AppendixII- Report I

The Effect of the Explosion of the
Atomic Bomb on the Human Body.

Masao Shiotsuki

Omura Naval Hospital
10 September 1945

Translated by: David Fukuda

I treated a number of patients brought to the Omura
Naval Hospital who were injured by atomic bomb
dropped on Nagasaki on 9 August '45. I realized that the
unusual effects, clinical and otherwise, could not be
solely the result of mechanical forces and thermal
radiation, but also of incredibly strong radiation of
another type. I promised that when atomic disintegration
occurred, radiation which might have important effects
on the human body could be produced. I have
accordingly set down my observations regarding the

effects.

At the time that the bomb was dropped, 1 was in the
clinic as usual treating patients. The 9th of August was a
bright sunny day and there had been no rain for several
days. Suddenly I saw a white flash something like that
burning magnesium (by some said to have been of a
bluish-yellow color). I had heard that an unusual type of
bomb had been dropped on Hiroshima on the 6th
August, and I spent an uneasy 60 second until I heard a
thunderous roar, as if all of the antiaircraft guns in the
vicinity had gone off at once. I then experienced a
sensation of pressure. The pressure wave broke many
windows in the hospital. Most of these were on the
northeast side of the hospital, the side away from the

blast. Some panes of glass in interior doors were also
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broken.

While hurrying outside to an air raid shelter, I kept
watching the sky for enemy planes. 1 saw a large white
cloud in the shape of an opened umbrella with a pink (or
light orange) shadow in the inner under part, gradually
spreading. Below this were three white parachutes
drifting eastward. We awaited the all clear signal with
peculiarly uneasy feeling. Figure I shows the cloud
which formed after the explosion of the atomic bomb. It
disappeared forty minutes later. (Taken by Lt. Nihara of
the Japanese Navy, Chief of Pharmacy of the Omura

Naval Hospital, from the rear of the Hospital).

Site of explosion:- North of Nagasaki at the western
end of Uragami (about on the center of a
line connecting the city commercial school
and the Yamazato Grammar School. Near
Ohashi. )

Height of explosion:500M

Distance from Uragami:From Nagasaki to the Omura
Naval Hospital is about 24 Km. (This is the
average of figures given by the fort near the
hospital, Omura Aviation Supply Depot,
Uragami Arsenal, Headquaters of the
Regimental District.)

Meteorological conditions at noon on 9th August '45:
weather: Clear

Barometric pressure: 763.5mm Hg.

Temperature: 28.00
wet bulb: 21.00
Rel. humidity: 71%

About 600 wounded patients were sent to the Omura
Naval Hospital between 2000, 9 August, and about
0100, 10 August. These were transported to Omura
Railroad station by train, and from there to the hospital
by trucks. The appearance of the patients on that night
was horrifying. Their hair was burned, their cloths torn

to pieces and stained by blood, and the naked parts were
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all burned and inflamed. Their wounds were
contaminated by filth. Many among them had numerous
pieces of glass and wood projecting from the skin of the
face and back. Many were in such a state that they were
with difficulty recognized as human beings. (See Figure

2).

As can be imagined, it was an appalling scene of
confusion. Nearly ten hours had passed since the injures
had been received, and in spite of their severe injuries,
the majority of the patients were quiet as though in a
collapsed state. Many were covered with black blobs,
which we at first thought to be coagulated blood from
their wounds mixed with smoke from the train. Later,
however, we learned that after the explosion there had
been a "Black rain" throughout the city. The patients
were given routine burn treatment and we finished about

0500, 10 August '45.

Case 24 (See Figure 3): 25 year old male. Wounds of
the body from ricocheting fragments of glass. 20
August healed; discharged .

Notes: Most of the burn were of second degree severity
and then in order of frequency, 3rd degree and

st degree.

Burns were rare on parts covered by heavy clothing.
Among those who had on caps (such as military caps)
there was a clear cut line of demarkation corresponding
to the lower border of the cap. The injury was very
slight in parts protected by white clothing. Burns
occurred under black clothing, however. There were
some clothes in a material patterned with white and
black stripes, and in these we found linear burns beneath

the black stripes.

There seemed to be an unpleasant smell associated with the
radiation burns. This odor mixed with that of the fish liver

oil used in dressing produced a nearly unbearable stench.
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Local Conditions (as remenbered by patients):

Factory worker: "It was just after the all clear signal had
been given and we had returned to our place of work.
Suddenly a flash occurred; I felt very hot, and the roof
of the factory came tumbling down. When 1 recovered
consciousness, I was beneath the ridge of the roof with
smoke and flame all about me. How I got out, I don't
know."

Factory worker: "Since | had been working the night
shift, I was sleeping upstairs in my lodgings with only
my trousers on. I was near an open window, and
suddenly felt as though a hot wind were blowing on me.
1 was thrown down."

Clerk: (had thermal radiation burns on face, neck,
chest, and both upper extremities). “I was in front of a
warehouse, supervising the loading of a truck. 1 felt as
though fire were thrown on me from overhead. I was

thrown to the ground.”

All the others told similar stories in describing their
experience at the time. At the time we thought that the
atomic bomb caused a terrific pressure-wind and then an
intense burst of thermal radiation which gave rise to the

burns. Our treatment was at first based upon this concept.

Damage at Uragmi, Nagasaki: Later (31 August) I went
to Nagasaki to view the damage, which was beyond
description. It resembled closely a picture published in
the paper of 23 August entitled: “ Hiroshima
Catastrophe” . All the buildings were crushed.
Telephone poles were uprooted. Even reinforced
concrete buildings were crushed like paper boxes, but,
in general, masonry buildings were standing, but with
the interior ruined as though a Titan had been playing
there. Leaves of trees on surrounding mountains had
been scorched up to 8 km away, and it looked as though
autumn had come. The local people describing the

condition of the people instantly killed by the blast told
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of corpses with eyes torn from their sockets, some
eviscerated, some burned to ashes. Many were blown
from factory buildings across the road and into the river.

It must have been a dreadful scene.

Table 39 A Statistical Study of 208 Patients Admitted to Omura Naval Hospital : Situation at the Time of the

Explosion

#39 KHBEREICINE SN72208 ADBEOHET | #HBEE ORI

Location Indoors Outdoors

% EA (147N). Z4 (61AN)

Type of Building Reinforced Concrete Wood

BYos 47 BHars - (17N, K&ERE (191AN)
Damage to Building Completely destroyed Partially destroyed Concrete destroyed
B D8RRI STEBIE (137A). —&F8dE (67N). FRAIE 4A)

Sound of Explosion

Heard by Not heard by

BEOE Mz (18TA), B 2%ehorz (19N)
Color of Flash Blue-red blue-yellow pale blue-white
Rt FhE (57N, FEE Q0N), FEf (100A),
white
HE (29A)
Position Sitting standing lying down
ZINEN B (113A). L (47A). 1ERRL (48 A)
Clothing white colored
KR B (18AN). &fF& (130A)

In Direct Sunlight

short sleeved shirt and short trousers  short sleeved shirt and long trousers
FHFEAR S (12A0), FHWEIKR Y (112A),
half naked one piece women's clothes others

4 (58N), TrE—2Z (1AN). #0fft (25A)

HELDOT 78N

Original Burns Flash fire

KB DE A #gr (1970, & (11A)

Degree of Burns 1st degree 2nd degree 3rd degree
KIGDIEE 1EE (29A). 2B (148 N). 3% (31A)

HHTOBEBEIINEITREBELAE-ERDODLDOTS
D, HSPICAEBREZILDTOZETH D (&
=l o 4

The damage in the city seems to have been the
greatest where the sun was shining. This was apparently

not always the case with human beings (patients).
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Table 40 Statistical Study of 431 Patients Admitted to Omura Naval Hospital
F40 KABERBICINE & N72431 A0 BE DG

Indirectly; by Fire
SKEIZLDHBEE (3%)

K

Location Indoors Outdoors

ST BA (81%). B+ (19%)

Clothing Clothed Naked

KR HH (63%). B (37%)

Source of Injury Primary; by Bomb

s ORER BRI L ZERENEE (97%). =K

(Table39 and 40 from information from Lt. Com. Nobuhita Fukuhara of the Omura

Naval Hospital)

(3239 & #4013 KA iEERED / T ¥

Condition of patients after admission: On the next day,
10 August, 71 patients were admitted to ward 8. These
were transported by train on the night of the 9th and
were treated by the Emergency Corps at the Matsumura
Elementary School. They were then transferred here by
truck. I was assigned to this ward and from this time on
my observations was largely confined to these 71
patients. As on the day before, we continued to treat

these patients as ordinary burns.

Patients with burns of the entire body and ones
severely wounded by flying fragments died in two or
three days. Examples:

1) Factory worker, male, 45 years old. Wounds over
entire body. Died 0500, 11 August. (Figure 4).

2) Student, female, 19 years old. Wounds of both
lower extremities with considerable hemorrhage. Died
1040, 11 August.

3) Student, female, age unknown. Flash burns of face,
both upper extremities, back, right, knee, and right
thigh. Died 0500, 12 August.

4) Factory worker, male, 29 years old. Flash burns of
face and both upper extremities. Wounds of back and
both thighs by flying fragments of glass. Died 1510, 12
August. (Figure 5).

5) Clerk, male, 30 years old. Flash burns on back and
both upper extremities. Died 2105, 12 August.

6) Fuyoko Araki, housewife, 41 years old. She
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received flash burns on face and both upper extremities;
contusions and abrasions of both lower extremities. At
the time of the explosion, she was nearly in the middle,
Okamachi, Nagasaki, which is about 300 M from
Ohashi.

point or with in 750 M of the explosion in direct line.

This is about 500 M from the vertical descent

At the time of admission she had a temperature of 39.0
C, dysentery-like diarrhea and an herpetiform eruption
about the mouth with an unusual odor. On the morning
of 13 August, eyesight suddenly failed. Koernig’s sign,
ankle clonus, 3 plus; and opisthotonus, 2 plus, were
noted. Spinal puncture revealed the cerebrospinal fluid
to be turbid and admixed with dark red blood. Patient
died at 1700, 14 August.

Shortly after death, necropsy was performed. The
usual finding was petechiae of the mucous membranes
of the intestinal tract, especially the rectum, varying in
size from that of a grain of rice to a bean. In patient
(Number 1) there were also changes found at the point
of branching of the anterior and middle cerebral arteries,
and also at a branch of the posterior cerebral artery near
the fusiform gyrus of the right temporal lobe. At these
points were clots where hemorrhage had occurred. we
thought that these arterial ruptures may have been the
result of inflammation from lodgment of emboli,
secondary to histamine intoxication from the burns.

They may have been purely of traumatic origin, or other

mechanisms may have been responsible.

On the pia mater and also in the brain substance are
blob-like spots the size of a millet seed, which show a
tendency to become agglutinated into masses the size of
the tip of the little finger. These resemble the spots we
see on the pia in epilepsy.

7) Factory worker, 19 years old; male. Had flash
burns of the right upper extremity and left lower

extremity. He was discharged 15 August, after his burns
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had healed. According to information which we secured
later, he became ill about two weeks after his discharge,
with symptoms of fever, loss of appetite, fatigue, loss of
hair of the scalp. He developed petechiae, a mucoid
diarrhea, and died.

8) Hatsuko Ikei, female, 17 years old. She was within
1150 M of the center.
left upper extremity. She had fever up to 40.0 C, loss

She received flash burns of the

of appetite, herpetiform eruption about the mouth,
cerebral symptoms and disturbances of eyesight.
Petechiae, which appeared first on the arms and legs on
11 August, became generalized on 14 August and
ranged on size from that of a grain of rice to that of the
thumb. A blood count done on the afternoon of 14
August showed: Erythrocytes, 1.5M; leucocytes; 300;
Hb, 37%. She died at 1630 on August. The spinal fluid
was similar to that in Case 6. Necropsy was performed
shortly after death.

The positive findings were petechiae the size of a rice
grain throughout the alimentary tract. Other changes
were as before, that is, hemorrhage in the left posterior
portion of the cerebellum in the vicinity of the posterior
inferior cerebellar artery. The spots on the pia
previously mentioned were also seen in several places.

9) Male, age not stated. He suffered from a contusion
of the scrotum. Starting on the 11th, he began to have
fever. The contusion was about 1 cm. in diameter with
practically no bleeding. On 14 August, he began to lose
his hair in patches. The individual hairs could be pulled
out without resistance. On 15 August, petechiae began
to appear and also the peculiar eruption about the

mouth. He died at 0015 on 16 August.

Three more patients showed epilation and the
herpetiform eruption about the mouth. Fever developed
reaching 40 to 41°C at the time of death. These also

showed petechiae and the dysentery-like diarrhea.

These patients were treated by transfusions of 100 to

200 cc. of blood and the parenteral administration of

138

ARAR, BERBLUHEBHEEFHEL, £
THR TR THAHE L THRT L/,

8) A4 nya, ., 178, BL#»5 1,150
mOFFIIV Tz, EEBICAE. 40CHFEHR, B
s, ORERBICANVRAFROFEE ., MRS H
FL., #OEMHOEEIHIE, 8 AIIH KSR
AR AT, 8 B4, HMIMBEITIZA g
WKL, FOH A4 X b KA, HBIFEKTE T
MR MEREII LT O & 5 1A | ARILEKEL 15075,
HIMER 300, NEZOE 37%, 8 B15H 1683045
BT, MERTILER (6) LEMUL TV, 5
#%y ClB@E AT b,

HILE SRR R RO SR AERD 6 L7z,
FofnzEibs LT, BOES L RIS, BTK
BB D3 D/NRD IR RIS ML AERD 5 i
720 TBNEKED EIZ RO OB BEATRD L 1L
15,

=iy

0) B, EWMAH, HIIEEBICITEBLEST
Wiz, SHIIEZOEANFTHIILD . HiX1cmiz
EThh, HILZFBOR2ro7, 8 AL4HED®L
EOENHIZR - TRITIHRD 2. BEIZFIo0kD
D R IRV 2. 8 AISHIZ R B L ILEEAS
HIZUD, O0TbHICHFULEENFHERL 72
8 A16H Al 0 BE154 1 23E T L 72,

BO3ADEELSODETDLYIZHELANLNRR
BOREFRD bV, FBTRIZIZEEDL 40 5
MNCIolze TNHDOEBZITD BAIRHIML & FRH
O THIHRRD 5172,

SNHDOBEEIZH L, 100705 200ccDEfM, ¥
FIVBEESIVCOROKE, BLUT Y

X



Vitamin B complex and Vitamin C, intravenous glucose,
and liver extract. The patients got worse in spite of
treatment. The fact that patients with relatively slight
wounds and burns showed the most severe symptoms is

worthy of note.

At this time, on another ward (ward 12), there was a
female patient, Chizuko Yamada, age unknown, with
abrasions of the left arm and chest and a contusion of
the hip. She developed herpes, hair loss, fever, and
numerous petechiae. She died 20 August. Necropsy

was performed.

Findings: The body is that of a female corpse of
average size showing moderate emaciation. Both
corneas are cloudy and the pupils contracted. There is
no swelling of the superficial lymph nodes of the body.
Crusted herpetic lesions are present about the lips. The
oral mucosa has gray coating. The subcutaneous fat is
moderately well developed. Post mortem lividity is
present in the dependent portions. Rigor mortis is
present throughout. The left dome of the diaphragm
reaches the level of the left sixth rib; the right
diaphragm is at the level of the fifth right interspace. In
the pericardial sac are 15 cc. of straw-colored, clear,
fluid. The cardiac chambers are filled with liquid and
clotted blood. The heart is slightly enlarged. The right
lung is bound down by easily separated fibrinous
adhesions; it is blue-violet in color, and is filled with
blood and air. The left lung is of similar appearance
except for the absence of adhesions. The thymus shows
degeneration and is atrophied to the size of the little
finger. The peritoneum is shinny and light yellow in
color. The liver measures 30x18x7 cm, and weighs
1160 Gm. with the gall bladder. It is partially adherent
to the diaphragm. The color is dark purplish-red. The
surface is smooth, but there is a torn area on the
posterior surface of the right lobe, 10x0.3 cm. The torn
surface is yellowish to reddish-brown in color the

hepatic lobules can be distinctly made out. Stomach: A
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portion is adherent to the spleen and pancreas. It is
about normal in size. The mucosa is quite hyperemic
and shows numerous petechiae. It contains bile-stained
Call bladder:

Exterior is glossy. Contains about 10 cc. of yellowish-

viscous material. Size of a hen’s egg.
green bile. Purplish-red in color. The surface is smooth
and glossy except for a tear 4 cm long by 0.5 cm deep
running horizontally across the center. The follicles are
not prominent. Pancreas: Of a pink color. The cut
surface is gray. Acinis are distinctly visible. Kidneys:
Both light reddish-purple in color. The capsule strips
easily. The line of demarcation between medulla and
cortex is clear. The kidney pelves are of normal
capacity. The small intestine and colon are markedly
hyperemic and on the serous surfaces are petechiae
varying in size from that of a grain of rice to that of a
pea. On the mucosa are many ulcerated areas varying in
size from that of a rice grain to that of a red bean. In the
large bowel there are patches in rows or arborising
patterns covered with grayish membrane which can be
readily stripped away, revealing a hyperemic base in the

sigmoid and rectum, but not in the rest of the colon.

Todachi Kusumoto, a patient on ward 6, was admitted
on 25 August. He was 14 year old male student who
had been 1 km from the flash. He had no burns or
wounds. He complained that in the past few days he
had had fever and loss of hair. On the morning of 25
August, he had fever of 40.4 C, pulse, 140. He died the
same morning. The following notes were made at the
time of admission: "The patient is of about average size
and development. The nutrition is rather poor. The body
temperature is 40.4 C and pulse 140. Pupillary reaction
sluggish. The lower lip is eroded and partly crushed.
The lips are swollen. The submaxillary nodes are
enlarged to the size of the terminal phalanx of the index
finger and are tender. The tongue is dry and covered
with a brown coat. The pharyngeal mucosa is reddened.
The tonsils are covered with white exudate. There are

petechiae over the entire body. Scalp hair is completely
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lost. There is cardiac palpitation. Breath sounds are
harsh. The liver can be felt 3 cm below the costal

margin. The spleen is not palpable".

Findings at autopsy: The body is that of middle-sized
male. The nutrition is quite poor. The cornea are slightly
clouded. Pupils are moderately dilated. The oral mucosa
is of a grayish color. Tongue is heavily coated. The teeth
are carious; the gums necrotic and covered with exudate.
Pat could be found in every joint. Post morten lividity is
present in the dependent portions. There are numerous
petechiae of the skin from the size of a millet seed to
that of a red bean. The hair is noteworthly in that it pulls
out very easily, so that large amounts come away when
touched with the wet hand. The diaphragmatic domes
are at the level of the fifth rib on both the right and the
left. There are adhesions between the visceral and
parietal pleura, especially on the right side. The
pericardium was smooth and glistening and contained
20 cc of clear, serous fluid. The peritoneum was
glistening and did not appear abnormal. The liver was
strongly adherent to the diaphragm. Heart: No
abnormalities except a few petechiae on the epicardium.
Lungs: Filled with blood and air. A few petechiae
beneath the visceral pleura. Liver: Surface glossy, dark
purplish-red. The cut surface appears essentially normal,
though the liver lobules are rather indistinct. Spleen:
Dark purplish-red. Cut surface appear normal. Follicles
indistinct. Right kidney: Surface purplish-red and
glossy. The cut surface is normal with a clear line of
demarcation between cortex and medulla. There are a
few petechiae under the kidney capsule. The renal pelvis
is normal. Left kidney: Similar to right except for the
presence of clots in the pelvis. Pancreas: Rather small.
The acini are distinctly visible on the cut surface.
Stomach: No abnormalities except petechiae on the
mucosa. Bladder: Normal mucosa membrane. Intestine:
Portions are hyperemic; petechiae are numerous. Colon:
Numerous petechiae. Esophagus: Numerous petechiae.

Diapharagm: Petechiae under the parietal pleura of the
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right leaf. Pia mater; Blob-like areas the size of millet

seed. Brain: Cut surface shows no abnormalities.
We did 10 autopsies up to 31 August. Eight of these
patients had epilation. In general, petechial spots were

numerous in the internal organs.

1) Distribution of petechiae

From esophagus to rectum ««+eseerererceresesees 3 cases
In intesting Only ««esseeseeesnresesssssnssnnens & cases
of above, inTectum only ?#ssassesmassssns s 2 cases
of above, in colon only  ++reeesseessneessenees 2 cases
In spleen, kidney, efc, ++ewesesseeeessemsermneeneens R cases
[N brain Only +oseessseemsesmsessnsensesesnes o 1 cases
2) White sloughs in alimentary canal =++=-*=**** 3 cases

3) Hemorrhage from vessels at base of brain
...................................................... 6 cases

4) Ruptured viscera:

Hivar s sesensmessossonsusonassnssssmmeamesemmssees 3 cases
5) Spleen «orersressrenesne s 5! CAEY
JUNE #eveesnesnsesnn e st 9 cases

Noteworthy features: Three cases with sloughs of the
intestinal mucosa had similar lesions of the oral mucosa.
Six cases had the small cysts between the pia and brain
surface similar to those seen in epilepsy. Charges in the
bone marrow and other blood forming organs were not

studied.

The illnesses resulting from the atomic bombing of
Nagasaki (excepting those killed outright as previously
described) can be classified in several rather well-
defined groups:

1. Burns
2. Wounds from debris hurled about by the blast wave.
3. Cases with hemorrhagic diathesis:

a. those with dysentery-like symptoms starting shortly
after the bombing

b. those with symptoms starting after a latent period.

The cause of the 3rd group is presumably radiation
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given off by atomic disintegration.

Incubation period: This seems to be inversely
proportional to the distance from the center. For

example:

Patient 6 - Distance less than 750 M; symptoms
appeared the same day.

Patient 8 - Distance 750 M; symptoms appeared the
same day.

Patient 12- About 1000 M; symptoms appeared 4 days
later. (6 other similar cases.)

Patient from ward 6 - Distance 1000 to 1500 M;
symptoms appeared 10 days later.

These data are derived from 25 out of the 758 cases
admitted. No further data is available on this point at

the time of writing.

Symptomatology: Those who received no wounds and
were quite well immediately after the attack, developed
symptoms of fatigue, anorexia, and cervical lymph
nodes appeared in many, together with sore throat and
hoarseness. One or two days later, there appeared
diarrhea, with a watery, mucoid, bloody stool.
Hematuria appeared. Alopecia began to develop,
spreading from points of pinhead size. Then petechiae
developed over the entire body and simultaneously from
the mouth and gums and epistaxis. Many developed an
unusual herpetiform eruption around the mouth; as death
draws near the area becomes gangrenous and the fetor
become marked. No cardiac disturbance were seen
except a drop in blood presure in the terminal stage.
Many developed symptoms of a terminal pneumonia.
Many complained of stomach ache, but these did not
always have vomiting. Ascaris was present in most.
Terminally, central nervous system symptoms appeared
with loss of vision (inability to count fingers at 30 cm).
Those who showed no central nervous system symptoms
remained mentally clear even terminally, in spite of

severe anemia and high fever. Among those whose
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wounds had been healing well, the granulations
gradually became gangrenous and foul smelling. The
sites of needle punctures also became infected and

necrotic.

Laboratory finding: On examination of the urine,
albumin and urobilinogen were found. Blood findings:
RBC, 1.0 to 2.0 M; WBC, 200 to 500; Hb, 30 to 50%.
Bleeding time : 20 minutes to 2 hours or more.
Throughout a smear, only one or two leucocytes might

be seen. These were all lymphocytes.

Fever gradually became higher and reached a
maximum terminally, dropping slightly at death.
(PlateVI). During the prodromal period, bullae varying
in size from a thumbprint to a hen's egg appeared in
various places. These may be comparable to Roentgen-
ray erythemas, or may be the result of radioactive

material adherent to the skin.

Prognosis up to 10 September: Mortality, 100%.
Diagnosis: Presents no difficulties.

Treatment:

1) Intravenous administration of 20% glucose mixed
with Vitamin B Complex and Vitamin C.

2) Blood transfusions of 100-200 cc at one time.

3) liver extract.

No special benefit was noted from any therapy given.

Postscript: The distance from the source seems
unbelievably great for these effects to have been the
result of exposure to radiation from radioactive material.
However, the magnitude of the radiation effects may be
far greater than anything previously conceived of in the
science of radiology.

Among the foresaid 758 cases admitted to this
hospital, there were only 3 cases of tetanus. This is quite
remarkable when we consider conditions at the site of
injury and the condition of the trains and for

transportation.
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Therefore in treating these patiants, I think it best to INODBERRET LA, EMEREE M
attempt to support the function of the blood-forming T5E)REBEFRS LV, LML, ERZIT-o
organs. However, in six out of ten cases autopsied, 72108109 5 6 BITENIEICETR 2 RBOHTBY |

there were lesions in the pia mater for which this CDE) REEEDRIIEL VO S Mtz v,
treatment would have been of no avail. No final RS TREEMNZEREIZVEVWDLE S %1
statement as to the ideal treatment can be given at this R\,

time.

Plate 6.- Patient 8, female ; 17 years old.
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AppendixII- Reportll

Research on the Symptoms Caused
by the Atomic Bomb

Professor Toichiro Sawada

Committee

September 28, 1945

A . Effect on the human system of those who were at the
scene of disaster.

On August 31, in front of the Nagasaki Medical
University, we were able to locate nine persons who were
not victims of the explosion, but who came here afterwards
and have been living in self-made huts about 500 meters
from the center of the explosion. Some of these people
rushed down to Nagasaki from such distant places as
Shikoku and Kyoto-Prefecture. We carefully selected only
those of whom had reasonable assurance of their not having
been exposed to explosion. The leucocyte count of these
people was the lowest 4,400, the highest 8200, and the
average 6550.

For comparison, we found ten persons who were in
Nagasaki or its vicinity at the time of the explosion and
have since been living near the scene of disaster. We
have also taken their leucocyte counts. The results are
as shown in Table 41, the lowest 3000, the highest 7320,
and the average 4650.

A comparison of the two averages showed the former in
the 6000's and the latter in the 4000's (which had smaller
counts), but we were unable to determine any physical

differences between the two groups.
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Table 41 The Leucocyte Count of those Living in the Center of the Bombed Area (Not in the area at the time of the

bombing)

F41 BOHTEBL TS NEOHMERE HREHIBR LISV 2o 72)
Name Sex Age Leucocytes
Al el £ B M ERE
Eguchi female 18 8,200
=TT L8
Ogawa female 32 6,260
* AT &

Takubo male 39 7,800
¥ 7R 5
Kanaya male 39 5,460
ik aad 5
Tajima male 21 6,660
¥y o= 5
Eguchi female 20 5,460
LHF T
Takeshita male 7 8,000
Yoy %
Mitsutake male 3 4,400
=P8y %
Kubo male 44 6,600
e 5
Average 6,550
Ty

From these results we have obtained a general
impression that unless a person is directly exposed to the
explosion, no physical disorders of any import ance
develop even if he does live at the scene of disaster
afterwards.

Later, we examined the leucocytes of those people who
have remained at, or passed through, this area as
members of relief and restoration parties. Table 43
shows the results of the examination to date. In almost
all cases the leucocyte count is close to normal and no

physical disorders have come to our attention.
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Table 42 The Leucocyte Count of those Living in the Bombed Center(victims)

F®42 BOHBBREOQMRE (EEERE)

Name Sex Age Leucocytes
il el i H I ER$L
Hoshika male 14 4,720
KTH %
Inao male 38 5,100
A+ F %
Okabe male 21 4,400
FHN 5
Hamada female 30 3,200
NT Y 1’q
Yashima male 42 5,850
Yo B
Mabuchi female 30 3,060
Caeia 8
Hasezaki male 33 3,000
AN %
Otsuka male 53 5,200
FIA ]
Matsuo male 53 7,320
<%k 5
Average 4,650
¥

Looking into the aforesaid results, we found cases of
fatigue and diarrhea among people who were not
victims of the explosion, but who had been living at the
scene of the disaster afterwards. The patients suspected
that these symptoms were caused by radioactive
substances remaining at the scene of disaster, and they
also feared that their leukocyte count had decreased ,but
re-examination of these people showed that their
leukocyte count was absolutely normal. It is impossible
for us to conclude that such aforementioned symptoms
as fatigue and diarrhea were caused by the actions of
radioactive substances remaining at the scene of
disaster. It is perhaps more proper to say that the causes
of these symptoms were from overwork, neglect of

health or neuropathy.
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Table 43 The Leucocyte Counts of the Kyushu University Relief Party
(Remained at the Scene of Disaster from Aug. 14 to 23rd)
FR43  FUMKERBIPR A > N — Bk
(BA14H 25230 T CHRLHICE T o 77)

Name Sex Age Leucocytes
Bl 5 i HIERE
Inoue male 25 7,300
1/ oL =)
Kuroki male 24 6,400
raF 5
Sawa male 25 5,800
v 5
Morimoto male 36 5,700
T ELH %
Watanabe male 30 5,600
7% FN %
Takagishi male 25 6,800
yHhEF B
Nakajima male 27 6,000
FhI< 5
Nagaoka male 25 5,800
FHAA %
Fukushige male 25 6,100
T S 5
Noda male 24 7,600
Ed =
lIkeda male 25 8,200
ad %
Maruoka male 25 5,500
T A A B
Okazaki male 25 7,000
T AFx %
Average 6,440
1

B. Nature of the symptoms caused by the atomic bomb. B. FERBRIZ X B2EROEE
When the effects of the atomic bomb on the human AEICRIZTEBROZENET S, Ko 3 EC
system are analysed, they can be classified into the THETE,

following three types:

149



1.” Mechanical effects”

(Possibly external wounds caused by flying objects,
falling debris, etc.)
Caused by the blast

(Literally, “explosion wind” )
2. Burns caused by the heat waves and ultra-violet
rays.
3. Effects caused by a great amount of radioactive rays.

The “mechanical effects” caused by the blast are
similar to those caused by ordinary bombs. Burns
caused by heat are similar to those caused by incendiary
bombs, but burns caused by ultra-violet rays have a
special trait of healing rather rapidly. It can be said that
the reactions caused by radioactive rays are special
features of the atomic bomb. For instance, people are
taken ill several weeks after the explosion, and the death
rate is very high. From the viewpoint of internal
medicine, they are special symptoms and should be
classified separately as symptoms caused by the atomic

bomb.

In looking into the symptoms caused by the atomic
bomb one should always keep in mind that they are
symptoms caused by a great amount of various

radioactive rays to the human system.

It is by these rays that the various cells in the human
system are affected, and the degree of damage depends
largely upon the sensitivity of those cells. The
haematopoietic cells and the generative cells are
considered most sensitive. It is also believed that the
cells of the various internal organs and internal secretion

organs are also affected.

Judging from the internal symptoms (to be discussed
later) it is believed that the medullary tissues are mainly
affected. In order to verify this fact, aspiration of the
bone marrow has been performed on many patients to

study the medullary cells. The result of the examination
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showed that the cells were severely affected.

The normal percentage of erythroblasts is 19%, but
according to Table 44 in Matsuda's case, for example, it
is 0, and in Murata's case, 6.5%. The hematoblasts are
also 0.

The normal percentages of leucoblast and leucocytes
are 59.8%, but they have decreased to 15.5% in
Matsuda's case and to 5% in Murata's case.

Practically no change occurred in the lymph
corpuscles. The reticular cells and adipose cells are
normally about 1%, but in Matsuda's case it increased to

63% and in Murata's case to 60.5%.

These facts show that the bone marrow tissues were

severely affected, and is evidently due to
panmyelophthisis (or agranalocytosis, which is a
common clinical term). It is believed that the impaired
functions of the bone marrow are the chief causes for
the symptoms caused by the atomic bomb. The
histological examination of a piece of bone marrow has

also proved these facts.

C. Clinical Symptoms.

This Medical Relief Party has diagnosed and observed
about 400 patients at the Shinkozen National School in
Nagasaki during a period of two weeks from September

1 to September 14.

Table 45 shows the dates on which the symptoms
occurred. Among them the most frequently complained
of symptom was fever, which is followed by epilation,
anomia, headache, systemic fatigue, etc., in that order of

frequency.
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Table 44 Microscopic analysis of the Marrow Afflicted with Symptoms Caused by the Atomic Bomb
Fad  BURSEIRZ ML o 72 B RGE O ST R

Kind of cells
MR DFERE

Normal Percentage for a Japanese

HARANDIEEE

Matsuda
7V

Murata
LT H

Megaloblast
EARFER
Macroblast

RARFER

Erythroblast
TREFER

formation of
erythrocytes

7R MERTE A

0.1% 0%

2.9 19.0% 0

16.0 0

0.5%

4.0

2.0

6.5%

Hematoblast
o

0.1

Myeloblast
B RESFER
Neutrophil premyelocyte
o rp PR B BEER
Neutrophil myelocyte
o E BEER
Neutrophil post myelocyte
(L3R
Neutrophil “Staff form”
nucleus(leucocytes)
pFr g [HRIR] #
(B MLEk)
Lobulated
Nucleus(leucocytes)
TEIR (HIMmER)
Eosinophil cells
IFERER
Basophil cells
BFIEHEER

Granulo-

leukomatose
(Ger.)

FER A M ER
TR

1.8 5.5

3.8 35

5.1 4.5

7.8 1.5

16 .6 59% 0.5 16.5%

20.2 1.0

4.2 0

03 0

1.5

1.0

1.5

1.0

5.0%

Monocyte

HER

3.1 0

2.0

Lymph corpuscles
1) 2 NER

16.8 16.0

225

Lymphoid
1) > NERER
Plasmatic
B ARk
Phagocytic
LR
Fatty
ilztili]

reticular
cells

8 A e

24.5
about 30.5 63.0
={F
1.0% 5.0

3.0

285

26.0

5.0

1.0

60.5

Cells which are difficult to
classify

537 RE 7 Al

4.5

395

Total
it

100%

100%

Non-nucleated cells

Non-nucleated cell

Nucleated cells

Sy 2 A AR

46

21

A
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Table 45
45

Symptoms Total No.of Patients  1st Week 2nd Week 3rd Week 4th Week 5th Week  6th Week
R BERK E1E %28 %38 H4B %5 5618

1. Fever 70 12 5 10 36
2. Epilation 69 6 S5 20 31 7
e
3. Spotted Hemorrhage of the skin 51 4 10 22 15
BEAR H I
. Anemia 46 12 27 7
#ifn

. Headache 44 17 8
L]
! System1c Fatigue 35 7 4 11 13
EHER
. Gingival Hemorrhage 33 3 1 8
it
: Nausea 32 28 1 3
:L\
9. Sore throat 31 2 1 4 17 7
MHgE %%
10. Tonsillitis 27 2 4 12 9
b %
11. Vomiting 25 23 1 1
M
12. Diarrhea 25 6 1
TH
13. Drops 23 2
& FIE
14. Anorexia 23 15
BERRA R
15. Vertigo 15 2 13
%%

[e <IN e L B

R NS
PR
AN ¥
-

16. Odontalgia 13 3 1 6 3
IEag]

17. Haematuria 10 2 3 4 1

18. Macula 9 5 4
BERL

19. Tinnitus 6 4 2

HI5
20. Epistaxis
o I

W
—
W
—

21. Stomach ache
B

22. Stomatitis
Om

23. Icterus
#wHE

24. Constipation
&

A~ A~
(o8

)
(]
—

25. Haematemesis
i}

26 Chest ache

27 Dii %mea

28. Lung ulcer

i &
29. Hemoptysis
Sl

[N IR SR S L S S
—_—
—_

—_

30. Insomnia

AR AE
31. Hard of Hearing 1 1

32, Drlvel 1 1
TLEE
33. Frequent urination 1 1

34. Blood stool 1 1
MmAE

35. Mouth ulcer 1 1
OSEE

36. Emaciation 1 1
5\ E
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During the first week the most complained of symptoms
were nausea (28 cases out of 32), vomiting (23 cases out of
25), anorexia (15 cases out of 23), and headache(17 cases
out of 44). Symptoms such as nausea, vomiting, systemic
fatigue, and headache are believed to be caused directly by
being exposed to the radioactive rays. Besides these
symptoms, fever (12 cases out of 70), systemic fatigue (7
cases out of 35), and diarrhea(6 cases out of 35) also
occurred during the first week. Table 45 shows that fever,
epilation, spotted hemorrhage of the skin, anemia, systemic
fatigue, sore throat, tonsillitis, odontalgia, maculas on the
skin, stomatitis and icterus occurred most often during the
fourth week than during any other preceding week. Among
these, fever, epilation, hemorrhage, sore throat, and
stomatitis should be considered as chief symptoms which
developed in the late stadium, and with the exception of
epilation these are considered as symptoms of bone marrow
consumption. These symptoms and blood changes
indicating symptoms of bone marrow consumption
developed in most patients about three or four weeks after

the explosion.

Table 46 has been prepared by classifying the reactions
caused by radioactive rays into early and late stadia, and
also by examining the 169 patients examined, 27.2%
showed absolutely no sign of illness, while the majority
(72.8%) had some symptoms of which more than half

occurred in the early stadium.
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Fd28f%)) . EH (251 23%1) . EEAER (2341
H15%]) &EEME (44FIH1761) TH oo, Bols,
B, 2558 EREREHICEEZERESNS
ZliZkoTRRIDBEELLNSE, TNLDER
DAtz zss (7061 1260) . &2 5EE (3561 7 1)
ETH 5B 6B DELIBICKEI o7z, 45
Wk BE, BE HE. EEOMKRLEM. &,
L HEE. WE%, Bikst, |, HEEM. O
HNEEHBEIIEL4IBAIRSREI o2, TTE
DIEKRD S B, ek, BHE, B, WEELLON
RIS D EREREEZ SN, HELRKE
EBHAEDOERERDNS, ZILLDIEIRKE
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I 169ERI D FH27.2% DSEIR & 78 & 72 020 7205,
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Table 46

46

~O
o~

No. of People
NE

Those who developed symptoms
only in early stadium
BHICORERDPHEI L2 A
Those who developed symptoms
only in late stadium
BRERIC D SIERATHHIL L 72 A
Those who developed symptoms
in the late as well as the early stadium
BB L UM L b ITAERD

' HBE LA
Those who did not develop symptoms
in the early or late stadium
BB L UBH & b IERD
WELE»o72A

9.5
16

28.4
48

34.9
59

919
46

Total
it

169 100.0
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Epilation, hemorrhage (spotted hemorrhage of the skin,
gingival hemorrhage, intestional hemorrhage and
epistaxis), stomatitis and fever are considered the chief
symptoms which developed in the late stadium. Table
47 shows the relationship of these symptoms to the
distance from the center of the explosion. The relatively
small percentage of these symptoms within 0.5km
radius, is, perhaps, because most victims in that area
died within a short period of time after the explosion.
The largest percentage of these symptoms is found
between the 1.0 to 1.5km radius, but beyond 2.0 km
radius there is a marked decline (a few exceptional cases
occurred beyond 4.0 km) In other words, those who
were taken ill up to September 14, were chiefly persons
who were within 1.5 km from the center of the
explosion, while only a few were taken ill beyond a
distance of 2.0 km.

This coincides with the fact that the completely
destroyed areas in Nagasaki were whithin 1.5 km to 2.0

km from the center of the explosion.

RE. I (BEEBEREI., SEABIM, HLEH
Mm&RWIMm), ORNREEEIIBEIICRE 2E%E
REeEZOND, FATIINODERERLEE
ERLHAL OEBE L OMBEERL TS, B1EF
0.5kmEANT 2L DIERERT b O DOMTHI LR
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HAL, PE2.0kmE BT EERHIELT S (2, 3
DB R IEFI 2%4.0kmL EICH RENE), §7%
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HIg 3R O 5 1.5kmA 52.0kmEAA & v D) BE
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Table 47

Distance Towns NO. of Cases
PREE Hy NE %
0.5km Shiroyama, Yamazato, Takao 12 11.3
. MR, &
1.0 Mezame, Urakami, Mori, Sakamoto, 43 40.6
Takenokubo
BE. Bk, KB, & 7/ AR
1.5 Ohashi, Zenza, Nishizaka 32 30.3
K&, $REE, TEIR
2.0 Inasa, Ohuna, Saiwai 5 4.7
FRfe, s, =
3.0 Nagasaki Station, Hiradogoya, Motohara, Ougi 10 9.4
RIGER, FR/NE, KK,
4.0 Mizunoura 3 34
KO
4.1 over Showa 2 1.9

Al




Table 48

48
Leucocyte Count No. of People
H I Bk % AN %
0~1000 13 12.3
1001 ~2000 15 14.2
2001 ~3000 24 22.6
3001 ~4000 14 13:2
4001~ 5000 8 75
5001~6000 13 12.3
6001~ 10000 12 11.3
over 10,000 7 6.6
Total 106 100.0
&t

Examination of the leucocytes revealed that a sharp
decrease of them occurred in many patients. Table 49
has been prepared for the purpose of determining
whether the leucocyte count will return to normal or not
with the lapse of time. According to this Table, patients
with leucocyte counts below 1000 during the first period
(9/1—9,/4) came to 25.6%; the second period (9
10—9,715) only 2.9%. As a result of these changes,
patients with leucocyte counts of 5000 to 6000 in the
second period increased to 23.7%, and during the third
period 17.5% of the patients had counts of 6000 to 8000.
It is therefore evident that the lost leucocytes are

gradually replaced with the lapse of time.

Table 50 is an observation of these changes in relation
to the distance from the center of the explosion. From
September 1 to 4, persons who were close to the center
of explosion (within 1 km) show a remarkable decrease
in their leucocyte count, but the farther the distance the
less conspicuous is the decrease. The leucocyte count of
many patients who were about 3 km from the center of
the explosion especially was almost close to normal.
This relationship became more distinct with the lapse of
time. For instance, from September 10 to 13, even

among those who were close to the center of the
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Table 49

349
White Corp.

HInE% Below Below Below Below Below Below Below  Below Over Total
Date 1000 2000 3000 4000 5000 6000 8000 10000  100000* &t
H# LT T LI BT UTF UTF T T &2l

1 8 6 4 2 6 4 8 1 39
2 2 2
3
4 1 1 2
11 7 4 2 6 4 8 1 43
(25.6) (16.3) 9.3) (4.6) (13.9) 9.3) (18.6) 2.3)
5~6 2 2 1 2 5 11 9 2 1 35
7 2 1 3 5 5 4 1 21
3 1 6 3 4 6 3 26
9 3 2 2 2 1 3 2 15
7 8 10 16 23 19 5 1 97
8.2) (7.2) (8.2) (10.3) (16.5) (23.7) (19.6) 5.2) (1.0)
10 2 4 6 5 3 5 4 6 7 42
11 1 3 9 2 3 2 3 2 25
12 1 1 2 1 11 9 9 9 5 48
13 1 4 4 7 6 4 15 10 5 56
5 9 15 22 22 21 30 28 19
2.9) (5.3) (8.8) (12.9) (12.9) (12.3) (17.5) (16.4) . (11.1) 171

s N h7o 5
GE: Hy aNO¥FIZ%) BZ5 1000003 Y

explosion, those who suffered from leucopenia became 5720 (BLOBRENHMEKOEMERL),
few. Among normal patients whose leucocyte count
was returning to normal, some even had a count
exceeding the average number of 8000. This fact was
especially noticeable among those who were within the
radius of 3 km (There were actually more persons with

an increase of leucocytes.)

The changes in the erythocyte count are shown in
Table 51. During the early part of September these were
relatively few patients with a noticeable decrease in the
erythrocyte count, and most of them maintained the

normal number of 4 million to 5 million. However, as

FRMERBDOEILZESUIRT. 9 FORBIIHK
MEREAH S NP L BEEIL 2w, KEHK
(240075 25500 DIEFH EHMERF L TWwize Ly
L. B & HioRMERE A R4 @A Lce 9 A
10H 25 13H1234.6% D EBENB0 LTIl % o 72,
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Table 50

50
White corpuscles Under Under Under Under
| EHIF 2000 5000 7000 8000
mE i il i il
Sept. 1-4
9A1H ~4H
0~1.0km 9 45% 7 35% 10% 2 10%
1.1~2.0 5 37% 6  40% 27% 5
2.1~4.0 2 30% 0 - 4 40% 40%
Sept. 5-9
9A5H ~9H
0~1.0km 4 28% 30 21% 5 37% 2 14%
1.1~2.0 10 23% 20 47% 10 23% 3 7%
2.1~40 1 5% 7 33% 12 57% 1 5%
Sept. 10-13
9A10H ~13H
0~1.0km 1 7% 30 21% 2 14% 8 58%
1.1~2.0 8 10% 40  50% 19  24% 13 16%
2.1~4.0 1 2% 13 22% 12 20% 32 56%

time went by a gradual decrease in the number of
erythrocytes became evident. During the period from
September 10 to 13, 34.6% of the patients had a count of
3 million or below. This indicates that contrary to the
increase in the leucocyte count, the erythrocyte count
decreases. Clinically, this coincides with the fact that

many patients have recently developed anemia.

Furthermore, due to the recent increase of leucocytes,
myeloblasts and medullary cells were found in the blood
and cases which showed medullary reactions were
noticed. The change of the hemoglobin, the decrease of
hematoblasts, and the delay of bleeding time were also

noticed.
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Table 51 Number of Red Blood Corpuscles
F51 HRIMLERE

Below Below Below Below Over
Date 2 mil. 3 mil. 4 mil. 5 mil. 5 mil. Total
HAF 200500 F 300G LLF  4005LLF  S00HLAF 50075 i
Sept.1 3 10 12 7 32
9/1
2 1 3
3
4 1 2 1
0 5 12 16 7 40
(12.5%) (30.0%) (40.0%) (17.5%)
5 3 12 6 1 22
6 1 1 8 1 11
7-8 4 22 16 1 42
9 1 3 6 2 13
1 11 41 30 5 88
(1.1%) (12.5%) (46.5%) (34.0%) (5.6%)
10 1 1
11 8 7 1 2 18
12 3 4 3 3 13
13 17 17
4 12 10 18 5 49
(8.1%) (26.5%) (20.4%) (34.6%) (10.2%)

Albumin in the urine was detected in a few cases.
During the early part of September, many patients had
positive urobilinogen in their urine, which indicated
defective functioning of their liver, but this condition
gradually disappeared. Other clinical reports will be

made available on some other occasion.

D. Prognosis

Among the main symptoms which develop in the late
stadium, the more serious the degree of fever, epilation,
pharyngitis and hemorrhage of the skin,the poorer the
prognosis, but some patients with serious main

symptoms are gradually recovering after being
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considered hopeless. It is also true that the greater the
decrease of leucocytes, the more serious is the condition
of the patient, but in some cases patients with a

leucocyte count of 1000 or below have recovered.

In general, the earlier the symptoms develop, or the
shorter the latent period, the poorer the prognosis; the
longer the latent period the better the prognosis.
Whether or not the patients had external wounds or
burns, these symptoms developed several weeks after
the explosion. Those who overworked themselves
instead of remaining quiet when no abnormal symptoms
developed at first, are the ones who later developed

symptoms and in many cases the prognosis is bad.
ymp y prog

It is very reasonable to say that the death rate is
proportionate to the extent of exposure to radioactive
rays, while the extent of exposure to radioactive rays is
in inverse ratio to the square of the distance from the
center of the explosion. Therefore, the closer a person is
to the center of the explosion, the earlier the symptoms
develop, which also explains the high death rate; and the
closer a person is to the center of the explosion, the
easier it is for him to receive external wounds and burns.
Many people have died from these causes. Thus, it is
very difficult to compile accurate statistics. Moreover,
two persons may be at an equal distance from the center
of the explosion, but it is important to take into account
the extent of cover (whether they were under cover or
not) which further complicates the whole situation. An

investigation is being held on these matters at present.

E. Medical Treatment
It is needless to say that complete rest, nutrition, and a
supply of vitamins are important. Besides these, I
believe the injection of grape sugar is very effective.
From our experience, occasional blood transfusions for
serious anemia patients have invigorated their feelings
or revived their spirits, and the results have been good.

Since the liver contains hormone that reacts to the
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blood-making action of the medulla, we have used it at

every opportunity; the results seem to be good.

We have in our internal medicine department about 38
patients with symptoms caused by the atomic bomb.
Among them are patients with the combination of high
fever, epilation, spotted hemorrhage of the skin, and
pharyngitis, who were considered hopeless in the early
part of September, but most of them are recovering after
application of the treatments mentioned above. Only
three deaths occurred.

Judgment as to the efficacy of the treatments is very

difficult.
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