically, is 5.98 Gy.
Since 29 (49.2%) of the 59 students who survived
the first 24 hours subsequently died, they estimate
the LDgq 60 (ice., death of hall of the exposed
persons in 60 days following exposure) to be about
6 Gy.

This estimate is surely much too high; virtually
complete obliteralion of the immune system is
known to occur at doses in excess of 7 Gy, and
under the circumstances that obtained in Hiroshima
survival stretches credulity. Moreover, the mortality
they report does not accord with the statements of
the Joint Commission which describe the fates of
43 immediate survivors. Of these 31 (72%) are said
to have had radiation injury and 6 died (mortality
14%). The Commission’s report further states that
an investigative team from the Division of Envi-
ronmental Health of the Japanese Institute of Public
Health in Tokyo obtained ‘almost identical’ resulls
late in November 1945 (Reference 2, footnote page
139).

There are other troublesome aspects of this estimate.
First, the T65D estimates are based on the so-called
globe method, possibly the least reliable of the
major methods of estimation used in this system
of dosimetry.!® Second, the errors inherent in the
cytogenetic estimates are undoubtedly large and
dose dependent, and it is not explicitly stated how
the doses were estimated from the frequency of
aberrations per cell (or abnormal cells).

To couch these data in terms of the new doses,
they have been compared to the RERF cytogenetic
studies of the T65D and DS86 dosimetries, and the
dose-response relationships that emerge from the
latter.!¥ The average DS86 shielded kerma estimate
for the three students is now 4.90 Gy (marrow:
3,78 Gy), and for the seven other workers 1.50
Gy (marrow: 1.19 Gy). This suggests a marrow
dose LDsp/60 Of about 4 Gy rather than Kamada's
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estimate of 6 Gy, and is consonant with the Joint
Commission’s estimate of an average exposure in
this building of 400 R (see Reference 1, page 63),
based on the assumption of a minimal shielding of
the equivalent of 1 m of water.

Recently, still another group described by the Joint
Commission, the survivors in the Chinzei and
Shiroyama schools in Nagasaki, has been studied.?°
These were ferroconcrete buildings located at about
500 m from the hypocenter. Some 269 individu-
als were identified as exposed within the schools
proper, adjacent wooden structures or air raid shel-
ters; 208 were actually within the ferroconcrete
buildings themselves. Many were killed outright
by the blast or died within the first day from burns
or other unknown causes. Using this source of
information and others at their disposal, members
of the Decfense Nuclear Agency (USA) have re-
constructed the events attending the exposures of
181 persons, 84 of whom died on the first day.
Estimates of the doses of these 181 individuals were
made using the DS86 FIA kerma and a complex
modeling process to take into account the shielding
afforded by the structures at approximately iwo
foot intervals, vertically and horizontally, within
the buildings. The LDgq 60 Was estimated both
with and without including deaths on the first day.
Using a linear probit model of meortality, which
best fit these data, they find the LDgg 50 to be
3.2 Gy (bone marrow dose) when deaths within the
first day or the seriously injured surviving the first
day are excluded, and 2.64 Gy when they are not.
This difference (17% approximately) they attribute
to possible bias introduced through inclusion of first
day deaths and the severely injured.

MATERIALS AND METHODS

The data described here are an outgrowth of the ef-
forts of ABCC—RERF to identify all of the survivors
of these A-bombings and, within specified distances
of the hypocenters, to determine the shielding
circumstances under which they were exposed.?!
Among the earliest attempts to enumerate the sur-
vivors, at least those still resident in these cities,
was the radiation census of 1948; this was followed
by a supplementary questionnaire appended to the
1950 national census which sought to identify
survivors still alive wherever in Japan they might
then reside. Neither of these surveys ascertained
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dividual distances. In the years from 1953 to
1958, using these censuses and the Foundation's
Master Sample of survivors as a basis, specially
irained interviewers sought to determine for each
survivor (within 1,600 m in Hiroshima; 2,000 m in
Nagasaki) then resident in one or the other of these
cities where he or she was on 6 or 9 August as
reliably as practicable with the aid of city maps and
aerial photographs taken before and soon after the
bombings. If they were exposed within a building,
a scale model was drawn to aid in determining their
position, and they were asked 10 specify how many
other individuals to their knowledge were present
within the structure, their locations and whether
they survived or died, and if the latter, when death
occurred, if known.?!

To simplify the complications introduced by dif-
ferent transmission factors associated with different
structures and differences in terrain, the data to be
analyzed were restricted to individuals surviving
in Hiroshima within wooden Japanese buildings,
either homes, tenements or small shops, portions of
which commonly served as a dwelling place. We
have restricted the data for several reasons. First,
although the absorbed doses of the various exposed
occupants cannol be presumed o be equal, there
should be a greater degree of homogeneity than
would obtain if differently constructed buildings
were used. Second, since the number of individuals
likely to have been exposed wilhin such structures
would be small, the survivor’s knowledge and
recollection of that number should be more accurate.
Moreover, if more than one individual survived,
corroboration of the number of occupants and their
locations would be simpler and more meaningful.
Third, under the new dosimelry, it is not yet possible
to ascertain the extent of the attenuation of the FIA
kerma at a particular distance by structures of other
construction, concrete and the like, and our aim is to
attempt to estimate the LD5p/5p using DS86 doses.
It must be borne in mind that some 80% or so of the
survivors in the critical distances survived because
they were shielded, and thus reliable estimates of the
dose LD5( 5 are ultimately dependent largely upon
the probable doses of shielded individuals. Lastly,
the data from Nagasaki have not been considered,
for too many individuals at critical distances were
shielded by terrain or structures for which DS86
dose estimates do not exist as yel.
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Basically, our data, at a given distance or dose, can
be envisaged as a bivariate array where one index is
the number of occupants in the dwelling, say i, and
the other index, j, is the number of individuals who
died. Note that for a fixed number of occupants, the
distribution of deaths should follow the truncated bi-
nomial (or negative binomial) since within a group,
irrespective of its size, at least one person must have
survived to identify the cluster and the fates of its
members. Under this supposition, the estimation
problem can be formulated as follows.??=2% Let
P;;(p) be the probability of the occurrence of j
deaths in a cluster of size i (i=2,3, .., 05 j =
0,1, 2,..,i-1) at distance (or dose) d. Then
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Thus, for a given distance (or dose), one can
eslimate the probability of death (and its error) for
a fixed or variable number of occupants. If both
estimates are obtained, one can further determine
whether the number of occupants significantly in-
flnenced mortality as could be postulated a priori.
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For example, other household survivors could free
occupants pinned by wreckage who might otherwise
have burned to death, or alternatively, a single death
might make a more lasting impression on a small
household than one of larger size. To these distance
(or dose) estimates of mortality, it is possible to fit
a variety of functions to obtain an estimate of the
LD5q/60, @ process lantamount to “smoothing™ the
observations.

RESULTS

The basic data are given in Appendix Tables 1-3;
in the first, the distributions are for fixed distances,
and in the latter two for fixed FIA kerma in a house,
T65D or DS86. Within each table, for a specified
distance or dose interval, is given the number of
clusters of size i with j deaths for deaths occurring in
three periods of time. Clusters (number) with one or
more individuals with unknown dates of death have
been excluded. While we attempted Lo restrict these
observations to those deaths of individuals actually
within the household ATB, through inadvertence or
misunderstanding on the part of the individual(s)
interviewed, some deaths may have occurred else-
where. Although this number is believed to be
small, to the extent that such deaths have been
included, the distance and dose estimates are in
error. Presumably a misclassified death would have
been more likely if the individual was closer to the
hypocenter or less well shielded than surmised. This
would have the effect of increasing the distance
estimate, since the actual distance would be less
than the value used, and thereby decreasing the
dose.

Figure 1 gives the estimated probabilities of death
as a function of distance and cluster size (for sizes
2-5) for the first 60 days postbomb (6 August—5
October 1945), without smoothing. Figure 2 gives
the same probabilities as functions of the estimated
DS86 kerma in a house. Superimposed on each
of these figures is a curve based on the use of all
of the data, taking into account cluster size. Note,
first, that for both sets of estimates al very close
distances (or high doses) the frequency of death is
poorly estimated, when cluster size is fixed (sizes
2-5), eilher because the numbers are small (and
presumably the exposure circumstances unusual), or
the distances or doses themselves have been poorly
ascertained. Second, over the range in which most
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FIGURE 1 ESTIMATED PROBABILITIES OF DEATH IN THE FIRST 60 DAYS AFTER THE
BOMBING BY DISTANCE AND CLUSTER SIZE
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FIGURE 2 ESTIMATED PROBABILITIES OF DEATI IN THE FIRST 60 DAYS AFTER THE
BOMBING BY DS86 DOSE AND CLUSTER SIZE

Bl2 EHEORDOSOAMICHTSHEELH®, DS MR, RUEHAoRE 5
3
1001
90}
80}
70}-
60}

50

Death rate {%)

40
30
20
10

0 | L L 1 1 1 1 -
0 1.0 2.0 3.0 40 5.0 6.0
DS86 dose (Gy)

19



RERF TR 17-87

clusters are to be found (sizes 2-5), survival was
significantly related to the number of individuals
in the household, the larger the houschold the
higher the probability of death, and the disparity
was grealer as dose (distance from the hypocenter)
increased (decreased). This suggests, in turn, that a
failure to take into account cluster size will lead to
erroneous estimates of the distance (dose) LD5¢60-
Lastly, the curve based on all of the dala appears
exponential, as has been commonly assumed by
other investigators (see, for example, Masuyama?).

To estimate the distance (dose) LDgq /g, three sit-
uations have been considered, namely, a) inclusion
of all estimates of p, the probabitity of death, b)
omission of those estimates of p associated with
doses in excess of 6 Gy which we presume 10 be
erroneous or at least subject to very large errors, and
¢) omission of Lhose estimates associated with doses
in excess of 5 Gy. The estimates of the probabilities
of death (and their errors) that have been used are
given in Appendix Tables 4-6.

The results for various intervals of time in which
death occurred are given in Table 1 (distance), Table
2 (T65D kerma in house), and Table 3 (DS86 kerma
in house). In each of these tables the second
column corresponds to the commonly estimated
LDsg/60; the LDsg/35 and LDggyp47 are given
largely to facilitale comparisons of our data with
those of the RINMB. Observe, first, that in general
the estimated LDjsg is greater with distance, and
lower with dose the longer the interval following the
bombing over which deaths are summed. Second,
although a normal or lognormal distribution has
generally been favored on theoretical grounds by
other invesligators in fitting curves to the mortality
estimates, a simple unweighted linear model does
not appear to be a particularly poor approximation
over the range of distances or doses used here.
Finally, the marrow dose (DS86) estimates based on
the distance LDs5q/¢0 given in Table 1 are 2.3 Gy
(906 m), 2.0 Gy (934 m), and 1.9 Gy (943 m),
all computed from the average transmission factors,
house and body.

It should be noted that the formulation above
does not necessarily solve all of the ascertainment
problems. If it can be assumed that for a given
distance (dose) all survivors were independently
ascertained, that is, without respect to the number
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TABLE 1 UNWEIGHTED ESTIMATES OF THE DISTANCE LDsp IN HIROSHIMA
IN METERS FROM THE HYPOCENTER. These estimates are based on individual
distances grouped into successive 100 m intervals

£1 EBIEETABLHA SO LDy Ml (m) o MEREN. Zo#HEfE, SHA
OFPIARES 100 m & DEFIZGTTRD L.

Interval of time over which deaths are summed
6 Aug—10 Sept 6 Aug—5 Oct 6 Aug-31 Dec

All data:
Linear model 911 943 948
Exponential model 887 906 909

0-799 m excluded:

Linear model 893 934 942

Exponential model 911 934 937
RINMB survey 1002 1026 -
Estimate: LD50{35 LD50‘_:50 LD50”47

TABLE 2 UNWEIGHTED LINEAR ESTIMATES OF THE LDsg BASED ON T65D VALUES
OF FIA KERMA INSIDE A HOUSE (gray) IN HIROSHIMA. These estimates are based on
individual doses grouped into successive 1 Gy intervals. The values in parentheses are the
corresponding marrow doses, using the T65D estimated
marrow transmission factors of 0.56 for gamma rays, and 0.28 for neutrons.

F2 IKEBICHTAERINTESD RS — v (gray) 1238T { LDgy O Fk I 8 HE 5 .
ZOHEEMILE, BMAOBREBSRE 1 Gy Z&ORKFIIa I CRY . TE5D HEE T iiE A
(8 (4 v = 120.56, Mfh-F110.28) & M0 Cskab 2 st 2 FEal W Icim L 7=,

Interval of Hme over which deaths are summed

6 Aupg—10 Sept 6 Aug-5 Oct 6 Aug-31 Dec
Data set™
A 4.50 (2.52) 4.14 (2.32) 4.09 (2.29)
B 4.08 (2.28) 3.76 (2.11) 3.73 (2.09)
C 4.00 (2.24) 3.69 (2.07) 3.65 (2.04)
Estimate: L.Dsa/as LDsq/60 LDs0/147

*A = using all dose cstimates; B = omilting the percent mortalily estimales
for shielded kerma in excess of 6 Gy; C = omitting the percent mortality
estimates for shiclded kerma in excess of 5 Gy.

A= tSTORCE I SHEENEHOARE,; B=8Er—v6Cy L EILE
(AMECRMEE M AL A MGy C=0d00 - = 5 Gy ML EG &1 AIET B AE
[l N
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TABLE 3 UNWEIGHTED LINEAR ESTIMATES OF THE LDjp BASED ON DS86 VALUES
OF FIA KERMA INSIDE A HOUSE (gray) IN HIROSHIMA. These estimates are based on
individual doses grouped into successive 1 Gy intervals. The values in parentheses are the
corresponding marrow doses, using the DS86 estimated marrow transmission factor of 0.79
for body shielding.

#3 KRB AEEY DS86 ERHB A

— < (gray) (2367 { LDgg 0 5 I T %3 T2 HE 52 fi.
ZOHEMIE, ZEAOHBHERE1Gy JLoXFIIaHTRS L,

DS86 #E & M 3%

HE(ADER) 0. 79 ek 2 BHisE 2 FWAIZRL 2.

Interval of time over which deaths are summed

6 Aug—10 Sept 6 Aug—3 Oct 6 Aug-31 Dec
Data set:”
A 3.54 (2.80) 3.27 (2.58) 322 (2.54)
B 3.53 (2.79) 3.20 (2.53) 3.15 (2.49)
c 2.87 (2.27) 292 (231) 2.87 (2.27)
Estimate: LDs5o/35 LDso/60 LDsg;147

*See foomotes of Table 2
x 2 MR,

of survivors within the cluster, and this obtains for
all distances, no further ascertainment issue would
remain. If, however, ascertainment was incomplete,
as seems probable, then there will be a systematic
overrepresentation of clusters with larger numbers
of survivors. Thus, for example, within clusters of
size S, one would be disproportionately likely to
identify a cluster in which everyone survived, that
is, there were no deaths, than one in which there was
a sole survivor (four deaths occurred). Allowance
for this can be made as follows:

A cluster of size i with j deaths (j =0, 1, ..., i) has
i — j survivors of whom 0, 1, 2, ..., i = j may be
ascertained. If c is the probability of ascertaining a
survivor, then (1 — c) is the probability of failing to
do so. Therefore, the probability, m, that a cluster
of size i with j deaths is independently ascertained
X limes is

Fr, TRTOEMIIZAFS TR EZDTHN,
ZhU oY EEROBMBEKs 0. LA L,
LLERFFELThoholE, ERZITHL
gtk A A, EFEFOAHS L CEE RN
kit REhaZ 183, LENST, HIZH,
AKsxxsZoBEATR, EFHELFSF-ALD FECH
AZ) Tho NIz~ T, 2AFEETES L,
Thbt, BEDOL - R HAFHEES LSS
M us ZOMERRONEIIZTE S,

kExi THEEH;(1=0, 1, ..., 1) OKATI,
efHEEEIEIi—iT, 2OF®0, 1, 2,...,.i— %
PHEATES. ETFHELWRT AMEEA LTS
HREROEHRILE (1 —c) THE. LT, K&
F DEFACIEEER ] OLOH x [ 5L 12 FEE
ENAWMHE I KDOLEENTHA.

Tje = (;) pl (1—p)i (251) R e

Now only those clusters with j <i—1andx > 1
are ascertained. Clusters with x = 0 occur, but are
not ascertained; the proportion of such clusters is

A x2EAE < i—1AUx21 0023 T
b, x=00HMAITRZDGAHMER xh &

FORMOEGIRDEEDTH S,

Tya=Y (:) pla-piia-oi=-[1-ca-nl" ,
§=0
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and hence the proportion of clusters of size i
which are ascertained are 1-[1 — ¢ (1 — p)]¢.
It follows that of the clusters of size i which are
ascertained, the proportion which contain j deaths
and x ascertainments (j=0,1, ...,i—1; x =12, ...,
i—jis
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kEsiOEHHFHEEShLEE
chAhnERERS

LT,
1—(1—c¢(1—p) ) TH 3.

KExiOEMICELTIECEH, ERENEx O

() pa—pr (*57) ertr-ep-s

£ (1=04 L, voey =17 5¥=1, 24 0wy 1—j)

DRSS RDOE Y TH S,
[1—{1—c(1-p)}] ’

FOER, FCERI(GI=0, 1, ..., i—]) TH

and, in turn, the overall proportion which contains
jdeaths (j=0,1, ...,i—1)is

L OEEDHGIERO LN TH S,

(J) P (1 =g 1 — (1 - )]

[f—{L—e{l =p)¥]

=1

The likelihood of the sample [ n;;] now becomes
ool

(;) P =g [Tl ~e)™¥]

[1—{1—c(1-p)}]

ZFZTHEE ) OLERRDLE BN 1243,

Kpe)y= [l iﬁl [

) =0
! H N-,'J'! ¢
f =]

and it is this expression which has to be maximized
with respect to p and ¢ (or with respect to p for
fixed ¢). Note that if ¢ is one, the case where
every survivor is ascertained, this expression is
the same as (2) above. More importantly, the
above expression holds only if the survivors are
ascertained independently, and this can only be
approximately true in the preseni instance. Be
this as it may, both p and ¢ can be estimated by
solving simultaneously the two equations oblained
by partial differentiation of the likelihood equalion
(or its logarithm).

To gain some notion of the systematic effects of
ascertainment itself upon the estimates of p, four
cases have been considered, namely, 1) no more
than one survivor was independently ascertained in
any cluster (equivalent to assuming ascertainment
was proportional to the number of survivors in
the cluster), and 2) through arbitrarily fixing c to
be 0.25, 0.50, and 0.75. In the first instance,
as Haldane®® has shown, the estimation of the
proportion of deaths, p, is straightforward.

1~ {1—e(l-2)} ]

23

l Thig
2

p R Ue(Hldek—ELeguEp) ML T
ORI RIEIE D LI CEREES V. LA
1L Thhil, vhahbsb, REGFEFELENLES
ORI RO 2) 2ELETHE L IEM
Lot MELCEE, BEFEIHVITHA
CHERENZLEEDLICORANEHDTHD, RHEE
KLHWTZOZ EILEMAIZIEL WeEIE BT
ey, FREELACELT, REAERA (REZO
HE) ORETLENB RS oD & ETEIZAE
ZElltk T p R e DM RHETE 3,

[
I =i

1

e DRREROHERp~ORBENEEEH S
BEMAEHIIUoOMEcELTHE v4b b,
DEFRW s tEEsh RS -AZUHO
WG (FERNP MM O EFEFHEEICHM 5 L ME
THIC% L), iU 2)c /8 120.25, 0.50,
BUOTSIZEELAZRETHS. ZOBE—OHTI,
Haldane® #55 LT AL 5 12, FELCOEIE p DHEE
i TH 5.
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e

where S is the number of survivors at a given
dose (distance), N is the total number of clusters
at that dose (distance), and T is the total number
of individuals (alive or dead) in those clusters. The
variance of p is

v

_ S—N
I

T TSIk h SN (M) TOEFAM, NG
2 ORI (FERE) TN, THZASOEME I
EHABAM(EFEONIZAPbET) THE. pD
SFWMEKDLEEHENTHS.

_(T-$) (5= N)

(I'—Np

In the second instance, p is computable although
not as simply. Figure 3 illustrates the effect on the
estimate of the LDgq 50 of different assumptions
about the thoroughness of the ascertainment of sur-
vivors. The estimate varies somewhat less than 20%
under the extreme assumptions, that is, complete
ascertainment, on the one hand, and ascertainment
proportional to the number of survivors in the
cluster, on the other. Neither of these extremes
seems a reasonable approximation to the true case,
but they set bounds to the probable reliability of the
estimate.

FOFTIE, pOHHEIRETHLN, EIRIELX
M TiE g v, M3 123, SEHFOMEOEEMEC
M+ 520 FNOMEH, LDy O HEE M (2 BRATT
WRAERLE., — LI CREELWEREIN S, )l
TRHERFEAAOEFERCEMT S L0
i oM T, BEMOE®II20% %20 FR - L
oMo ERICEVwE BB bR g ua,
Zhizks THEEMOEREORB T2 LA
g~

FIGURE 3 ESTIMATED PROBABILITIES OF DEATH IN THE FIRST 60 DAYS AFTER THE
BOMBING FOR FIXED ASCERTAINMENT RATES
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The estimates to be found in Tables 1-3 are un-
weighted, that is, cach estimate of the probability
of death was given equal weight in the curve
fitting although the standard errors are known to
differ substantially. This seemed defensible in the
estimation of the LDs5)¢0 for the reason advanced
below, but becomes troublesome in the estimation
of the LDgg 0. Accordingly, Table 4 presents a
series of estimates of the LDgp 60 and LDgs 40
based on weighting each probability by the inverse
of its variance. LDy5/q0 values are not given for
two reasons. First, complete shielding information
does not extend beyond 1,600 m generally, and
within 1,600 m the proportion of deaths is com-
monly greater than 5%, and hence mortality cannot
be estimated at larger distances or smaller doses.
This undoubledly makes the estimated slopes of the
dose-response curves that have been fitted overly
steep, and raises the possibility of negative estimates
of the LDg5 g0- Second, as previously noted, a
troublesome issue with both the old and the new
dosimetry is the existence ol some individuals with
what appear to be exceptionally high doses. It is,
therefore, of interest 10 know what constitules an
acceptably high dose, one at which several percent
of exposed individuals would presumably survive.
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H1—3 Rl AHEETENECLOTHE. T3
hh, BEHHECHYOBVASES LA T T
HigmoY TEvIiy T, HLEHFED
AHEMCALEASE5ZAZLOTHE. ZOHKE
FeEon BT, LDgyeOHEE & RO M &2 EY
ThEH, LDgu®HtE CIEEMAIELrs. LA
W T, RATFFNFLOHEREZOFPOSEHT
MAEL 7 & & @ LDgye R U LD g @ 4K il & %
L#. LDgeliiid —>oBBTRLTE L. ¥,
SE 4 MR B B L — AR 12 1,600 m LI D HIZOWnT
R shTwhwve Edi, 1,600m N THESLD
LEIE5% L0 b —RiEwoT, £hLEDHIREE
RidFhl FoBRTOIECEILHE T2 40,
TN, TR B B R O B E L DAY
ke B BT LIRS HTHY, LDy OHEE A RIS
GAHufEMEAE LA, B, iIELLELILE
WIEFE RBEFROFRICL (TR 288,
B IHwEBbh B ROFEFGFEETIZLT
HaEH, Lad-T, FETRLAER, +Ta2b5s,
BB FOHA— T P HEFLGA LS b ARt
FORBMThHIPENS Z & IFHIRED.

[ ’:375:.

TABLE 4 ESTIMATES OF THE LDsp AND LDgs BASED ON D886 VALUES OF KERMA

INSIDE A HOUSE (gray) IN HIROSIIIMA. These estimates are based on individual doses grouped

into successive 1 Gy intervals. The values in parentheses are the corresponding bone marrow doses,
assumning the DS86 estimated tissue transmission factor of 0.79.

# 4

i s B S F R P DSBE A —

v (gray) 12483 ¢ LDgy & U° LDgs O # % fifl.

ZOHEMNIE, ZEAOBBERE Gy TLOESICH I TRD L. DS86 HEE &R
FHA0.798 LUk - DR A 2 FEAMMIIRL .

Estimated parameter

Maodel
LDsq/60 LDgs /50 Slope*  SE of slope
Complementary loglog: 322 (2.54) 533 (5.00) 0.694 0.0620
Logit: 264 (2.10)  7.79 (6.13) 1.065 0.0863
Probit: 273 (2.16) 731 (5.77)  0.59 0.0498
Weighted linear: 2.84 (2.24) 542 (4.28) 0.174 0.0199

*Strictly speaking, with the exception of

From Table 4, observe the following: First, the
weighted linear estimate of the LDy g0, which at-
taches less importance to the estimates of mortality
at very high doses since their variances are large,

25

the linear model itself, these are the
regression coefficients associated with the linear transform of each specific model.

WEIzEAE, AT VR EEEFLORBERCMT 5 IBFERTHS.

FaroROIEFBE SRS,

4, LDu®

MEHEMEOHEE L, ROTOEVERIEHT 5
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is only about 10% smaller than the corresponding
unweighted one. Thus the unweighted estimates
based on all of the individuals used in the sample,
given in Tables 1-3, are not unduly influenced by
the suspect dose group, and corroborates the finding
that their systematic exclusion does not alter the
mortality estimate much.

Second, the LDjgg 60 varies much less among the
different models than does the LDg5/60. Alterna-
tively put, the LD5g/¢0 is relatively insensitive 10
the model used Lo estimate it, but this is clearly not
so with regard to the LDgs ;60

Third, the probit function which has been favored by
many investigators gives a marrow dose of 2.16 Gy
for the LD5O!5[_| and 5.77 Gy for the LDQS{'GO'

Fourth, the slopes of the dose-response in mortality
are appreciably shallower than animal experimental
evidence suggests should be true, and our esti-
mates of the LDg5/p may be too high. Morris
and Jones?® have argued that the ratio of the
LDgs/¢0/LDosje0 for low LET, high dose rate
exposures should be 2 or so, and from the data they
present the ratio LDgs/g0/L.Dso/60 is about 1.4. If
the inclusion of deaths in the first day underesti-
mates the LD ;40 by 17.5%, as the Defense Nu-
clear Agency’s study of the Chinzei and Shiroyama
school survivors suggests, and one adjusts for the
shallowness of the dose-response relationship (using
the factor 1.4), the LDg g0 values in Table 4 give
rise 10 LDgg /50 values which range from 3.45 Gy
(logit model) to 4.18 Gy (complementary loglog).
These seem low, and to support this belief the

o, METAENTEORGOHEE IZILNTHT
PG EVIZTELN, ZOZ LR, #1312
Tl Ak & 12 0T IR OS5 G O HEE Y,
SHtOBELLOWEBOETILL s GREOREEAET S
ZEALVERDTIREL, ZOBERHEM I
LT, HEHOBEMRFAKELIELSEVILE
*X#HFT 5.

B 15, LDgggoli o< LDgyptd, &HE 7 LK
OEEW AL S 21 v, F ol AL, LDy ™
HETE 208 B & L 3|70k L CLE ey IR IE AMS 0 A,
LDgqoPHEIEE I TH VI EXFME L THB.

B, ELOMREFUFATHOS Ty R
T, LDgyup P HHifRt#72.16Gy TH Y, LDgssg
@ HUL5.77Gy 124 5.

EEOBAELIN AT NESLHITHN, HAD
LDgmiEE it @+ E20as Lits e, Morris
BFJones® 13, (B LET i it ggon 50
LDgsseo & LDpsreo & DHHIF2 BB L ERETHSD
LEBLTEN, oDFRLAEF— 5 TlE LDagyg &
LDgy & DHEIZF L ATH L. KEEBEESGR
OfF - SR E RO FEERAE N
Fr LI, BLHHOEEELEWD & LDy
17.5% 8/ c#E sh Twa TR, B REIGHE
OEREAFRVZEIIOVT (L4OFEREL - T) Ik
BB A AL, 4 IZHRLE LDgyefii? 5 123.45Gy
(O ¥y hEFIL) 254,18 Gy (HIFE x5 #oxd #0) o FEH
ZR 3 LD efiAfsh s, ZNEHEVIZHEY
ERLENEOT, ZOEZLBHHILHIIANEE

following table was constructed: HEfif L S
Exposure Estimated Survivors Estimated DS86 marrow
zone population in the LSS dose in a wooden bldg
(m) at risk sample at mid-interval (Gy)
< 500 7500 62 (0) 18.83
501-600 3300 51 (1) 12.07
601-700 3900 88 (5) 7.65
701-800 4500 193 (26) 4.82
801-500 5100 205 (96) 3.04
901-1000 5700 580 (244) 1.93
Total 30000 1179
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The estimate of the number of individuals at risk
within each exposure zone is based upon the Joint
Commission’s estimate of 30,000 persons present
within 1,000 m ATB, and the supposition that these
individuals were uniformly densely distributed over
the area. The Joint Commission report provides
evidence that this was approximately true.? The
number of survivors in the LSS sample given in the
lext table ignores the nature of the shielding which
obtained; however, in parentheses will be found the
number known to have been in a wooden building
and on whom complete shielding histories exist. If
shielding and the incompleteness of the sample are
ignored, the survival rate in the 701-800 m zone
was about 5% (4.3% to be exact), and at 750 m in a
wooden building the marrow dose would have been
about 4.8 Gy.

Approximately 31% of the roughly 285,000 persons
who at the time of the 1950 national census stated
that they were exposed in Hiroshima or N agaski
(and in a few instances, both cities) are in the
LSS sample. It is generally believed that exposed
individuals not in the sample had lower doses, on
average, than the sample members. If the LSS
sample includes only half of the actual survivors
within the 1,000 m range, this would imply 386
survivors in the 701-800 m zone rather than the
193 given above, and a survival rate unadjusted for
shielding of about 8.6%. Within this same zone
approximately 24% of the LSS sample members
were in wooden structures (46 individuals; complete
histories are available on 26 of these). If the
same frequency of survivors in wooden building is
assumed to obtain among the survivors not within
the LSS sample, and if as many as half of the
original population at risk was in wooden buildings,
the survival rate in these structures at this distance
would be about 4%, Clearly, this value hinges
heavily on two assumptions, namely, the proportion
of the population at risk who were in wooden
buildings, and the extent of the incompleteness
of the LSS sample at these distances. If three-
fourths of the population at risk were in wooden
buildings and the LSS members are half of the true
number of survivors, the survival rate is 3%; if the
LSS sample represents only a third of the actual
survivors and half of the population was in wooden
buildings, survival was 6%; finally, if three-fourths
of the population were in wooden buildings, and

RERF TR 17-87

AEERIEREE M I B AR R L G Ak AR,
SR A L A BAREIZ1,000m LLA I L
PR ERI0,000% KT THED, FLEIALO
B E A, BEEERIICE AL TR ERELT
HELA SREEFHOREICLIAE, JhiHiEl
AR uAVBI L AR THRAS S, b0
FURmLE-BGRNEER BT AEFERIEAF
EHTLAERBSHEERELTWS, LaL, fEillH
ARG D LA - TuT 54 &
HERROS I EOHERL L EERETCMAEOD
FseeMriERTaa61, T01~800mXHTO
7RIS % (ML 4.3%) TH N, T50m il
it 2REFRAOTHHRA L4486y 12T 5.

BHSUEOESEHEOR TN AWEET, LS
WirEM (g hicdmd) CHBLAELREL L
#9285, 0008 DIRIE3N % A4 T EHICEL T 3,
WEEFACELTCVWEAVEORRIE, BLTVLAE
P TEHL TELE -RIZELZLhTVA. &L,
HoEA R, 000m LA OKEZET AEERD
W EOYHOANEEATVRIE T01~800m BX[H
OB EHIE, RIIFRLAIBETEEL, WBHT
bA Ll AR, FEECOVWTRHBEDERE
[1#98.6% 1% 5. ZOXRMTHE, BHHELRED
W124% H REERNIZ 0L (6%, ZONBELC
SV THELERBELEYHS). BREHEAICR
LTwaduilidE > T L REERRNIIVERED
WEFRMTH-T, TERMBEMBIIESNEAHD
b AAREEENIIVAZLE, ZOHMTO
EHFERIEA%ICE S, 2 OME o OE (25 <
KIFLTWAZEAME P THSE. T4bb, WE
e AR T 2RERERNCVLEEORS,
BT O b AR GEERHO AR
MT 240 THD BWESBANDLFO3 HFRE
FRACVT, FAHaBEREACEROBRREOEH
FPELTOUS LT, EHFRII%THE. Ra
FEERIEROHBRENIZD1LOEFEEIAT
WY, MBrasas AOOFHEIFIREERANIIC
WL SIE, ETFRIR6 % ICE 5. ki, ADO
4 m3 AREFEREIIVT, EFEOHBREOLTH



RERF TR 17-87

only a third of the actual survivors are represented
in the LSS sample, survival is 4%. Although these
calculations are admittedly crude, they suggest that
within wooden buildings the LDgg5,¢o was probably
in the zone 750-800 m where the marrow dose was
about 4.5 Gy.

DISCUSSION

Intuitively, the A-bombing of Hiroshima and
Nagasaki would appear to provide an unparalleled
basis for the estimation of the LDgq/40. However,
retrospeclive estimates of radiation-induced mor-
tality following the A-bombing of these cities are
plagued by three virtually insurmountable problems.
First, there are no wholly reliable estimates of the
number of individuals nor their age or sex who were
exposed at a given distance or dose and hence no
reliable estimate of the number at risk of death,
save in sclected circumstances. Even in these
latter instances, the population at risk is unlikely to
have been representative of the general population
in age, sex, or possibly health status. Second,
it is exceptionally difficult, if not impossible, to
scparate deaths due to exposure to ionizing radi-
ation from those ascribable to other bomb-related
causes, such as fire or the blast iiself. The Joint
Commission, for example, reporied in its study
of 20-day survivors that 48% of those surviving
within 2,000 m had multiple injuries (see Reference
1, page 90). Finally, other factors, such as age,
sex, poor nutritional status, and the occurrence of
a devastating typhoon on 17 September 1945, un-
doubtedly contributed to the 60-day mortality rates;
the contributions these have made to mortality, and
hence to the obfuscation of the estimation of the
LDsg 60 can only be conjectured. However, within
our data, as in those of the RINMB, mortality at
a given distance does appear to increase with age
ATB (Figure 4; see also Appendix Table 7), but
there is no clear effect of sex although the Joint
Commission data and Shirabe’s survey suggest that
females may be more resistant than males within
1,000 m. The apparent effect of age may not be
intrinsic, but possibly attributable to betier nutrition
on average. Given the stringencies of the time, and
the limited food available, it can be assumed that
most mothers would have favored their children in
preference to themselves.

These handicaps can be mitigated to some degree,
but only imperfectly. In the first instance, it is
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14 ESTIMATED CRUDE DEATH RATE IN THE FIRST 60 DAYS AFTER BOMBING BY
SEX AND AGE ATB

M4 KUBEORMO0HEIC ST 5HEMICE, MR, R ORI T 5

————— .,

Sexes combined

— ——

Y%
70}

60

40 +
30 -

800

900

1000

1100

1200

1300 1400

Females

8OO

900

1000

1100
Distance (m)

29

1200

1300 1400



RERF TR 17-87

possible to restrict the analysis to individuals ex-
posed under relatively homogeneous circumstances,
e.g., within wooden structures. While this should
reduce the differences in exposure of individuals at
a given distance, or even within the same building,
inhomogeneities will remain. Differences in posi-
tion, or posture, for example, created differences in
absorbed dose even within the same building. In the
second instance, it is possible to examine the effect
on the distance (or dose) LD;, of counting deaths
over several differing intervals of time following
exposure, as we and others have done, and thereby
to speculate, at least, on the effects of competing
causes of mortality. It would secem more likely,
for example, that a death occurring on 6 August
(Hiroshima) or 9 August (Nagasaki) was due to
trauma or fire than to the effects of ionizing ra-
diation, for even extensive radiation-related ceniral
nervous system (CNS) damage, argnably one of
the most rapid causes of death from exposure Lo
ionizing radiation among those not instantaneously
killed, docs not generally result in death until 24
hours or so after exposure (although earlier CNS
deaths have been reported). However, the fact that
a more proximal cause of death exists, such as fire
or trauma, does not preclude the possibility thal an
individual would have died of exposure had other
circumstances obtained.

There are earlier estimates of the midline or marrow
LD;, for the survivors of the A-bombings of
Hiroshima and Nagasaki than those presented here
(sce Reference 26); all of these stem from the
data of the Joint Commission, and do not take
cognizance of the other studies to which we have
alluded. These estimales, moreover, are generally
based on the yield of a nominal atomic weapon, and
not upon individually based dose estimates. The
latter were not available until the introduction of
the T65D system of dosimetry, at least for the bulk
of the survivors in Hiroshima and Nagasaki. As
we have seen, the various subsequent studies yield
distance estimates that range, in the main, between
900 and 1,000 m or so. In one sense, this suggests
a surprising degree of correspondence given the
differences in the studies and the segments of the
population on which they are based. However,
the dose difference that exists between 900 m and
1,000 m remains large (a factor of 1.5 or so) and
hence the uncertainty of any single estimate is great.
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Moreover, it is important lo bear in mind that the
estimates of the dose LD3q 60, We and others have
made, necessarily employ estimates of the various
transmission factors based upon individuals who
survived the A-bombing. These may overestimate
the attenuation of dose of individuals who failed to
survive. This would, of course, have the effect of
underestimating the actual LDgq/60-

It is commonly assumed that data obtained from sur-
viving individuals must underestimate the LDgq/60,
because such observations obviously underestimate
the number of deaths. But the extent and uniformity
of this undercstimation are uncertain. Estimation
of the error to be associated with a given LDsy
is also a bothersome matter. Most assume thal
the only source of error is that attributable to
sampling; therefore, no cognizance is taken of the
systematic errors in the placement of individuals,
nor the effects of the latter on the error of the
estimate itself, nor the grouping of the data. Fur-
thermore, they do not reckon with the evidence
presented here that survivorship varied with cluster
(houschold) size, and by implication the distorting
effect on LDsg estimates of data uncorrected for the
method of ascertainment. As Jablon,?” Gilbert,”®
and Gilbert and Ohara,?® have shown, albeit in a
different but pertinent connection, random errors
in the estimation of exposurcs necessarily lead
to an underestimation of radiation-related effects,
and Morris®® has shown that uncertainties in dose
cannot only lead to a flatter slope to the dose-
response curve, but change its shape. He finds,
for example, that an error in weapons yield and
ground transport of 15%, if coupled with an error
of 40% attributable to building penetration, location
of individuals, their postures, and orientations, can
reduce the slope to three-quarters or so of ils true
value, although the effect on the estimate of the
LDs, is much more modest, 6% or so. Errors of
this magnitude are not inconceivable even with the
new dosimetry.

There remain, of course, the enigmatic differences
between the earlier estimates, particularly those
with regard to distance, when presumably memo-
ries were less fallible, and the more recent ones.
Three possible explanations can be cited; first,
earlier estimates did not generally take into account
dose differences resulting from inhomogeneities in
shielding.  Although as previously seen, rough
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approximations to circumstances which seem more
akin to those on which later estimates are based,
give less discrepant and presumably more plausible
values. Second, with lime survivors have tended
to place themselves closer to the hypocenter. As
earlier noted, this has been true with respect to
persons in Shirabe’s survey, but it is also true
for the holders of ABSMTL (A-Bomb Sufferers
Medical Treatment Law) handbooks, the bases for
confirmation of exposure in the RINMB survey.
Finally, in incomplete surveys, such as that of the
RINMB, it is certainly conceivable that participation
was more probable among individuals (households)
where one or more deaths occurred. All three of
these possible biases could have substantial effects
on the estimate of the LD;g 0. Shielding, for
example, would presumably have enhanced survival
at the nearer distances, increased the distance LD5q,
and have lowered the dose LDg,. These effects
would be offset to some uncertain extent by the
recent tendency of survivors to place themselves
closer to the hypocenter. However, participation
biased by differences in the likelihood of death
within the family would ostensibly lead to shorter
distances, on average, and an unrealistically high
dOS& LDs(]-

To conclude, fitting a variety of models to data
ot mortality in Hiroshima immediately following
the A-bombing results in a number of estimates
of the LDsg 60 varying slightly with the method
of estimation used. This range, derived from
DS86G marrow doses, and based on a linear fit o
equally weighted estimates of the probabilities of
death at various doses, is 2.3-2.6 Gy. A linear
estimate in which the probabilities of death at
the various doses are weighted by the inverse of
their variances is somewhat lower, 2.2 Gy. These
estirnates Include deaths in the first day, and the
severcly injured (burns, trauma) who survived the
first day but succumbed later to their injuries. If
inclusion of the latter groups bias downwards the
estimate 17.5% or so, as one study suggests, and the
range of the LDjsq 6 is adjusted by this amount,
the limits would be 2.7-3.1 Gy. These values
have been shown to be similar to those derivable
from other studies of more selected groups of A-
bomb survivors. There is, therefore, a surprising
coherence to the estimates of the LDgp 60 under
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the circamstances which obtained in these cities LD Pl it 0 HEETH S L BD 5 0L,
immediately prior and subsequent to the bombing. w1 B HOME R UREA, K, R UTREOSHYEL
Estimation of the LDgs/g0 has proven more dif- B+ A FOROEE IOV THIET hE, 4.5~

ficult, but a rcasonab?e range \luould appear to be 5.0Gy FEY LR EHNS. HETAEILE,
4.5-5.0 Gy when adjustment is made for deaths _ ) ;
in the first or subsequent days from blast, bumns, & FEFELT M DRI £ BB 1
and severe trauma, and it is borne in mind that FEAEL <, FOEEEMEICHIIAELBEL
the human species is more genetically he‘lcmge- REFTETH SN

neous, on average, than the common experimental

animals, and such heterogeneity affects mortality

significantly.31—34
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APPENDIX TABLE 1-1. DEATH DISTRIBUTION BY CLUSTER SIZE APPENDIX TABLE 1-2. DEATH DISTRIBUTION BY CLUSTER SIZE

AND BY DAYS AFTER THE BOMBING FOR DISTANCE: 0-799 m AND BY DAYS AFTER THE BOMBING FOR DISTANCE: 800-899 m
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APPENDIX TABLE 1-3. DEATH DISTRIBUTION BY CLUSTER SIZE APPENDIX TABLE 1-4. DEATH DISTRIBUTION BY CLUSTER SIZE
AND BY DAYS AFTER THE BOMBING FOR DISTANCE: 900-999 m AND BY DAYS AFTER THE BOMEBING FOR DISTANCE: 1000-1099 m
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APPENDIX TABLE 1-5, DEATH DISTRIBUTION BY CLUSTER SIZE APPENDIX TABLE 1-6. DEATH DISTRIBUTION BY CLUSTER SIZE

AND BY DAYS AFTER THE BOMBING FOR DISTANCE: 1100-1199 m AND BY DAYS AFTER THE BOMBING FOR DISTANCE: 1200-1299 m
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80 days 172 T4 30 7 2 a a ] 283 B0 days 293 Bl 13 g 0 | 1 0 3718

147 days 170 T35 a1 7 2 1 0 1] 285 147 days 290 L] 14 B 0 | 1 0 373
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APPENDIX TABLE 1-7. DEATH DISTRIBUTION BY CLUSTER SIZE APPENDIX TABLE 1-8. DEATH DISTRIBUTION BY CLUSTER SIZE
AND BY DAYS AFTER THE EOMBING FOR DISTANCE: 1300-1399 m AND BY DAYS AFTER THE BOMBING FOR DISTANCE: 1400-1599 m
H#1-7. HRE1300~1399 m it B 2ECOHH, REOKEEH fH#1-8. JERE 1400~1509 m iz it B O, EFOAE &5
B U R EE A R B U8 B B
Cluster Days Number of Death Cluster Days Number of Death
Size After Size After
A-Boab ] L 2 3 ) 5 [ 7 Totel A-Bomb ] 1 2 3 4 5 ] 7 Total

2 35 days 178 23 1] 0 ] 0 i 0 Zis 2 35 days 384 a2 0 i] 0 4] @ 0 418

60 days 177 27 ] 0 0 o} 0 0 204 B0 days 383 33 0 ] o o [} 0 41B

147 days 178 28 ] s} ] i} a 0 204 147 days 380 36 1 0 [v ] ] 0 418

3 33 days 110 22 4 0 0 0 ] 0 138 3 35 days 237 26 5 0 0 1 0 258

Bl days 108 24 & i} 0 0 0 g 136 B0 days 234 29 5 0 ] i} 0 0 268

147 days 107 25 & 1] ] 1] 1] 0 136 147 days 227 36 5 ] il ] Q 0 288

4 35 days g2 12 7 i} 0 [ 0 0 71 4 35 days 110 22 & 2 a 0 0 0 140

60 days 50 14 7 1] (1] ] o Q 11 B0 days 108 24 4 2 ] ] 0 0 140

147 days Ly i 7 ] o 0 0 g 71 147 days  10E 23 3 b4 1] 0 0 0 140

5 35 days 18 B 2 1 ] 0 0 0 24 5 35 days 3] L8 B 0 ] 0 [1} 1} 5

G0 days 18 ] 2 1 1] 1] ] ] 24 B0 days 59 17 ] a 1 o 0 1] 83

147 days 16 5 1 0 0 o 0 24 147 days L 18 8 a 1 0 0 a 83

B 35 days g i 3 0 ] 0 0 0 15 B 35 days 1B 2 3 0 0 0 ] Q 23

B0 days 7 5 3 0 0 0 0 0 15 B0 days 18 b4 3 0 o 0 g 0 23

147 days 1 5 3 0 0 0 0 0 15 147 deys 18 2 3 0 0 1} 1 ] 23

7 35 days B 1 2 0 0 1 0 0 10 1 35 days 11 2 ] i [} ] o ] 14

B0 deys 6 1 1 1 1] 1 o 1] 10 B0 days 11 2 1] 1 0 a 1] 1] 4

147 days 5 2 1 1 0 l 0 0 i 147 days 1 2 1 1} 0 0 0 14

| 35 days 3 0 0 0 0 0 L4 0 3 8 33 days 2 1 1 0 1 ] 4] 0 5

B0 days 3 0 v} ] 0 [ 0 ] 3 60 doys 2 L 1 0 1 ] 0 0 5

147 days 3 0 1] 1] ¢ a 0 g 4 147 days 2 L 1 0 1 0 ] 0 5

Totzl 35 days 374 69 18 1 ] 1 1] 0 483 Tota!l 35 days 822 103 21 3 2 a 0 0 931
B0 days 367 16 ) 2 0 1 1] 0 483 B0 days 815 10§ 23 3 2 0 0 0 851

147 days 361 82 17 2 ] | i 0 463 147 deys 802 118 25 3 2 0 0 0 85t
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APPENDIX TABLE 2-1. DEATH DISTRIBUTION BY CLUSTER SIZE APPENDIX TABLE 2-2. DEATH DISTRIBUTION BY CLUSTER SIZE

AND BY DAYS AFTER THE BOMBING FOR T65D: 0-0.99 (gray) AND BY DAYS AFTER THE BOMBING FOR T65D: 1.00-1.99 (gray)
{f %2-1. T65D R 0~0.99 (gray) & BFEC S, KHOD fi#2-2. T65D &k 1.00~1.99 (gray) 12 & 13 HFEC 24, HHO
A E sHRUVERLEEBHE K E SR CEREZBEER
Cluster Davys humber of Death Cluster Days Number of Death
Size After Size Afrer
&-Eonb o i 2 3 4 5 B 7  Total A-Bomb 0 11 2 3 4 3 ] T Totul
2 35 days 703 79 1] 0 0 d 1] g 788 2 35 days 135 4z ] 0 ] 1] ] 0 177
BT days T04 4 0 1 ] ] it} 0 Tahs BO days 124 48 1] /] 0 0 ] 0 177
147 days  B83 89 i} 0 0 ] 1] o Tas 147 days 127 50 0 0 0 0 il oo
3 35 days 433 63 12 a i ] 1] 1] ol 3 35 days 53 32 15 /] ] g 1] (] 109
B0 days 425 5 13 ) ] ] ] ] 514 60 days 47 35 17 0 0 i Q 0 oo
147 days 418 B3 13 ] 1] b 0 0 Hl4 147 days 46 36 18 o L] ] il ] 1o
4 33 days 199 41 17 5 i 1] ] 0 262 1 35 days 23 11 12 0 1] 0 o a 48
BO days 135 45 17 5 i 0 0 ¢ 262 B0 days 23 8 15 2 1] 0 a i 48
147 days 189 57 2f 5 0 0 0 0 282 147 doys 23 8 15 2 ] 0 0 2 48
L 35 days &3 28 | 5 1 (] 0 ] 128 2 35 days 9 T 4 5 3 il 0 0 28
B0 days 83 28 11 g 1 1] 0 o126 B0 days El B 5 5 3 0 0 0 28
147 days 82 27 11 g 1 0 (V] 0 126 147 days 9 B 4] ] 3 il i 1] 28
B 35 days 34 7 8 ] ] 1 0 0 a0 8 35 days 9 3 2 1 0 0 o 0
BD days 33 8 8 ] 0 1 i} 0 50 60 days 8 3 3 1 0 [1} 1] 0 5
147 days 3z g 8 ] 0 1 0 0 50 147 days 8 3 3 1 0 0 0 ] 5
7 35 days 14 3 2 2 0 1 1 0 28 7 35 days 0 0 0 1 0 ] 0 o} 1
B0 days 19 a 1 3 0 1 1 0 28 B0 deys 0 a 0 1 1] ] 0 ] 1
147 days 18 4 1 3 0 l 1 0 28 147 days 0 ) ] I o 0 0 Q 1
B 35 days 5 1 1 ] 1 0 i} 0 8 g 33 days 2 0 0 0 il 0 0 ] 2
B0 deys 5 1 jt] | o 0 1] 8 60 days 2 ] 0 1 a 0 1] 0 2
147 days 5 1 0 1 [ 0 0 8 147 days 2 0 0 g ] 0 3} 0 2
Total 35 days l48s 228 43 12 2 2 1 0 1778 Total 35 days 233 83 32 7 3 1] ] 0 an
80 days 1463 242 3] 13 2 2 1 0 1778 BO days 218 1€] 40 8 3 0 0 0 an
147 days 1441 262 55 13 2 2 1 0 1778 147 days 215 103 41 3 3 0 0 0 a7l
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APPENDIX TARLE 2-3. DEATH DISTRIBUTION BY CLUSTER SIZE APPENDIX TABLE 2-4. DEATH DISTRIBUTION BY CLUSTER SIZE
AND BY DAYS AFTER THE BOMBING FOR T65D: 2.00-2.99 (gray) AND BY DAYS AFTER THE BOMBING FOR T65D: 3.00-3.99 (gray)
f+$2-3. TAE5D #H2.00~2.99 (gray) & 5w, EH0 fi#£2-4. T65D #4it3.00~3.99 (gray) o H T 3FEESA, EFHO
KoEER R UESELESRB BN K E SRR URERLEE R
Cluster Days Number of Death Cluster Days Number of Death
Size After Size After
4-Bomb 0 I 2 3 4 5 6 7 Total 8-Haomb 0 1 2 3 4 5 6 7  Total

2 35 days 50 28 0 0 b} ] 0 Q 78 2 35 days 18 24 ] 0 0 0 a o} 4

B0 days 43 33 ] i i} i] a 1] i BO days 12 29 i 0 o 1] L] 1] 42

147 days 42 24 0 0 L} 0 0 i 76 147 deys 13 29 0 0 0 [} 0 0 £2

3 35 days 12 12 18 0 0 0 0 0 40 3 35 days 7 g 11 0 [1} 0 i} 0 28

60 days 12 10 18 0 0 0 (] 1] 40 B0 days T 8 11 0 1] 0 1] 0 26

147 days 12 10 18 0 o 0 [ 0 40 147 days 7 8 11 0 [1} 0 0 0 28

4 35 days 3 5 8 [ 1] 0 0 0 24 i 35 days 1 5 5 2 0 1] o 0 13

B0 days 4 L3 | 7 1] 0 1] 1] 24 60 days 1 5 5 2 4] a 0 0 13

147 days 4 4 8 g Q 0 0 ] 24 147 days 1 5 4 3 [1} 0 0 0 13

5 35 days 4 3 7 1 0 0 0 ] 15 5 35 days 0 2 [t} 3 2 1] 0 0 ki

60 days 4 2 B 2 ] a ] 15 B0 days i 2 (1] 3 2 a i} 1] 7

147 days 4 2 6 2 1 0 0 ] 15 147 days 0 1 1 3 2 0 0 0 ]

[ 35 days 1 1 0 Q ] 0 0 0 2 B 35 days 0 0 0 1 0 1 0 [} 2

B0 days 1 1 0 a ] 0 a 0 2 60 days 0 ] ] 0 1 1 0 0 2

147 doys 1 L 0 a o 0 g 0 2 147 days 0 0 ] ] 1 | 0 0 2

7. 35 days 1] 1] 2 0 ] 1] a 0 2 T 35 days 1] ] 1 1 1 i] 0 (1] 3

60 days 0 1} 1 0 1 0 1} 0 2 B0 days 0 0 0 2 1 ] 0 0 3

147 days 0 0 1 1] 1 1] 0 ] 2 147 days 0 0 1] e I 0 0 0 3

& 35 days 0 | 1] 0 0 [1} ] 0 1 8 35 days [ ] 0 g ¢ 0 0 0 ]

BD days o 1 0 ] 0 0 0 0 1 B0 days 0 ] 0 i 0 0 0 0 o

147 days @ 1 i} i} 1] L1 i} 1] 1 147 days 1] Li} L1} [i} 1] 1] a i} i}

Total 35 days 72 48 33 4 0 0 0 0 160 Total 35 days 26 39 7 T 3 1 1] ] 83

B0 days B4 51 3 9 2 0 0 0 160 ED days 21 4 18 7 4 1 0 0 83

147 days 63 52 33 10 2 C 0 ] 160 147 days 21 43 I8 g 4 1 "] ] 93
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APPENDIX TABLE 2-5. DEATH DISTRIBUTION BY CLUSTER SIZE APPENDIX TABLE 2-6. DEATH DISTRIBUTION BY CLUSTER SIZE

AND BY DAYS AFTER THE BOMBING FOR T65D: 4.00-4.99 (gray) AND BY DAYS AFTER THE BOMBING FOR T65D: 5.00-5.99 (gray)
{§#2-5. T65D 40t 4.00~4.99 (gray) =& A H7, EHO {t#2-6. T6SD #4t5.00~5.99 (gray) (2& T ST oA, HHO
AEsNEUHEAEESB K E EBR R A BB
Cluster Days humber of Death Cluster beys Number of Death
Size After Size After
A-Bonb 0 1 2 3 4 5 B 7 Total A-Bonmb 0 1 2 3 4 5 B T  Total

2 35 days 7 12 ] 0 0 il 0 0 19 2 35 davys 2 4 0 0 ] 0 4} [ [

B0 days a2 12 i 0 i} 1] 0 0 19 B0 days 2 4 0 1} ] 0 [} a B

157 days T 2 0 0 0 ] o 0 19 147 days 2 4 0 ] ] (1] a i 3

3 35 deys 5 5 12 0 i 0 0 0 22 3 35 days ] ! B 0 0 0 0 [ 1

50 days ] 7 12 o i i 1] a 22 BO days [\ ] T a 1] ] 0 g T

147 days 3 7 12 1] i} 0 0 g 2z 147 days 0 0 7§ 0 ] 0 o 1] 7

4 35 days 4 1 5 -} o 0 a o 12 & 35 days 0 2 3 0 0 0 ] ] 5

B0 duys 1 1 4 6 0 0 0 ] 12 B0 days [ 1 4 [} 0 0 0 0 5

147 days 1 1 4 (] 0 Q 0 1] 12 147 days ] i 4 0 0 ] 0 0 5

9 35 days 0 0 L 1] 3 0 0 0 4 g 35 days 0 0 0 1 2 0 1} 0 3

Bl days 0 0 i} 1 3 0 ] 0 4 BO days ] 1] 2 1 B ) 0 0 3

147 days 0 0 [} 1 3 0 0 0 4 147 days a 0 0 1 2 o 0 0 3

& 35 days 1 0 ] 0 0 0 0 ] 1 & 35 days 0 0 0 0 1 0 0 0 k

B0 deys 1 ] a 0 0 il ] 0 1 60 days {1 i ] 0 1 0 0 0 i

147 days 1 0 0 ] 0 a 0 b ! 147 days ] ] 0 0 1 0 0 0 1

7 35 days 0 i} g 0 0 g ] 0 0 7 35 days ] 1] 0 0 g 0 0 0 0

60 days ] 0 ] d ] 1] 1] 1] 0 €0 days 0 ] 0 ] 1] 0 1] 1] i

147 doys 0 a ] 0 3} 1} 1} ] 1} 147 days 0 ] 0 0 ] 0 0 1} g

& 35 days 0 0 0 1] a 1 0 ¢ 1 8 35 days 0 0 0 0 0 0 0 0 i

BO days g 0 ] 0 Q 1 (1] G 1 B0 days o o] 0 0 0 0 a o 1]

147 days 0 0 0 0 [ 1 0 1} 1 147 days 0 0 0 0 0 0 0 0

Total 35 days 14 18 18 5 3 1 ] 0 59 Total 35 days 2 1, ] 1 3 0 0 o 22
50 days 12 20 15 7 3 1 0 0 59 60 days 2 5§ 1l 1 3 0 o 0 %2

147 days 12 20 15 7 3 1 [y a 58 147 days 2 5 11 1 3 0 0 o iz
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APPENDIX TABLE 2-7. DEATH DISTRIBUTION BY CLUSTER SIZE APPENDIX TABLE 3-1. DEATH DISTRIBUTION BY CLUSTER SIZE
AND BY DAYS AFTER THE BOMBING FOR T65D: >6.00 (gray) AND BY DAYS AFTER THE BOMBING FOR DS86: 0-0.99 (gray)
f+#2-7. T65D #fit =6.00 (gray) 1251 3FCHH, KHD ff #3-1. DS86 #fk 0~0.99 (gray) i &} 354, £HAO
KE &SRR UERELREB H KEERIRUESESEDHEMN
Cluster Davys Number af Death Cluster Days Number of Death
Size After Size After

A-Bomb 0 1 2 3 4 3 8 7  Total A-Bonb ] 1 2 3 4 5 3 7 Total

2 35 days 8 1 0 0 0 0 0 0 12 2 35 days 784 90 0 i 0 ] ] 0 874

G0 days 4 8 0 0 0 0 0 0 12 80 days 777 97 0 ] ] ) o 0 874

147 days 3 g o 0 0 i 0 0 12 147 days 770 104 1] 1] 1] 0 0 o 874

3 35 duys 2 g 5 b 0 0 0 12 3 35 days 453 82 15 1] ] 0 0 0 S5BD

B0 days 2 5 5 0 1] ] 0 a 12 60 days 443 90 21 0 0 0 0 0 &BD

147 days 2 & o 0 0 1 12 147 days 433 100 21 0 0 0 b} 0 5ED

4 35 days 0 2 l 5 0 0 0 U g 4 35 days 214 i8 23 5 0 ] 0 0 290

50 days g 1 2 a 1] 0 0 1] 8 BO days 208 49 26 6 0 1] ] g 230

147 days 0 1 2 § 0 0 0 0 8 147 days 203 51 3 B 1] 0 0 g4 280

5 35 days 0 ] o 1 2 ] 0 0 3 5 35 days 93 23 13 7 1 0 ] 4 143

B0 deys a i 0 1 2 0 0 0 3 B0 days 91 28 18 7 1 0 0 0 143

147 days 0 0 0 I 2 ] ] 1] 3 147 days 80 28 16 7 1 0 0 0 143

B 35 days 0 0 0 Q 0 2 0 Q 2 g 35 days 41 8 q 1] 0 L 1] [ a8

60 days ] 0 [H a 0 2 0 i} e BD days a3 10 9 i} 0 | 0 o LE

147 days L1} 0 [ i} ] 2 0 0 2 147 days 38 11 | 1] 0 I a 1] 39

T 33 days 13 0 0 0 0 0 0 0 ] 7 35 days 18 3 2 3 ] L L 1} 24

BU days [i] ] o i 0 1] 1} BQ days 18 3 1 4 1] 1§ 1 0 23

147 days 0 0 0 ¢ 0 0 0 Q 0 147 days 18 4 1 4 0 1 1 1] 23

8 35 days ] ] 0 i} 0 0 0 0 ] 8 15 days B 1 1 ] 1 0 a 0 -4

60 days ] 0 [} i} ] 0 0 1] 0 B0 days B 1 1 ] 1 1} ] ] 8

147 days o 0 (v} i} 0 0 ] g 1] 147 days B 1 1 i 1 [} Q 1] 3

Total 35 days 7 14 B B 2 2 0 0 37 Total 35 days 1616 261 B7 15 2 b4 1 0 1964

B days B 14 T B 2 2 a ] 37 60 days 1590 278 T4 17 2 | 1 0 1984

147 days 5 15 7 ] 2 2 0 g a1 147 days 15B4 300 8 17 2 2 1 0 1984
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APPENDIX TABLE 3-2. DEATH DISTRIBUTION BY CLUSTER SIZE APPENDIX TABLE 3-3. DEATH DISTRIBUTION BY CLUSTER SIZE

AND BY DAYS AFTER THE BOMBING FOR DS86: 1.00-1.99 (gray) AND BY DAYS AFTER THE BOMBING FOR D386: 2.00-2.99 (gray)
it #3-2. DSS6 #81.00~1.99 (gray) (28 BFEC 5T, EEO f#3-3. DS86 #2.00~2.99 (gray ) LB 3T 5, RHO
K& =R E RGNS B K& ahl Rk U S &EA O H5

Cluster Days Number of Death Cluster Days Kumber of Death
Size After Size Aftrer
A-Bomb 0 1 2 3 4 5 B 7  Total A-Bozb ] 1 2 3 4 g E 7  Total

2 35 days 107 B3 0 0 0 [t} 1} 0172 2 35 days 25 27 0 0 0 0 1] 0 52
ED days 84 8 0 0 3} [ 0 o172 80 days 23 28 1] 0 0 ] 0 ] 52
147 days 93 19 1] 0 ] 4] ] 1] 172 147 days 23 28 i} 1] [1] 0 a 1] 82
3 33 days 38 33 27 0 0 ¥} 0 0 98 3 35 days 11 10 18 0 0 0 a ] 38
80 days 34 34 30 0 i C 1} ] 98 60 days 10 11 18 1} 0 ] g 0 39
14T days 33 34 31 a 0 0 0 0 38 14T days 10 11 18 0 0 0 Q 0 39
4 35 days [ 15 5 0 0 0 0 41 4 35 days 2 11 11 5 1} a i 0 30
B0 days (] 14 8 1 0 0 0 41 EO days 2 g 13 [ 1] ] a 1] 30
14T days i3 14 8 ] ] ] 0 4 147 days 2 11 8 0 a o 0 30
5 35 days 8 6 7 B 3 0 0 0 27 5 35 days 0 3 1 1 4 g 0 0 9
BO days 5 5 B 7 4 ] 0 0 27 B0 days o 3 0 2 4 i i} 0 8
147 days 5 4 7 7 4 0 0 a 27 147 days 0 3 1] 2z 4 ] i) li] L
8 35 days 3 1 H 0 1 0 0 9 8 35 days 1 [} 0 1 0 ] ] 0 2
B0 days 3 2 2 l ] 1 0 o] 9 60 days 1 0 0 0 1 1] 1] 0 2
147 days 3 2 2 [ ] 1 0 0 8 147 days 1 ] 0 0 1 1] 0 0 2
7 35 days { 1] 1 1 ] ] 1] 1] 2 7 35 days 0 1] 2 ] 1 1] 1] 0 3
60 days 0 0 0 I 1 g [ 0 2 BO days ] 0 1 it 1 ] ] 0 3
147 days ] 0 0 ! 1 Q ] 0 2 147 days 0 0 1 1 1 0 0 0 3
B 35 days 1 1 b} 0 0 ] ] 0 2 ] 33 days 0 0 0 0 0 1 [} 0 1

B0 days 1 1 i} 0 o g d 0 ) B0 days 0 i} 0 0 i} 1 i} 0
147 days 1 1 ] L] g ] a 2 147 days 0 a ] 1] ] 1 1] 1] 1
Total S days 168 114 51 13 3 I ] o 351 Total 35 days 39 51 32 8 5 1 a 0 138
B0 deys 150 128 52 17 3 1 g 0 35l B0 deys a8 a2 32 9 B 1 0 0 138
147 days 148 128 54 17 5 1 0 0 35l 147 deys 38 52 30 11 B 1 0 0 138
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APPENDIX TABLE 3-4. DEATH DISTRIBUTION BY CLUSTER SIZE APPENDIX TABLE 3-5. DEATH DISTRIBUTION BY CLUSTER SIZE
AND BY DAYS AFTER THE BOMBING FOR DS86: 3.00-3.99 (gray) AND BY DAYS AFTER THE BOMBING FOR DS86: 4.004.99 (gray)
{4#3-4. DS86 §4it3.00~3.99 (gray) IZ&iF 3P4, B {$53-5. DS86 Giit4.00~4.99 (gray) i2HF BFEL 54, £FEO
KE =PI A EES O 8 K& R0k UE A A H E

Cluster Days Nuaber of Death Cluster Deys Number of Death
Size After Size After
A-Bomb 0 1 2 3 4 § g 7 Total A-Boab 0 1 8 3 4 & B 7 Total

2 35 days 9 8 0 [ 0 ] 1] ] b 2 35 days I 0 i} 1] i} 0 i} 0 1
B0 deys T 10 0 0 0 ] 1] 0 17 80 days 1 0 0 0 0 ] 0 0 1

147 days ] 11 il ] ] i i ] 7 147 days 1 0 0 0 Q ] ] 1] 1

ki 35 days 2 2 7 0 0 i} 0 ] 11 3 35 days 1 4 1 0 1} 0 0 0 B
B0 days 2 b g 0 0 ] 0 0 11 B0 days 1 4 1 0 0 0 0 0 B

147 days 2 I 8 0 1] 0 0 11 147 days 1 4 1 0 o 0 0 0 B

4 35 days 0 | 1 4 Y} 0 1} 0 B 4 35 days 1] 0 0 2 0 0 0 0 2
50 deys [1} 1 1 4 0 0 1} 0 B 60 days 0 1} 0 2 0 0 0 0 2

147 days 0 1 1 4 0 0 0 0 6 147 days 1] ] 0 2 0 1} 0 0 2

5 35 days [t} 0 0 H 4 0 0 0 5 5 35 days 0 ] 0 H 1 0 0 0 2
B0 days 0 1] 0 1 4 0 0 0 5 B0 days ] i 0 1 1 ] o i] 2

147 days [1] 0 ] 1 L] [1} 0 0 5 147 days 0 0 0 1 1 0 0 0 2

B 35 days 0 0 0 0 1 0 0 0 1 B 35 days 0 0 0 i} 1} 1 0 [1} L
BU days g ] 0 0 1 0 0 0 60 days 0 0 0 0 0 1 0 [} 1

147 days g ] 0 o} 1 0 0 0 1 147 days 0 0 0 0 0 1 0 Lt} 1

7 35 days a ] o 0 0 0 0 0 0 i 35 days ] 0 0 0 0 0 [} 0 ]
G0 days ) 1] 0 [1] ] i 1 0 0 EQ days 0 1] 1] 0 ] 0 0 0 0

147 days o 0 0 1} 0 0 0 g 0 147 days 0 0 0 0 0 0 0 1] 0

8 35 days 1] 0 0 0 ] [} b} Q [ 8 35 days 0 0 0 0 0 0 0 g 0
80 days 0 0 0 0 0 [1} [} 0 g B0 days 0 0 0 0 0 0 0 0 1}

147 days 0 ] 0 ] 0 (1] ] ] ] 147 days 1] 1] (1] 0 1] 0 0 a a4

Total 35 days 11 1] 8 5 5 0 o 0 40 Total 35 days 2 4 1 3 1 1 0 0 12
BO days 3 12 9 5 5 0 ] i} 40 60 days 2 4 1 3 1 1 0 o 12

147 days 8 13 9 § K 0 0 ] 40 147 days 2 4 1 3 I 1 g 1} 12

L8-LT ML AHHA



St

APPENDIX TABLE 3-6. DEATH DISTRIBUTION BY CLUSTER SIZE APPENDIX TABLE 3-7. DEATH DISTRIBUTION BY CLUSTER SIZE

AND BY DAYS AFTER THE BOMBING FOR DS86: 5.00-5.99 (gray) AND BY DAYS AFTER THE BOMBING FOR DS86: >6.00 (gray)
fF#3-6. DS86 & 4E5.00~5.99 (gray) & SZECH M, HH® {$£3-7. DS86 ME=6.00 (gray) 12 HF AFCHH, EHO
Aok 2R R IR BREEE H 25 HoE oER R UTRMERE M H B
Cluster Days Number of Death Cluster Days Nusber of Death
Size After Size dfter
A-Bomb 0 1 2 3 4 3 [ 7 Totsl A-Bomb 0 1 2 3 4 5 B 7  Total

2 35 days 0 2 0 0 o 0 0 ] 2 2 35 days 0 2 ] 1} 0 0 0 1] 2
BD days 0 2 0 0 o 0 ] ] 2 B0 days 0 2 1] ] 0 0 1] 0 2
147 days 0 2 0 0 a 0 Q 0 2 147 days 0 2 0 0 0 0 2} 0 2
2 35 days 1} 1 2 0 1} 0 ] 0 3 3 35 days L 0 3 ] 0 0 ] 0 4
B0 days (1] 1 2 0 Li] 0 i V] 3 60 days I 1] 3 0 0 0 0 ] 4
147 days 0 1 2 0 1} a a 0 3 147 days 1 0 3 0 0 0 [ 0 4
4 35 days 0 1 1 1] 0 0 q 0 2 4 35 days 0 0 0 | 0 (1] ] 0 1
80 days 0 1] 2 ] 2] ] g 0 2 Bl deys ] ] 0 1 0 0 a 0 1
147 days o ] 2 0 ] 0 i} 0 2 147 days 1] 0 0 ! 0 0 1} 0 |

5 35 days 0 0 0 0 0 o ] 0 0 5 35 days 1 0 0 0 0 0 0 1}
BD days J ") 1] 0 ] ] ] 0 o 60 days g 0 0 0 1] 0 0 1] (]
147 days ] 0 1} 0 g 0 0 0 ] 147 days ] 0 0 0 0 0 ] 0 o
B 35 days ] D 0 ] 0 a 0 0 0 € 35 days i} 0 0 0 o 1 0 0 1
60 days ] 0 1] a 0 1} 1] 1] a 60 days 1] 0 1] 0 0 1 0 0 1
147 days 0 0 0 ] 0 g 0 i} ] 147 days i} 0 0 1} 0 1 0 0 1
7 35 days ] 0 0 Q 0 0 0 [ 0 1 35 days ] 0 0 0 0 0 0 o g
BC days 0 0 0 g 1] ] 0 0 0 BO days ] 0 0 0 0 0 0 0 g
147 days ] 0 a 0 0 0 0 [} o 147 days o 0 o i} a i} 0 ] ]
8 35 days 0 0 g ] 0 ] 0 ] 1] 8 33 days ] 0 0 0 ] ] 0 0 1]
B0 days 0 [} 0 0 ] 0 ] 0 ] 60 days ] 1] 0 0 g o 0 i} ]
147 days 0 0 0 ] 0 0 ] 0 ] 147 days 0 0 0 ] 0 0 0 @ 0
Total 35 days 0 4 3 0 1] a 0 Q 7 Total 35 days 1 & 3 1 0 1 0 i 8
B0 days 0 2 ¢ 0 1} 0 [1} 0 F 60 days 1 2 3 1 ] 1 0 ] 8
147 days 0 3 5 0 0 0 0 [} T 147 days | 2 2 | ] 1 0 ] B
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APPENDIX TABLE 4-1. ESTIMATED PROBABILITIES OF DEATH AND
THEIR ERRORS IN THE FIRST 35 DAYS AFTER THE BOMBING BY

APPENDIX TABLE 4-2. ESTIMATED PROBARILITIES OF DEATH AND
THEIR ERRORS IN THE FIRST 60 DAYS AFTER THE BOMEBING BY

DISTANCE DISTANCE
1H#4-1. FREOBYWOBEMIzs 2R ERTRESE: 720 ft#FEI-2. EREAORVOOHMIIH T3 FRCHELZ0
W, PHMER) mE, BER

L8-LT ML JdTd

Distance {(m) Distance (m)

S

Cluster Cluster
Size i) 200 300 1000 1100 1200 1300 1400 Size 0 800 900 1000 1100 L1200 1300 1400
-7499 -899 -39 -1039 -1193 -129% -1393 -1584 -799 -89% -993 -1098 -1188 -1289 -1393 -1599
ALl 0.693 0.B15 0.480 0.284 0.179 4.108 0.082 0.057 All 0.723 0.648  0.521 0.329 0.204 0.114 0.088 0.080
(D.028) (0.01B) (0.012) (0.008) <0.008) (0.005) <0.004) (0.003) (0.024) (0.023) (0.014) (0.008) (0.007) (0.005) (0.004) (0.003)
2 0.273 0.529 0.338 0.225 0.113 0.067 0.065 0.040 2 0.400 0.529  0.477 0.293 D.132 0.073 0.071 0.041
(0.151) (0.150) (0.080) (0.033) (0.022) (0.014) <(0.013) <(0.00T) (0.183) (0.150) (0.085) (0.040) <{0.023) (0.0I8) (0.014) (0.007)
3 0.547 0.835 0.484 0.305 0.218 0.088 0.074 0.045 3 0.547 0,711 0.504 0.833 0.237 0.096 0.079 0,049
(D.130% (0.091) (0.050) {0.042) (0.028) (0.015) {0.018) {0.007) (0.130) (0.080} (0.050) (0.044) <(0.030) <(0.016) ¢0.013) (0.008)
4 1.000 0.582 0.448 0.340 0.200 0.116 0.092 .07l 4 1.000 0.622 0.458 0.385 0.253 0.121 4.099 0.075
¢ - ) (0.098) (0.050) (0.043) (0.085) (0.022) <{0.017) {0.011) ¢ - ) (0.099) (0.051) <{0.047) (0.038) ¢€0.022) ({D.D1&) (0.011)
5 1.000 0.856 0574 0.344 0.247 0.213 0.100 0.080 5 1.000 D.858 0.644 0.369 0.255 0.225 0.100 0.087
¢ = ) (0.088) (0.074) (D.053) (0.038) (0.04B) (0.027) (0.013) ¢ - ) (0.088) (0.075) (0.054) (0.038) <€0.047) <€0.027) ¢0.014)
3 1.000 0.000 0,709 0.083 0.087 0.154 0.111 0.038 B 1.000 0.000 0.788 0.083 0.125 0.154 0.122  0.0s58
¢ - 3 { - ) {0.125) €0.056) (0.035) <{0.041) <(0.0331) {0.020) ¢ - > € - ) (0.120) (0.056) (0.039) <(0.041) (0.0D35) (0.020)
7 0.430 0.288 0.430 0.322 0.143 0.051 7 0.479 0.430 0.430 0.322 0.157  0.05!
( s i 4 ¥ (D.108) (D0.121) (0.183) (0.088) (0.042) (0.022) ¢ y { (0111 €0.184) (0.1R3) (0.088) (D.044) (0.022)
2 0,835 0.125  0.000 0.000 0.000 0.175 g 0.835 0.125 0.000 0.000 0.000  0.175
( b I | Y ofo.soy .11 € - ) (- ) (- ) (0.0BD) 4 Y (£ y o{o.soy (0.1 (- ) ¢ - 3 € - ) (0.08W)
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APPENDIX TABLE 4-3. ESTIMATED PROBABILITIES OF DEATH AND APPENDIX TABLE 5-1. ESTIMATED PROBABILITIES OF DEATH AND

THEIR ERRORS IN THE FIRST 147 DAYS AFTER THE BOMBING BY THEIR ERRORS IN THE FIRST 35 DAYS AFTER TIIE BOMBING
DISTANCE BY DS86
fT#4-3. B BEOGEFTOIMTHHLCH T 2HEERCEF L Z 0 ft#o-1. ERBOEVOIBDHMIZEHAHENCHXE:ZO
ML, BEmER P22, DSB6 fRikR|
Distance (m) D386 (arav)
Cluster Cluster
Size ) 200 800 1000 1100 1200 1300 1400 Size 0 1.00 2.00 3.00 4.00 3.00  Z6.00
-753 -g88 -938 -1098 -1198 -1289 -1398 -1598 -0.88 -1.38 -2.883 -3.98 -4.88  -5.88
All p.723  0.6B0  0.530  0.3331  0.208  0.120 0.093  €.068 all 0.080 0.2956  0.438 0.635  0.633  0.581 0810
(0.024) (0.016) (0.0143 (0.008) (0.007) (0.005) (0.008) <0.003) (0.002) {0.008) (0.012) (0.025) (0.045) (0.062) (0.042)
2 0,400 0.625  0.404 0.283  0.142 0.0768  0.074  0.045 2 0.054 0,233  0.331 0.308 0.000  1.000 1.000
(0.183) (0.154) (0.066> (0.040) (0.024) (0.015) {0.014) <0.008) {0.00B6) {0.028) <O0.DE3) (o.1043 ¢ - ¥ ( - 3 ( -
3 0.547 0.711 0.504 0.348  0.242 0,102 0.081 0.057 3 0.072  0.319 0.448 0.581 0.366 0.725  0.818
€0.130) (0.080) (0.050) (0.043) (0.030) (0.017) (0.014) (U.008) {0.006) (0.030) <0.035) (0.112) <(0.l123) (0.214) (0.188)
4 1.000 0.622  0.479  0.394  0.253  0.130  0.108 0.084 ¢ 4.08¢  0.318 1.448 0.734 1.000  0.389 1.000
( - ) (0.083) (0.051) <(0.047) (0.038) (0.023) (0.013) (0.012) (0.008) (0.038) (0.050) (0.119) ( - 3 (0.188) € - )
5 1.000 0,838  0.870  ©.389  0.255 0,226 0,100  0.0E9 § 0,112 0.37% 0.558 1.000  0.796
¢ - ) {0.088) (0.075) (0.084) <(0.038) (0.047) (0.027) (0.0l&) (0.012) <(o.043) (o.0B2) ( - ) (0.167) ¢ y & ]
E 1.000 0,000 0.788  0.083  0.125  0.187  0.122  0.058 g 0.088  0.241 0.250 0.708 1.000 1.000
¢ - 3 ( - ) (0.120) (0.038) <(0.033) {0.042) {(e.035) (0.020) (0.015) (0.088) {0.125) f{O0.218) ( - )} ( 2 0
7 0.479  0.430  0.430  0.322  0.IM 9.051 7 0.133  0.358 0.382
4 B 3 0.111) €0.184) ({0.183) (0.0B8) (0.045) (0.022) (0.024) (0.123 (0.107) ¢ ¢ ¥« ¥ < i
8 0.6335 0.125  0.000  0.000  Q.000  0.175 a 0.087 0.063  0.635
{ Y A JoA0.180) (0.1 ( - 3 € - ) & - ) {(0.060) {0.035) (0.081) (0.180) ( 5 G ¥4 y { )

18-L1 4L S5



APPENDIX TABLE 5-2. ESTIMATED PROBABILITIES OF DEATH AND APPENDIX TABLE 5-3. ESTIMATED PROBABILITIES OF DEATH AND

THEIR ERRORS IN THE FIRST 60 DAYS AFTER THE BOMBING THEIR ERRORS IN THE FIRST 147 DAYS AFTER THE BOMBING
BY D586 BY DS86
$£5-2, ERBEORTIO0HMIZ T AEFRCHEELZD fH#5-3. RBZOBRMOUIEMICH T 2 HERCHEEL 20
M, DS86 itk |2, DS86 R
DS8E lgray) 0585 f{groy)
Cluster Cluster
Size 0 1.00 2,00 3.00 4.00 5.00 =6.00 Size 0 1.00 2.00 3.00 4.00 5.00 =8.00
-0.99  -1.88 -2.89  -3.99 -4.93 -5.98 -0.98 -1.88 -2.88 -3.99 -4.93  -5.99
All 0.087 0.338  0.484  O0.B79  0.833 0.865  0.810 ALY 0.082  0.343 0.470 0.694  0.B33  0.665  0.810
(0.002) ¢0.008) (0.010) (D.025) (0.043) {0.0B2) (0.042) (0.002) (0.008) (0.011) (0.023) <0.045) <{0.0BZ) (0.042)
2 0.059  0.283 0.387  0.417  0.000 1.000 1.000 2 0.083  0.298 0.387  0.478  0.000 1.000 1.000
¢0.008) ¢0.032) (0.088) (0.120) ¢ - ¥ ( - ) ( - ) (0.008) (0.032) (D.086) (0.127) ( - ) ( - ) ( = )
3 0.078  0.348 0.480  0.846  0.356 0.728  0.818 3 0.085  0.357 0.460 0.648 D.386  0.725  0.B18
(0.007) (0.031) (0.058) (0.113) (0.123) (0.214) (0.188) ¢0.007) (0.032) (0.0S6} (0.113) (0.128) (0.214) (0.188)
4 0.103  0.385  D0.4B9  0.734 1,000  0.344 1.000 4 0.111 0.365  0.483 0,734 1.000  0.544 1.000
(0.008) (0.080) (D.0S1) (0.113) ¢ =~ ) (o.204) ¢ - ) (0.008) (0.040) (0.051) {0.119) ¢ - ) (p.204) ( -
5 0.118  0.407 0.586 1.000 0.798 5 0.120 0.415  0.588 1.000  0.796
(0.012) (0.044) <0.082) ¢ - ) (0.167) ( >« 3} (0.012) {0.044) <0.082) ( - ) (0.187) ¢ >y «( b
B 0.093 0.258  0.33¢ 0,708 1.000 1.000 B 0.086  0.258  0.334  0.70% 1.000 1.000
¢0.015) (0.080) (0.137) (0.218) { - ) ¢ ) =) (0,018 (0.080) (0.137) <(0.218) ( - ) « ¥y €= 3
7 0.13%8  0.504 0.430 7 0.143  0.504 0.430
(0.024) (0.137) (0.109) K Pl s T b (0.025) (0.137) (0.108) < y ( > ( > K )
& 0.087 0.083 0.635 8 0,097 0.083  0.635

{0.035) {0.0681) <(0.180) ¢ s I | y ( y ( ) (0.035) (0.081> (0.180) ¢ 3 € Y 4 S ¢ )

L8-LT U1 ST
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APPENDIX TABLE 6-1. ESTIMATED PROBABILITIES OF DEATH AND APPENDIX TABLE 6-2. ESTIMATED PROBABILITIES OF DEATH AND

THEIR ERRORS IN THE FIRST 35 DAYS AFTER THE BOMBING THEIR ERRORS IN THE FIRST 60 DAYS AFTER THE BOMBING
BY T65D BY T6sD
T#6-1. BERROBWOBAMII LT AHERCHEL F0 fH#6-2. HBBEORVOOHM I SEEF-RCHEREL 20
A, T65D & tH M TeDHER
DSBE fagrav) DSE6 tarav}h
Cluster Cluster
Size i] 1.00 2.00 3.00 4.00 5.00 Z5.00 Size 0 1.00 2.00 3.00 4.00 5.00 =5.00
-0.99 -1.98 -2.98 -3.99 -4.98 ~5.93 -0.93 ~1+39 -2.98 -3.99 -4.93 -5.88
411 0.073 0.188 0.314 0.458 0.548 0.658 0.6836 all 0.078 0.215 0.365 0.495 0.582 0.700 0.B65
(0.002) <0.008) <{0.011) (0.012) (0.020) (0.029) (0.023) {0.002) (0.007) (0.013) ({0.018) (C0.020) (0.0223 (0.02%)
2 0.053 0.133 0.2086 0.400 0.452 0.500 0.412 2 0.056 0.157 0.277 0.527 0.482 0.500 0.500
(0.008) <0.021) <{0.040) <0.075) (U.118) (0.217) (0.142) (0,006} (0.022) (0.048) (0.083) (0.118) (0.217) (C.153
C; 0.0E1 0.214 0.410 0.435 0.817 1.000 0.482 3 0.0EB 0.245 0.434 0.435 0.56B 1.000 U.482
{0.008) .{0.025) (0.053) (0.067) (0.077) ( - ) ({0.102) {0.008) (0.027) (0.0S4) (0.0B7) f{0.079) ( - 3 ({O0.1022
4 0.085 0.183 0.426 0.423 0.602 0.418 0.681 4 0.090 0.231 0.476 0.423 0.633 0.478 0.734
(0.008) (0.028) (0.058) <(0.074) (0.085) (0.120) (0.105) (0.003) (0.031) (0.057) (0.074> (0.085) (0.123) (0.103)
5 0.100 0.302 0.258 0.570 0.7386 D.858 0.858 5 0.108 0.309 0.322 0.570 0.888 0.858 0.856
(0.012) (0.03%) (0.052) (0.093) ({0.118) <(0.125) <{(0.1258} (0.012) (0.040) <{0.055) (0.093) (0.100) {C.125) (0.123)
B 0.093 0.111 0.083 0.703 0.000 0.708 1.000 [ 0.037 0.133 0.083 0.834 0.000 0.709 1.000
(0.017) {0.083) (0.080) (0.153) { - ) {0218 { - (0.017) (0.036) <0.080) (0.13%) ¢ - } (0.218) & - )
T 0.122 0.430 0.286 0.430 ki g.128 0.430 0.430 0.478
(0.023) {0.183) (0.121) (0.109) ¢ 3 Yt H {0.024) (0.188) (0.134) (0.111) ¢ b I ¢ T b
8 0.108 0.000 0.125 0.635 8 g.109 0.000 0.125 0.535
(0.038) { - ) (0.117) ¢ y (0.180) ¢ ) ¢ b} (o.033) ¢ - ) (0.7 ( ) (0.180) ( 7L 4 )

LY-LT ML S4TH
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APPENDIX TABLE 6-3. ESTIMATED PROBABILITIES OF DEATH AND
THEIR ERRORS IN THE FIRST 147 DAYS AFTER THE BOMBING
BY T65D
fF#£6-3. EREOBNOMIHMI T AHENHCHEE S FD

WA, TE5D R ftEl

DSBE (gray)
Cluster
Size 0 1.00 2.00 3.00 4.00 3.00 Z6.00
-0.99  -1.99 -2.99 -3.99 -4.99 -5.93
All 0.083  0.219  0.371 0.506  0.582  0.700 0.880
(0.002) {0.008) (0.013) (0.016) (0.020) (0.022) (0.021)
2 0.080  0.164 0.288  0.527  0.482  0.500 0,600
{0.006) (0.023) {(0.047) <£0.083) <{0.118) (0.217) (0.1B0)
3 0.072  0.252  0.434  0.435  0.56B 1.000 0.482
{0.007) (0.027) (0.054) £0.067) (0.079) ( =~ ) (0.102)
4 0.098  0.231 0.483  0.446  0.633  0.479 0,734
(0.009) (0.031) (0.057) <0.0768) ({(C.085) (0.125) <(0.103)
5 0.108  0.308 0.322  0.807 0.888  0.85B 0.838
(0.012) (0.040) (0.055) €0.084) <0.100) <€0.125) (0.125)
[ 0.100  ©0.133 0.083  0.834 0.000  0.708 1,000
{0.017) (0.D3E) (0.0BO) «0.138) ( - > (0.216) ¢ - )
1 0.133  0.430 0.430  0.479
(0.024) (0.188) (0.134) (0.111) ¢ Yy« > g )
8 0.109  0.000 0.125 0.835
(0.039) ¢ - 3} (o.um ) C0.1B0Y ( IR ¢ )

APPENDIX TABLE 7. NUMBER OF INDIVIDUALS AT RISK AND DEATHS BY SEX,
DISTANCE, AND AGE ATB
fT#7 BN SAMBRUTECHY, MU, BRI, M OSUBRIEE M )

Distance (m)

Age
ATH g €00 900 1000 1100 1200 1300 1400
-799 -888 -9393 -1093 =1193 -1293 -1399 -1599

Sexes Cosbined

0-19 N 15 21 72 1o 138 142 185 368
] B 8 25 23 18 [ 15 18
% 40.0 38.1 34.7 23.0 13.2 §.2 B.1 4.9
20-39 N L5 44 134 162 218 285 401 178
D | 23 49 a3 a0 24 14 17
1 §3.3 52.3 36.6 20.4 13.9 a.4 3.5 2.2
40-58 N 21 33 121 155 246 307 354 735
D 13 13 52 a0 39 30 9 31
4 Bl.8 48.17 40.3 32.3 14.2 9.8 2.5 4.2
Z 60 N 22 44 169 194 253 370 483 1015
] i1 28 93 73 78 61 B3 105
4 50.0 B3.B 55.0 31.5 30.8 16.5 17.9 10.3

(Continued HE <)

50
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APPENDIX TABLE 7. Continued #i

Distance (m)

Age
ATH 0 800 00 1000 1100 1200 1300 1400
-799 -883 -989 ~109% -1188 -1289 -1399 -1588

Males
0-19 N 5 7 31 44 44 53 72 142
D 2 1 6 1 B 3 B 0
b 33.3 14.3 19.4 15.9 13.6 5.7 1.l 7.0
20-38 bl 3 7 27 36 50 69 39 161
0 | 4 12 [ 14 g 4
% 33.3 37.1 44.4 16.7 28.0 13.0 6.1 2.5
40-59 N 8 18 55 T2 110 137 140 294
D 4 8 27 19 13 12 B 10
% 50.0 444 449.1 26.4 11.8 B.8 4.3 3.4
Z B0 R 12 23 88 97 114 174 203 458
1] B 14 47 43 38 25 40 40
3 50.0 60.9 5d.4 44.3 a1.8 4.4 19.5 8.7
Females

0-19 N ] 14 L3 56 a2 89 113 228
] 4 7 19 18 12 3 T 8
X §4.4 50.0 46.3 28.6 13.0 3.4 6.2 3.5
20-39 N 12 37 107 128 168 218 392 615
0 T 19 37 27 16 15 8 13
% 58.3 51.4 34.8 2l.4 9.6 6.8 2.8 2.1
40-58 N 13 21 72 83 136 170 214 441
] | 11 25 31 22 18 3 21
X B9.2 52.4 34.7 37.3 16.2 10.8 1.4 4.8
Z 80 N 10 21 Bl 97 138 196 258 557
D 5 14 46 30 42 a6 43 BS
S 50.0 86.7 %B.8 30.9 30.2 18.4 16.7 114

N,Number of individuais at risk
0, Number of deaths

51



