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STATISTICAL ANALYSIS
INTRODUCTION

The Form

By the time the American physicians of the Joint Commission arrived in
Japan, a great deal of information on the medical effects of the atomic
bombs had already been recorded by the Japanese. Eor the most part, how-
ever, it consisted of scattered hospital and dispensary records of patients
treated in the Pirst few weeks after the bombing. Since this was the only
source of information on the early effects of the bomb on human subjects,
the immediate need was to collect and assemble these records systematically
for analysis. ' The form illustrated in figure 1 was designed and used for
this purpose in both Hiroshima and Nagasaki. TIn order to obtain as much
consistency as possible, the form was used to record the data for patients
later examined under the direction of the American physicians.

The form is largely self-explanatory. Tt was designed to obtain two
types of information:

(a) The location, position and shielding of the individual at the time

of the bombing.

(b) The injuries sustained, the symptons, if any, which later developed,

-a general diagnosis, and the outcome of the case.

The items are described as follows, 1n the order in which they appear
on the form:

After all the records were assembled, a case number was stamped on the
top of each record, in serial order, for 1dentification. The form illus-
trated in figure la is case number h307, as shown at the top of the sheet.

" The number H-10367- S, just to the right of the title, is a code num-
ber indicating where the examination was made and the type of patient
(hospital, dispensary,:outpatient or "sample").

The name, age, sex and occupation of the patient are entered in item 1.
The age was recorded by the Japanese system, in which an infant is con-
sidered to be one year 0ld at the moment of birth, and becomes a year
"older" on the following New Year's Day, instead of on his birthday. Thus,
e child born near. the end of the year may be "two years o0ld" within a few
days, or even in a few minutes after birth. This may make a great dif-
ference in the statement of a child's age. In adults it is relatively un-
important, although there may be a maximum difference of two years in the
age of an individual as expressed in the Japanese system and the commonly
used American system,

The location of: the individual at the time of the bombing, as recorded .
in item 2, is of the greatest importance in the analysis of the data.

Seven concentric circles_were drawn on a map of each city, with the center
located directly under the point at which the bomb exploded. The radii of
these seven circles were respectively,' 1,000, 1,500, 2,000, 2,500, 3,000,
4,000 and 5,000 meters. Throughout this report the location of individuals
will be given in.terms of the ringe formed by these circles. Individuals
in rings 1 through 7 were located within 1,000 meters of ground center,
1,100 to 1,500, 1,600 to 2,000, 2,100 to 2,500, 2,600 to 3,000, 3,100 to
4,000 and 4,100 to 5,000 meters from ground center respectively. Individuals
at a distance of over 5,000 meters are designated as being Iin ring 9.




It should be especlally noted that these. distances are recorded in
terms of meters from "ground center", the point on the ground above which
the bomb exploded. Since both bombs exploded several hundred meters above
the ground, the actual distance from the bomb is greater than the distance
from ground center. An individual 500 meters from ground center was only
about one and a half times as far from the bomb as individuals directly be-
neath the bomb. This is the reason why the radius of the first ring was
set at 1,000 meters rather than at some shorter distance. Farther away,
the dietance from ground center is more nearly proportional to the distance
from the bomb, as may be shown by simple triangulation. :

For simplicity, wherever the word distance is used hereafter in this
report, it will be defined as distance ‘from ground center, rather than
distance from the bomb. The reader so desiring may make an appropriate
conversion to meters from the bomb with little difficulty.

" In addition to the circles described above, eight equally spaced radial
.1lines were drawn on the map of each city to indicate the direction. ’

The location of the individusl was recorded in item 2 of the form by a
code number, indicating both the ring and the direction. The distance to
the nearest 100 meters was also recorded on many of the forms, and the
exact building or area was recorded, if it was of special interest.

As shown in figure la, school boy Tasuku Ezawa was on the Supiyoski
Bridge, 1,600 meters from ground center in ring zone 3, (as indicated by
the code number "8b").

In some instances, the location was recorded in terms of street ad-
dress, or on an alternative system of rectangular coordinates, but these
were later translated into the standard ring zone and direction system as
described. For the most part, distances were probably accurate to within

. about 100 to 200 meters. Undoubtedly, some individuals were confused and
v gave erroneous information and, perhaps in a few instances, the home ad-
dress might have been recorded instead of the location of the individuals
at the time of the bombing. Perhaps some apparent inconsistencies, -which
will appear later in the discussion, are attributable to such errors.

The cause of injuries, if any were sustained, are recorded in items 3
and 4. Tasuku Ezawa, who was standing in the open on a bridge, received
burns aend, in the opinion of -the examining physician, received radiation
injuries (see words circled on the form in figure la). He received no in- .
juries from "blast", "burning building”, "flying debris", or "falling
walls". If he had‘received a mechanical injury, the type of injury would
have been recorded here and described more fully under "diagnosis" on the
back of the form (figure 1b).

The protection of the individual by objects between himself and the
point of explosion is of almost as much importance as distance in the ex-
tent of injuries received. Indeed, the protection afforded by distance is
partly due to the shielding effect of air, Under item 5 are recorded:

(a) The position of the individual (standing, sitting or prome).

(b) If the individusl was indoors, the type of building was recorded.

"The height of the building and the floor he was on were also
written in, :

(¢) If the individual was outdoors, it was recorded whether he was in

the open or behind some object and, if so, what sort of object.

(d) A description of the clothing worn and the color of the clothing.

(e) Any other type of protection.

The patient's statement of the injuries received by other people in his
near-vicinity was @ntered in item 6.

Item 7 is a description of burns as to degree, area, parts of body,
and healing.

‘ Under the heading. "Radiation Effects”; item 8, are recorded those

- symptoms which, at the time, were thought most likely to be produced by
gamma radiation. The time of onset, and the time ceased, is recorded for
each symptom. As shown in figure la, Tasuku Ezawa was nauseated and
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vomited three times on August 6, the day of the bombing. He complained of
malaise and anorexia, beginning on that day and lasting for two weeks. He
had moderate epilation of the scalp, beginning on September 4 (29 days after
the bombing) and 1asting until September 19, with regeneration beginning on
September 20, No other symptoms were recorded.

The immediate and after effects of the blast on the lungs, ears, in-
testines and central nervous system are recorded in item 9. Tasuku Ezawa
was knocked unconscious and later had dizziness and a headache, presumably
as & result of the blast,

The treatments ere shown on the back of the form (figure 1b) under
item 10.

If the patient died, the date, cause and autopsy findings are recorded
in item 11.

Red blood cell counts, hemoglobin, hematocrit, white blood cell counts
and other laboratory date are entered in item 12. A dlagnosis of the case

was made by the examining physician (item 13) and reviewed by the American

physician in charge., Additional observations and complications are re-
corded in item 1%, and the date and signature of the examining physician
are entered at the bottom of the sheet.

Collection and Analysis of the Data

Ideally, it would have been desirable to study a random sample of the
population of each city from the moment of the bombing until all the possible
results were manifest., Obviously, this was impossible under the circum-
stances, A large percentage of the population was killed immediately, and
the destruction was so great that the Japanese could not even make an
accurate count of the bodies. On the other hand, some of the effects may
not appear for several years, and the genetic effects, 1f any, will not be-
come apparent until the next generation.

However, every attempt was made to examine as representative a sample
of the population as was possible, and to obtain case histories over as long
a period as time and circumstances permitted. The cases came from the fol-
lowing sources:

All the Japanese medical records of cases treated before the arrival of
the Americans were transcribed on the standard form. Over two-thirds of the
case histories of patients who were not killed outright, but who died later
as a result of the bombing, were obtained from this source,

A1l the hospital and dispensary patients remaining after the arrival
of the Americans were examined under the supervision of American physicians.

Teams of Japanese doctors, nurses, and medical assistants were formed
under American supervision to examine individuals who were not receiving
medical attention. An attempt was made to examine a representative sample
of the remaining population in every section of each city, including a con-
trol group beyond the range of physical destruction.

Records were obtained on a.total of 6,993 individuals in Hiroshima and
6,898 individuals in Nagasaki. Of these, 1,141 in Hiroshima and 2,404 in
Nagasaki were hospltal cases.

The nature of this sample must be carefully borne in mind in inter-
preting the data about to be described., Only individuals who survived the
initial blast and destruction®are included In these records. - Since it is
estimated that within a radius of 1,000 meters, approximately 8T% of the
individuals in Hiroshima and 88% of the individuals in Nagaeaki died*,
most of them within a period of 2i-hours, the survivors in the inner zones

#See tables 4 and 9.
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are a highly selected group. Individuals within a distance of 1,000 meters

(ring 1) who survived must have been well shielded, extraordlnarlly regisgt-

ant, or both, Individuals who were at a distance of over 3,000 meters
(rings 6, 7 and 9) at the time of the bombing may approximate a random
sample of the original population, since the proportion of people killed
outright was relatively low.

The hospital cases are an obviously selected group, although not all
the patients in the hospitals had been admitted for injuries due to the.
bombing. The non-hospital cases are selected to the extent that many in-

-dividuals with severe injuries or symptoms had been removed to hospitals

(up to hospital capacity). On the other hand, in spite of precautions
taken to avoid it, it seems likely that people with complaints were more
likely to have voluntarily come in for examination than people who felt
perfectly well.

A preliminary analysis of the data showed that whereas the hospital
cases had many more injuries and symptoms than the non-hospital group, a
high percentage of injuries and symptoms were found among the latter, Fur-
thermore, while the absolute incidence was different, the trends of incl-
dence in respect to distance formed the ‘same general patterns in the two
groups.

In consideration of these selective factors no statistical tests have
been applied to test the significance of differsnces as to the incidence of

~ burns, mechanical injuries, and symptoms in individuals at various distances.

A preliminary analysis of the data showed that 6,882 cases in Hiroshima
and 6 621 cases in Nagasekl were seen alive on the 20th day after the bomb-
ing or later, while 11l in Hiroshima and 277 in Nagasaki were last seen
prior to the 20th day. Of the former group, 254 in Hiroshima and 174 in
Nagasakl were known to have died on the 20 th day or later, while of the
latter group 91 in Hiroshima and 238 in Nagaesaki died prior to the 20th day.
Many of the cases last seen prior to the 20th day were incompletely recorded,
being copied from old records. Furthermore, cases last seen a week or two
after the bombing, and alive at that time, may have died or developed
symptoms at a later date and were, of course, not recorded.

For these reasons, and in order to describe more homogeneous popula-
tions, the individuals last seen prior to the 20th day after the bombing
have been treated as a separate group. Throughout the following discussion,
the cases described are individuals known to be alive twenty days or more
after the bombing, except where it is specifically stated otherwise.

Other than this, no records were eliminated, except a very few cases
on which no data was recorded other than the name, and the fact that they
died on the day of the bombing, and a few cases on which the.location of the
individual at the time of the bombing was not recorded.

In spite of the limitations mentioned, the data from these records
probably give a reasonably accurate description of the medical history of
individuals remaining alive a few weeks after the atomic bombing of these
cities.

The People Examined

The sex and age distributions of individuale examined in the two cities
who were living twenty days after the bombing are shown in table 1. In
Hiroshima, slightly more males than females were examined (3,612 males}
3,270 females), while in Nagasaki the females considerably outnumbered the
males (2,866 males; 3,755 females).

Age, as shown in table 1, was recorded in the Japanese system pre-
viously described. The individuala examined in Hiroshima averaged several
years older than those in Nagasaki, the mean ages being 29.5 for males and
28.4 for females in Hiroshima, as compared with 25.5 for males and 22.8
for females in Nagasaki, Only a small percentage of the cases examined were
children under 5 (2.9% in Hiroshima and 2.0% in Nagasaki). In Hiroshima,
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about one-third (33.2%) were of school age, 5 to 9 years old; 58.6% were
between 20 and 59; and.5.3% were 60 years o0ld,.or .over. In Nagaseki, over
half (56.T%) were 5 to 19 years old; 38.3% were between 20 and 59; and 3.0%
were 60 years old, or over..

As would be expected from the age distributions, about one-~third
(31.0%) of the individuals examined in Hiroshima were students, as com-
pared with nearly two-thirds (62.5%) in Nagasaki, (See table 2). In
Hiroshima 11.6%, and in Nagasaki 0.7% were in military service. The per-
centages of individuals in other occupational groups in Hiroshima and
Nagasaki respectively were "laborer" 5.7% and 18.1%; "white collar” 12.1%
and 7.1%; "executive and professional" 1.4% and 0.5%; "housewife" 10.0% and
2.9%; "farmer" 3.3% and 3.0%; "unemployed" 1k, 91, and 4.1%; and "other oc-
cupations" 10.0% and 1.1%.

The location of the individuals at the time of the bombing in terms of
distance and shielding is shown in tables 3H and 3N for Hiroshima and
Nagasaki respectively., About half of the people examined in each city were
in lightly constructed Japanese-type frame buildings (%6.9% in Hiroshima
and 50.5% in Nagasaki). In Hiroshima 6,1% of the people were in more
heavily constructed brick, steel, and concrete buildings, and only O. L
were in bomb shelters and tunnels. A much larger percentage of the people
in Nagasaki were shielded by heavy construction, 19.5% being in brick,
steel, and concrete buildings, and 5.8% in bomb shelters and tunnels.

A larger percentage of the people examined were in heavy buildings and
bomb shelters in rings. 1l and 2 (within a distance of 1,500 meters) than in
more distant rings. In ring 1, 18.9% of the people examined in Hiroshima
and 50.1% of the people examined in Nagesaki were in heavy type buildings
and bomb shelters at the time of the bombing. Most of the people in outer

" rings were elither in Japan type frame buildings or outdoors.

This is due, partly, to the fact that the bombs were dropped over the
center of the cities where there was more heavy construction. In addition,
since the casualties were lower among people protected by heavy constructiom:
most, if not all, of the survivors in rings 1 and 2 had some’sort of shielding.

In Hiroshima, 42.2% of the people were outdoors, 10.1% being outdoors
shielded, and 32. 1% being outdoors unshielded. As compared with this, only
23.2% of the people in Nagasaki were outdoors, 8.3% being outdoors shielded,
and 14.9% being outdoors unshielded.

The location of individuals outdoors or in various types of buildings
is only a rough index as to the amount of protection afforded. For example,
some of the people in concrete buildings were standing beside an open win-
dow facing the bomb, and were fully exposed to direct effects of the ex-
plosion, while others were in the cellar on the opposite side of the build-
ing and protected by steel girders and many feet of concrete. Likewise,
some of the people outdoors were in the shadow of one or several concrete’
buildings, and in some instances, behind hills and had a great deal of pro-
tection. The "outdoors shielded group is. distinguished from the "outdoors
unshielded" group, largely, by the individuals' own awareness of shielding
or the lack of shielding. People outdoors behind a wall or a tree reported
that they were shielded, although the wall may have been of flimsy construc-
tion, affording little protection from gamma radiation. Others who thought
that they were in the open: may have been in the shadow of a relatively dis=-
tant building or hill.

For these reasons, no attempt has been ‘made to define the extent of
shielding emong these various groups in precise physical terms. Neverthe- .
less, in spite of the variation among individuals, there is a considerable
difference in the average amount of. shielding in these several shielding '
groups.,

As shown in tables. 3H and 3N a much 1arger proportion of the people
examined in Nagasaki were.well shielded than were well shielded in Hiro-
shima, especially in rings 1 and 2: This should be borne in mind in inter-
preting the data which follow.- e '
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BURNS, MECHANICAL INJURTES, BLAST EFFECTS, AND DEATHS

The percentage of individuals with burns, and the percentage of in-
dividuals with mechanical injuries in each ring, are shown in figures 2H
and 2N, and tables 4H and 4N, Tt will be noticed immediately that in both
cities a smaller percentage of people received burns in rings 1 and 2 than
in ring 3. ‘In Hiroshima burns were sustained by 25.1% of the people ex-
amined in ring 1; 34.7% in ring 2; 47.3% in ring 3; and 42,7% in ring k.
There was a much lower incidence of burns in Nagasakil, but the same general
pattern appears with 22.7% of the people burned in ring 1; 24.0% in ring 2;
34, 7% in ring 3, and 23.1% in ring 4.

With increasing distance beyond ring 4, there is a sharp drop in the
percentage of people burned. In Hiroshima, burna were sustained by 26, 6%
of the people examined in ring 5; 12.0% in ring 6; and 0.4% in ring 7. The
corresponding percentages in Nagasaki are 20 3% in ring 5; 7.5% in ring 6;
and 7.5% in ring 7.

The decrease in the incidence of burns beyond ring 4 may approximate
the decrease in intensity of radiant heat. The inverse relationship be-
tween the incidence of burns and distance in the first three rings is most
probably due to a process of selection., The individuals under discussion
all survived the effects of the bombing for at least twenty days. The
radiant heat in rings 1 and 2 (within a distance of 1,500 meters) was very
intense and a large proportion of the population was killed outright by this
and other causes. It seems likely that the great majority of the individuals
in these rings who were exposed directly to the radiant heat died immedi-
ately, or within a few days, and so could not appear among thesé cases.
Those who survived in these rings were probably partially or entirely
shielded from direct radiation, whether they realized it or not. Such a
selective factor could account for a lower percentage of burns among sur-
vivors in an area where burns were most likely to prove fatal.

There was a larger percentage of individuals with mechanical injuries
than with burns among these survivors. The incidence of mechanical in-
juries declined rapidly with increasing distance, though not quite so
markedly as in the case of burns. 7TIn Hiroshima, 61.8% of the people in
ring 1 sustained mechanical injuries; 59.6% in ring 2; 5.7 1in ring 3;
40.7% in ring 4; 39.3% in ring 5; 25.T% in ring 6; and 14.6% in ring 7.

The incidence of mechanicel injuries was somewhat lower in Nagaseki, being
56.4%, 62.3%, 38.2%, 26.9%, 24.4$, 27.66, and 9.8% in rings 1, 2, 3, 4, 5,

6, and T respectively. The injuries recorded in these figures include all
degrees of injury from minor scratches to severe lacerations and compound
fractures. However, with the severe shortage in medical attention; and
lowered white cell counts due to.radiation, lacerations and abrasions which
would ordinarily be of no consequence frequently resulted in severe infection.

The incidence of indivliduals with fractured bones and the incidence of
individuals with lacerations, abrasions, or contusions are shown in tables
SH and 5N. Of 463 individuals with mechanical injuries in ring 1 in Hiro-
shima, 23 (5.7%) had fractured bones and 396 (98:0%) had lacerations, ab-
rasions or contusions. The 23 people with fractured bones in ring 1.in
Hiroshima is only 3.1% of the 749 individuals in.the ring. The proportion -
of the individuals with any mechanical_injuries who sustained fractured
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bones decreases with distance, and none were reported beyond ring 6 in
either city. In Nagasaki, 2.5% of the people in ring 1; 1.6% in ring 2;
1.0% in ring 3; 0.4% in ring 4; 0.8% in ring 5; .and O. h% in ring 6 sustained
fractured bones. (See table 5N) Nagasaki was similar to Hiroshima, in
that the proportion of individuals with fractured bones to all i'ndividuals
with mechanical injuries decreased with distance, though not very con-
sistently.

In order to obtain a general description of the severity of mechanical
injuries, the injuries were classified as "moderate" or "severe". Since
meny cases lacked complete description of the injuries, the classification
was not very precise. In general, compound fractures of any bones, a sim-
ple fracture of a long bone, and multiple lacerations, abrasions or con-
tusions, were classified as severe injuries. Simple fractures of minor
bones, and single lacerations were classified as moderate injuries.

The percentage of individuals with moderate and severe mechanical in-
Juries in each ring is shown in table 6, Of the individuals injured in
rings 1 and 2, a slightly larger percentage had severe mechanical injuries
than had modera.te mochanical injuries. In Hiroshima 35.4% in ring 1 and
30.9% in ring 2 had severe mechanical injuries. In Nagasaki the correspond-
ing percentages were 30.8% and 31.0%. The percentage of severe injuries
declined with distance more rapidly than the percentage of people with
moderate mechanical injuries. Of the individuals with mechanical injuries
in rings 3, 4, 5, 6, and 7 the greater proportion were moderate.

The direct effects of the blast on individusls (as distinguished from
secondary effects from collapsing buildings and flying debris) were com-
paratively slight. In both cities less than 1% of the individuals in ring 1
had ruptured ear drums, and none occurred beyond 3,000 meters. (See table
40 and LN).

In ring 1, 10. 4% of the people in Hiroshima and 21. 8% of the people in
Nagasaki complained of vertigo, tinnitus, headaches, and related symptoms
beginning immediately or a short time after the blast. The incidence de-
clined with increasing distance, but in ring 7, 8.8% of the people in Hiro-
shims and 6.8% of the people in Nagasaki reported these symptoms, as did
some individuals in ring 9, over 5,000 meters distant.

Loss of consciousness from the blast was not a very frequent finding
among the individuals who were living twenty days after the bombing. It had
e higher incidence in Hiroshima than in Nagasaki, being reported by 7.1% of
the people in ring 1 in the former city, and 2.5% in the latter. Like
other effects, the incidence of loss of consciousness from the blast de-
clined with increasing distant,-

Out of a total of 6,882 people in Hiroshima and 6,621 in Nagasaki who
were alive on the twentieth day after the bombing, only 254, or 3.7% in the
former city and 174, or 2.6 in.the latter died later, apparently from in-
Juries sustained by the bombing In Hiroshima the percentage of deaths in
rings 1, 2, 3, k4,-and 5 were 25.9%, 4.1%, 0.6%, 0.1% and 0.1% respectively,
and no dea.ths were reported among the individuals examined in ringe 6, 7,

and 9. The percentage of -deaths in Na.gasaki in- rings 1, 2, 3; 4, 5, 6 and

7 were 8.1%, 3.2%, 3.2%, 0.7%, 0.8%, 0.4% and 0.4% respectively These
deaths will be discussed in more detail farther on. :

The Influence of Shielding on the Incidence of

:EI_J.__;'ns and Mechanical Injuries

The influence of ahielding on the incidence of individuals with burns
is illustrated in figures 3H and 3N from the data presented in tables TH and
TN. The percentage of people with burns was greatest in individusls out-
doors unshielded, considerably less in individuals outdoors shielded, and
very much less indoors. These was little difference in the incidence of
burns among people in heavy-type buildings (brick, steel and concrete) and




people in lightly constructed Japanese-type buildings.*

The. incidence of burns in Hiroshima was greatest among individuals
outdoors unshielded in ring 3, 89.3% of the people sustaining burns. In the
same ring, burns were sustained by 42,.3% of the people outdoors shielded,
16.2% of the people in Japanese-type buildings, and 16.1% of the people in
heavy buildings. There were too few people in bomb shelters and tunnels to
yield reliable statistics. .

Approximately the same relationships were found in Nagasaki. In ring
3, 76.9%, 30.1%, 23.9%, 23.9% and 4.3% of the people sustained burns outdoors
unshielded, outdoors shielded, in Japanese buildings, in heavy buildings, and
in bomb shelters and tunnels respectively.

Hiroshima and Nagasaki, as previously described, is largely accounted for

by the fact that a larger proportion of the people were outdoors in Hiro-
shima than in Nagaseki. The incidence of burns in the two cities may be
compared in ring 5, where the selective death rate is not so large as to
unduly bias the results. Among people in ring 5 outdoors unshielded 64.6%

in Hiroshima and 60.4% in Nagasakl sustained burns., Among people in ring 5
in Japanese-type buildings, 11.0% in Hiroshima and 6.0% in Nagasaki sustained
burns.

' Even taking shielding into account, a somewhat learger proportion of two
individuals examined sustained burne in Hiroshima than in Nagasaki, but the’
difference is considerably less than appears from the over-all figures.

The incidence of mechanical injuries among survivors was influenced by
shielding in exactly the reverse order from what was found in the cage of
burns. (See figures 4H and 4N and tables TH and TN).

The incidence of mechanical injuries was greatest among individuals in
heavy buildings, slightly less among individuals in Japanese-type buildings,
st1ll less among individuals outdoors shielded, and least among individuals
outdoors unshielded. Of the individuals in- -heavy buildings in ring 1 in

" Hiroshima, 80.5% sustained mechanical injuries, as compared with 27.6% of

the individuals outdoors unshielded., Among individuals in ring 1 in Naga-
saki, 78.9% of those in heavy buildings were injured, as compared with

" 24.,7% of those outdoors in the open.

Most of the mechanical injuries were caused by falling walls and
ceilings, .and by flying debris, especially glass. Individuals indoors or
behind walls were more apt to be injured in this way than indiv1duale out-
doors in the open.

While it is true that a smaller percentage of the survivors in lightly
constructed Japahese-type buildings sustained mechanical injuries than those
in heavy buildings, this does not give a complete picture of the degree of
protection conferred by the two types of construction. As shown in sections
10H and 11N, the death rate was much higher in Japanese-type buildings than
in heavy concrete buildings. Within a wide radius, the Japanese-type build-
ings collapsed completely, crushing and trapping the victims, The well con-
structed concrete and steel buildings remained standing for the most part,
but the occupants were injured by flying glass ‘and falling plaster ceilings.
Therefore, the individuals in Japanese-type buildings were more likely to be
killed and less likely to sustain non-fatal injuries than in modern concrete
buildings.

Type, Degree and Location of Burns

Although it was not specifically called for on the form, the examiners

were instructed to record whether burns were due to the flash, to flames

*The individuals indoors, but type of building unspecified, have been
included with those in Japanese-type buildings, since the majority of in-
dividuals were in Japanese-type buildings.
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from burning buildings, etc., or both., This was not always easy to deter-
mine and was omitted from many forms. The great majority of the individuals
burned sustdéined flash .burns only, a smaller proportion sustained both flash
and flame burns, and only a few (36 in Hiroshima and 34 in Nagasaki) were
burned by flames only. (See tables 8H and 8N). The percentage of indi-
viduals with flame burns only showed little change with distance. No flash
burns were reported beyond a distance of 4,000 meters in Hiroshima, while

in Nagasaki 9 out of 265, or 3.4% of the individuals in ring 6 (4, 100 -
5,000 meters) were reported to have received flash burns.

An individual who received third degree burns is very likely to have
some areas of first and second degree burne as well, and many of the cases
were recorded as having burns of two or three different degrees. As the
form did not require the details of recording the exact extent of each de-
gree of burn, the individuals have been classified in tables OH and 9N by
the most severe degree of burn sustained. Of the people with burns ex-
amined in Hiroshima, 6.2% had first degree burns, 52.T% had second degree
burns, and 41.1% had third degree burns in the most severely burned area.

In Nagasaki, 11.7% had first degree burns, T1.3% had second degree
burns, and 17.0% had third degree burns, There was no marked or consistent
relationship between distance and the‘degree of burn among these survivors.

Tables 10H and 10N show the individuals burned in each ring classified
by the percent of body area burnt, and by the most severe degree of burn.
The majority of the burns covered less than 10% of the body area, but a
considerable number covered 10% to 19% of the body area, and a few covered
over 40% of the body area. About one-quarter of the individuals burned had
second degree burns covering 2% to 9% of the body area.

In order to obtain a general, summary description of the severity of
burns sustained by individuals who were not immediately killed, the severity
of burns in each case was classified as "moderate" or "severe" by the fol-
lowing criteria:

Moderate Burns:
(1) First degree less than 20% in area.
(2) Second degree less than 10% in area.
(3) Third degree less than 2% in area.
Severe Burms:
' Area burned greater than indicated for "moderate" burns.

In many ‘instances the degree or the area, or both were lacking on the
form, and in such cases, the burns were classified as "moderate" or "severe"
in the best judgment of the physician from reading the dlagnosis, the des
scription of the parts of the body burned, and other indications on the form.
In a small proportion of cases such clues were lacking, and these were
classified as "moderate" on the assumption that 1f the burns had been severe

_ enough to attract attention, they would most probably have been described.

Table 11 shows the incidence of moderate and severe burns in each ring.
In Biroshima, 21.9% of the individuals in ring 1 had moderate burns, and
3.2% had severe burns, .while in ring 4, 18.6% had moderate burns, and
24k ,1% had severe burns. The relatively small incidence of severe burns in
ring 1 is probably another: example of the eelective factor previously men-
tioned. Probably most of the individuals in ring 1, eufficiently exposed
to have severe burns from direct radiation, died, and 80 are not included
among these survivors. In’ rings 6 and 7,there was a higher incidence of
moderate burns than severe burns. -There were more cases of moderate burns
than severe burns in every ring in Nagasaki, In total there were -twice as
many moderate burms as severe burns reported. '

The majority of burns were on exposed parts of the body.. (See'table
12). As the weather was warm, & considerable number of - people had removed |
their shirts, many were wearing only shorts, and some were naked. Among
the individuals burned in Hiroshima, 88.4% were burned on the limbs, 77.2%
were burned on the head (including face and neck), and 38.1% were burned
on the trunk.
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- In Nagaseki, 83.6%, 64.64 and 36.2% of the individuals were burned on
the limbs, head and trunk respectively. In Hiroshima, 28.3%, and in Naga-
saki, 22.7% of the burned had burns on the head, the limbs and the trunk,
while 38.4% in Hiroshima and 28.8% in Nagasaki had burns on the head and =
limbs, but not the trunk, Burns at one site only were less common. Burns L3
of the limbs only occurred in 14.9% and 24.5% of the individuals burned in : ‘
Hiroshima and Nagesaki respectively; burns of the head only occurred in s
8.5% and 10.5% of the cases in Hiroshima and Nagasaki; and burns of the
trunk only in 1.1% and 3.3% of the cases in the two cities.

. ' _ Burns_in Relation to Clothing

As is well-known, any clothing affords a considerable amount of pro- i
tection from burns (especially flash burns), the degree of protection, de-
pending upon the thickness, texture, material, and color. The factor of )
color was strikingly demonstrated in a number of cases in both cities. There : .

" were many examples of printed material being entirely burned away in col-
ored areas which absorbed the heat and left unscorched in white areas which
reflected the heat. The pattern of printed dresses was burned on the skin
of some individuals, the skin under black or colored portions of the cloth
being burned and the skin under white portions of the cloth being left un-
burned. This resulted in a kind of negative imprint on the skin. (See
Pigures 55 and 56, section 5H of this report.)

Since both the part of the body burned and the clothing worn were
described on the forms, an attempt was made to obtain statistical data on
this phenomenon from these records. The attempt was only moderately success-

- ful, since it was frequently impossible to determine, with any degree of
certainty from the form, whether or not an individual was burned under
clothing, this specific question not having been asked routinely, There-
fore, the data summarized in table 13 are not entirely accurate.

Of the individuals burned in Hiroshima, 34.6% were burned on uncovered P
areas only, 60.1% were burned, both on uncovered areas and under clothing,
end only 5.4% were burned under clothing only. Thus, while a majority were
burned, both on uncovered areas and under clothing, over six times as many
people were burned on uncovered areas only as were burned under clothing
only. Considering the fact that, in general, several times as large a £
proportion of the body is covered by clothing than is uncovered, this shows
a considerable degree of protection from clothing. In Nagasaki, 46.5%
were burned on uncovered areas only, 44.5% were burned, both on uncovered
areas and under clothing, and 9.0% were burned under clothing only. Thus,
in Nagasaki a total of 91.0% of the individuals with burns were burned on
uncovered areas, as compared with a total of 53.5% burned under clothing.

In Hiroshima, 169 individuals were burned who were wearing white
clothing only, and of these, 89 (52.6%) were burned under the white clothing.
By comparison, out of 785 individuals burned who were wearing colored cloth-
ing only, 560 (71.3%) were burned under the colored clothing., There is a
difference of 18.7% (71.3 — 52.6 = 18.7) between these two percentages; the
standard deviation of the difference is 6.0%, and the critical ratio of the
difference is 3.1 (18.7 + 6.0). Since the odds are 516 to 1 against a
difference this great or greater arising from chance alone, the difference } N
may be considered as statistically significant. In other words, it is :
highly probable from this evidence that white clothing gives more protectiom
from burns than does colored clothing, This is, of course, making the
assumption that the thickness of cloth and the parts of the body covered .
was approximately the same for those wearing white and those wearing colored T e
clothing. 1In actual fact, many individuals recorded as wearing colored
clothing only were probably wearing white undergarments under colored outer
clothing. This would tend to minimize the apparent difference as Indicated
by these figures.

»
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There were fewer people in Nagasaki on whom to test this hypothesis,
Of the individuals with burns, 86 were wearing white clothing only and 495
colored clothing only; 50% of the former group being burned under their
white clothing end 56.8% of the latter group being burned under their col-
ored clothing. The difference is 6.8% in favor of white clothing, but with
the numbers involved this is not statistically significant.

Outside evidence, both from physical measurements and from the observa-
tions of individuals with flash burns from the atomic bombs, indicates far

-more clearly than these data that white clothing confers much more pro-

tection from flash burns than does colored clothing of the same weight and
texture.

Another factor of interest in this connection is the observation made
by the physicians that most.of the flash burns through clothes occurred at
the shoulders, elbows and other spots where the clothing was pulled tightly
against the body. Burnes were much rarer under loosely fit clothing where
there was an alr space between cloth and the skin.
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III

SYMPTOMS L

A few remarks are necessary concerning the definition and reliability
of several of the symptoms. Very few individuals had epilation of any part -
of the body other than the scalp, and all but one or two of these cases had
epilation of the scalp as well. Therefore, epilation of other parts of the
body has been combined with epilation of the scalp. The form has spaces to _ -
indicate the presence of purpura and of petechiae, but since these are
closely related and very similar manifestations, they have been combined
under the general term of purpura throughout this report. Space is provided
on the form to record the presence or past history of gingivitis and pharyn-
gitis, but other oropharyngeal symptoms such as tonsilitis and sore throat
were frequently written in. These have all been combined under the term of
oropharyngeal lesions. Where necrotic gingivitis has been entered on the
form, it has been recorded in the following tables as a separate item and
included with oropharyngeal lesions as well. Likewise, where bloody diar-
rhea has been entered on the form, it has been recorded in these tables, both
as a geparate item and under the heading of dlarrhea. The term "other
hemorrhage" in these tables includes mainly epistaxis, bleeding gums, hema-
turie and a few instances of other types of hemorrhage, but does not include
purpura or bloody diarrhea. Nausea was[not necessarily recorded for indi-

viduals who vomited. FE

There was no specific requirement that the temperature should be taken
in making the examinations and no space is provided for it on the form.
However, the temperature taken at various lengths of time after the bombing
wes frequently written in as an additional observation on the back of the
form. These tables show the number of cases in which a temperature of 39° 3
or more was recorded. Since temperature was recorded in only & minority of
‘cases, these figures indicate the minimum number of cases in which a tem- -
perature of 39° or more occurred.

Another factor should be mentioned concerning the relisbility of all
these observations. The standard form was used in msking all the examina- ' N
tions done under American direction, and the physicilans were instructed to
check every item. As each form was reviewed by an American physician for
completeness and accuracy, these records should be reliable though, occa-
sionally, some items may have been overlooked.

On the other hand, forms copled from Japanese hospital records may not
be as complete or reliable. For example: if purpura was not entered on the
hospital record, there is no way of being sure that the patient did not have
purpura. Not being specifically asked, the physician simply may not have
recorded it, especially since there was an acute shortage of doctors and
nurses to handle the thousands of casualties. Therefore, the data here
presented may be considered as the minimum number of cases with each speci-
fied symptom.

The Incidence of Symptoms in Relation to Distance -

The incidence of these symptoms in each ring is shown in tables 14H and
14N, The usefulness of a particular symptom from the diagnostic standpoint
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depends upon two factors, its sensitivity to the causative agent and its
specificity. A certain diagnosis of radiation injury, for example, could

be made from a single symptom if a symptom could be found which was in- ;
variably prcduced by radiation and never produced by any other cause.

We may assume that all the individuals in ring 1 received a strong dos-
age of radiation for a very short space of time ( except, perhaps, a few
individuals in deep tunnels and bomb shelters). Unfortunately, no examina-
tions were made on the same individuals just before the bombing for com-
parison. The best group availaeble for comparison consists of the individuals
within the city area at a distance of over 5,000 meters (ring 9). Although
the intensity of radiation was comparatively slight at this distance, there
is some evidence (from white cell counts .as will be shown later)_ that some
of the individuals were measurably affected by the radiationm.

A symptom both sensitive to and specific for gamma radiestion should
have a very high incidence in ring 1, and a very low incidence in ring 9.

In figures 5H and 5N, the symptoms have been ordered from left to right,
taking both of these two criteria into consideration. As shown for Hiroshima
(figure 5H), epilation is both the most .specific and the most sensitive
symptom. Epilation had a higher incidence than any other symptom (69.4%) in
ring 1, and it was the only symptom which did not appear in a single case
among the 219 individuals examined in ring 9. Purpura asppeared in 48.9% of
the individuals in ring 1 and in only 0. 5% (1 case) in ring 9. These two
symptoms, eplilation and purpura, may be considered as by far the best and
most easily recognized diagnostic signs (aside from lsboratory data) since
both are rare in a normal population and have a high incidence among indi- -
viduals exposed to atomic bomb intensities of gamma radiation. The epilation .
described here is easily distinguished from the ordinary loss of hair in :
males.  In some instances, however, the epilation may have been produced by
flame or flash burns rather than by radiation, but this was .a minor factor,
as will be shown later. :

The incidence of these two symptoms was much lower in Nagasaki, 31. 6%
of the individuals having epilation and 21.3% having purpura in ring l. But
not one of the 194 individuals examined in r:Lng 9 had either epilation or
purpura. .
Oropharyngeal lesions had & very high incidence in ring 1 (61.1% in
Hiroshime and 34%.9% in Nagasski). By comparison, in ring 9, 7.3% of the
individuels in Hiroshima and 2,6% in Nagasaki had oropharyngeal lesions.

With such a difference in incidence.in ring 1 as compared with ring 9, the
appearance of oropharyngeal lesions in an individual anywhere near the ex-
plosion of an atomic bomb would seem to indicate a high likelihood of ra-
diation injury. The use of this symptom as a diagnostic sign has the obvious
disadvantage that it is not at all specific for radiation, 1.e., the inci-
dence may be very high in a population due to other causes.

In Hiroshima, vomiting, other hemorrhage, nausea, and fever appear to
be about equal, both as to sensitivity and specificity. The incidence of
these symptoms in ring 1 was vomiting 35.2%, other. hemorrhage 38.1%, and.
fever 34.7%; in ring 9 the incidences were 0.9%, 3.7%, 2.7% and 4.6% re-
gspectively. It should be noted that vomiting and nausee are not entirely
independent symptoms, the majority of cases with vomiting also being re-
corded under nausea. The comparison of fever in these two rings may per-
haps be somewhat misleading, since the temperature was not taken in all.
cases and was more likely to be taken on a patient in ring 1 with injuries
than on -8 patient in ring 9 without injuries.

The incidence of these four symptoms in Negasakl in rings 1 and 9 re—
spectively were vomiting 27.0% and 1.5%; other hemorrhage 13.9% and 1.0%;
nausea 28.3% and 1.0%; -and fever 10.4% and 0.5%.

Necrotic gingivitis and bloody diarrhea are fairly specific, since’ they
are relatively rare in an ordinsry population and had a very low incidence
in ring 9; but the .incidence in ring 1 was not very high as compared with
other symptoms. The incidence of necrotic gingivitis in ring 1 was 10.3%
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in Hiroshima and 2.5% in Nagasaki; the i_ncidence of bloody diarrhea was
10.7% in Hiroshima and 6.8% in Nagasaki.

Anorexia had a high incidence in ring 1 (47. 8% in Hiroshima and 37.0%
in Nagasaki) and a relatively low incidence in ring 9 (6.8% in Hiroshima
and 4.6% in Nagasaki). It, therefore, appears to be.a good diagnostic sign.
However, as a general subjective complaint, it may be more subject to bias
than some of the findings previously mentioned. Though there is some evi-
dence, proof is lacking that anorexia was caused specifically by gamma ra-
distion rather than resulting from other conditions of the bombing.

Though malaise and diarrhea had a high incidence in ring 1 in Hiro-
shima, (47.4% and 50.1% respectively), they were common throughout the
population of the city. Even in ring 9, 24.2% of the people had malaise
and 37.4% had diarrhea. Therefore, though gamma radiation may have had
some influence, these two symptoms probably resulted, largely, from the
widespread destruction of the city, as well as general conditions incident
to the defeat of Japan.

Cramps had the lowest incidence of any of these symptoms and showed
little relstionship to distance. In Hiroshima, cramps occurred in 3.9% of
the individuals in ring 1, and in 3. 2% of the individuals in ring 9; while
in Nagassaki the incidence was 3.9% and 0.5% in rings 1 and 9 respectively.

Epilation and Purpura

With increasing distance, there was & very rapid decrease 1n the per-
centage of individuals with epilation and the percentage of people with
purpura. (See figures 6H and 6N). The percentage of people with epilation
in Hiroshima in each of the seven rings, starting with ring 1, was 69.4%,
30.3%, 8.3%, 4.8%, 2.3%, 1.2% and 0% respectively. The percentage of people
with purpure in each ring was 48.9%, 21.4%, 4.3%, 1.9%, 1.2% and 1.7% re-
spectively.

The incidence of both epilation and purpura was much greater in Hiro-
shima than in Nagasaki in ring 1. It will be recalled that there were more
individuals in heavy buildings in ring 1 in Nagasaki than in Hiroshima, and
thie may partly explain the differsnce. In ring 3 and beyond, there was a
larger percentage of both these symptoms in Nagasaki than in Hiroshima. In
Nagasaki the percentage of people with epilation in each of the seven rings
was 31.6%, 24.4%, 12.4%, 6.1%, 2.5%, 1.4% and 0.4% respectively. The per-
centage of people with purpura in each of the rings was 21.3%, 17.2%, 8.9%,
3.6%, 1.1%, 1.5% and 0.4% respectively.

Oropharyngeal Lesion, Vomiting and Other Hemorrhage

As shown by flgures TH and TN, the percentage of cases with oropharyn-
geal lesions, other hemorrhage, and vomiting declined very rapidly with in-
creasing distance, though not so rapidly as in the case of epilation and
purpura, Of the three, oropharyngeal lesions had the highest total incidence,
but the line does not have quite as steep a slope with distance as for
vomiting and other hemorrhage.

In Hiroshims, the percentdge of cases in each ring, starting with ring
1, was for oropharyngeal lesions, 61.1%, 33.9%, 15.7%, 15.9%, 15.0%, 6.8%,
and 8.8%; for vomiting, 35.2%, 25.8%, 9. 8%, 7.3%s 5.7%, 5.9%, and 2.1%; and
for other hemorrhage, 38.1%, 17.5%, 6.1%, 6.5%, 5.9%, 3.8%, and 2.1%.

" These three symptoms have & much lower incidence in ring 1 in Nagasaki
than in Hiroshima. There was comparatively little difference between the
two cities in rings -2 through 7. Thus, these symptoms, oropharyngesl
lesions, vomiting, and other hemorrhage follow the same general pattern in
‘the two cities ms was previously shown for epilation and purpura.
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"The percentege of cases in each ring in Nageseki, starting with ring 1,
was for oropharyngeal lesiams, 34.9%, 32.3%, 19.3%, 15.0%, 13.0%, 10.6%, and
T.2%; for vomiting, 27.0%, 27.0%, 15.8%, 9.2%, 6.8%, 4.84, and 2.3%; and for
other hemorrhage, 13.9%, 12.44%, 7.5%, 5. h%, 2.8%, 2.5% and 1.9%.

Ma."l.aiae , Diarrhes and Anorexia

Of the remaining eight symptoms, malaise, diarrhea, and snorexia had
the highest incidence in all rings, but showed the least change in incidence
with increasing distance (except for creamps, which showed little if any
change with distance in Hiroshima). (See figures 8H and 8N). These three
symptoms had sbout the samé incidence in ring 1 in Hiroshima (malaise 47.4%,
diarrhea 50.1% and anorexie 47.8%4), but anorexia declined in incidznce with
increasing distance more rapidly than the other two.

These three symptoms had asbout the same rate of decrease with distance
in Nagasaki, malaise and diarrhea showing & somewhat more rapid decrease
with distance in Nagasaki than in Hiroshims.

o Nausea and Fever

As would be expected, the incidence of nausea followed the same pattern
in respect to distance as vomiting in both cities. The incidence of nausea
was greater than the incidence of vomiting, since some people, particularly
in the outer rings, were nauseasted, but did not vamit., In Hiroshima, in
ring 7, 5.4% of the people were nauseated and 2,1% vomited; in Nagasaki, in
ring 7; ‘3.8% were nauseated and 2.3% vomited. Nausea was not recorded for
some individuals who vomited. :

Fever, (39°C. or above), in Hiroshima, had & fairly high incidence in
ring 1 (34.7% of the people) and decreased very rapidly with increasing dis-
tance down to 3.8% of the people in ring 7. In Nagasaki, the incidence of
fever was very much lower, 10.4% of the people being reported as having
fever in ring 1 and 2.3% in ring 7. Since there was no requirement for the
temperature to be taken in the physical examination, little weight should be
attached to this difference betweéen the two cities. It ma.y be that the
temperature was taken on a smaller percentage of the cases in Nagaseki than
in Hiroshima, thus resulting in a smrller proportion of the total number of
cases being reported as having & fever of 39° or over.

Bloody Dierrhea, Necrotic Gingivitis and Cramps

Bloody diarrhea, necrotic gingivitils, and cremps were not very common
findings even in-ring 1. In ring 1, bloody diarrhea was reported for 10.7%
of the people in Hiroshima'and 6.8% in Nagasaki,.and in ring 7 it was re-
ported for 0.8% of the people in Hiroshima and 1.1% in Nagasaki.

In Hiroshima 150 cases of necrotic gingivitie were reported, of which
TT (10.3%) were in ring 1 and L3 (3.84) were in ring 2. No cases of mecrotic
gingivitis were reported in rings 6 and 7.

The inciderce of necrotic gingivitis was even lower in Nagasa.ki, with
only 80 cases being reported in the entire sample. ‘Only 2.5% of the people
had necrotic gingivitis in- ring 1, ‘and no cases were reported in ring 7.

Cramps wes the only one of these symptoms which seemed to be unrelated
to distance in Hiroshima. The incidence was very low, on]y 3. 9% of the
individuals being reported with cramps in ring 1. In Nagasaki, the incidence
of crampes did show a downward trend with dista.nce , but the incidence was just
3.9% in ring 1 (the same as in Hiroshims). :
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Menstruation

The effect of the bombing on menstruation is difficult to evaluate from
these records, since there was probably a high incidence of abnormality be-
fore the bombing in both cities and many of the records lacked a complete
and accurate description of the menstrual history, both before and after the
bombing. No precise or consistent criteria were used to define abnormality,
some of the information coming from hospital records which merely stated
that sbnormality existed. But in general, if more than one period was
skipped 1n three or four months the case was recorded as abnormal.

Nearly 17% of the women in Hiroshima, and nearly 8% in Nagasski were
reported as having sbnormal menstruation, both before and after the bombing.
(See section A of tables 15H and 15N.) -This is probably an under-estimate
of the amount of abnormality before the bombing.

Section B of tables 15H and 15N excludes those women who were known to
have had abnormal menstruation before the bombing. It was reported that the
bombing had no effect on menstruation in 64.5% of these women in Hiroshima
and 71.7% in Nagesaki. In Hiroshima 24.0% and in Nagesaki 15.9% had normal
menstruation before the bombing &nd abnormal menstruation after the bombing.
Menstruetion was sbnormal after the bombing, but unknown before the bombing
in 11.5% of .the women in Hiroshima and 12.5% in Nagasaki.

This latter group, for whom there 1s no record of the menstruation be-
fore the bombing, mskes it difficult to estimate accurately either the pre-
'bombing incidence of a'bnormal menstruation or the effects of the bombing on
menstruation.

The bombing probably produced ebnormal menstruetion in between 24% and
35% of the women in Hiroshima who were normal before the bombing, and in
between 16% and 29% of the women in Nagasaki who were normal before the
bombing.

There is a falrly consistent change In the incidence of abnormal men-
struation after the bonbing with increasing distance. Taking the greater of
the two alternative estimates indicated above, abnormality wes produced in
40.8% of the women in ring 1 and 20.9% of the women in ring 7 in Hiroshima,
and in 36. 6%ofthewomeninringla.ndlSO%ofthewomeninring'?in
Nagasaki. (See columm 8 of tables 15H and 15N.)

There is no evidence in these date to indicate whether the effects on
menstruation were produced primesrily by gamma radiation, or whether they
were produced by other conditions incident to the bombing, or both.

Pregnancy

A total of 45 women were examined in Hiroshima and 177 in Nagasaki who
were pregmnt at the time of the bombing (among those who were living twenty
days after the bombing). (See tables 16H and 16N.) In Hiroshima, 37 (82.2%)
showed no dpparent effects of the bombing at the time they were examined;
6 (13.3%) had had abortions and 2 (4.4%) had hed premature deliveries, with
the baby born. alive. Of the 177 pregnant women examined in Nagasaki, 125
(70.6%) showed no apparent effects, 39 (22.0%) had had sbortions, and 13
(7.3%) hed had premature deliveries with the baby born alive.

"Though the numbers are small, there is some indication that the effect
was related to distance. The disruption of the community following the

bombing is sufficilent to account for some abortions and premature deliveries. .

There is no evidence as to whether or not gamms radiation was wholly or
partly responsible.

Days from Bombing to Onset of Symptoms

Epilation appeared in from one to four weeks after the bombing in the
- majority of cases and purpurea usuaslly appeared in from two to five weeks.
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(See figures 9H and 9N a.nd te.bles 17H .and 17N.) The mean time from the bomb-
ing to onset of epilation was 19.7 days in Hiroshima and 21.1 days in Naga-
saki. The mean time from the bombing to the onset of purpura was 25.1 days
in Hiroshime and 24.%4 days in Nagesaki. There was a very wide variation in
time of appearance of both of these symptoms. A few cases of .epilation (17
in Hiroshima and 21 in Nagasakl) were reported to have occurred on the day
of the bombing, and a few did not sppear until over sixty days later (21 in
Hiroshims and 24 in Nagasski). The records indicate that burns were the
primary cause of very early loss of hair in some cases,

The intensity of radiation probably had some influence on the time of
onset. (See table 18.) For Hiroshima, the mean days to onset of epilation
wes 17.2 days in ring 1, 20.8 days in ring 2, 28.1 days in ring 3, and 25.7
days in ring 4. The mean days to onset of epilation in these same four
rings in Negaseki was 19.4, 21.8, 21.3, &nd 22.6. There were too few cases
beyond ring 4 to make valid comparisons.

The mean dayes from the bombing to onset of purpura In rings 1, 2, 3,
and 4 respectively in:Hiroshima were 23.2, 27.1, 26.1, and 27.9; and in
Negasaki were 24.0, 25.1, 22.8, and 27.6 respectively.

The mean days to onset of oropharyngeal lesioms was 22,2 days in Hiro-
shima and 22.5 days in Nagasakl. A fairly large nunber of cases in both
cities (169 cases in Hiroshima and 100 cases in Nagasaki) were reported to
have begun on the day of the bombing. It seems likely that some of these
cases existed prior to the bombing, but on being questioned, the patients
assoclated the symptom with the catasthrophy. Approximately the same number
of cases began during each five-day period through the nineteenth day with a
considerable increase occurring between the twentieth and thirty-fourth
days. From the fortieth day on, the incidence of new cases in each five-day
period became very mmch less.

As 8 certain number of cases of oropharyngeal lesions are expected in a
normal population, especially in a community with such & high level of in-
fection. It was thought that a large percentage of the late occurring cases
of oropharyngeal lesions probably were unsassociasted with the direct effects
of the bomb. Therefore, the cases occurring after the thirty-nimth day were
amitted from all further analyses. The number and percentage of people in
each ring who developed oropharyngeal lesions within thirty-nine days of the
bombing, and those who developed oropharyngeal lesions after the thirty-ninth
day, 1s shown in tebles 19H and 19N. There is little indicatien of any
relationship to distance in the late occurring cases.

Vomiting occurred on the day of the bombing in 70.9% of the cases re-
ported with vomiting in Hiroshima, and 68.5% of the cases s0 reported in
Nagasaki. Vomiting occurred in the first four days after the bombing in
11.5% of the cases in each city, and the remainder of the cases were scattered
over & period of four months. With the filth, poor and insufficient food,
and general horrible conditioms in both cities following the bambing, one
would expect a certain amount of vomiting t0 océur. The striking feature wes
the great number of people who vomited on the day of the bombing. For this
reason it was thought that vomiting on the day of the bombing was a direct
result of the bomb, and that later vomiting was, in most instances, probably
an indirect result or unrelated. As shown in tebles 19H and 19N, there was
a marked relationship between distance and vomiting on the day of the bomb-
ing, and very much less :relationship between distance and vomiting at a later
date. Therefore, only vomiting occurring on the day of the bomb was con-
sidered in all further analyses.

The mean days from the bombing to the omset of diarrhea was 16.8 days
in Hiroshima and 16.4 in Nagaseki. A large percentage of the cases started
within the first ten days, but time of anset was distributed over a period
of over four months.. (See tables 17H and 17N.) " As has been previously
discussed, there was a high incidence of diarrhea throughout both cammmnities,
and the incidence appeared to be less related to distance than was the case
with many of the other symptoms. There was a greater relation.ship between




distance and the incidence of diarrhea which started on. the day of the bomb
than between distance and incidence of diarrhes with onset at a later date,
but the difference was not great enough to warrant separating these two

groups for analysis. (See tables 19H and 19N.) oo

Duraticn of Symptoms : =

An estimate was made of the duration of each symptom by subtracting the
date of onset from the date of cessation. This was a rough estimate at best, ' =N
since some of the symptoms, particularly vomiting, were intermittent rather
than continuous, snd the figures only indicate the elapsed time between the
first occurrence and the last known occurrence. There was the added diffi-
~culty that, in some cases, the symptoms were present at the time the patient &
wag last examined, and only the time from onset up to the examination could
be recorded, rather than the total duration of the symptom. For these rea- o
sons, the average duration of the symptoms, as shown in tables 20H and 20N, -
are only rough approximations and may be regarded as under-estimates.
While a majority of the individuals vomited only on the day of the bomb+
.ing, some vomited frequently thereafter and at much later dates. The average
elapsed time between the first time and last time these individuals vomited
was 2.3 days in Hiroshima and 2.7 in Nagasski. There does not appear to be
any consistent relationship between distance and the average elapsed time.
The mean dQuration of oropharyngeal lesions (beginning within thirty-nine
days of the bombing) was 16.3 days in Hiroshime and 10.7 days in Nagasaki.
The symptoms may have lasted a little longer in people near the center than .
people more distant, but the difference is not great. As previously noted,
these figures are probably under-estimates of the average duration of
oropharyngeal lesioms,
Diarrhea lasted an average of 16.8 days in cases observed in Hiroshima ,
and 10.2 days in Nagasaki. The average duration does not appear to be cor- :
related with distance. ’ P
Purpura lasted an average of 13.1 days in both cities. But a large )
percentage of the cases had the symptom when last seen, so this is undoubtedly .
an under-estimate.

Symptoms by Ring and Shielding

" ‘While very lightly comstructed walls are sufficient protection from
flash burns, wooden walls are transparent to gamma rdays, and some inches of
concrete or earth are required to diminish appreciably the intensity of
gamme radiation., Therefore, individuals in Japenese buildings probably re--
ceived little less gamms radiation than individuals outdoors. There was a
great deal of variation in exposure smong people within the same concrete
building. Individuals in the upper stories om the side nearest the bomb
were protected at best by & few inches of concrete and may have had no pro-.
tection if they were near a window, while individuals in the basement on the
far side of the building may have been protected by several feet of concrete
and steel girders. Twenty~five people examined in Hiroshima, and 367 people
examined In Nagasaki were in bonb shelters and tunnels. Most of them were L
well protected by many feet of earth or concrete, but a few were standing in
the entrances and had 1ittle protection. These variations should be borne
in mind in evaluating the results shown in figures 10H and 10N, and tables
21H and 21N,

Figures 10H and 10N show the percentage of individuals with each symp- ' &
tom in rings 1 and 2 among people outdoors or in Japanese-type builldings, as
compared with people in heavy-type buildings (brick, concrete or steel).
The greatest differences between the two groups appear in the incidence of -
epilation and purpura, the two symptoms which showed the sharpest decline
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with distance, and which are probably the most specific symptoms of injury
from radiation. In rings 1 and 2 in Hiroshima, 1&9% of the people outdoors
or in Japsnese buildings:had epilation, as compared with 33% of the people
in heavy.buildings. The comparasble figures in Nagasaki were 34% outdoors or

- in Japanese-type buildings, and 20% in heavy buildings. The incidence of

purpura in rings 1 and 2 in Hiroshime was 34% outdoors, or in Japanese-type
buildings and 26% in heavy buildings; in Nagasaki the incidence was 21% out-
doors or in Japanese-type buildings and 16% in heavy buildings.

Oropharyngeal lesions (omset within thirty-nine days of the bombing)
occurred in Hiroshima in 43% of the people outdoors or in Japanese-type
buildings, as compared with 35% of the people in heavy buildings. The com-
parsble figures in Nagasaki were 34% and 31%.

Vomiting, other hemorrhage, fever, necrotic gingivitis and bloody dlar-
rhea all appeared In greater frequency among individusls outdoors in the
open, or in Japanese-type buildings, than among individuals in heavy-type
buildings in both cities. But there was relstively little difference between
the two groups in the incidernce of nausea, anorexia, diarrhea, and cramps.

Malaise was the only symptom which, in both cities, occurred more fre-
quently among individuals in heavy buildings, than among individuals outdoors
in the open or in Japanese-type buildings.

There were only 21 people in rings 1 and 2 in Hiroshima. who were re-~
corded as being in bomb shelters or tunnels. Of these, the numbers with esach
symptom were: epilation 1, purpura 3, oropharyngesl lesions 4, necrotic
gingivitis 2, diarrhea 10, bloody diarrhea O, other hemorrhage 1, vomiting .
on dasy of bombing 0, nausea 2, malaise 9, anmorexia 3, cramps O, and fever L.
Though the number of peopls exposed was too small to make valld comparisons,
the incidence of symptoms among these individuals in bonb shelters was, in
general, much smaller than the incidence of symptoms among individusls in
heavy buildings.

There were 145 people in Nagasaki in bomb shelters and tunnels in rings
1l and 2, a large enough number to establish reasonsbly reliable rates. Only
6% of the people in bomb shelters had epilation as compared with 34% of those
outdoors or in Japanese-type bulldings, and 20%’ of those in heavy buildings.
Ten percent of the people In bomb shelters had purpura, as compared with
21% of those outdoors or in Japenese-type buildings, and 16% of those in
heavy buildings. The incidence of other symptoms among the 175 people in
Nagesaki in rings 1 and 2 in bomb shelters and tunnels was: oropharyngesl
lesions (within thirty-nine days) 14%; necrotic gingivitis 12%; diarrhea
26%; bloody diarrhea 3%; other hemorrhage 4%; vomiting on day of bomb 3%;
nausea 9%; malaise 32%; anorexia 18%; cramps 2% and fever 4%. These inci-
dences are all far lower than the incidence among individuals in heavy
buildings, - : i . o ,

There appears to be no doubt that adequate bomb shelters give a large
measure of protection from radiation effects even relatively close to a
bomb. It should again be noted that some individuals were standing near the
entrance to the shelters and this may account for the ma,jority of serious
symptoms in this group.

Direction

In addition to distance and shielding, one other factor should be com-
sidered which might. have had an influence on the incidence of injuries and
symptoms. From physical evidence, there is every reason to believe that the
force of the bonb was released symmetrically in all directions, although the
physical destruction was not exactly symmetrical on account of hills, and
because of the uneven distribution of buildings, both as to numbers and as
to type of construction.

As previously described, e map of each clty was divided i_nto eight equal
segments by radiasl lines passing through the point over which the bomb
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exploded. Each individual examined was located within one of these seguments.
In order to examine the influesnce of direction alcne, 1t 1s necessary to
-consider individuasls with approximately the same amount of shielding and &t
spproximately the same distamces. Tables 22H and 22N¥ show the incidence of
mechanical injuries, burns, and epilation among people outdoors unshielded,
outdoors shielded, and in Japanese-type buildings, in each of these segments
in rings 1 and 2, and in rings 3, 4, and 5. It would have been more de-
sireble to show these figures separately for each ring and direction. Un-
fortunately, however, even in the broed groupings shown the number of cases
in some of the rirg and direction segments is so smaell that 1ittle weight
cen be attached to the variations observed..

Although there is a considerasble variation in the percentages shown in
these tables, there is no evidence of any real directional effect of the
bombing. A much more detalled study has been masde of this, but in refining
the date the numbers became very small and it is hard to draw valid conclu-
sions. Such differences as did appear could be accounted for by the location
of hills and by the type of construction. Though the evidence is inconclu-
sive, no definite indication of asymmetry was found.

Symptoms by Exposure. Groups

: In order to make further comparisons between the symptoms, it was de-
sirable to divide the cases into groups, as homogeneous as possible, in
respect to their probable exposure to radiation. If the exact amount of
materlsl between each individual and the bomb had been known, as well as the
exact distance, it would have been theoretically possible to make precise
classifications by applying known physical laws. While such an exact pro-
cedure could not be applied to the data at hand, 1t was practical to make
ressonably homogeneous groupings from the information already described on
the influence of shielding on the incidence of symptoms.

Within the same. distance, individuals outdoors or in Japanese-type
buildings were the most exposed to radiatlon, individuals in heavy-type
buildings were less exposed, and individuals in bomb shelters and tunnels
were the least exposed. It was observed that, roughly, the incidence of the
more important symptoms among individuals in heavy buildings was about the
same as the incidence of symptoms in individuals outdoors or in Japanese-
type buildings one ring farther out from the center; and that the incidence
of individuals in bomb shelters and tummnels approximsted the incidence among
"individuals outdoors or in Japanese-type buildings two rings farther out
from the center.

Eight exposure groups, lettered from A to H, were made up on this basis
as shown below:

Individuals . Individuals 1 Individuals

Exposure Outdoors or in in Heavy in Bomb Shelters
Group "~ Japanese Buildings Buildings . and Tunnels

A Ring 1 .

B Ring 2 Ring 1

C Ring 3 Ring 2 Ring 1

D - Ring k4 Ring 3 Ring 2

E Ring 5 Ring b Ring 3

F Ring 6 . Ring 5 Ring k4

G Ring 7 Rings 6 & 7 Rings 5, 6 & 7

H Ring 9. Ring 9 Ring 9

*People with ring or with shielding unknown are excluded from these ta-
bles. Therefore, the total number of people is less in these tables than in
other similar tables. ,
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Ebtposure group A consists of the most exposed cases, including anly
those individuals who Wére in ring 1 outdoors or in Japanese-type buildings.
Exposure group H consists of the presumsbly least exposed people, Including
only individuals in ring 9, 5,000 meters or more distant. Since & major
portion of individuals in both cities were outdoors or in Japanese-type
buildings, as well as because of the adjustment made for shielding, exposure
groups A through G may be considered to be approximately equivalent, in terms
of exposure to gamma radiation, to rings 1 through 7 respectively for indi-
viduals outdoors or in Japanese-type buildings.

Rather than eliminate the few cases of unknown shielding, they were
classified in exposure groups as though they had been in heavy buildings,
their rates of incidence of symptoms being more similar to this shielding
group than to any other.

The incidence of symptoms in these eight exposure groups is shown in
tables 23H and 23N. Figures 11H, 11N, 1°H and 12N show the percentage of
cases with epilation, purpura, oropharyngeel lesions (within thirty-nine
days), other hemorrhage, and vomiting (on the day of the bombing) in exposure
groups A, B, C, D, E, F, and G.

Symptdms by Sex and Age

The percentage of males and the percentage of females with each symptom
is shown by exposure groups in tables 24H and 24N. There wes no great dif-
ference between the sexes in the incidence of symptoms. .Virtually no dif-
ference eppeared between masles and females in either city in the incidence
of epilation, oropharyngesl lesions, necrotic gingivitis, and dilarrhea. The
incidence of purpure was somewhat higher among females than among males in
Negasaeki, but this difference, though it appeared, was trivial in Hiroshima,
Bloody diarrhee and other hemorrhage had higher incidences among males than
among females In Hiroshima, but not in Nagasaki. Vomiting an the day of the
bombing, nausea, anorexia, and cramps were more common among females than
among males in both cities. Malaise was more common in femsles than in
males in Hiroshima, but not in Nagasaki. The :anidence of fever was higher
in males than in females in both cities.

The incidence of each symptom by age groups 04, 5-1%, 15-49, and 50
and over within each exposure group is shown in tables 25H and 25N. The
majority of individuals examined were between 15 and 49 years of age, and
there were too few cases in the age groups 0-4 and over 50 within each ex-
posure group to make very accurate comparisons in most instances.

Generally speaking, epilation, while 1t did not show much trend with
age, appeared to have a lower incidence emong individusle over 50. This was
possibly due to the symptom failing to show in older men who were already
partly bald..

Symptoms in Rela.tion to Burns

Since most of the burns were caused by the flash, there is high pre-
sumptive evidence that most of the individuals with burns had at least a
part of their bodles directly exposed even though they were in a heavy
building. Conversely, individuals in the first few rings who did not re-
ceive burns were probably shielded from the flash (by the shadow of & hill
or building, for example) even though they were outdoors in the, open.

Though this factor is minimized in the exposure group classification as
previously described, by and large individuals with burns were perhaps more
exposed to ionizing radiation than Individuals without burns in the same
exposure group. For this reason, one would not be surprised to find a higher
incidence of symptoms among the people with buirns. In addition, some of the
symptoms may perhaps have resulted from burms.
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The incidence of esach symptom among individuals with and without burms.
in each exposure group is shown in tables 26E and 26N. In exposure group A
in Hiroshima the incidence of epilation is T79.8% in people with burns as
compared with Th4. 7% in people without burns; in exposure group B the ineci-
dence is 40.2% in people with burns and 33. 44 in people without burns; and
in exposure groups C and D the incidence 1s 9. 9% in people with burns and
5.0% in people without burns. In exposure group A, in Nagasaki, a smaller
percentage of people with burns had epilation than people without burns, but
in all other exposure groups the reverse is true. This may be partially
accounted for by the fact that the hair was burned off in some cases re-
ported with epilation.
© Aporexia and cramps appeared more commonly smong people with burns than
without burns in both cities.

Purpura had higher incidences among people without burns theén esmong
people with burms in both cities. In Hiroshlima, oropharyngeal lesions,
bloody diarrhea, and other hemorrhage were more common among people without
burns than among people with burns, and this was also true in Nagasaki,
though not consistently so in all exposure groups. The other symptoms
showed 1little in the way of consistent differences in incidence as between
individuals with burns and individuals without burns in the same exposure
groups.

There is little reason to believe that burns played an important role
in the appearance of any of these symptoms.

The Association of Each Symptom with all Other Symptoms

* """ The number of people who had each combination of two symptoms among the
6,663 individuals in Hiroshima, and the 6,427 individuals in Nagaseki who
were within a distance of 5,000 meters, is shown in tables 27H and 2(N. The
figures typed in the diagonal, identified by an asterisk, of the tables show
the number of cases with each of the symptoms separately.

By the laws of probability, a certain number of cases would appear with
each pair of symptoms even if the symptoms were entirely independent of each
other. In order to determine whether or not there is & real association be-
tween the symptoms, the number which may be expected to arise by chance
alone may be computed.. This number may then be compared with the numbers
which were observed. The critical ratios shown in tables 28H and 28N are a
measure of the probability that the number of cases with each pair of symp-

toms (as shown in tables 27TH and 27N) i1s greater than the number which would

be expected to occur by chance ‘alcne. The greater the critical ratio, the
greeter is the probability that the assoclation is real and not due to
chence.* Many people consider a critical ratio of 2.0 or greater to be suf-
ficient proof that a relationship exists, while other more conservative ob-
servers consider a critical ratio of’ 3.0 or greater as a minimum requirement
for proof of a statistically significant relatlonship. "
The critical ratios are 3.0 or greater for almost every pair of symp-
toms in both cities, and most of the critical ratios are greater than 4.0.
(See tables 28H and 28N.) Therefore, there is no reasonable doubt that all
the symptoms are associated with each other to a statistically significant

_ degree, with few exceptions,

*If the critical ratio is 2,0, the odds are 21 to 1 that the association
was not due to chance alone; if the criticel ratio is 3.0 the odds &re 360
to 1 that the association was not due to chence alone; and if the critical

~ratio is 4.0 thé odds are 15,770 to 1 that the association was. not due to

chance alone.
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The assoclations between cramps and epilation, and between cramps and
purpura, is of borderline statistical significance in Hiroshima, but defi-
nitely significant in Nagdaseki., There is no significant association between
cramps and necrotic gingivitis in either city. The associations between
cramps and other hemorrhage, and between cramps and vomiting, are or border-
line significance in Nagasakl, but are statistically significant in Hiroshima.
The association between necrotic gingivitis and diarrhea in Nagasakl is of
borderline significance, and the association between necrotic ginglvitis and
bloody diarrhea in Hiroshima is not statistically significant, but in both
instances the associations are significant in the other city.

Thus, of the 75 pairs of symptoms, the only palr not showing a statisti-
cally esignificant degree of association in one or the other, or both of the
two cities, is cramps and necrotic gingivitis. Of the 13 symptoms shown,
cramps has the least association with the others.

It will be noted that the associstion between epilation and purpura
yields very high critical ratios in both cities (37.2 in Hiroshima and 29.8
in Negasaki). Likewise, the associations of epilation and of purpura with
each of the three symptoms: oropharyngeal lesions within 39 days, other
hemorrhage, and vomiting on the day of the bombing, give very high critical
retios, and the probability is several millions to one against assoclations
this high or higher arising due to chance alone.

While critical ratios are & test of the statistical significance of an
association, they are not generally used as & measure of the degree of as-
sociation between two items because the size of the critical ratio is de-
pendent upon the number of cases. They are generally used only to determine
whether or not any association existe. A very small, but real association
may be proved to exist if the sample is. sufficiently large.

The statistical constant ¢ may be used as a measure of the degree of
association between the two symptams.¥ The values of ¢ vary from +1.0 in
the case of perfect positive association to — 1.0 in the case of perfect
negative association. A ¢ of 0.0 indicates that no association exists. For
example, if every case with symptom A also has symptom B, and there are no
cases with one symptom, but without the other symptom, then there is perfect
positive association and ¢ is +1.0. If all cases have one or the other of
the two symptoms, but no case has both symptoms, then there is perfect nega-
tive correlation and ¢ is —1.0. The value of ¢ for ea.ch pair of symptoms
is shown in tables 20H and 29N.

Epilation and purpure are more highly associated than any other pair of
symptoms in Hiroshima (¢ being +.46), and the same is true in Nagasaki
(¢ being +.37), with one minor exception. Since these are the two most
specific symptoms of radiation effects, it is of interest to note which of
the other symptoms have the highest associated with them. In both cities,
oropharyngeel lesions within 39 days, other hemorrhage, vomiting of the day
of the bombing, and nausea are more highly associasted with epilation then
any of the other symptoms except purpura. These same four symptoms are also
most highly associated with purpura in both cities (except for fever in
Nagedsaki). The symptoms which have the next highest association with epila-

‘tion and purpura in both cities are anorexia, fever, and necrotic gingivitis

and, in Nagasski, malaise. Cramps, bloody diarrhea, and diarrhea have less
association with epilation and purpura. -

Oropharyngeal lesions within 39 daeys has & relative],y high association
with other hemorrhage (¢ being + .40 in Hiroshima &nd +.33 in Nagaseki),

and 1s associated with vomiting and with nausea in both cities with ¢'s of &

little over +.20. The associations of other hemorrha.ge with vomiting and
nausesa are not as high.

*¢ is numerica]J.y equal to the critlcal ra.tio divided by the square root
of the number of cases in the sample.
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-one or both of these symptoms. There was a
~with increasing distance, and in ring G no cases were reported with both

Association of Epilation and Purpura with Other'Symptoms

in Bach Exposure Group

Tables 30H and 30N show the number and  percent of cases with epilation

'_and/or purpura in each exposure group. In Hiroshima, hh.?% of the people : i

had both epilation and purpura in ring A, %/85 .8% of the people had either
ery rapid decrease in incidence

symptoms, while 1.5% of the cases had purpure alone. In Nagasaki, 19.4% of
the people had both epilation and purpura and 53. 2% had either one or both
symptoms in ring A, while O. 2% had both symptoms and 1.8% had either one or
both symptome in ring G. Although the percentage of people with both of
these gsymptoms was much higher in Hiroshima than in Nagasaki in exposure
groups A and B, the combination of the two symptoms occurred more frequently
in Nagasaki then in Hiroshima in rings C, D, E, ¥, and G, There was a sta-
tistically significent degree of association between the two symptoms in
every exposure group in both cities, with few exceptiomns.

The number and percentage of people in each exposure group with epila-
tion and each of the other symptoms, and with purpura and each of the other
symptoms, is shown in tables 31H and 31N.

Among people in exposure group A in Hiroshima, both epilation and
oropharyngeal lesions occurred with a frequency of 52.3%, and both purpura
and oropharyngeal lesions occurred with a frequency of 1!-2.3%. In exposure
group A in Nagasaki the percentages were 22.3% for epilation and oropharyn-
geal lesions and 21.3% for purpurs and oropharyngesl-lesions. The occurrence
of these pairs of symptoms dropped to less than 1.0% in exposure groups E,
F, and G in both cities.

In general, the decrease in incidence with decreasing exposure was more
marked when two symptoms (including either epilation or purpura) were con-
sidered together than when a single symptom was considered alone, and this
relationship was greatest for combinations of epilation and purpura with
oropharyngeal lesions within 39 days, vomiting on the day of the bombing,
nausea and (in Hiroshima) other hemorrhage.

Cramps and bloody diarrhea showed little association with epilation or
with purpura within the same exposure groups. All the other symptoms were

- significantly associated with epilation and with purpura within the same

exposure groups in both cities. Within the same exposure groups, oropharyn-
geal lesions within 39 days of.the bombing was most associated with epilation

and with purpure, and these associations were also relatively high in the

case of other hemorrhage, v0miting on the day of the bombing, nausea and
fever.

Tables 32N and 32H show the associations between the occurrence of
epilation and/or purpura with the other symptoms. These associations were
made on the tentative assumption that the appearance of either one of these
two symptoms was evidence of probable radiation injury. Oropharyngeal
lesions within 39 days of the bombing was more highly associated with .this
conmbination (epilation and/or purpura) than any other symptom in both cities.
In Hiroshima 55.7% of the cases with epilation and/or purpura had oropharyn-
geal lesions. As compared with this, only 11.1% of the cases with neither
epilation nor purpura had oropharyngeal lesions. The difference between
these two percentages, (55.7% — 11.1% = 44.6%), is highly significant sta-
tistically, the critical ratio being 36.6. The corresponding difference 1n
percentages was also very large in Nagaseki (difference 40.7% and critical
ratio 31.9). Other hemorrhage, vomiting on the day of the bombing, and
nausea were also highly associated with the occurrence of epilation and/or

purpura in both cities.,

Although some of the symptoms were highly associated with ‘each. other,
there appears to have" been a considerable amount of variation between\the

»
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individuals in their sensitivity to various effects. For example, in ex-
posure group A in Hiroshima, 255 people had both epilation and purpura, but
179 people had epilation without purpura and 55 had purpura without epilatiom.
The incidence of all these symptoms was related to distance and, in
general, those which were most highly related to distance were the most
highly associated with each other. Since mutual éause generally produces
agsociation, this study of associations between the symptoms wes made, pri-
marily, as an additional check on whether or not their occurrence was due
to a mutual causative agent. The bomb itself was the basic cause relating
the symptoms to distance. But the bombing acted on the population directly
and indirectly in at least four different ways, all of which were related
to distance, i.e., by the blast, resulting directly or indirectly in me-
chanical injury; by heat, resulting in burns; by physical dsstruction of
dwellings and commnity facilities; and by ionizing rediation, which pre-
sumably produced some or all of these symptoms. If one of these symptoms
had been caused by burns, for example, and another by ionizing radiation,
they would both have been related to distance, but would not necessarily have
been related to each other in any appreciable degree. But it has been shown
that burns did not have very much influence on the incidence of most of the

symptoms. It is reasonsbly certain that radiation was responsible for the

occurrence of epilation and purpura, at least in most instances. Therefore,
the radiation was presumably the mutual causative agent producing the as-
sociations of other symptoms with epilation and purpura within the same
exposure groups. This is not presented as proof, but omly as additional
evidence of the probable effects of lonizing radiation.
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LABORATORY FINDINGS

White Blood Cell Counts

White blood cell counts were made on 3,429 people in Hiroshima and 1,916
people in Nagasaki who were living twenty days after the bombing. The counts
made during the first few weeks after the bombing were all done by the Japa-
nese. Later, counts were made by American technicians or by Japanese under
American supervision. Their accuracy probably varied considerably. Many of
the Japanese were well-trained and careful workers, but because of the short-
age of persomnel and facilities, some counts were made by inexperienced peo-
ple working under poor conditions.

‘Tables 33H and 33N and figures 13H and 13N show the main white cell
counts and the number of subjects tested by weeks from the bombing and by ex-
posure groups. Each count was made on a different individual. Week 1 is de-
fined as the first seven days following the day of the bombing; week 2 the
next seven days, and so on.

The lowest mean white cell counts in exposure groups A, B, C, and D in
both cities occurred in the fourth week after the bombing. The mean counts
in exposure group A in the fourth week were 1,790 in Hiroshima and 2,347 in
Nagasaki. In Hiroshima, the mean counts were below 5,000 in weeks 2, 3, L,
5, and 6 in exposure groups A and B. The same was true in Nagasaki, except
for week 6 in exposure group A (this exception being based on only 14 cases).
The mean counts increased in each successive week after the fourth week, and
in weeks 9 and later, the counts averaged over 6,000 in all exposure groups
in both cities.

In Hiroshima, the counts reached a high point in the tenth week, (see
groups A and B and groups C and D in figure 13H), decreased in weeks 12 and
13, and rose again in weeks 14 and 15. It is uncertain whether or not any
gignificance should be attached to these fluctuations. In a few cases in
which the white cell counts were followed over a long period of time, there
was a tendency for leucocytosis to appear after recovery from leucopenia be-
fore the white cell count finally returned to normal. (See section 6.)

There were not enough counts made in Nagasski in late weeks to Indicate
whether the same thing occurred in that city.

Figures 14H and 14N show the mean white cell counts by exposure groups
for week 4, week 5, week 6, and weeks 12 and over. Exposure groups F, G,
and H are not shown on these figures because of the small number of cases in
the early weeks.

‘The frequency distributions of white cell counts in weeks 2 through 5,
week 6, weeks 7 and 8, and weeks 9 and over by exposure groups are given in
tables 34H and 34N. In exposure group A, weeks 2 to 5, in Hiroshima, 11% of
the counts were under 500, 30% were under 1,000, 57% were under 2,000, T5%
were under 3,000, and 87% were under 4,000. For the same exposure group and
weeks in Nagasaki, the percentages were: 3% under 500, 20% under 1,000, 41%
under 2,000, 566 under 3,000, and 72% under 4,000. These percentages are
based upon counts made on 195 people in Hiroshima, but only 71 people in
Nagasaki, and so are subject to a considerable sampling error in the latter
city. The standard deviations of the counts were large (from 2,000 to 3,000
cells for most of the groups), but standard deviations of this size have been
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reported for other populations not exposed to radistion. Cumulative percent-
age distribution curves plotted from these data_are shown in figures 15H and
15N. For comparison, a curve is ghown for 708 American truck drivers ex-
amined by the United States Public Health Service.*

Repeated white blood cell counts were made on several hundred people,
but few of these were done in the first few weeks after the bombing. Tables
35H and 35N show the results of the first .end second counts made on the same
individuals within two to six weeks of the bombing. Of 205 people examined
twice in exposure groups A and B in Hiroshima, 119 had white blood cell
counts under 3,000, 151 had counts under 4,000, and 17 had counts of 4,000
or over both times they were examined. Twenty-one people had white cell
counts under 4,000 on the first examination, but counts of 4,000 or over on
the second examination; and sixteen had counts of 4,000 or over on the first
examination, but counts under 4, 000 on the second examination. In other
words, of 205 people examined, 151, or T4% had counts under 4,000 both times
examined, and a total of 188, or 92% had counts under 4,000 on one or both
of the two examinations.

The data previously discussed on the time-trend of mean white blood cell
counts by weeks from the bombling was based upon counts made of different peo-
ple in each week period. Tables 36H and 36N give the mean white cell counts
for individuals examined within a few weeks of the bombing, and re-examined
several weeks later. These figures substantiate the previous findings, i.e.,
that recovery to normal levels generally occurred within two or three months.
For example, white cell counts were made on forty people in exposure groups
A and B in Hiroshima, two to four weeks after the bombing, and repeat counts
made of the same forty people eight to ten weeks after the bombing. The mean
count was 2,390 in weeks two to four and increased to 7,395 in weeks eight to
ten.

The white cell counts returned to normal limits in the great majority of
cages. Of 47 people in Hiroshima with counts below 4,000 in week %, only L
were found with counts below 4,000 when re-examined in week 9 and later.

The majority of these 47 people had counts below 3,000 (11 had counts below
1,000) in week 4, and most of them had counts ovér 6,000 on the later examin-
ation. Only one case had a count below 3,000 in the last examination, the
counts being 1,000, in week 4 and 1,350 in week 9.

0f 34 people in Nagasaki who had counts below 4,000 in week 4, only one
had a count below 4,000 when examined in week 9 or later. This individual
had a count of 500 in week 4 and a count of 3,100 in week 14.

White Blood Cell Counts in Relation to Burns

In exposure groups A and B 'in Hiroshima, and exposure group A in Naga-
gaki, the white cell counts made within two to six weeks of the bombing were
lower among people with burns than among people without burns. That is, the
mean counts were lower and there was a large percentage of people with very
low counts. (See ta