Section A. Medical Study
Part [l . Pathology

CONTENTS

7 va A EFENRAL

EIE WE
B X
Page H
FOrward «+eeterereeeereseessrneniiniiiiie. 68 1L ED|T ceeeerecrsrniotiruniniineninrenenenn 68
Chapter 1. Description of Material Studied----**++* 69 gI1E REREIIBET AR oo 69
Chapter II. Description of Findings «+++++ssersreeeees 71 ENE FEERICHE T oo 71
1) Injuries other than radiation *++* 71 1) BEHRLAMI L BHE eeereereeeenen: 71
2) Radiation Injuries «--reeeseeeeeesees 73 2) FEHGREE e, 73
A. Physiological effects in A. B~ OEFZRER coeeeeeeeren 73
anima]s ........................... 73
B. Pathological effects in .
: B. BYWIC 5T BIREERIE oener 74
animals ........................... 74
C. Pathological effects in
human beings «++++++=s=sseeeeeses 81 C. ANMEIZBIT IRBERER -ooveeeee 81
Chapter II. Conclusions - s++s++sesreressersesancaancns 926 % m E %Eﬁ' ............................................. 96

67



Forward

The analysis of pathological information obtained from
Nagasaki and Hiroshima, presents great difficulty due
largely to the incomplete nature of the information on
the series of cases from which this study is made. As has
been mentioned, the arrival of the American Party did
not occur until six weeks after the actual bombings.
Hence for the period up to this data, the information was
obtained directly from Japanese sources. Due largely to
the state of utter confusion and lack of medical
resources existing at that time, they are quite incomplete

as will be shown" ,

Because of the nature of the data, the approach of this
paper deals with, (1) a brief review of the nature of the
physical agents which caused the pathological damage;
(2) a general discussion of the pathological material as a
whole; and (3) the presentation of the findings observed
in the study of the specimens. Stress will be placed on
the damaging effects due to gamma (and neutron)
irradiation, inasmuch as the nature of these effects on
the human subject is comparatively unknown and not

well understood.

The previously discussed agents which are important
as factors in the pathological damage are, (1) blast and
the fllowing succusion wave; (2) the terrific heat
radiation which includes the exposures to rays from the
infra-red to the ultra-vilet ranges of the spectrum, and,

(3) the ionizing radiation which is similar to X-rays.

The pathological effects of acute neutron radiation are

indistinguishable from gamma radiation damage.

The blast effects, as far as can be determined from eye-
witness reports, are very similar to those observed

following cyclones windstorms, and to a lesser extent,
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(1): The Joint Commission has a considerably larger and
more extensive group of cases than those here presented, and
it is hoped that many of the gaps existing in this account will
be bridged.
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other high explosive ordnance. The damage consists for
the most part of injuries from missiles coming from
falling buildings and the like being thrown against the
casualty. Fractures and traumatic wounds of all types
were recorded. Cases of evisceration were likewise
reported in abundance, but in general the tendency of
later clinical observers is to discount the frequency of
such events. This is also true of crushing injuries
attributed to the force of air pressure from the blast

itself.

The flash effects are definitely an entity and will be

discussed in some detail later.

Most important as a distinctly new and overwhelming
agent is the gamma (and neutron) irradiation. This also
includes the effects of any possible radioactivity from
fission product deposition. The major portion of the
pathological account will be devoted to the specific

injuries from gamma radiation.

CHAPTER I
Description of Material Studied

During the limited sojourn in Nagasaki and
Hiroshima, it was possible to collect pathological
material from 24 autopsies. Ten of these (including
most of the early cases) were obtained from Nagasaki,
and the remainder from Hiroshima. Parallel clinical
records were not obtainable in many of the earlier cases.
Autopsies were carried out in many instances by
inexperienced observers. Data on the names of the
casualties and other specific facts often were inaccurate
or not obtained. The fixation of many of the specimens
was extremely poor due to lack of chemicals and
reagents. This rendered many good specimens unfit for
study. Of the 24 collected, fair data are available on

approximately 20, as is shown below.
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- The subdivision of the cases according to date of death
is important, since it serves as a method for judging the
progression of the pathological changes. The following
tabulation shows the grouping of cases into weekly

intervals after the explosions:

1st week— none

2nd week— 1
3rd week— 3
4th week— 2
5th week — none
6th week— 1
7th week— 7
8th week— 4
9th week— 2

Of these cases, ten were males, and ten were females.

The distribution of the cases by age is as follows:

0—10 4 cases
11—20 6 cases
21—30 3 cases
31—40 5 cases
41—50 no cases

51—60 3 cases

The distribution of the cases by the nature of the injury

was:
Radiation effects only 8 cases
Radiation plus burns 3 cases
Radiation plus trauma 3 cases

Radiation plus burns

plus trauma 6 cases

In the discussion which follows, an attempt will be
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made to give a chronological picture of the course in
which the pathological picture developed in these fatal
cases. The available material is of such a nature that it
divides itself sharply into two rather distinct categories:
(1) cases observed in the 3rd and 4th weeks; and, (2)
cases observed in the 7th to 9th weeks. The pathological
descriptions which follow will expand the findings in

these two groups at length.

Examination of the nature of the pathology reveals that
there is a time classification also. The first group
involves those individuals who were injured by the
blast, and those burned immediately, either by the heat
radiation from the bomb itself, or from the fire of
burning buildings and debris. The second and most

important group is that which shows radiation injury.

CHAPTER II Description of Findings
1. Injuries other than radiation
2. Radiation injuries
A. Physiological effects on animals
B. Pathological effects in animals

C. Pathological effects in human beings

Chapter [I —Description of Findings
1. Injuries other than Radiation

The type of injury related to blast has been discussed
earlier. One additional comment which should be
mentioned is the relative rarity of ruptured ear drums
(always in high frequency following high explosive
detonation), and which would tend to minimize the

effect of the blast wave itself.

The burns resemble very closely the flash burn on a
very large scale. Individuals who were under the bombs,
and even at some distance from them, had the exposed

areas of their skin charred to a dark brown color, (third
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degree burn), and died within a few hours at the most.
Those individuals up to approximately 4500 feet showed
second and third degree burns of less intensity, over
those areas of skin exposed unprotected to the blast.
Even thin clothing gave considerable protection except
where tightly stretched across the skin. Dark colored
cloth was found very susceptible to ignition and skin

areas so covered showed burns.

The pathological picture of the typical skin injury is
presented in Plate 1. This shows a picture of second
degree burn with edema of the epidermis, complete
disintegration of the Malpighian layer with much
pyknotic debris, edema, and hyalinization of the
underlying layers of the skin. Thrombi are visible in the
blood vessels and some bacterial clumps are scattered

throughout.
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The picture of burn pathology and its related shocking
effects has been discussed at length in the medical
journals of the past few years, and requires no further
comment. Individuals who survived relatively severe
burns and then developed radiation sickness will be

discussed later.

2 . Radiation Injury

Inasmuch as the pathological material obtained from
Nagasaki and Hiroshima was collected from Japanese
sources, some six or eight weeks after the bombings, it
is expected that gaps would and do occur in the data
thus gained. Hence, it is deemed wise to intersperse at
this point a brief physiological and pathological
summary of the sequence of events occurring after
animals (rats, dogs, and monkeys) are exposed to a
killing dose of x-radiation. The biological effects of x-
rays are indistinguishable from those of the gamma rays

liberated by the bombs.

A. Physiological Effects in Animals

After normal animals (dogs) are exposed to a killing
dose of x-rays, these is a latent period in the
development of symptoms for approximately one to two
hours. At this time, a preliminary period of prostration
sets in, associated with a primary fall in blood pressure.
Some salivation, diarrhea, nausea and vomiting may
follow at this time. The diarrhea is seldom of bloody
nature. The peripheral blood picture shows an elevation
in the circulating polymorphornuclear leucocytes of
approximately 20 to 30% over the control values. At the
same time there is a sharp decline in the circulating
lymphocytes to as much as one-tenth of the normal
values. The above symptoms progress through the
second day and with a continuation of an accelerated
heart rate, lowered blood pressure and occasional
vomiting. Very little food is taken and some weight is
lost.

On the third day, the animal resumes eating and

recovers some weight. The polymorphornuclear
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leucocyte count of the peripheral blood has now fallen
to a low level (as much as one-fifth to one-tenth of the
normal value), with a parallel depression of the
lymphocyte series as well. This state continues up to
approximately the ninth or tenth day, or slightly longer,
varying with the species, at which time an abrupt rise in
temperature of the animal occurs. This is associated
with blood concentration caused by a lowering of the
fluid elements of the blood. Further concentration is
accomplished by the onset of further diarrhea, often of
bloody nature. Some copious salivation may occur.
Hemorrhages occur into the skin, mucosal areas, as well
as other body organs. Signs of sepsis and localized
infection then appear. Death occurs with the onset of
shock, somewhere between the tenth and twentieth day

after the administration of the radiation.

B. Pathological Effects in Animals

Pathological examination of the injured animals
(sacrificed at the most opportune periods for accurate
study) reveals that the most x-ray sensitive tissues can
be grouped in order of their severity of involvement as;
(1) the bone marrow, thymus (if persisting) and testis as
a group; (2) next the lymphatic tissues, spleen, gut
epithelium and ovary. Little or no damage is observed in
the pancreas, kidney, lung, heart, adrenal, nervous
tissue, skin or muscle. This latter statement refers to
direct x-ray damage and not to the secondary effects of
bone marrow depression, such as hemorrhage and

infection which do cause changes in these organs.

Examination of each of the individual susceptible
organs at critical intervals yields the following
information. This account is necessarily quite brief, but
will give the reader a chronological picture of the events
occurring in the gaps in the human information. As far
as can be determined, there is very little difference
between the change in animal and human, and such
variation will be conspicuously pointed out. In this way,

a more complete picture of the development of the
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degenerative and regenerative can be gained, and the

dissimilarities between animal and human pointed out.

Bone Marrow (Dogs):

Following the depressing dosage of x-rays, the bone
marrow shows conspicuous sings of degeneration of a
progressive nature. First the early cells of the myelocyte
series begin to lose their normal cellular and particularly
nuclear detail. Cell walls become poorly demarcated,
nuclei begin to shrink and later the former areas of
complete myelopoiesis appear somewhat as syncitiae of
pyknotic cellular elements and what can be termed
nuclear debris, which is dark staining with the basic
dyes.This process of disappearance of the granulocytes
is associated with an inpouring of adult erythrocytes so
that the marrow sinusoids become so filled with cells as
to appear hemorrhagic in mature. This degenerative
process continues up through the eighth to eleventh
days, or more, and at its and the marrow appears to be a
reticulum with occasional islets of dead cellular
elements. There is no sign of activity at any portion. To
follow this process, photomicrographs of dog rib
marrow have been prepared. Plate 2 represents the
control marrow with its abundance of all cellular
elements. Plate 3 shows the above effect at the end of 14
days, with no sign of cellular activity.

A word must be said concerning the failure of
erythropoesis as well. This process in the animal
material studied is associated again with the early (3-5
days) disappearance of the nucleated cells which also
assume a shrunken pyknotic appearance and gradually
disappear from the marrow reticulum. It is evident also
that the adult cells suffer little injury, inasmuch as the
erythrocyte count is maintained through the normal life
span of the cell, and hence shows only a very slow and
gradual fall. This accounts for the absence of anemia in

the early phases of radiation sickness.

Certain phenomena must be mentioned at this time

which contribute to the difficulty in the gauging of the
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effect of a given dosage of x-rays, on the blood forming
elements. Above a certain level of dosage (such as 100
r) the depressing effect on the marrow with the resultant
effect on the disappearance of the white cell elements
from the peripheral blood appears to be the same both as
development and extent of depression as it would with a
lethal dosage. The stress of the increased dosage enter
the picture only as an index to the severity of the
involvement, i.e., the length of time the marrow remains
depressed, the extent of the wiping out of the cellular
elements, and the like. The explanation of this
phenomena is not clear, and no attempt will be made to
present the various potential possibilities which might

underlie it.

A period of depression is noted in which the marrow
remains relatively acellular, and in which the marrow
spaces lose the cellular debris associated with the
degenerative process. At the end of this time, new
regeneration of cells sets up islands scattered through
the marrow spaces. The period of onset of erythropoesis
occurs in about the 4th to 7th day in the rat, and a little
later than the 14th day in the dog, as far as can be
determined from average figures. The cellular islands at
first proliferate very slowly and the time of
reestablishment of the new areas is slow. Myelopoesis is
delayed by several days after the initiation of
erythropoiesis. The new cells appear normal although
blood smears may show an increase in monocytelike
forms. The peripheral blood smears reflect the nature of
this process with persistent leucopenia and a slow
decline in erythrocytes. (Plate 4).

After this period in which cells are being formed
slowly, a spurt in the production of new cells occurs. At
the same time, allowing for a period of maturation, the
peripheral blood reflects a change with appearance of
new elements and proportional rises in leucocyte and
somewhat later, the erythrocyte counts. This rise in the
rat occurs about the 20th to 24th day on the average, and
at about the 30th to 36th day in the dog.

76

HHLARVUEOKE (2L ziF100L Y M5 V)
T, FAE ML & HIMLERR O O R FH RIS
AoND L) REHMOMEER X, BIEEORE
DFE LR URMMNEBZRL, E7T5, &1
WMEXBEINSES LEZEOEEEN LA > T,
T2 b BB REFIH O R R MR R D KD
BRENSET, COBRKOHBIIHEHEICIRZINT
WiwnwlL, ZOEREEEZERTLIAADLZINTE
Vi,

COWMFIEICIE, BERMICEIHBErSDTYALR
TEMHBREL ISR EHEET 5, ZORY
DD DI, FLVWEAMESEHTERICHK
RENB Ik b, RIMFKERIT, v FTiE
KE4HE2S7THET, RTIE4HE»S A5
Nb, MEOE® - DIEFE L, BHEEICET
BFITOBMIIELS 25, BARMEOAERKIE
RIMERRLIC B E BN 5, FraMigid—RIE
HTHAHH, MPEDA X T TIREEREEOMAL A HE
L TWaA, HEIMOA X7 TIEEMERFED &
Wo <& LARMBMOBADZ KL 252 RT
(X14) o

MBES®- WER SN ZREHEZAX S &, #
EMBOSMREENA LD, FEICEHA DR
HefEs e, FEMTOHFERTPALN, HIL
REOE G HEL., ZOENTHMERED LA L
T b, ZOBEKRIZTT v PTITFH20HEH» 524
HEIZ, RTIZH308 B2 536HBIZRITTADL
b,



PLATE 3. RIB MARROW(DOG) [I3 MiEE®H (X))
14 DAYS AFTER TOTAL BODY RADIATION(350R) &5 (
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PLATE 4. RIB MARROW(DOG) [[X¥4 FhEERE (X)]
28 DAYS AFTER TOTAL BODY RADIATION(350R) & F 4t (3501 >~ b7 ) #28H

Examination of marrows at this period may reveal a ZOBHOEHIIABRNICIZET T Y ETH 5,
gelatinous appearance on gross examination due to the THIEERHE 5D 2RSS E T, IEIZE
large numbers of formative cells occupying the marrow Ji L., REARMERDSHBEHERICAOND Z LI

spaces, collapsing the blood vessels and rendering the &% (H5),

marrow relatively free of adult red cells. (Plate 5)
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PLATE 5.RIB MARROW(DOG) [H5 MEER (X)]
60 DAYS AFTER TOTAL BODY RADIATION(350R) & 5 MBEI% (3501 >~ b4 V) #60H
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The giant cells or megakaryocytes, are worthy of
mention, inasmuch as they are important as the site of
platelet formation which is also depressed to low levels.
These likewise disappear early from the marrow and are
not reformed until relatively late in the regenerative
cycle, the exact time being around the 20th day for the

rat, and unknown for the dog.

Following the regenerative period, the proliferation

may continue so that as much as twice the normal
number of cell elements are observed in the marrow
counts. In the dog this happens around the 55th day.
As the respective need for blood cell elements is now
solved, the marrow reverts to the normal state, this
period being relatively unknown but perhaps about 100
days.

The Lymphatic System:

The effect of the radiation on the lymphatic system
follows a similar picture. Within a matter of hours after
irradiation is given, the first signs of cellular
degeneration with lose of cell detail, pyknosis and
nuclear fragmentation is observed in the nodes. This
continues throughout the following six to ten days with
the wiping out of the germinal centers, leaving an
apparently degenerate reticulum. This degenerative
change is followed by a fall in the circulating

lymphocytes to a very low level.

As in the bone marrow, signs of regeneration appear in
the form of small islands of cells which start to reappear
in four to six days after the period of complete
depression, Again the process is very slow and gradual
with the normal type of architecture of the node not
being regained until some five weeks later in rat

specimens, and considerably later in the dog.

The amount of destruction and the degree of damage
are also proportional to the x-ray dosage employed, but

as in the marrow, regardless of dose, the relative time

19

EMifed b bERZKIZOVTSHAN TS  HifE
MHHb, MIRERDOEE LTEETH Y, M/,
MEBEWKEFTTIZHF EINTVRERLLTH A,
EZROBHICERrOHEEL, BEHOELF
THEINZ VW, ZORHIZZ v FT20HB T,
RTlEbhro TR,

BAICHRW CHES R L., FHMBRETE
FEOR2ME b, COBERIIRTIISSHED
D TAHALND, MBEMIES ORELI Wz S 1,
ERIIEEREBICEFET 5, TORHIZL by
> TV ZRWAHI100H TH 5,

DIVZAY -

) UNRBRNOBEHEOZES B L RikDOFE%E
Yo BRAHE. £ 1 R LIAICHE O g E o
HE, BEPEOBA L EfEo 2B ¥ /3
CHLNE, THiZ6 HEA2S10HH AL NIEHF
LOEREEN, EEL-HABBESAONS,
COEMBAELND &, FREIMMDY ¥ BRDSRA
LT 5

BREEARICBEITE2MFORN &S
&, 4~6HT, MilEFRONHLHITRY,
RRONSLEBERRYT 50 TOBEEI®-NT
B, REIZIEE %) Y VG OBEEZ R L T
W<, 7 v PTIRMSEMBZR T THBEEALNT,
RKTREHITEND,

BBOHHE L BEEDREIIBEHEEICHET 5,
L2 LERMERIC, BEICI2DLLT, BFEY
FBIZIEED D IE RV,



factors are the same.

The Spleen:

The lymphatic structures in the spleen behave
essentially the same as those described above, the period
of regeneration appearing to be somewhat delayed over
that observed in the lymph nodes. As late as 40 days,
changes occur in the form of increasing cellularity of the
pulp in the rat.

Islands of extramedullary myelopoiesis have been
reported in the rat as being formed during the reparative
process. Such are not present in the dog in the present

study group.

An isolated finding in the healing and regenerative
processes is the development of abundant iron
pigmentation in the spleen following damage as shown
by special stains. The possible explanation is the
increased erythrocyte destruction during this period.
Stomach and Intestine:

The destruction of the epithelial tissue of the stomach
and bowel has long been known to exist, as well as
those physiological phenomena associated with it. This
damage to the bowel in animals is again proportional to
the amount of x-ray dosage. It occurs rapidly within a
matter of hours and develops to a maximum extent in a

matter of two to three days.

The changes observed following high exposure in dogs
are an edema and hyaline appearance to the cells,
engorgement with blood and in extreme cases actual
desquamation of the mucous membrane in shreds.

Hemorrhage into the involved area is not uncommon.

Healing is relatively rapid and is fully in progress
within a few days after the initial damage. Residuals in

the form of scarring are almost completely absent.

Same weeks after the initial damage, hemorrhage and

subsequent ulceration into large areas of the bowel may
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occur (dogs), and be in themselves lethal.

Testis:

After a single lethal dose of x-radiation to the testis a
gradual depression in sperm formation occurs. The first
cells involved are the primary sperm cells which are
adjacent to the walls of the tubule. These become
swollen, lose their identity and disappear. They are
followed in turn by the spermatogonia (spermatocytes),
spermatids, and sperm which disappear by continuous
maturation, so that for 20 to 30 days there is production
of mature sperm. The Sertoli cells and stroma remain as
the only remnants of the original active tissue later
marked atrophy and shrinking of the entire organ occurs.
The process is slow and gradual and requires weeks for
its completion.

The time of regeneration or reformation is delayed,
and, in a large number of instances, the complete return
to normal function is not apparent.

Other Tissues:

As mentioned previously, the liver, lung, kidney,
pancreas, heart, nervous tissue, skin, and muscle show
no appreciable effect of a pathological nature except in
those instances in which the dosage to a given area is

extremely high.

C. Pathological Effects on Human Beings

The material presented below is subdivided into
sections similar to those in the foregoing account. Much
of the detailed description will be omitted due to gaps in
the available information. For the purpose of
clarification a series of photomicrographs has been
prepared illustrative of the changes described. Each
group of pictures is preceded by a normal example for
comparative purposes, so that the progression can be

easily shown.

The radiosensitive tissues for the human are identical
with those for the animal and consist of the bone

marrow, lymphatic system, spleen, testis, and to a less
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conspicuous extent, the ovary. The primary changes in
the bone marrow cause lethal effects elsewhere in the
body in the form of infection, bleeding and anemia.
Before starting on the descriptive account it can be
generalized that aside from the immediate effects of
burns, most of the early deaths (in the first three to four
weeks) were caused by infection; during the next three
to four weeks (with some overlapping of each series)
deaths were related to hemorrhage and some infection;
during the following time (up to several months) most
deaths were related to severe anemia. With these
generalization in mind, descriptions of the changes in

the various organs will now be made.

Bone Marrow:

Plate 6 is a presentation of the normal state of resting
femoral bone marrow. It consists essentially of a loose
network of fat cells with interspersed islands of marrow
cells in various stages of development. Both red and
white cell series are represented. Occasional normal
megakaryocytes are noted. There is no engorgement of
the marrow by red cells. It must be again stressed that
the femoral marrow as shown here has much more of a
fat reticulum than the vertebral or rib marrows seen

previously the dog slides.
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Plate 7 is the picture observed some 16 days after
exposure. The reticulum seems to be the only persistent
element being everywhere dotted with the pyknotic
remnants of previously normal cells as well as nuclear
debris. No active cell elements are noted. Shown also
is some engorgement by red cells (much more
conspicuous in other sections) actually at times being of
hemorrhagic appearance. This picture compares with

that shown in Plate 3-of the dog marrow at 14 days.

Unfortunately, there is no intermediate stage in this
series showing the relative initial appearance of new
islands of formative cells. This will be demonstrated in
a subsequent report. For orientation, one should refer to
Plate 4 of the dog marrow taken at 28 days. This shows
at first glance a degenerative appearance but on closer
scrutiny small islands of what appear to be
undifferentiated cells on the reticulum are seen.

Plate 8 shows the hyperplastic picture of the marrow
during the recovery phase, and compares with the dog at
60 days. Note the return of abundant white blood cells
of all types and descriptions, as well as islands of red
cell formation. The fatty reticulum is almost completely
replaced with marrow cells. Meagakaryocytes are again
present and blood platelets normal. One item of
difference between the dog and human which must be
mentioned is the relative decrease in the numbers of
erythroid elements which are regenerated. This has not
occurred in other species, which have been studied to
date (including the monkey). One might speculate that
the lack of red cell formation in these people was related
to a nutritional deficiency present prior to and during the

radiation effect.

Effects Caused by Bone Marrow Depression:

First Period: During the early period (one to four weeks)
following exposure, there is a depression of the
leucocyte count from its normal of 8,000 cells per cubic
millimeter to extremely low levels. This gives a chance

for the development of infections in all parts of the body
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with the invasion of tissues by pathogenic and non-
pathogenic bacteria. This will be discussed at some

length.

PLATE 7. FEMORAL MARROW(HUMAN) [K7 KWEEH (v b)]
16 DAYS AFTER EXPOSURE TO ATOMIC BOMB(HIROSHIMA) #BE#16HE (L B)

PLATE 8. FEMORAL MARROW(HUMAN) [XI8 KEEEER (v )]
)

60 DAYS AFTER EXPOSURE TO ATOMIC BOMB(HIROSHIMA) #/&#%60HE (& 58)
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Infections of the skin, particularly around the mouth,
were described by Japanese physicians. These appeared
in the form of shallow confluent ulcerations exudating
greenish pus of a sweetish, fetid odor-various types of
buccal cavity ulcerative lesions were common,
extending from a mild gingivitis with shallow ulceration
to a complete aphthous, stomatitis, tonsillitis,
pharyngitis, and even to the involvement of the
epiglottis, larynx, and trachea. Such a state is most
commonly termed an agranulocytic angina. All types of
this state were seen by the Japanese and pathological
specimens of it preserved, but by the time of arrival of
the American investigating party, only residual and
recovering case were noted. Several cases of noma or
gangrene of the mouth were seen, some responding well
to penicillin treatment. No pathological material suitable

for photography is included in this series.

Frank sepsis with many forms of bacteria was also
encountered. This was usually of a fulminating type. In
subsequent slides of tissues, it is possible to distinguish
numerous bacterial clumps with, however, almost
complete absence of the normal leucocytic responses
around them. Pneumonia, various types of ulcerative
gastroenteritis, and the like were found during this

period.

Second Pariod; Following the period characterized by
predominate of infections and coupled to some extent
with it, was a more prolonged period in which bleeding
into the various tissues and areas of the body was noted.
This was associated with profound platelet deficiency
whicn relates to the almost complete destruction of the
megakaryocytes of the marrow. Hence the picture of a

profound thrombocytopenic parpura is noted.

Petechiae and ecchymoses of various sizes were
observed in all areas of the skin, serous surfaces,
mucosal membranes and the like. Frank hemorrhage

occurred in the lung tissues, the kidney, brain, bowel,
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etc. , with symptoms of them being quite pronounced in
the clinical picture. A few examples of these phenomena
are shown in the following plates and description. Each
tissue is preceded by a normal example for comparison.
Plate 9 shows a normal lung. Plate 10 shows a section
of lung with the alveolar walls s‘till well marked but
copious amounts of serum and red blood cells have
exuded into the cavities. Note the almost complete
absence of white cell elements. Clumps of bacteria are
shown throughout as well. Plate 11 shows a further
process in the development of gangrene of the lung with

complete loss of cellular detail and the entire area

flooded with red blood cells.
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PLATE 9. NORMAL LUNG(HUMAN) [ 9 IE&Hi (& })]

Plate 12 shows a normal stomach with the capillary
arcades well marked cut. Plate 13 shows hemorrhage
into that area which consists of a liberation of red cells
through the normal capillaries to form the overlying
ecchymosis. Again note the absence of white blood
cells. All sections throughout the areas of hemorrhage
are similar, and when coupled with the leucopenia

already in effect produce the picture shown above.
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PLATE 10. LUNG(HUMAN) [X10 Fii (
18 DAYS AFTER EXPOSURE TO ATOMIC BOMB(NAGASAKI) ff&l%fﬁls HEH (E&)

PLATE 11. LUNG(HUMAN) [E11 F (v )]
16 DAYS AFTER EXPOSURE TO ATOMIC BOMB(HIROSHIMA) #/&%16H B (AB)

Third Period: Very little data are available on this so- FE=H  BRAHICHRETB I AEMEITH S
called third stage of the series of pathological events FEE=HORBZENERIIILA LRV, ZORH
following marrow depression, the stage of anemia. It is DEBUIRIMERTER OBEETH 555, —HHMER
characterized by a failure of red blood cell formation, FE YNERIZIEEMEICEEL TV,
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PLATE 12. NORMAL STOMACH(HUMAN) [¥12 EEE (e b)]

PLATE 13. STOMACHHUMAN) [H13 % (k& M)]
28 DAYS AFTER EXPOSURE TO ATOMIC BOMB(HIROSHIMA) #@&#28HH (L B)
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while at the same time, the white blood cell series, and

lymphocytes have returned to normal levels.

Individuals in this group develop a profound anemia
and in spite of blood transfusions to which they react
poorly, die with erythrocyte counts of less than one

million per cubic millimeter.

Pathological examination of these individuals limits the
picture to the bone marrow and the effects of anemia
elsewhere. Tissues are markedly pale and bloodless. No

bleeding tendencies are apparent.

The bone marrow is of a gelatinous or yellowish color
and packed with all forms of the myclocyte series in
apparently normal distribution. However, there is a
conspicuous absence of erythroid forms. Marrow smears
show a similar picture. Death is obviously due to the
profound anemia. Speculation, as mentioned before, of
a related nutritional deficiency must be raised due to the
general nutritional status of the affected individuals.

This phenomena has not been observed in animals.

Lymphatic Tissues:

As has been previously noted, the lymph nodes in
various parts of the body are affected almost
immediately following irradiation with a complete loss
of cellular detail, leaving an stroma occupied with
degenerating cells. Again, examples of this initial
picture are absent, the earliest material showing the

beginning of lymphopoiesis.

The lymph nodes in the gross at approximately the two
week period are soft and flabby with loss of structural

detail. The microscopic picture is noted below.

Plate 14 shows a normal lymph node with well defined
germinal centers and pulp filled with mixed red cells
and adult lymphocytes. Plate 15 shows a hypoplastic

node without conspicuous follicles. In the cortical
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region there is same early indication of lymphocyte
formation as indicated in blast forms and small and
medium lymphocytes. The pulp is filled with
erythrocytes in increased numbers and in same cases
there is a hemorrhagic tendency. This slide (18 days)
indicates the beginning of the reparative process. Plate
16 shows a little later stage at 28 days, at which time

the germinal centers are showing a tendency to round up

the follicles with the development of mature forms.

YORERD X ) %) VORBREROMBESREDO LN
b BEEHEIL 2RMERBTHmL, W00
EFTIREMERZEDE, ZOXTA4F (18H)
i, EEABROWEGERT, H161Z28HED b
DT, OB TIIERLANERZI) B4, B
IR OB TH S, 600 B TIZIEE ) v/ EitE
EERT .

PLATE 14. NORMAL LYMPH NODE(HUMAN) [X14 1E®"Y ¥ %E (& M)]

PLATE 15. LYMPH NODE(HUMAN) [X15 U >/ 381 (e M)]

24 DAYS AFTER EXPOSURE TO ATOMIC BOMB(HIROSHIMA)

WEHE4HAE  (EB)



PLATE 16. LYMPH NODE(HUMAN) [K16
28 DAYS AFTER EXPOSURE TO ATOMIC BOMB(HIROSHIMA)

Later stages (60 days) show the presence of normal
lymphatic structures.

During the first few weeks with the profound softening
of the lymphatic areas in the intestine, some ulceration
and infection was noted.

The blood picture as described reflects perfectly the
pathological state of the lymph nodes at a given period.
Complete early depression and reappearance of normal
forms coincide with the degenerative and regenerative

phases in the nodes.

Spleen:

The sequence of events in the spleen parallels that
observed in the lymph nodes and is illustrated in the
following plates. Plate 17 shows a spleen from a normal
individual. Plate 18 is a spleen 18 days after radiation.
There is a pronounced lack of lymphoid elements here,
and the follicles can be made cut only with difficulty.
An increased amount of blood is noted in the pulp.
Around central vesells are a few cells which appear to
be blast forms surrounded by small lymphocytes. An
occasional larger cell of foreign appearance (? reticulum
cell) is noted. Plate 19 shows the status at 28 days with

the attempted rounding up of cells into follicles and the
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PLATE 17. NORMAL SPLEEN(HUMAN) [[X17 1E#%

PLATE 18. SPLEEN(HUMAN) [18 & (k& ~)]
18 DAYS AFTER EXPOSURE TO ATOMIC BOMB(HIROSHIMA) #/E#%18HE (5HB)
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PLATE 19. SPLEEN(HUMAN) [X19 &

”

' LA )

(e M)]

28 DAYS AFTER EXPOSURE TO ATOMIC BOMB(HIROSHIMA) ##%28HH (LE)

presence of mature forms. The large cells of

questionable reticulum type are still in evidence.

An additional finding in such spleens is the abundance
of iron deposition in a large number of them. This is
demonstrated conspicuously by iron stain and is
probably related to increased red cell destruction in

these individuals.

Testis:

Examination of the limited anount of testicular material
in this series for profound effects is somewhat
disappointing. For the nature of the progressive changes
it is necessary to refer again to the animal data. One
specimen at 18 days is worthy of comment and is

illustrated below.

Plate 20 shows a normal testis with all cellular
elements intact. Plate 21 shows a specimen at 18 days
in which the Sertoli cells appear healthy and active. The

primary germinal elements appear somewhat degenerated
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PLATE 21. TESTIS(HUMAN) [K21 £# (e )]
28 DAYS AFTER EXPOSURE TO ATOMIC BOMB(NAGASAKI) #:/&%28H H (EIF)

and reduced in number. The spermatogonia, spermatids,

and sperm appear normal, although reduced in amount.
Later specimens of testes not shown demonstrate

marked atrophic changes with only active interstitial

cells and reticulum.
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Ovary:

The ovarian material is also limited. Sections examined
showed the presence of an occasional small ovum, and it
is impossible, to interpret the findings. A better picture
will be gained from the examination of the physiological

effects as recorded elsewhere.

Stomach, Intestine and Colon:

The predominant observation in the bowel, aside from
mucosal hemorrhage, is the appearance of superficial
spotty ulceration with overlying membrane in the lower
intestine (ileum), caecum, and colon. The sigmoid
region was usually markedly involved. The process by
which this ulceration appeared seemed to be that of an
initial hemorrhage followed by erosion of the overlying
ischemic mucosa. At times such ulceration gave a
herringbones appearance. The microscopic sections
examined invariably are too autolysed to allow accurate
interpretation.

Changes are also described in the stomach, duodenum,
and jejunum, which may be related to atrophy with
resulting reduction in the height of the columnar
epithelium. From the sections studied, this change is
admixed so completely with autolysis to render accurate

opinion impossible.

Epilation:

This is a phenomenon characteristic of the human
reaction long known to radiologists who have used x-ray
as a depilatory agent. A brief description of the gross
nature of this finding in the casualties is worth mention
(see photographs, Part I). In approximately 7 to 11
days following the explosions and later in many
individuals, the loss of hair from the scalp, especially,
face, arms, and legs become apparent. The loss is of a
diffuse nature over the hirsute area, the individual hairs
becoming loosened and dropping out. Interspersed are
hairs of greater viability so that particularly in women
casualties with long uncombed hair, the entire mass of

hair is held in place by sparse scattered long hairs, the

95

gp B

FIEORKFHIE SN TV JREERBEICLD.,
RIS IR OTFENR IND, ZOFE %
BRTLZLEIRTMETHD, L BRI E
COTRESNTVAIEEFNEROFTENLES
NaThH»s9,

B. M. KI5

MR MIZE & LT, JHLETHEELZZ L i,
TENE (B, §F. KBEOBIELR »rRo72FK
EHOHKEETH L, SIKEBORENE,
COEBEOEL L ERIT, BMAELICELL
LAKERTTA2HMOBRELUTVE, T0 L)
REBIEDRCERE TR T, MBFENRELIT-
YRR B ORMELTH < IEE R ML H
Bz,

EiE TOREOAZELEDOE S OEHE L HE
L72Zfbd, B, +Z#HB. ZEHiICab/, 2
DELZHCRMBELRELTE)., ERLZER%
WARD Z EAITHFEL

B £

HEIHEAME LTXHERFLI-ZLDDH S
BATRREIEIZ & - T, MBI T 5 £ K
OB LZREELTELLHMONTVS,
BINZALNE ZOFROMEIZDOWTEE IR~
LififENH 2 (BEE, X—F 1 %8H), BEOH
T~1MHEZWLEORK, EHOWEBE IHFIZHE
. BEFROMENEMILL TE 7, HEEK
TORERZLHMMT, EREHECLOVREL, £
ZOEBEMHIFTELIIHFET 5, #HBELMETIE,
BEEEFIIHEZRVETRANL, HEHIIZOH
WHh LD, HMEARIIPEREORS THRAIHE
TL. ERICEHEZET 5,



areas of epilation appearing between them. The process
develops with moderate slowness requiring some days

for completion.

Sections taken through the epilated areas show atrophy
and loss of conspicuous cellular identity of the sweat
glands and hair follicles. Some edema appears in the
skin and underlying connective tissue. Bacterial clumps
may be present in cases having profound leucopenia.
Only several sections are available of this material and it
is difficult to formulate an accurate opinion of the nature

of the process.

Gamma Radiation of the skin:

The delayed effect of gamma irradiation to the skin is
also well known to appear in the form of an erythema
several weeks after exposure, and in some instances, as
a burn. It must be stated at this time that no material is
available which would indicate that such erythemas and
burns did occur from the bomb explosions. All burned

areas examined gave histories of radiation (heat) or fire

burns to the body, an obvious casual relationship.

Other Pathology:

The previously mentioned pathological discussion
deals rather completely with the specific findings of
medical interest related to the atomic bomb. Other
changes of possible nutritional, degenerative infections
and parasitic nature were observed. In this brief report,
however, all these are omitted for the obvious purposes

of clarity and brevity.

CHAPTER I Conclusion

Chapter I —Conclusion

In conclusion of this discussion,it is apparent that the
positive pathological findings other than those
associated with blast and heat burns are directly
connected with the effect of gamma (and neutron)
irradiation of tissues sufficiently sensitive so as to
demonstrate rapid lethal or damaging effects. For
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comparative purposes, it is feasible to summarize the
data recorded in the body of this report in tabular form.
In the following chart,degeneration or hypoplasia is
recorded numerically from one to four,the larger
numbers indicating increasing severity of the reaction.
Regeneration in turn is recorded in the same fashion
with the larger numbers indicating more complete return
to the normal state. Additional data on the monkey are
appended for comparative purposes.
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Site
#RAL
Days Bone Marrow Lymph Node Spleen Testis
Following FiE 1) ¥ NER e ik 25
Exposure
WIRZE
17-18 days
17-18 H
Human Hypoplasia 3 Hypoplasia 3 Hypoplasia 3 Degeneration
NG| I3 A3 EH 3 =
Regeneration 0 Regeneration 1 Regeneration 1
) A1 BA1
Dog Hypoplasia 4 Hypoplasia 2 Hypoplasia 2 Degeneration
R T 4 B2 KR Nk
Regeneration 0 Regeneration 2 Regeneration 2
B0 A2 A2
Rat Hypoplasia 2-3 Hypoplasia 1-2 Hypoplasia 1-2 Degeneration 2-3
R X3 (BT R2-3 RFER1-2 TR 1-2 2123
Regeneration 0-2 Regeneration 2-3 Regeneration 2-3
FFEE0-2 23 23
Monkey Hypoplasia 2-3 No data Hypoplasia 3 Immature
% I m2-3 Tkl KT A3 E il
Regeneration 0 Regeneration 1
HEO S|
28 days
28 H
Human Hypoplasia 2 Hypoplasia 1 Hypoplasia 1 Degeneration 1-2
NG| B2 I BT 12
Regeneration 1 Regeneration 1 Regeneration 2
HE] Bl 2
Dog Hypoplasia 1 Hypoplasia 1 Hypoplasia 1 Degeneration 1
K IRl 55708 R 1
Regeneration 2 Regeneration 4 Regeneration 4
BA2 A4 A4
Rat Normal Normal Hypoplasia 1 Degeneration 1-2
AL 1E# EH 3925 212
Monkey Regeneration 3-4 Hypoplasia 1 Hypoplasia Immature
= 34 3539 {135/i2519 Rt

Regeneration 3

BA3
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Site

S04
Days Bone Marrow Lymph Node Spleen Testis
Following g DIVPAY: ] e ik 27
Exposure
BREHE
5-60 days
3-60H
Human Normal Hypoplasia 2 Hypoplasia 0-2 Degeneration 4
NG E® BT R ETZR0-2 24
? erythroid Regeneration 2-4 Regeneration 2-4
elements 24 FA2-4
PR MLER ST
Dog Normal Nomal Normal Degeneration 2
X 1EH EH EH 22
Monkey Normal Normal ? Hypoplasia Immature
= 1EH# E# ? TR a1t
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