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Acute Medical Effects
at Hiroshima and Nagasaki

Takeshi Ohkita, M.D.

Modern science and technology have brought us many hopes
and dreams. At the same time, they have caused much anxiety.
From their sufferings since the atomic bombings in August 1945,
the Japanese people recognize that the day has come when nu-
clear energy could be the weapon of ultimate destruction. Hu-
man intelligence has discovered something that is a cause for
grave Concern.

The clear marks left on the somatic cells of human bodies have
not disappeared after more than 35 years. They are still causing
various disturbances, which you will read about in the follow-
ing pages.

I believe that we, as doctors and scientists, once again must
realize the importance of our responsibilities. Together we must
gather our wisdom and intelligence to abolish nuclear weapons
from the face of the earth.

The acute effects of the Hiroshima and Nagasaki atomic bombs
are summarized here, based on documentary records. Acute inju-
ries caused by the atomic bombs are classified as thermal, mechan-

Adapted from “Review of Thirty Years' Study of Hiroshima and Nagasaki
Atomic Bomb Survivors,” Journal of Radiation Research, Supplement, 49-66, 1975.
The photographs have been added.
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Nagasaki, August 9, 1945, three minutes after the bombing. The smoke column
has reached 20,000 feet. (Hiroshima-Nagasaki Publishing Committee, U.S,
Army returned materials.)
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ical, and radiation injuries. Combinations of these were most com-
mon. Many people died from the immediate effects of blast and
burns, but individuals often succumbed to trauma or burns before
the radiation syndrome developed. Many more would have died
from irradiation, had they been saved from the effects of trauma
or burns. Nearly all who died within ten weeks had signs sug-
gestive of radiation injuries. Remarkable variation in sensitivity
of body tissues to ionizing radiation was apparent. Radiation-
induced bone marrow depletion was the most critical damage
leading to death. In these instances, lowered numbers of white
blood cells and platelets and subsequent infections and hemor-
rhagic tendencies were the main causes of death.

Thermal Injuries

The intensity of the heat generated by the nuclear explosions
in Japan is estimated to have been 3000-4000°C (5400-7200°F) at
ground level near the hypocenters. Its duration was exceedingly
short—0.5 to 1 second. The heat markedly dissipated with in-
creasing distances from the hypocenters, but there was evidence
that it was more than 573°C (1030°F) at distances of 1000 to 1100
meters (3200-3610 feet) and 1600 meters (5250 feet) from the
hypocenters in Hiroshima and Nagasaki, respectively.

Thermal radiation causes burns directly, or indirectly from fires
started by the flash. Direct burns are often called “flash burns,”
since they are produced by the flash of thermal radiation from the
fireball. Everyone exposed unshielded within 4 kilometers (2.5
miles) of the hypocenters (ground zero) probably received burns
of some degree. Those beneath the burst were burned to death. In
addition, persons in buildings close to the hypocenters might
have been burned by hot gases and dust entering the structures,
even though they were adequately shielded from direct thermal
radiation. Severe third-degree burns with charring and skin death
were commonly observed among people who were in the open
within 1 kilometer (.6 mile) of the hypocenters.

Flash burns have also been termed “profile burns” since the
lesions occur on the unshielded parts of the body exposed in a
direct line with the origin of the thermal radiation. They were
usually restricted to one side of the body and were sharply out-
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lined. At the times of the bombings, hot weather prevailed. Most
people wore short-sleeved shirts without coats. The effects of ra-
diant heat were enhanced on the bare skin since clothing was
protective to a variable degree, depending on its quality and color
and the intensity of the heat.

Indirect burns, referred to as “flame burns,” are identical with
skin burns caused by fire. They may involve any or all parts of the
body and tend to penetrate much deeper than do “flash burns.”
There were no essential differences in the healing processes of
these two types of burns.

The frequency of burn injuries was exceptionally high. Burns
seem to have been the major cause of death on the days of the
bombings, but their relative proportion among all deaths is un-
known. Many who were injured by the blasts were unable to
escape and died in the fires. Flash and flame burns were often
combined—some people were burned when their clothes were
ignited by the flash of heat. Burns occurred under clothing at
least as far as 2.5 kilometers (1.5 miles) from the hypocenters. The
burns of those who survived, however, were largely flash burns.
The incidence of flame burns appears to have been very small,
constituting no more than 5 percent of the total burns.

All those in the open air without appreciable protection re-
ceived severe burns within 1.5 kilometers of the hypocenters;
moderate but fatal burns within 2.5 kilometers; and mild burns at
distances of 3 to 4 kilometers from the hypocenters. As shown in
Table 1, the incidence of burns in Hiroshima was nearly 100 per-
cent among unshielded survivors at distances up to 2.5 kilome-
ters, beyond which it fell rapidly. Burns were most frequent in
persons outdoors and unshielded, considerably less frequent in

Parents, half crazy with grief, searched for their children.
Husbands looked for their wives, and children for their
parents. One poor woman, insane with anxiety, walked
aimlessly here and there through the hospital calling her
child’s name.

M. Hachiya, M.D.
Hiroshima Diary: The Journal of a Japanese Physician,
August 6-September 30, 1945
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Table 1. Burns by distance and shielding in individuals living 60 days after the

pombing, Hiroshima.

e

Shielding Conditions

QOutdoors Qutdoors

Distance Unshielded  Shielded Indoors
Total Burns

from Cases with Burns/
Hypocenter Number Investigated by Degree (%)
(km) (%) First Second Third
0-0.5 2/3 3/24 6.2 52.7 41.1
(66.6) (12.5)
0.6-1.0 22/22 34/68 33/210
(100.0) (50.0) (15.7)
1.1-1.5 172/172 50/144 105/631
(100.0) (34.7) (16.6)
1.6-2.0 518/528 64/176 135/770
(98.1) (36.3) (17.5)
2.1-2.5 439 /443 69/150 50/563
(99.0) (46.0) (8.8)
. 2.6-3.0 98/124 19/94 23/284
Flash burns at Hiroshima, 2 kilometers from the hypocenter. This man was wearing short sleeves 2 (#03 L
when the bo:r_.i‘v ﬁfxproded,_ He- .‘wdla skin graft, taken from his hip, on his right hand. October 2, 3.1-3.5 33/85 2/58 6/230
1945, (Shunkichi Kikuchi, Hiroshima-Nagasaki Publishing Committee.) (38.8) (3.4) (2.6)
3.6-4.0 4/40 0/12 0/102 Total of all
(10.0) conditions

1286/1414 240/705 355/2814 | 1881/4933

those outdoors and shielded, and least among those who were
o (90.9) (34.0) (12.6) (38.1)

indoors. There was little difference in the incidence of burns
among those in concrete buildings versus those in Japanese-
style houses.

Source: T, Kajitani and S. Hatano in Collection of the Reports, 1953; and Report of the Jomt Com-

The thermal energy was estimated to have been somewhat g
higher in Nagasaki, but the prevalence of burns was much lower.
The overall incidence of flash burns in Nagasaki by distance from
the hypocenter was similar to that of Hi i
degree burns with reddening of skin :23}‘;?: A oy sevunc: 0 et et S T Lbeple B B B
. istering were re-
corded at distances from the hypocenters of 3.3 kilometers in E;H:d T, Ky
: : : . : indows.
i;’s:g;l}a}e;zliji l;(lillzrieettizs; 1:; ii%gi;?;awiﬂ?h bu.rns were The incidence of burns was low up to 1.5 kilometers from the
i EXPOSEd,at A t;e;sL .111'1 Naga- hypocenters due to the high mortality in this group. Survivors
were reported to have received first-degree flash burn : c")I'Ilr-lwﬂ'?rS U i i et
s. The in- i i
oy . ” ant heat. Such a selective factor could account for the lower inci-
fluence of shielding on the incidence of burns is clearly demon- dence of burns among survivors in an area where they otherwise
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So far, there have been no reliably established deaths attribut-
able to direct blast effects. [Editors” note: That is, resulting from
the direct blast pressure on human bodies alone, exclusive of col-
lisions between bodies and various objects.] Indirectly, the blasts
caused many instantaneous deaths. The incidence of indirect me-
chanical injuries among survivors is shown in the figure above.
Blast injuries occurred mostly among people in concrete build-
ings, somewhat less among those in Japanese-style houses, less
outdoors with shielding, and least frequently among those out-
doors without shielding—exactly the reverse order from that of
burns. This also suggests that buildings and walls offered more
risk than protection, especially at close range.

Mechanical injuries of survivors were of all degrees, from mi-
nor scratches to severe lacerations and compound fractures. The
most common injury was laceration by small glass fragments.
Fractures were infrequent, but many who did not survive prob-
ably had severe fractures. With the extreme scarcity of medical
care soon after the bombings and because of leukopenias (lowered
white blood cell counts) due to ionizing radiation, minor lac-

coul

bumci bj":’pi;:j:ihto have b.een fatal. After the healing of severe

it ,among owih of scar tissue was frequently observed, espe-

) g survivors who were burned within 2.5 kilometers
e hypocenters [see Chapter 8]. Appreciable i

protruding scars had occurred in most cases by 19521"331'@5510” !

Mechanical (Blast) Injuries

The

atomik;las;nlf;zs::res generated by the Hiroshima and Nagasaki

i erground zero are estimated to have been 4.5-6.7

o e phncs .pco Hslq;lare. meter, res;{ectively. The blasts consisted

il phas‘e ° est.esaon and suction. The duration of the com-

i 1m.ated. tc.} h.ave been approximately one-half
ond. Mechanical injuries resulting from the blasts were

direct and indirect, mostl
S ’ Y the latter, and .
collapsing buildings and flying debris. were chiefly caused by
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erations and abrasions, which ordinarily would have promptly
healed, often resulted in severe infections.

Rupture of eardrums was considered evidence of direct blast
injury among survivors. At the Ninoshima Hospital in Hiroshima,
soon after the atomic bomb, only 8 (2 percent) of 371 patients
examined had ruptured eardrums, though 19 of the 371 were tem-
porarily deaf. Seventy-six percent of the 371 had been within 2
kilometers of the hypocenter. Eight percent of 198 Nagasaki sur-
vivors exposed within 1 kilometer and examined in October 1945
had ruptured eardrums. Among survivors in both cities surveyed
by questionnaire, less than 1 percent at any distance reported this
condition, and none who were located farther than 3 kilometers
reported it.

Other less-defined symptoms may have been blast-related, such
as vertigo, tinnitus (buzzing or ringing in the ears), and head-
ache—without evidence of trauma. About 15 percent of the survi-
vors surveyed in each city complained of these symptoms. Most of
them had been within 2.5 kilometers. Loss of consciousness was
also reported, but most cases of transitory unconsciousness were
more likely caused by violent displacement, such as being thrown
to the ground, rather than by direct blast. Regarding later effects
of mechanical injuries, no data for the precise number of disabled
survivors are available.

Radiation Injuries

Though the Hiroshima and Nagasaki atomic bombs afforded the
first opportunity to observe the effects of massive ionizing radi-
ation exposure in humans, little is known of the severe radiation
injuries that caused immediate deaths, because these cases were
not autopsied. In addition, the high rates of deaths and injuries
during the first few days after the atomic bombs precluded an
accurate statistical evaluation of the effects of ionizing radiation.
The symptoms among survivors with radiation injuries and alive
three or more weeks after the bombs will be briefly presented.
Bear in mind that definitive criteria for diagnosing radiation inju-
ries and their severity are difficult to establish because such inju-
ries (e.g., leukopenia and thrombocytopenia) may not have been
immediately manifest in many cases, and some symptoms may
have been attributed to or complicated by causes (e.g., burns, me-
chanical injuries, poor sanitary conditions) other than radiation.
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Prevalence of symptoms and signs within 1000 meters of the hypocenter at
Hiroshima. T!:e- air dose at 1000 meters was 447 rads. Diarrhea includes bloody
diarrhea. (After the Report of the Joint Commission, 1951.)

Clinical Symptoms and Signs of Radiation Injuries

The prevalence of the main clinical symptoms an'd sig'ns m‘thos.e
located within 1.0 kilometer of the hypocenter in Hiroshima l15
shown in the figure above. These survivors were undoubtedhy
exposed to large doses of ionizing radiation exc.ept. fora fen;r w (;
were heavily shielded, as by bomb she]teré. Epll?.tl{)n (the loss 0)
hair), purpura (hemorrhaging into the skin or mt.ernal o;ga;‘xs;
and oropharyngeal ulceration (punched-out I the bac 0-
the throat) were the most frequent signs. The first t'wo we.re usu
ally in combination and are considered the most rel’zable diagnos-
tic signs of radiation injury. Oropharyngeal ulceration was not as
specific for radiation injury. ‘ p =
Chronologically, symptoms and signs can be grouped as
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lows: Phase I, the prodromal (the early manifestations of an ill-
ness) radiation syndrome, usually of one or more days” duration
and consisting of prostration and gastrointestinal symptoms, in-
cluding nausea, vomiting, and anorexia (loss of appetite); Phase II,
a period of relative well-being whose duration is variable but in-
versely proportional to the exposure dose; Phase III, a feverish
period of several weeks’ duration, with epilation, oropharyngeal
ulceration, infection, hemorrhaging, and diarrhea; and Phase IV,
either death or prolonged convalescence with eventual recovery.

In many cases, the second phase of temporary well-being was
not observed. In those severely injured, the feverish phase often
began between the fifth and seventh days, but sometimes as early

hematological pertaining to the blood and blood-forming
tissues.

hematopoietic pertaining to the formation of blood cells,

leukopenia lowered white blood cell count. Normal values are
5000-10,000 white blood cells per cubic millimeter of blood.

prodromal radiation syndrome Phase | of radiation illness—the
early manifestations of radiation injury.

rad unit of radiation; an acute exposure of 450 rads will be lethal
for approximately 50 percent of a healthy adult population, more
than 600 rads will be lethal for virtually 100 percent.

Relative Biological Effectiveness (RBE) for a given type and
energy of radiation, the dose of gamma rays necessary to produce
the same biological effect as a unit dose of the radiation in ques-
tion. The RBE of gamma rays, the reference, is 1; beta rays are also
roughly 1; thermal neutrons are 5; fast neutrons 10; and alpha
particles 20. Therefore, 1 rad of fast neutrons produces the same
biological effect in humans (rem) as 10 rads of gamma rays.

rem (roentgen—equivalentvman) amount of radiation that, when
absorbed into the body, produces the same biological effect as 1
roentgen (or rad) of gamma rays,

thrombocytopenia lowered blood platelet count. Normal values
are 200,000-500,000 platelets per cubic millimeter of blood.
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as the third—with severe diarrhea as its most prominent rfla?ites-
tation—and continued until death. In the le?ei Sl.:‘.‘VEI‘er m}ur'eci;
epilation about two weeks after exposure—initiating the f;ev?ns\
phase—was soon followed by purpura and oroph.aryngeal e.sfmrsb.
Despite marked individual variation, the severity of n:nam es a(;
tions depended on the radiation exposure. "J.."ht? severely TP(;Jse
(as great as 450 rads or more) usually died within two wee s,f e:s
severely but fatally exposed died, as a rule,‘before the end of the
sixth 0; eighth week after exposure. Ac'ldilhonal comments about
the symptoms and signs of radiation injuries follow.

Nausea and Vomiting. Though there were many causes other thzllln
ionizing radiation for nausea and vommng,. these are ;ve c;
established initial signs of radiation sickness. Distance correlate

closely with vomiting on the first day; Ee.ss so, later. In lthii- rr:?;e
heavily exposed, these signs usually persmtec?, frequently 'als ing
several days, and in some throughout the entire course of il 'rwtess,
The presence of burns had no influence on nausea and vomiting.

Epilation. Epilation is considered one of the specific signs Ef :ai:
ation injury. It began one to four weeks post-expos.ure, Iu <

peak occurred in the second and the third weeks. Hair fell out in
bunches on combing or gentle plucking. Onset correlated Toug_hly
with the exposure dose as estimated from distar.nces and Shleldl?'lgci
Epilation was an easily recognized sign following : la.ten.t }?erTo

and sometimes clinically heralding the onset of radiation injuries.
Survivors with early epilation usually had more severe syn-
dromes. The extent of epilation did not corrt.?late with progio-
sis. The scalp was the area most commonly involved by 29;}311 ;1-
tion; axillary and pubic hair were little affected. By the 1. t 80
14th weeks there was regrowth of hair; no permanent epilation

was noted.

Purpura. Purpura was recognized as early as the t_hird day.a‘nd
the peak was 20 to 30 days after the atomic bombs in both c1t1els,
As with epilation, the prevalence of purpura correlated close.y
with dose. A sharp drop in purpura was observed among survi-
vors exposed beyond 1.5 kilometers (1 mile). The reported preva-
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This

&irl has lost her hair. She was at home in a wooden house about 2 kilometers from the

hypocenter. Hiroshima, October 6, 1945. (Shunkichi Kikuchi, Hiroshima

Committee.) ~Nagasaki Publishing
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lence of purpura was undoubtedly lower than the actual because,
if minimal, it frequently was not recorded.

Other Symptoms. Oropharyngeal lesions; hemorrhagic manifesta-
tions including nosebleed, uterine bleeding, and hemorrhages
from the mouth, rectum, and urinary tract; and fever with or
without apparent infection were undoubtedly signs related to ra-
diation damage of the hematopoietic and gastrointestinal systems.
Diarrhea was a common sign suggestive of radiation injury. How-
ever, there were many other causes for diarrhea because of condi-
tions extant after the atomic bombs.

Outline of Clinical Course and Prognosis

It has been estimated that about 64,000 Hiroshima and 39,000
Nagasaki civilians were either killed immediately or died within
about two months. Of these, about 50 percent died within 6 days
and 96 percent died within 20 days. Since multiple injuries were
common, the true causes of death were in many cases unknown,
especially of those who died within three weeks. However,
nearly all who died within three weeks had signs suggestive of
radiation injuries. Furthermore, radiation injuries, with burns and
other trauma, undoubtedly contributed to the total lethal effects.

The prodromal radiation syndrome was most marked in the
very severely exposed, most dying within two weeks and having
blood-cell abnormalities as well. Others dying 30 days after the
bombs had milder prodromal syndromes.

In those less severely exposed, coincidental with the leukope-
nia and thrombocytopenia, signs of infections and hemorrhagic
tendencies followed next in order and lasted from three to six
weeks. The clinical courses and prognoses of survivors varied in-
dividually because of the diversity of combined thermal and blast
injuries and various conditions of irradiation. The usual clinical
course and severity of signs and symptoms observed in the first
three weeks in each category are shown in Table 2, though there
must have been considerable overlap. Dose-effect relations for
humans are not precisely known, even for truly homogeneous
whole-body exposure. However, comparison of published analy-
ses with the categories of severity of exposure in Table 2 suggests
exposure doses of 450 to 600 or more rads for Group I; 300 to 450
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Table 2. Atomic bomb survivors by clinical symptoms and

) signs of radiation injuries. (- ;
and ( ) connote gr'x:r.ff of symptoms and 5 ; l Gk (hH (Tr} (_H

signs i order of decreasing severity,

Approximate
Degree of e
S e % 21 e L ’ I
everity First Week Second Week Third Week ”;%Tlme
( of Death
\rér_\; severe  Nausea and Fever (+)
(Group I) vomiting (#) Emaciation 190%

Fevert apathy, Leukopenia (#) s
delirium, Anemia ecandvect
diarrhea (#) Hemorrhagic

Oropharyngeal diathesis (=)

lesions (+)** Epilation (+)
Leukopenia ()

{Sce:(tj;e o Nausea} tand Fever (+) Anorexia 50%
: P A;;)rm]-tmg (+) Leukopenia (+) emacia;ion, Ll'hrcrd to
Fa“gj:la Anemia (%) fever, diarrhea, sixth weeks
epilation (4#)
Oropharyngeal
lesions ()
Hemorrhagic

diathesis ()
Leukopenia (4)
Anemia (+)

Moderately ~ Gastrointestinal! Leuko i

Mo penia (+) Anorexia,

((‘;rzl:fp i syndrome (+) emaciation, Le?gr}:’a“
fever, diarrhea, Sixth week
epilation (+ ~+) or later

Oropharyngeal
lesions (& ~+4f)
Hemorrhagic

diathesis (+ ~+)
Leukopenia (+)
Anemia (4)

Mild Gastrointesti
: nal Leuko i .
(Group 1V) syndrome (+) i E;Tfal;l(ui J{+) s
Oropharyngeal
lesions (+)
Hemorrhagic

diathesis (+)
Leukopenia (+)

= i_"his classification is presented only as an orie
la_p in each category. These dl:scriptiv;:' te
of the Atomic Bomb in Japan.

**These lesions (

; ntation, and there must have been considerable over-
ms we se i i
s were used by the Joint Commission for the Investigation

e e ulcerations) occurred on all mucous membrane su
ymphoid areas. The tonsil, pharynx, larynx, nasal ;
II-Ilemorrhagu— diathesis is the tendency to spont
Gastrointestinal syndrome includes na

b rfaces but were more prevalent in
passages, and tongue were frequently involved.
o aneous bleeding or bleeding from a trivial trauma
ausea, vomiting, anorexia, and diarrhea, -

Table 3. Civilian casualties and mortality for Hiroshima and Nagasaki.
Population figures have been rounded off to the nearest thousand.

Hiroshima Nagasaki
Total casualties 136,000 64,000
Died first day 45,000 22,000
Died after first day 19,000* 17,000
Dead in four months 64,000** 39,000
Living injured first day 91,000 42,000
Surviving casualties 72,000 25,000
Uninjured 119,000 110,000

*Of this number, 86.5 percent died within 20 days.
**Of this number, 96.0 percent died within 20 days.
Source: Oughterson and Warren, 1956.

rads for Group II; 200 to 300 rads for Group III; and 100 to 200 rads
for Group IV. Statistical analyses of correlation between mortality
rates of survivors and distances from the hypocenters showed that
50 percent mortality among the lightly shielded was observed at

1.2 kilometers in both cities.

Numbers of Casualties

Hiroshima is built on the delta of the Ota River. The atomic bomb
burst nearly over the center of the city. Nagasaki is located at the
head of a long, narrow bay, is surrounded by hills, and extends
along both sides of the bay and up into two valleys. The bomb
exploded over one of these valleys, and the effects of the bomb
were largely confined to this one valley. In Hiroshima, approxi-
mately 60 percent of the population was within 2000 meters of the
hypocenter; in Nagasaki, only 30 percent was so situated. These
differences influenced the effects in the two cities, loss of life
and physical destruction having been greater in Hiroshima than
in Nagasaki.

There is continuing controversy regarding the numbers of per-
sons killed by these bombs. The numbers of civilian casualties
estimated by the Joint Commission are shown in Table 3. These
numbers do not include military casualties, nor survivors with
late effects. No data concerning military casualties, which must
have been large in Hiroshima, are available.
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The numbers of persons among the survivors with burns, blast,
or ionizing radiation injuries, or a combination thereof, were esti-
mated by the Joint Commission. For Hiroshima, these victims
numbered approximately 60,000 with burns, 78,000 with blast in-
juries, and 35,000 with radiation injuries. For Nagasaki, there
were an esimated 41,000 burns, 45,000 blast injuries, and 22,000
radiation injuries. These may have occurred in combination.

Atomic Bomb Radiation in the Acute Stage

Background

The most conspicuous prodromal radiation syndrome includes
nausea, vomiting, diarrhea, fever, hypotensive shock (shock asso-
ciated with lowered blood pressure), and lassitude. The subse-
quent courses of those having the acute radiation syndrome is
predictable by the severity and duration of the early symptoms
and signs. This initial symptom complex has long been known as
“radiation sickness,” common in patients receiving radiation ther-
apy, but it is only the initial syndrome. To avoid confusion with
subsequent acute radiation symptoms such as hematopoietic de-
pletion (a shutting down of the blood-forming system), the term
“prodromal radiation syndrome” is more appropriate than “radi-
ation sickness.”

As to its severity, marked individual variability is involved. Re-
cent studies indicate that with a sufficiently large single dose of
deeply penetrating ionizing radiation, individual variability is
minimized, and nearly all exposed individuals develop all pro-
dromal signs. With a few thousand rads, all individuals can be ex-
pected to have the syndrome within 15 minutes, and it may per-
sist for several days until their death.

The prodromal syndrome can be produced by irradiating the
abdomen, thorax, or head. Epigastric (the upper middle area of
the abdomen) irradiation elicits the response with the least dose,
while irradiation of the extremities is not effective. Shielding
the abdomen with lead during total body irradiation can protect
against this response. These results also suggest that the auto-
nomic nervous system plays an important role in the prodromal

syndrome. Immediate diarrhea, fever, and hypotension seem to
signify supralethal exposure.
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the first ten weeks after the Hiroshima atomtic bomb.

Hematological Findings in the Acute Stage
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The second mortality peak occurred between the 20th and
40th days in both cities. The death rates of survivors diminished
markedly thereafter. The figure shows that the frequency of pur-
pura correlated with the second mortality peak. Fever (not shown
in the figure) was highest in frequency between the 20th and
30th days,_Conversely, counts of nucleated cells of the bone mar-
Tow and of circulating white blood cells were profoundly reduced
during the same period. Epilation was a first warning sympt f
the second critical phase. e
' Results clearly indicate that the sequence of events in heavil
1rradia‘ted people was as follows: severe, persistent bone marrmz
depl.euon causing a decrease in the number of all blood cells
leading to infections, oropharyngeal lesions, fever, a hemorrhagié
tem.lency, and death. Denuding of the villi (projections that serve
as sites for absorption of nutrients) of the intestinal epith Ll'
may play a significant role. e

In spite of early recognition of the syndrome of radiation injury
b}.r Japanese doctors, few specimens of bone marrow werelob):
tz.uned during the first three weeks because the attending physi-
c1an§ were too busy to perform biopsies. Only two bone mar:ow
spec?mens, the earliest, were obtained on the sixth day, from Hi-
roshima survivors exposed in a concrete building 250 m:eter% from
the hypocenter. Their nucleated cell counts were not rec;)rded
but drastic reductions in numbers of bone marrow cells were a -
parent. Both patients had slight burns and their circulatin whiI:e
blood cells numbered only 300/mm?® (normal values areg 5000-
10,000/mm?®). Their platelet counts were about one-third of nor-
mal and they died on the eighth and eleventh post-exposure days
After the arrival of research teams from medical schools abgul::
four weeks after the bombs, physicians began recording bone
marrow findings. The lowest portion of the figure on p. 87g5hows
the mean values of nucleated bone marrow cell counts demon-
strating the regenerating processes of the bone marrow with time
At th.e fourth week, the average bone marrow cell count was ver .
low in each group. Subsequently, among the cases in Grou I};
who died within six weeks, there was no recovery until deathp In
casfes who recovered (Groups II, III, and 1V), low valueé were s;till
evident at the seventh week, but gradual regenerating processes
were seen after that, and their bone marrow cell counts reached
normal levels. In those very severely injured cases, low white

88

blood cell counts progressed rapidly and counts were usually less
than 500/mm?® between the fifth and twelfth days. In those who
survived more than ten days, the greatest white blood cell count
depression occurred between three and five weeks post-exposure.
Depression of white blood cell counts from the third to fifth week
was found to correlate with death and was concluded to be the
best prognostic indicator.

A number of factors obscured the red blood cell counts of
atomic bomb survivors, especially blood loss from wounds, dehy-
dration by severe burns and by diarrhea, bone marrow depletion,
hemorrhagic tendencies, and severe infections. In severely ex-
posed cases (Group II), the red cell counts declined at a steady rate
and their minimum values were reached at about the same time as
those of white cell counts, the minimum of which, in many cases,
coincided with death. There is no clear evidence, however, that
the degree of anemia is useful in prognosis. In the moderately
and mildly exposed cases (Groups III, IV), the lowest red cell
counts and hemoglobin concentrations were observed from six to
nine weeks after the bombs, and their mean values had not re-
turned to normal, even by the twelfth week. This was supported
by the low counts of regenerated young red blood cells that were
obtained between eight and twelve weeks. More than 60 percent
of these were less than normal.

Platelet counts soon after the bombing were recorded for only
two of the very severely exposed Hiroshima cases, both of them
six days after the bomb. The total platelets were 87,400/ mm’ and
64,500/ mm’ (normal counts: 200,000-500,000/mm?), and the pa-
tients died on the eighth and ninth days. Neither had skin pur-
pura. Of 20 patients in Group I and dying within ten days, only 1
had cutaneous purpura. Purpura of the organs was frequently
noted, however, in autopsy cases during the same period. In
Groups II and III, the frequency of platelet counts of less than
25,000/mm® was found in 83.3 percent of the fatal and 20.8
percent of the nonfatal cases. Thus, the severity of thrombocyto-
penia correlated directly with radiation dose and afforded a rough
index of survival.

Laboratory data on hemostasis (the arrest of bleeding) and coag-
ulation in the survivors were scarce, and none were obtained for
those who received the highest doses because all of them died
within two weeks of the bombs. In the severely exposed (Group
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II), moderate prolongation of whole blood coagulation time was
reported. Prolonged bleeding times were concomitant with the
onset of hemorrhagic diathesis (tendency to spontaneous bleed-
ing or bleeding from a trivial trauma), and their degrees were
proportional to the decreases in platelet counts. As platelet counts
approached normal levels, bleeding times became correspond-
ingly shorter, and all had returned to normal by the ninth week
post-exposure.

Recent studies have shown that, after the platelets, fibrinogen
(a blood constituent critical to clot formation) is the next most
radiosensitive clotting factor. Low coagulability with deficient
clot formation, caused by qualitative changes in fibrinogen, is sus-
pected to have occurred in the severely irradiated survivors. In-
creased capillary fragility is also responsible for post-radiation
hemorrhage.

Space does not permit a detailed description of recovery of he-
matopoietic cells. In most survivors, blood values had reached
normal by the end of the second year, but many instances of var-
ious blood abnormalities (i.e., anemia, eosinophilia (an abnor-
mally large number of eosinophils—a type of white blood cell),
leukopenia, thrombocytopenia, and capillary fragility) have all
been reported, especially among the heavily irradiated survivors
eight to eleven years after the atomic bombs.

Relative Biological Effectiveness of Atomic Bomb Neutrons

Mortality from ionizing radiation among survivors who were
shielded, mainly by Japanese-style houses, was estimated by the
Joint Commission using a population sampling method. The
curves obtained reveal that mortality was 50 percent at a distance
of 1.2 kilometers (3 mile) from the hypocenter in each city. The
ratios of gamma to neutron dose to the survivors were very differ-
ent in the two cities. According to the Atomic Bomb Casualty
Commission estimates for air-dose values, in Hiroshima the radi-
ation dose at 1.2 kilometers was about 154 rads, consisting of 95
rads of gamma rays and 59 rads of neutrons. In Nagasaki, the air-
dose value at 1.2 kilometers was about 403 rads: 392 rads of
gamma rays and 11 rads of neutrons. The Nagasaki neutron dose
was so small that, for practical purposes, survivors at this distance
can be considered to have received only gamma radiation. Thus,
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the relative biological effectiveness (RBE) of atomic bomb neu-
trons at 1.2 kilometers for acute lethality can be calculated:

95 + (59 X RBE) = 392
RBE ~ 5

Effects on Spermatogenesis

From 1.5 to 3 months after the explosion, semen of 131 Hiroshima
atomic bomb survivors were examined. No abnormalities were
found in the physical or chemical character of seminal fluid, indi-
cating normal function of the prostate gland. However, good cor-
relation between sperm count and exposure distance was noted.
Sperm counts of less than 10 X 10°/cc semen were found mostly
in proximally exposed survivors. (Normal sperm count is 20-60 X
10°/cc; many authorities consider 20 X 10°/cc the lower limit
of fertility.)

Low sperm counts were found in 42 (70 percent) of 60 persons
exposed within 1.5 kilometers and in 18 (25 percent) of 71 ex-
posed beyond this distance. Supportive of this were autopsy find-
ings that as early as the fourth day after exposure, the testes of
victims showed extensive death of the sperm germ cells. These
were most marked in those who died early and had been within
1.5 kilometers of the hypocenter. High frequencies of morpholog-
ical abnormalities and reduced sperm motility were also recorded
in proximally exposed survivors. Nine months after exposure,
sperm counts in 11 of 12 survivors exposed within 1.6 kilometers
were less than 10 X 10°/cc. Twenty-two months after the bomb,
low sperm counts were still evident in 11 (41 percent) of 27 survi-
vors exposed within 1.6 kilometers.

The next sperm counts in January 1959, 13.5 years after the
bomb, confirmed 3 Hiroshima cases having an absence of sperm
in seminal fluid. They were exposed within 1.3 kilometers from
the hypocenter, and each had a clinical history of radiation injury
in the acute stage. However, sperm counts of 10 survivors exposed
within 1.6 kilometers and reexamined at this same time had all
returned to normal. There was recovery of sperm motility and
reduced numbers of abnormal forms.

Results obtained from study of nuclear accidents and the Bikini
survivors show the same pattern of sperm count fluctuations. The
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greatest depression was observed between the seventh and ninth
months after exposure, and recovery, when possible, usually oc-
curred by the end of the second year.
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Delayed Medical Effects
at Hiroshima and Nagasaki

Takeshi Ohkita, M.D.

Soon after the end of World War II, the Japanese and United
States governments sent teams to investigate the effects of the
Hiroshima and Nagasaki atomic bombs. Although it was known
in 1945 that ionizing radiation could induce mutations, cancers,
and other deleterious effects in plants and experimental animals,
little was known about how ionizing radiation from atomic
bombs might affect the exposed survivors in the succeeding years.

The Atomic Bomb Casualty Commission (ABCC) was organized
in 1946 under the direction of the National Research Council of
the National Academy of Sciences in the United States, and in
1948 the National Institute of Health of the Japanese Ministry of
Health and Welfare formally joined in its studies. The Research
Institute for Nuclear Medicine and Biology was started at Hiro-
shima University in 1961, and the Atomic Diseases Institute at
Nagasaki University in 1962. In 1975, the ABCC was dissolved
and the Radiation Effects Research Foundation (RERF) replaced
it as a joint enterprise of the Japanese and American govern-
ments, to continue the surveillance of the Hiroshima and Naga-
saki atomic bomb survivors for long-term aftereffects.

In this report, a brief summary will be presented on the ma-
jor points based on careful and painstaking studies carried out
by many American and Japanese scientists. Table 1 gives the
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