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S"ISTICAZ ANALYSIS 

INTRODUCTION 

The Farm 

f 

c 

By the time the American physicians of the Joint  Commission arrived i n  
Japan, a great deal of information on the medical effects  of the atomic 
bombs had already been recorded by the Japanese. For the most part, haw- 
ever, it consisted of scattered hospital and dispensary records of patients 
treated in  the first f e w  weeks after the bombing. Since t h i s  w a s  the only 
source of information on the early effects  of the bomb on human subjects, 
the immediate need was t o  col lect  and assemble these records systematically 
fo r  analysis. The form i l lus t ra ted  i n  figure 1 was designed and used f o r  
t h i s  purpose i n  both Hiroshima and Nagasaki. 
consistency as possible, the form was wed t o  record the data f o r  patients 
later examined under the direction of the American physicians. 

types of information: 

I n  order t o  obtain as much 

The form is largely self-explanatory. 

(a) The location, position and shielding of the individual a t  the time 
of the bombing. 

(b) The injuries sustained, the symptons, if any, which l a t e r  developed, 
.a general diagnosis, and the outcome of the case. 

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

After a l l  the records were assembled, a case number was stamped on the 
top of each record, i n  serial order, f o r  identification. The form i l lus -  
t ra ted in figure la  is case number 4307, as s h m  a t  the top of the sheet. 

The number H-10367-S, j u s t  t o  the r ight  of the t i t l e ,  i s  a code num- 
ber indicating where the examination was made and the type of patient 
(hoepital, dispensary, outpatient or "sample") . 
The age was recorded by the Japanese system, i n  which an infant is con- 
eidered t o  be one year old a t  the moment of birth,  and becomes a year 
"older" on the following New Year's Day, instead of on h is  birthday. Thus, 
a child born near the end of the year may be "two yeare old" within a f e w  
days, or  even i n  a f e w  minutes a f t e r  bir th .  
ference in the statement of a chi ld 's  age. I n  adults it is  relatively un- 
important, although there may be a maximum difference of two years i n  the 
age of an individual as expressed i n  the Japanese system and the commonly 
used American system. 

i n  i t e m  2, is of the greatest importance i n  the analysis of the data. 
Seven concentric c i rc les  were drawn on a map of each city,  with the center 
Located direct ly  under the point a t  which the bomb exploded. The r ad i i  of 
these seven c i rc les  were respectively, 1,OOO, 1,500, 2,000, 2,500, 3,000, 
4,000 and 5,000 meters. 
w i l l  be given in terms of the rings formed by these circles .  Individuals 
in  rings 1 through 7 were located within 1,000 meters of ground center, 
1,100 t o  1,500, 1,600 t o  2,000, 2,100 t o  2,500, 2,600 t o  3,000, 3,100 t o  
4,000 and 4,100 t o  5,000 meters from ground center respectively. IndivLduals 
a t  a distance of over 5,000 meters are  designated as being i n  ring 9. 

It was designed t o  obtain two 

The name, age, sex and occupation of the patient are entered in  item 1. 

This may make a great dif-  

The location of the individual a t  the time of the bombing, as recorded 

Throughout t h i s  report the location of individuals 
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It should be especially noted that these distances are recorded i n  
- 

terms of meters f r o m  "ground center", the point on the ground above which 
the bomb exploded. Since both bombs exploded several hundred meters above 
the ground, the actual  distance from the bomb i s  greater than the distance 

about one and a half times as far  fr& the bomb as individuals direct ly  be- 
neath the bomb. 
set at 1,OOO meters rather than a t  some shorter distance. 
the distance from ground center i s  more nearly proportional t o  the distance 

- 

from ground center. An individual 500 meters from ground center was only 

This i s  the reason why the radius of the f irst  ring was 
Farther away, 

- 

from the bomb, as may be sham by simple triangulation. 6 
For simplicity, wherever the word distance is used hereafter in t h i s  

report, it w i l l  be defined as distance from mound center, rather than 
distance from the bomb. 
conversion t o  meters from the bomb with l i t t l e  difficulty.  r- 

lines were drawn on the map of each c i t y  t o  indicate the direction. 

code number, indicating both the ring and the direction. 
the nearest 100 meters was also recorded on many of the forms, and the 
exact building or  area was recorded, if it was of special interest. 

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

I n  some instances, the location was recorded in terms of s t ree t  ad- 

The reader so desiring may make an appropriate 

I n  addition t o  the c i rc les  described above, eight equally spaced radial 

The location of the individual was recorded i n  item 2 of the form by a - 
The distance t o  

dress, or on an alternative s y s t e m  of rectangular coordinates, but these 
were later translated in to  the standard ring zone and direction s y s t e m  a s  
described. For the most part, distances were probably accurate t o  within 

, s  about 100 t o  200 meters. Undoubtedly, some individuals were confused and 
gave erroneow information and, perhaps in a f e w  instances, the home ad- 
dress might have been recorded instead of the location of the individuals 
a t  the time of the bombing. Perhaps some apparent inconsistencies, .which 
w i l l  appear later in the discussion, are at t r ibutable  t o  such errors.  

The cause of injuries, if any were sustained, are recorded i n  items 3 
and 4. Tasuku Ezawa, who was standing i n  the open on a bridge, received 
burns and, in the opinion of the examining physician, received radiation 
injuries (see words circled on the form in figure la). 
Juries from %last", "burning building", "flying debris", or "falling 
walls". If he had received a mechanical injury, the type of injury would 
have been recorded here and described more fully under "diagnosis" on the 
back of the form (figure lb) .  

point of explosion i s  of almost as much importance as distance i n  the ex- 
t en t  of injuries received. Indeed, the protection afforded by distance is 
partly due t o  the shielding e f fec t  of air .  

(a) The position of the individual (standing, sitting or  prone). 
(b) If the individual was indoors, the type of building was recorded. 

The height of the building and the f loor  he was on were also 
written in. 

the open or behind some object and, if so, w h a t  sor t  of object. 

He received no in- 

The protection of the individual by objects between himself and the 

Under i t e m  5 are recorded: 

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

(a) A description of the clothing worn and the color of the clothing. 
(e) Any other type of protection. 
The pat ient ' s  statement of the  injuries received by other people in his  

I t e m  7 is  a description of burns as t o  degree, area, parts of body, 

Under the heading "Radiation Effects", i t e m  8, are recorded those 

near-vicinity was antered i n  i t e m  6. 

and healing. 

symptoms which, a t  the time, were thought most likely t o  be produced by 
gamma radiation. The time of onset, and the time ceased, is recorded f o r  
each symptom. As shown in figure la, Tasuku Ezawa was nauseated and 

(- 

a 

0 
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vomited three times on August 6, the thy of the bombing. 
malaise and anorexia, beginning on that day and lasting f o r  two weeks. 
had moderate epi la t ion of the scalp, beginning on September 4 (29 days a f t e r  
the bombing) and l a s t $ L w u n t i l  September 19, .with regeneration beginning on 
September 20. 

tes t ines  and cent ra l  nervous system are recorded i n  item 9. 
was knocked unconscious and later had dizziness and a headache, presumably 
as a result of the blast. 

i t e m  10. 

i n  i t e m  11. 

and other laboratory data 8re entered i n  item 12. A diagnosis of the case 
was made by the examining physician ( i t e m  13) and reviewed by the American 
physician i n  charge. 
corded i n  item 14, and the date and signature of the examining physician 
are entered a t  the bottom of the sheet. 

He complained of 
He 

No other symptom were recorded. 
The immediate and after effects  of the blast on the lungs, ears, in- 

Tasulru Ezawa 

The treatments a re  sham on the back of the form (figure l b )  under 

If the  patient died, the date, cause and autopsy findings are recorded 

Red blood c e l l  counts, hemoglobin, hematocrit, white blood c e l l  counts 

Additional observations and complications a re  re- 

Collection and Analysis of the Data 

Ideally, it would have been desirable t o  study a random sample of the 
population of each c i ty  from the moment of the bombing u n t i l  a l l  the possible 
resu l t s  were manifest. Obviously, t h i s  w a s  impossible under the circum- 
stances. 
the destruction was so great that the Japanese could not even make an 
accurate count of the bodies. 
not appear f o r  several years, and the genetic effects,  i f  any, w i l l  not be- 
come apparent u n t i l  the next generation. 

of the population as w a s  possible, and t o  obtain case h is tor ies  over as long 
a period as time and circumstances permitted. 
lowing sources: 

A l l  the Japanese medical records of cases treated before the a r r iva l  of 
the Americans were transcribed on the standard form. Over two-thirds of the 
case h is tor ies  of pat ients  who were not k i l led  outright, but who died l a t e r  
as a result of the bombing, were obtained from t h i s  source. 

of the Americans were examined under the supervioion of American physicians. 

under American supervision t o  examine individuals who were not receiving 
medical attention. 
of the remaining population i n  every section of each ci ty ,  including a con- 
t r o l  group beyond the range of physical destruction. 

Records were obtained on a . t o t a l  of 6,993 individuals i n  Hiroshima and 
6,898 individuals i n  Nagasaki. 
Nagasaki were hospital  cases. 

preting the data about t o  be described. 
i n i t i a l  blast and destruction are included i n  these records. Since it i s  
estimated that wi;thin a radius of 1,000 meters, approximately 87$ of the 
individuals i n  Hiroshima and 8@ of the  individuals i n  Nagasaki died*, 
most of them within a period of 24-hour8, the survivors i n  the inner zones 

A large percentage of the population was k i l led  immediately, and 

On the other hand, some of the e f fec ts  m y  

However, every attempt was made t o  examine as representative a sample 

The cases came from the fol- 

All the hospital  and dispensary pat ients  remaining af ter  the arr ival  

Teams of Japanese doctors, nurses, and medical ass i s tan ts  were formed 

An attempt was made t o  examine a representative sample 

Of these, 1,141 i n  Hiroshima and 2,404 i n  

The nature of t h i s  sample must be carefully borne i n  mind i n  inter-  
Only individuals who survived the 

*See tables 4 and 9. 
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are a highly selected group. Individuals within a distance of 1,000 meters 
(ring 1) who survived must have been w e l l  shielded, extraordinarily res i s t -  
ant, or both. Individuals who were a t  a distance of Over 3,000 meters 
(rings 6, 7 and 9) a t  the time of the bombing may approximate a random 
sample of the original population, since the proportion of people ki l led 
outright was re lat ively low. 

the patients in the hospitals had been admitted fo r  injuries due t o  the 
bombing. 
dividuals with severe injur ies  or symptom had been removed t o  hospitals 
(up t o  hospital capacity). 
taken t o  avoid it, it seem l ikely that people with complaints were more 
l ike ly  t o  have voluntarily come in  f o r  examination than people who f e l t  
perfectly w e l l .  

A preliminary analysis of the data shared that whereas the hospital 
cases had maay more injur ies  and symptoms than the non-hospital group, a 
high percentage of injur ies  and symptoms were found among the l a t t e r .  Fur- 
thermore, while the absolute incidence was different, the trends of inci- 
dence i n  respect t o  distance formed the 'same general patterns i n  the two 
groups. 

been applied t o  test the significance of differences as t o  the incidence of 
burns, mechanical injuries,  and symptom in individuals a t  various distances. 

and 6,621 cases in Nagasaki were seen al ive on the 20th day a f t e r  the bomb- 
ing or la te r ,  while 111 i n  Hiroshima and 277 i n  Nagasaki were last seen 
pr ior  t o  the 20th day. O f  the former group, 254 i n  Hiroshima and 174 in  
Nagasaki were knam t o  have died on the 20 t h  day or la te r ,  while of the 
l a t t e r  group 91 in Hiroshima and 238 in  Nagasaki died prior t o  the 20th day. 
Many of the cases last seen prior t o  the 20th day were incompletely recorded, 
being copied from old records. Furthermore, cases last seen a week or two 
a f t e r  the bombing, and al ive a t  that time, may have died or developed 
symptom a t  a later date and were, of course, not recorded. 

tions, the individuals last seen prior t o  the 20th day a f t e r  the bombing 
have been treated as a separate group. 
the cases described are  individuals known t o  be al ive twenty days or more 
a f t e r  the bomb- except where it is specifically stated otherwise. 

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

probably give a reasonably accurate description of the medical history of 
individuals remaining a l ive  a few weeks a f t e r  the atomic bombing of these 
c i t i e s .  

The hospital cases are an obviously selected group, although not a l l  

The non-hospital cases are selected t o  the extent that many in- 

On the other hand, in spi te  of precautions 

In consideration of these selective factors no s t a t i s t i c a l  t ea t s  have 

A preliminary analysis of the data showed that 6,882 cases in  Hiroshima 

For these reasons, and in order t o  describe more homogeneous popula- 

Throughout the following discussion, 

Tn sp i te  of the limitations mentioned, the data from these records 

The People Examined 

The sex and age distributions of individuals exmnined in the two c i t i e s  
who were l iving twenty day8 a f t e r  the bombing are sham in table 1. In 
Hiroshima, s l ight ly  more males than females were examined (3,612 males; 
3,270 females), while in  Nagasaki the females considerably outnunibered the 
males (2,866 males; 3,755 females). 

Age, as sham i n  table  1, was recorded i n  the Japanese system pre- 
viously described. The individuals examined i n  Hiroshima averaged several 
years older than those i n  Nagasaki, the mean ages being 29.5 fo r  males and 
28.4 for females in Hiroshima, as compared with 25.5 f o r  males and 22.8 
for females i n  Nagasaki. 
children under 5 ( 2 . 9  i n  Hiroshima and 2.@ in Nagasaki). 

Only a small percentage of the cases examined were 
In  Hiroshima, 

' 
i 
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about one-third (33.e) were of school age, 5 t o  9 years old; 58.6 were 
between 20 and 59; and ,5.$ were 60 years old, :.or ,over. 
half (56.7$) were 5 t o  19 years old; 38.3% were between 20 and 59; and 3.M 
were 60 years old, or  over. 

As would be expected f r o n t h e  age distributions, about one-third 
(31.6)  of the  individuals examined in Hiroshima were students, as com- 
pared with nearly two-thirds (62 .9)  in Nagasaki. (See table 2). In 
Hiroshima 11.6, and in Nagasaki 0.7% were in military service. The per- 
centages of individuals in other occupational groups in Hiroshima and 
Nagasaki respectively were "laborer" 5. fi and 18.1%; "white collar" 12.1s 
and 7.1%; "executive and professional" 1.4% and 0.8s; "housewife" lo.@ and 
2 . 9 ;  "farmer" 3.34 and 3 . 6 ;  "unemplaged" 1 4 . 9  and 4.1%; and "other oc- 

In Nagasaki, over 

cupations" lo.@ and 1.1%. 
The location of the individuals a t  the time of the bombing i n  tenne of 

About half of the people examined in each c i t y  -re 
distance and shielding i s  sham in tables 3H and 3N f o r  Hiroehima and 
Nagasaki respectively. 
i n  l igh t ly  constructed Japanese-type frame buildings (46.% in Hiroahlme 
and 50.s in Nagasaki). 
heavily constructed brick, steel ,  and concrete buildings, and only 0.4s 
were in bomb shelters and tunnels. 
in  Nagasaki were shielded by heavy construction, 19.s being i n  brick, 
steel ,  and concrete buildings, and 5 . q  in bomb shelters and tunnels. 

bomb shelters i n  rings 1 and 2 (within a distance of 1,500 meters) than i n  
more d is tan t  rings. In ring 1, 18.9 of the people examined in H i r o s h i m a  
and 5O.l$ of the  people examined in Nagasaki were in heavy type buildings 
and bomb shelters a t  the time of the bombing. 
rings were ei ther  in Japan type frame buildings or outdoors. 

center of the c i t i e s  where there was m o r e  heavy construction. 
since the casualt ies were lower among people protected by heavy construction 
most, if not a l l ,  of the survivors in rings 1 and 2 had some'sort of shielding. 

shielded, and 32.l$ being outdoors unshielded. A s  compared with this ,  only 
23.2$ of the people in Nagasaki were outdoors, 8.34 being outdoors shielded, 
and 14.9 being outdoors unshielded. 

The location of individuals outdoors or  in various types of buildings 
is  only a rough index as t o  the amount of protection afforded. For example, 
soma of the  people in concrete buildings were standing beside an open win-  
dow facing the bomb, and were fully exposed t o  direct effects  of the ex- 
plosion, while others were i n  the ce l la r  on the opposite side of the build- 
ing and protected by s t ee l  girders and many f ee t  of concrete. Likewise, 
some of the people outdoors were in the shadow of one or  several concrete 
buildings, and in some instances, behind h i l l s  and.had a great deal of pro- 
tection. The "outdoors shielded" group i s  distinguished from the "outdoors 
unshielded" group, largely, by' the individuals own awareness of shielding 
or  the lack of shielding. People outdoors behind a w a l l  or a t r ee  reported 
that they were shielded, although the w a l l  may have been of flimsy conatruc- 
tion, affording l i t t l e  protection from gamma radiation. Others who thought 
that  they were in the open may have been in the shadow of a relat ively dis- 
t an t  building or h i l l .  

shielding among these various groups in precise physicalterma. Neverthe- 
less, in spi te  of the variation among individuals, there is  a considerable 
difference in the average amount of shielding in these several shielding 
groups 

examined in Nagasaki were well shielded than were w e l l  shielded in Hiro- 
shima, especially in  rings 1 and 2. 
preting the data which follow. 

In H i r o s h i m a  6.1% of the people were in more 

A much larger percentage of the people 

A larger percentage of the people examined were in  heavy buildings and 

Most of the people in outer 

This i s  due, partly, t o  the f ac t  that the bombs were dropped over the 
In addition, 

In  Hiroshima, 4 2 . e  of the people were outdoors, 10.1% being outdoors 

For these reasons, no attempt has been made t o  define the extent of 

As sham in tables 3H and 3N, a much larger proportion of the people 

This should be borne in mind in inter-  
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The percentage of individuals with burns, and the percentage of in- 
dividuals with mechanical injur ies  in each ring, are  shown i n  figures 2H 
and 2N, and tables 4H and 4N. It w i l l  be noticed immediately tha t  i n  both 
c i t i e s  a smaller percentage of people received burns i n  rings 1 and 2 than 
i n  ring 3. In Hiroshima burns were sustained by 25.1$ of the people ex- 
amined in ring 1; 34.7$ in ring 2; 47.34 in ring 3; and 42.B in  ring 4. 
There was a much l m r  incidence of burns in Nagasaki, but the same general 
pattern appears w i t h  22.B of the people burned i n  ring 1; 2 4 . e  in  ring 2; 
34.7$ in ring 3, and 23.1% i n  ring 4. 

percentage of people burned. 
of the people examined in ring 5; 12.M in ring 6; and 0.4% in ring 7. 
corresponding percentages in  Nagasaki are 20.3% in  ring 5; 7.5% in ring 6; 
and 7.546 i n  ring 7. 

the decrease i n  intensity of radiant heat. The inverse relationship be- 
tween the incidence of burns and distance in the f i r s t  three rings i s  most 
probably due t o  a process of selection. 
a l l  survived the effects  of the bombing f o r  a t  leas t  twenty &ye. 
radiant heat in rings 1 and 2 (within a distance of 1,500 metercl) was very 
intense and a large proportion of the population was kil led outright by t h i s  
and other causes. 
in these rings who were exposed directly t o  the radiant heat died immedi- 
ately, or within a few days, and so could not appear among these cases. 
Those who survived i n  these rings were probably par t ia l ly  or ent i re ly  
shielded from direct  radiation, whether they realized it or not. 
selective factor could account for  a lower percentage of burns among sur- 
vivors in an area w h e r e  burns were most l ikely t o  prove f a t a l .  

than with burne among these survivors. The incidence of mechanical in- 
juries declined rapidly with increasing distance, though not quite so 
markedly as in the case of burns. In Hiroshima, 61.€?$ of the people i n  
ring 1 sustained mechanical in3uries; 59.e in ring 2; 45.B i n  ring 3; 
40.7$ in ring 4; 39.3$ in ring 5; 25.@ in ring 6; and 14.6% in ring 7. 
The incidence of mechanical injuries was somewhat lower in Nagasaki, being 

6, and 7 respectively. The injur ies  recorded in these figures include a l l  
degrees of injury from minor scratches t o  severe lacerations and compound 
fractures. Howemr, with the severe shortage i n  medical attention, and 
lowered white c e l l  counts due t o  radiation, lacerations and abraeions which 
would ordinarily be of no consequence frequently resulted i n  severe infection. 

The incidence of individuals with fractured bones and the incidence of 
individuals with lacerations, abrasions, or  contusions are sham in  tables 
5H and 3. O f  463 individuals with mechanical injuries i n  ring 1 in Hiro- 
shima, 23 (5.B) had fractured bones and 396 (98.M) had lacerations, ab- 
raeiona o r  contueions. The 23 people with fractured bones i n  ring 1 in 
Hiroshima i s  only 3.1% of the 749 individuals in.the ring. 
of the individuals with any mschanical injur ies  who sustained fractured 

With increasing distance beyond r ing 4, there is a prharp drop i n  the 
In Hiroshima, burns were sustained by 26.@ 

The 

The decrease in the incidence of burns beyond ring 4 may approximate 

The individuals under discussion 
The 

It seem l ikely that the great majority of the individuals 

Such a 

There was a larger percentage of individuals with mechanical injur ies  

62.3$, 38-@, 26*%, 24*4%, 27.6, and 90% in rings 1, 2, 3, 4, 5, 

The proportion 

?-' I 
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bones decreases with distance, and none were reported beyond ring 6 in 
ei ther  city.  
1.0s in ring 3; 0.4$ in ring 4; 0.8$ in ring 5; and 0.4s in ring 6 suetained 
fractured bones. 
that the proportion of individuals with fractured banes t o  a l l  individuals 
w i t h  mechanical injuries decreased with distance, though not very con- 
s is tent ly  . 
injuries, the injuries were classi f ied as  "moderate" or  
many cases lacked complete description of the injuries, the classi f icat ion 
was not very precise. In general, compound fractures of any bones, a sin- 
ple fracture of a long bone, and mult iple  lacerations, abrasions or con- 
tusions, were classified a s  severe injuries. Simple fractures of minor 
bones, and single lacerations were claseified as moderate injuries.  

The percentage of individuals with moderate and severe mechanical in- 
jur ies  i n  each ring is shown in table 6. 
rings 1 and 2, a s l ight ly  larger percentage had severe mechanical injuries 
than had moderate mechanical injuries. 
30.9 in ring 2 had eevere mechanical injuries. 
ing percentages were 3 0 . e  and 3l.M. 
declined with distance more rapidly than the percentage of people with 
moderate mechanical injuries. 
i n  rings 3, 4, 5, 6, and 7 the greater proportion were moderate. 

secondary effects  f r o m  collapsing buildings and flying debris) were  com- 
paratively s l ight .  
had ruptured ear drums, and nons occurred beyond 3,000 meters. 
4H and 4N) .  

In ring 1, 10.4$ of the people in Hiroshima and 21.8$ of the people in 
Nagasaki complained of vertigo, tinnitus, headaches, and related symptcrms 
beginning immediately or  a short time after the blast .  The incidence de- 
clined with increasing dietance, but in ring 7, 8.8$ of the people i n  Hiro- 
shima and 6.w of the people in Nagasaki reported theee symptoms, ab did 
some individuals in ring 9, over 5,000 meters distant. 

among t he  individuals who were l iving twenty days after the bombing. 
a higher incidence in Hiroshima than in Nagasaki, being reported by 7.18 of 
the people in rirlg 1 i n  the former city,  and 2.s in the l a t t e r .  
other effects,  the incidence of loss of comcioueness from the b las t  de- 
clined w i t h  increasing distant. 

Out of a t o t a l  of 6,882 people i n  Hiroshima and 6,621 in Nagasaki who 
were al ive on the twentieth "hay after the bombing, only 254, or 3.7$ in  the 
former c i t y  and 174, or 2 . 6  incthe latter died later, apparently f r o m  in- 
jur ies  sustained by the bombing. In  Hiroshima the percentage of deaths in 
rings 1, 2, 3, 4, and 5 were 25.9,  4.1$, 0.6, 0.1% and 0.18 respectively, 
and no deaths were reqorted among the individuals examined in rings 6, 7, 
and 9. The percentage of deaths in Nagapaki in rings 1, 2, 3, 4, 5, 6, and 
7 were 8.1$, 3.2$, 3.2$, O.@, 0.8$, 0.4% and 0.4% respectively. 
deaths w i l l  be discussed in more de t a i l  far ther  on. 

In Nagasaki, 2.s of the people i n  ring 1; 1.6 in ring 2; 

Nagasaki was ~iml lar  t o  Hiroshima, in (See table p).  

In order t o  obtain a general description of the severity of mechanical 
Since 

Of the individuals injured i n  

In Hiroshima 35.4% in ring 1 and 

The percentage of severe injuries 
In  Nagasaki the correspond- 

Of the individuals w i t h  mechanical injuries 

The direct  effects  of the blast  on individuals (as distinguished from 

In both c i t i e s  less than 18 of the individuals in ring 1 
(See table 

Loss of coneciousness from the b las t  was not a very frequent finding 
It had 

Like 

These 

The Influence of Shield- on the Incidence of 
Burns and Mechanical 1n;Iuriee 

The influence of shielding on the incidence of individuals with burns 
is i l l u s t r a t ed  in figure6 3H md 3N fram the data presented in tables 7H and 
7N. The percentage of people with burns was greatest in individuals out- 
doors unshielded, considerably less in individuals outdoors shielded, and 
very much less  indoors. These was l 'ittle difference i n  the incidence aP 
burns among people In heavy-type buildings (brick, s t ee l  and concrete) and 



people i n  l igh t ly  constructed Japanese-type buildings .* 
outdoors unshielded in ring 3, 89.34 of the people sustaining burns. 
sams ring, burns were sustained by 42.34 of the people outdoors shielded, 
16.2s of the people i n  Japanese-type buildings, and 16.1$ of the people i n  
heavy buildings. 
yield rel iable  s t a t i s t i c s .  

3, 76.9$, 30.14, 23.9,  23.946 and 4.34 of the people sustained burns outdoors 
unshielded, outdoors shielded, in Japanese buildings, i n  heavy buildings, and 
i n  bomb shelters and tunnels respectively. 

Hiroshima and Nagasaki, as previously described, is  largely accounted fo r  
by the fact tha t  a larger proportion of the people were outdoors i n  Hiro- 
shima than i n  Nagasaki. The incidence of burns in the two c i t i e s  may be 
campared in ring 5, where the selective death rate is not so large as t o  
unduly bias  the results. 
in Hiroshima and 60.44 in Nagasaki sustained burns. 
i n  Japanese-type buildings, 1l.M in Hiroshima and 6.M i n  Nagasaki sustained 
burns. 

individuals examined sustained burns in Hiroshima than in Nagasaki, but the 
difference i s  considerably less than appears from the over-all figures. 

The incidence of mechanical injuries among survivors was  influenced by 
shielding in exactly the reverse order from w h a t  was found in the case of 
burns. 

The incidence of mechanical injur ies  was greatest among individuals in  
heavy buildings, s l ight ly  less among individuals in Japanese-type buildings, 
s t i l l  less among individuals outdoors shielded, and least among individuals 
outdoors unshielded. O f  the individuals i n  heavy buildings i n  r ing 1 i n  
Hiroshima, 80.s sustained mechanical injuries, as compared with 2 7 . 6  of 
the individuals outdoors unshielded. 
saki, 78.9s of those in  heavy buildings were injured, as compared with 
24.@ of thoee outdoors i n  the open. 

Most of the  mechanical injur ies  were caused by f a l l i ng  walls and 
ceilings, and by f lying debris, especially glass. Individuals indoors or 
behind walls were more apt t o  be injured i n  t h i s  way than individuals out- 
doors i n  the open. 

constructed Japanese-type buildings sustained mechanical injur ies  than those 
i n  heavy buildings, t h i s  does not give a complete picture of the degree of 
protection conferred by the two types of construction. A s  shown i n  sections 
1OH and lm, the death rate was much higher in Japanese-type buildings than 
in heavy concrete buildings. Within a wide radius, the Japanese-type build- 
ings collapsed completely, crushing and trapping the victims. The w e l l  con- 
structed concrete and steel buildings remained standing for the most part, 
but the occupants were injured by flying glass and f a l l i ng  plaster  ceilings. 
Therefore, the individuals i n  Japanese-type buildings were more l ikely t o  be 
k i l led  and less l ikely t o  sustain non-fatal injuries than i n  modern concrete 
buildings. 

The incidence of burns i n  Hiroshima was greatest among individuals 
In  the 

There w e r e  too f e w  people i n  bomb shelters and tunnels t o  

Approximately the same relationships were found i n  Nagasaki. Tn ring 

The difference i n  the overial l  percentage of people with burns i n  

Among people i n  ring 5 outdoors unshielded 6 4 . q  
Among people i n  ring 5 

Even taking shielding into account, a somewhat larger proportion of two 

(See figures 4H and 4N and tables 7 H  and 7N). 

Among individuals in ring 1 i n  Naga- 

While it is true that a smaller percentage of the survivors in l igh t ly  

m e ,  Degree and Location of Burns 

Although it was not specifically called fo r  on the form, the examiners 
were instructed t o  record whether burns were due t o  the flash, t o  flames 

-he individuals indoors, but type of building unspecified, have been 
included with those in Japanese-type buildings, since the majority of in- 
dividuals were in Japanese-type buildings. 

. 
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from burning buildings, etc., or both. This was not always easy t o  deter- 
mine and was omitted from many forms. The great majority of the individuals 
burned sustained flash 'burns only, a smaller prpportion sustained both f lash  
and flame burns, and only a few (36 in  Hiroshima and 34 in Nagasaki) were 
burned by flaws only. (See tables 8H and 8N). 
viduals with flame burns only showed l i t t l e  change with distance. 
burns were reported beyond a distance of 4,000 llleters i n  H i r o s h i m a ,  while 
i n  Nagasaki 9 out of 265, or 3.4$ of the individuals in ring 6 (4,100 - 
5,000 meters) were reported t o  have received f lash  burns. 

some areas of first and second degree burns as w e l l ,  and many of the cases 
were recorded as having burns of two or three different degrees. 
form did not require the" detai ls  of recording the exact extent of each de- 
gree of burn, the individuals have been classif ied in tables 9H and 9N by 
the most severe degree of burn sustained. Of the people with burns ex-  
amined in Hiroshima, 6 . 6  had f i r s t  degree burns, 52.B had second degree 
burns, and 41.1$ had third degree burns i n  the most severely burned area. 

In Nagasaki, 11.3 had first degree burns, 71.3$ had second degree 
burns, and 17.6 had th i rd  degree burns. There was no marked or consistent 
relationship between distance and the degree of burn among these survivors. 

Tables 1OH and 1ON show the individuals burned in each ring classif ied 
by the percent of body area burnt, and by the most severe degree of burn. 
The majority of the burns covered less than IC$ of the body area, but a 
considerable number covered lC$ t o  1 9  of the body area, and a f e w  covered 
over 4 6  of the body area. About one-quarter of the individuals burned had 
second degree burns covering 2$ t o  

In order t o  obtain a general, summary description of the severity of 
burns suatained by individuals who were not ixnediately kil led,  the severity 
of burns i n  each case was classif ied as "moderate" or  llseverell by the fol- 
lowing cr i te r ia :  

The percentage of indi- 
No f lash  

An individual who received th i rd  degree burns is very l ike ly  t o  have 

A s  the 

of the body area. 

Moderate Burns : 
(1) F i r s t  degree less than 2U$ in area. 
(2) Second degree less than IC$ in area. 
(3) Third degree less than 2$ in area. 

Severe BWS: 
~ 

Area burned nreater than indicated fo r  "moderate" burns. 
In many instances the degree or the area, or both, were lacking on the 

form, and i n  such cases, the burns were classif ied as  "moderate" or llaevere" 
i n  the best  judgment of the physician from reading the diagnosis, the dec 
scription of the parts of the body burned, and other indications on the form. 
In a small proportion of cases such clues were lacking, and these were 
classi f ied as "moderate" on the assumption that if the burns had been severe 
enough t o  a t t r a c t  attention, they would most probably have been described. 

Table 11 s h m  the incidence of moderate and severe burns in each ring. 
In Hiroshima, 21.9 of the individuals i n  ring 1 had moderate burns, and 
3 . 6  had severe burns, while in ring 4, 18.e had moderate burns, and 
24.1$ had severe burns. The relatively small incidence of severe burns in 
r ing 1 is  probably another example of the selective factor  previouely men- 
tioned. Probably most of the individuals i n  ring 1, suff ic ient ly  exposed 
t o  have severe burns from direct radiation, died, and so are not included 
among these survlvors. 
moderate burns than severe burns. There were more case8 of moderate burna 
than severe burns in  every ring i n  Magasaki. 
many moderate burns as severe burns reported. 

12). As the weather,was warm, a considerable number of people had removed 
t h e i r  shir ts ,  many were wearing only shorts, and some were naked. Among 
the  individuals burned i n  Hiroshima, 88.4$ were burned on the limbs, 77.8 
were burned on the head (including face and neck), and 38.1$ were burned 
on the trunk. 

In rings 6 and 7,there was a higher incidence of 

In  to ta l ,  there were twice as 

The majority of burns were on exposed parts of the -body. (See table 
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I n  Nagasaki, 83.6, 64.q and 36.& of the individuals were burned on 
In Hiroshima, 28.34, and i n  Naga- the limbs, head and trunk respectively. 

saki, 22.B of the burned had burns on the head, the limbs and the trunk, 
while 38.4$ in Hiroshima and 28.8$ in Nagasaki had burns on the head and 
limbs, but not the trunk. Burns 
of the limbs only occurred i n  14.* and 2 4 . s  of the individuals burned in  
Hiroshima and Nagasaki respectivev; burns of the head only occurred i n  
8 . s  and 1 O . s  of the cases i n  Hiroshima and Nagasaki; and burns of the 
trunk only in 1.1s and 3.3s of the cases i n  the two c i t i e s .  

Burns a t  one site on- were l e s s  common. 

\ Burns in Relation t o  Cloth- 

As is well-known, any clothing affords a considerable amount of pro- 
tect ion frcrm burns (especially f lash  burns), the degree of protection, de- 
pending upon the thickness, texture, material, and color. The factor  of 
color was strikingly demonstrated in a number of cases in both c i t i e s .  There 
were many examples of printed material being ent i re ly  burned away in  col- 
ored areas which absorbed the heat and l e f t  unscorched in white areas which 
reflected the heat. The pattern of printed dresses was burned on the skin 
of some individuals, the skin under black or colored portions of the cloth 
being burned and the skin under white portions of the cloth being l e f t  un- 
burned. This resulted in a kind of negative imprint on the skin. 
figures 55 and 56, section 5H of t h i s  report.) 

described on the forms, an attempt was made t o  obtain s t a t i s t i c a l  data on 
t h i s  phenomenon fmm these records. 
ful, since it was frequently impossible t o  determine, with any degree of 
certainty from the form, whether or  not an individual was burned under 
clothing, t h i s  specific question not having been asked routinely. There- 
fore, the data summarized in table 13 are  not ent i re ly  accurate. 

areas only, 60.1$ were burned, both on uncovered areas and under clothing, 
and only 5.44 were burned under clothing only. Thus, while a majority were 
burned, both on uncovered areas and under clothing, over six times as  many 
people were burned on uncovered areas only as  were burned under clothing 
only. Considering the f ac t  that, in general, several times as  large a 
proportion of the body is  covered by clothing than is uncovered, t h i s  shows 
a considerable degree of protection from clothing. In  Nagasaki, 46.546 
were burned on uncovered areas only, 4k.s were burned, both on uncovered 
areas and under clothing, and 9.0$ were burned under clothing only. Thus, 
in Magasaki a t o t a l  of 91.6 of the individuals with burns were burned on 
uncovered areas, as compared with a t o t a l  of 53.546 burned under clothing. 

I n  Hiroshima, 169 individuals were burned who were wearing white 
clothing only, and of these, 89 (52 .e )  were burned under the white clothing. 
By comparison, out of 785 individuals burned who were wearing colored cloth- 
ing only, 560 (71.34) were burned under the colored clothing. 
difference of 18.B (71.3 - 52.6 = 18.7) between these two percentages; the 
standard deviation of the difference is  6.@, and the c r i t i c a l  r a t i o  of the 
difference is 3.1 (18.7 + 6.0). Since the odds are 516 t o  1 against a 
difference t h i s  great or greater arising from chance alone, the difference 
may be considered as s t a t i s t i c a l l y  significant.  In other words, it i s  
highly probable from t h i s  evidence that white clothing gives more protection 
from burns than does colored clothing. This is, of course, making the 
assumption that the thickness of cloth and the par ts  of the body covered 
was approximately the same f o r  those wearing white and those wearing colored 
clothing. In actual fact ,  IPELIIJT individuals recorded as wearing colored 
clothing only were probably wearing white undergarments under colored outer 
clothing. Th i s  would tend t o  minimize the apparent difference as indicated 
by these figures. 

(See 

Since both the par t  of the body burned and the clothing worn were 

The attempt was only moderately success- 

Of the individuals burned in  Hiroshima, 3 4 . 6  were burned on uncovered 

There i s  a 

, 

C 
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"here were fewer people i n  Nagasaki on whom t o  t e s t  t h i s  hypothesis. 
Of the individuals with burns, 86 were w e a r i n g  white clothing only and 4% 
colored clothing only; 5 6  of the former group being burned under the i r  
white clothing and 56 .q  of the l a t t e r  group being burned under their col- 
ored clothing. 
the numbers involved t h i s  is not s t a t i s t i c a l l y  significant. 

t ions of individuals with f lash  burn6 from the atomic bombs, indicates f a r  
more clearly than these data that vhite clothing confers much more pro- 
tect ion from f lash  burns than does colored clothing of the same weight and 
texture. 

Another factor  of interest  in t h i s  connection is the observation made 
by the physicians that m e t  of the flash, burns through clothes occurred a t  
the shoulders, elbows and other spots where the clothing was pulled t igh t ly  
against the body. 
there was an air  space between cloth and the skin. 

The difference is 6.8$ in favor of white clothing, but with 

Outside evidence, both from physical measurements and fram the observa- 

Burns were much rarer  under loosely f i t  clothing where 

i 
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SYMPTOMS e 

A f e w  remarks are necessary concerning the definit ion and r e l i ab i l i t y  
of several of the symptoms. Very f e w  individuals had epilation of any part  
of the body other than the scalp, and a l l  but one or two of these cases had 
epilation of the scalp as well. Therefore, epilation of other parts of the 
body has been conibined with epilation of the scalp. The form has spaces t o  
indicate the presence of purpura and of petechiae, but since these are 
closely related and very similar manifestations, they have been combined 
under the general term of purpura throughout this report. Space is  provided 
on the form t o  record the presence or  past history of gingivit is  and pharyn- 
g i t i s ,  but other oropharyngeal symptom such as t o n s i l i t i s  and sore throat 
were frequently written in. 
oropharyngeal lesions. Where necrotic gingivit is  has been entered on the 
form, it has been recorded in the following tables as a separate i t e m  and 
included w i t h  oropharyngeal lesions as w e l l .  
rhea has been entered on the form, it has been recorded in these tables, both 
as a qeparate i t e m  and under the heading of diarrhea. 
hemorrhage" in these tables includes mainly epistaxis, bleeding gums, hema- 
turia and a f e w  instances of other types of hemorrhage, but does not include 
purpura or bloody diarrhea. 

These have a l l  been conibined under the term of 

= ,' 
:* 

Likewise, where bloody diar-  

The term "other 

Nausea was not necessarily recorded fo r  indi- 
viduals who vomited. I 

There was no specific requirement tha t  the temperature should be taken 
i n  making the examinations and no space i s  provided for  it on the form. 
However, the teqperature taken a t  various lengths of time after the bombing 
w a s  frequently writ ten i n  as an additional observation on the back of the 
form. 
or  more was recorded. 
cases, these figures indicate the minimum number of cases i n  which a t e m -  
perature of 39O or  more occurred. 

Another factor should be mentioned concerning the r e l i ab i l i t y  of a l l  
these observations. The standard form was used i n  making a l l  the examina- 
t ions done under American direction, and the physicians were instructed t o  
check every i t e m .  A s  each form was  reviewed by an American physician for 
completeness and accuracy, these records should be rel iable  though, occa- 
sionally, some item may have been overlooked. 

On the other hand, forms copied from Japanese hospital  records may not 
be as complete or reliable.  i f  purpura was  not entered on the 
hospital  record, there i s  no way of being sure tha t  the patient did not have 
purpura. 
recorded it, especially since there was an acute shortage of doctors and 
nurses t o  handle the thousands of casualties. 
presented may be considered as the minimum number of cases with each speci- 
f i ed  symptom. 

These tables show the number of cases i n  which a temperature of 39' 
Since temperature was  recorded i n  only a minority of 

For example: 

Not being specifically asked, the physician simply may not have 

Therefore, the data here 

The Incidence of Ssmp toms in Relation t o  D i s t a n E  

1 ,  

The incidence of these symptoms i n  each ring is  sham in tables 14H and 
14N. The U S e f U h e 8 s  of a particular symptom from the diagrzostic standpoint 
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depends upon two factors, i ts  sensi t ivi ty  t o  the causative agent and its 
specificity.  A certain diagnosis of radiation injury, for  example, could 
be made from a single symptom if  a symptom could be found which was in- 
variably produced by radiation and never produced by any other cause. 

We may asswm that a l l  the individuals i n  ring 1 received a strong dos- 
age of radiation for  a very short space of time (except, perhaps, a few 
individuals i n  deep tunnels and bomb shel ters) .  
t ions were made on the same individuals j u s t  before the bonibing for  com- 
parison. The best group available for  comparison consists of the individuals 
within the c i ty  area a t  a distance of over 5,000 meters ( r ing  9). Although 
the intensity of radiation was comparatively slight a t  this distance, there 
is  some evidence (from white c e l l  counts as w i l l  be s h m  later) that so- 
of the individuals were measurably affected by the radiation. 

A symptom both sensitive t o  and specific for  gamma radiation should 
have a very high incidence i n  ring 1, and a very low incidence in ring 9. 

In figures 5H and 5N, the symptoms have been ordered from l e f t  t o  right, 
taking both of these two c r i t e r i a  into consideration. As sham for  Hiroshima 
(figure 5H),  epilation is both the most specific and the most sensitive 
symptom. 
ring 1, and it was the only symptomwhich did not appear i n  a single case 
among the 219 individuals examined in ring 9. 
the individuals i n  ring 1 and i n  only O.s$ (1 case) in  ring 9. These two 
symptoms, epilation and purpura, may b,e considered as by far the beet and 
most easi ly  recognized diagnostic si& (aside from laboratory data) since 
both are rare  i n  a normal population and have a high incidence among indi- 
viduals exposed t o  atomic bomb intensi t ies  of gama radiation. 
described here is easily distinguished fromthe ordinary loss of ha i r  in 
males. In some instances, however, the epilation may have been produced by 
flame or  flash burns rather than by radiation, but this  was  a minor factor, 
as w i l l  be sham later. 

The incidence of these two symptams was much lower in Nagasaki, 31.64 
of the individuals having epilation and 21.3% having purpura in ring 1. 
not one of the 194 individuals examined in ring 9 had ei ther  epilation or 
purpura. 

Oropharyngeal lesions had a very high incidence in ring 1 (61.14 i n  
Hiroshima and 34.94 in Nagasaki). By comparison, i n  ring 9,  7.34 of the 
individuals in Hiroshinaa and 2,6$ in Nagasaki had oropharyngeal lesions . 
W i t h  such a difference i n  incidence in ring 1 as compared w i t h  ring 9, the 
appearance of oropharyngeal lesions i n  an individual anywhere near the ex- 
plosion of an atomic banib would eeem t o  indicate a high likelihood of ra- 
diation injury. 
disadvantage that it is  not a t  all specific for radiation, i.e., the inci-  
dence may be very high in a population due t o  other causes. 

Ln Hiroshima, vomiting, other hemorrhage, nausea, and fever appear t o  
be about equal, both as t o  sensi t ivi ty  and specificity.  
these sgmptome in ring 1 was vomiting 35.2$, other hemrrhage 38.1$, and 
fever 34.74; in ring 9 the incidences were 0.94, 3.74, 2.7$ and 4.64 re- 
spectively. It should be noted that vomiting and nausea are not ent i re ly  
independent symptoms, the majority of cases w i t h  vomiting also being re- 
corded under nausea. The comparison of fever in these two rings may per- 
haps be somewhat misleading, since the temperature was not taken in a l l  
cases and was more l ikely t o  be taken on a patient i n  ring l w i t h  injuries 
than on a patient in r ing-9 without injuries.  

The incidence of these four symptom8 in  Nagasaki in  rings 1 and 9 re- 
spectively were vomiting 27.O$ snd 1.s; other hemorrhage 13.H and 1.6; 
nausea 28.3% and 1.05; and fever 10.44 and 0.5%. 

are relat ively rare in an ordinary population and had a very law incidence 
i n  ring 9; but* the incidence in r ing 1 me not very high as compared with 
other symptoms. The incidence of necrotic gingivit is  in ring 1 WBB lO.3$ 

Unfortunately, no ex-- 

Epilation had a higher incidence than any other symptom (69.44) in 

Purpura appeared i n  48.94 of 

I 

The epilation 

But 

The use of this symptom as a diagnostic sign ha8 the obvious 

!Che incidence of 

Necrotic gingivit is  and bloody diarrhea are f a i r ly  specific, since’they 



in Hiroshima and 2.54 in Nagasaki; the incidence of bloody diarrhea was 
10.75 in Hiroshima and 6.%$ in Nagasaki. 

in Nagmaki) and a relatively lar incidence in ring 9 (6.w in Hiroshima 
and 4.6% in Nagasaki). 
However, as a general subjective complaint, it may be more subject t o  bias 
than sane of the findings previously mentioned. Though there is some evi- 
dance, proof is lacking that anorexla waa caused specifically by gamma ra- 
diat ion rather than resul t ing from other conditione of the bombing. 

Though malaise and diarrhea had a high incidence in  ring 1 in Hiro- 
shima, (47.45 and 50.1% respectively) , they were common throughout the 
population of the city.  Even i n  ring 9, 24,2$ of the people had malaise 
and 3 7 4  had diarrhea. '&erefore, though gamma radiation may have had 
some influence, these two symptoms probably resulted, largely, f r om the 
widespread destruction of the city,  as well as general conditions incident 
t o  the defeat of Japan. 

l i t t l e  relationehip t o  distance. In Hiroshima, cramps occurred i n  3.9$ of 
the individuals in ring 1, and in 3 . 8  of the individuals i n  ring 9; while 
in Nagasaki the incidence was 3 . s  and 0.55 in rings 1 and 9 respectively. 

Anorexia had a high Fncidence in rmg  1 (47.8$ in Hiroshima and 37.05 

It, therefore, appears t o  be a good diagnostic sign. 

Cramps had the latest incidence of any of these symptoms and shared 

Epilation and Purp ura 

W i t h  increasing distance, there was a very rapid decrease in the per- 
centage of individuals w i t h  epilation and the percentage of people with 
purpura. 
in Hiroehima in each of the seven rings, starting with ring I, was 69.45, 
30.34, 8.3$, 4.8$, 2.34, 1.24 and 04 respectively. 
with purpura in each ring was 48.95, 21.45, 4.3$, 1.8, 1.2s and 1.75 re- 
spectively. 

shima than in Nagasaki in ring 1. It w i l l  be recalled that there were more 
individuale in heavy buildings in ring 1 in Nagaasaki than in Hiroshima, and 
this may partly explain the difference. In ring 3 and beyond, there was a 
larger  percentage of bath these symptom in Nagasaki than in Hiroshima. In 
Nagasaki the percentage of people with epilation in each of the seven rings 
was 31.65, 24.4$, 12.44, 6.14, 2.5$, 1.4% and 0.44 respectively. 
centage of people w i t h  purpura in each of the rings was 21.3$, 17.24, 8.9%) 
3.6$, 1.15, 1.55 and 0.45 respectively. 

(See figures 6H and 6N).  The percentage of people with epilation 

The percentage of people 

The incidence of both epi la t ion and purpura was mch greater in Hiro- 

The per- 

O r O p h a r s n a  ea1 h e i o n ,  Vomit- and Other Hemorrhage 

As ahown by figures 7H and 7N, the percentage of cases with oropharyn- 
geal lesions, other hemorrhage, and vomiting declined very rapidly with in- 
creasing distance, though not so rapidly 88 in the case o f  epilation and 
purpura. 
but the l i ne  does not have quite as steep a slope with distance as far 
vomiting and other hemorrhage. 

I, was for  oropharyngeal lesians, 61.1$, 33.8, 15.7$, 15.9$, 15.@, 6.8$, 
and 8.W; for  v d t i n g ,  35.2$, 25.8% 9.%, 7.3% 5.75, 5.9% and 2.15; and 
f o r  other hemorrhage, 38.1$, 17.55, 6.15, 6.5$, 5.9$, 3.@, and 2.1$. 

than in Hiroshima. There w8e comparatively l i t t l e  difference between the 
two c i t i e s  in rings 2 through 7. Thus, these symptoms, oropharyngeal 
lesions, vamiting, and other hemorrhage follow the same general pattern in 
the two c i t i e s  88 was previously ahawn for epilation and purpura. 

Of the three, oropharyngeal lesions had the highest t o t a l  incidence, 

In HiroshimEl, the percentcige of cases in each ring, star t ing w i t h  ring 

Them three symgtoms have a much lawer incidence in ring 1 in Nagasaki 

' 0  
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The percentage of cases in each ring in Naga~aki, starting with ring 1, 
was for orophazyngeal hsim, 34.9$, 32.34, 19.39, 13.09, 13.04, 1O.6$, and 
7.246; fo r  vomiting, 27.046, 27.09, 15.8$, 9.296, 6.8$, 4.8$, and 2.3$; and for  
other hemorrhage, l3.9$, 12.4$, 7.546, 5 4 ,  2.& 2.59 and 1.9$. 

" 1  

Malaise, Diarrhea and Anorexia 

of the remaining eight symptoms, malaise, diarrhea, and anorexia had 
the highest incidence in aU rings, but eharsd the least change in incidence 
w i t h  increasing distance (except fo r  cramps, which shcnred little if any 
change w i t h  distance in Hiroshima), 
symptoms had about the 8- incidence in ring 1 in Hiroshima (malaise 47.49, 
diarrhea 50.146 and anorexia 47.8$), but anorexia declined in inciilance w i t h  
increasing distance more rapidly than the other two. 

These three eymptome had about the same rate Of decre88e w i t h  distance 
in magasaki, malaise aad diarrhea shawing a somewhat nore rapid decrease 
w i t h  distance in Nagasaki than in  Hiroshima. 

(See figure6 8H and 8N). These three 

Nausea and Fever 

AB would be expected, the incidence of nausea follawed the same pattern 
in respect t o  distance as vomiting in both c i t ies .  The incidence of nau~ea 
wa8 greater than the incidence of vomiting, since some people, particularly 
i n  the outer rings, w e r e  nauseated, but did not vomit. In Hiroahima, in 
r ing 7, 5.44 of the people were nauseated and 2,1$ vomited; in Nagasaki, in 
ring 7, 3.w were nauseated and 2.34 vomited. 
some individuals who vomited. 

ring 1 (34.7$ of the people) and decreased very rapidly w i t h  increaeing dis- 
tance down t o  3.w of the people in ring 7. 
fever was very much lower, 10.446 of the people being reported as having 
fever in ring 1 and 2.3% in ring 7. 
temperature t o  be taken in the physical examinatim, UttIe weight 6hOuld be 
attached t o  this difference betmen the two c i t ies .  
temperature was taken on a smaller percentage of the cases in Nagasaki them 
in  H i r o s h i m a ,  thus result ing in a smaller proportion of the total number O f  
cases being reported as having a fever of 39' or  over. 

Nausea was not recorded for  

Fever, (39%. or above), in Hiroahima, had a f a i r l y  high incidence in 

In Nagasaki, the incidence of 

Since there WE@ no requimmnt for  the 

It may be that the 

BloOay Diarrhea, Necrotic Gingivitis amd Cramps  

Bloody diarrhea, necrotic gingivit is ,  and craMps'were not very caamnan 
findings even in- ring 1. 
of the people in Hiroshima'and 6 . q  in N a g a e a k i ,  and in ring 7 it ~ a e  re- 
ported for  0.w of the people in Hi rosh ima  and 1 19 in Nagaeaki. 

77 (10.3$) were in ring 1 and 43 (3.88) were in ring 2. 
gingivi t is  were reported in rings 6 and 7;. 

only 80 ca8es being reported in  the ent i re  eqple.  
had necrotic gingivit is  in  ring 1, and no cas- were reported in ring 7. 

t o  distance in Hiroshima. 
individuals bein@; reported w i t h  cramps in ring 1. Ih Nag;asaki, the incidence 
of cramps did show a downward trend w i t h  dietance, but the incidence me jut 
3.99 in ring 1 (the earns 88 i n  Hiroshima). 

In ring 1, bLnody diarrhea WBS reported far lO.7$ 

In Hiroshima 170 cases of necrotic gingivitis were reported, of which 
no cww of necrotic 

5 inciderice of necrotic gingivit is  YBB evml lawer in N a g a s a k i ,  with 
O n l y  2.546 of the people 

Cramps  was the only one of these qmptams which seamsd t o  be unrelated 
The incidence was very law, only 3 . s  of the 



Menstruation 

The effect  of the bombing on menstruation i s  d i f f i cu l t  t o  evaluate from 
these record6, since there was probably a high incidence of abnormality be- 
fore the bombing in both c i t i e s  and many of the records lacked a complete 
and accurate description of the menstrualhistory, both before and a f t e r  the 
bombing. No precise or c m i s t e n t  c r i t e r i a  were used t o  define abnormality, 
BODS of the information coming Prom hospital  records which msrely stated 
tha t  abnormality existed. 
skipped in three o r  four months the case was recorded a6 abnormal. 

reported as having abnormal manstruation, both before and after the bombiw. 
(See section A of tables l 5 H  and l 5 N . )  
of the amount of abnormality before the bombing. 

have had abnormal menstruation before the bcmibing. 
bombing had no effect  on menstruation i n  64.5% of these womsn i n  Hiroshima 
and 71.7% in Nagasaki. In Hiroshima 24.N md Fn Nagasaki 15.9s had normal 
msnstruation before the bombing and abnormal menstruation a f t e r  the bombing. 
Menstruation was abnormal a f t e r  the bonibing, but unknown before the bombing 
in 11.54 of ,the women in Hiroshima and 12.5s in Nagasaki. 

This latter group, f o r  whom there is no record of the menstruation be- 
fore  the bombing, makes it d i f f i cu l t  t o  estimate accurately ei ther  the pre- 
bombing incidence of abnormal msnstruation or the effects  of the bombing on 
merzatruation. 

The bombing probably produced abnormal menstruation in between 24$ and 
3546 of the women in Hiroshima who were normal before the bombing, and in 
between 16% and 29$ of the women in Nagasaki who were normal before the 
bonibing. 

There i s  a f a i r l y  caneistent change in the incidence of abnormal men- 
s t ruat ion a f t e r  the bombing w i t h  increasing distance. 
the two alternative estimates indicated above, abnormality was  produced i n  
4O.q of the women in ring 1 and 2 0 . s  of the women i n  ring 7 in Hiroshima, 
and in 36.64 of the women in ring 1 and 18.0$ of the woman i n  ring 7 in 
N a g a s a k i .  

menstruation were produced primarily by gamma radiation, or whether they 
were produced by other conditions incident t o  the bombing, or both. 

But i n  general, i f  more than one period was 

Nearly l7$ of the women in Hiroshima, and nearly 8'$ in Nagasaki were 

"his i s  probably an under-estimate 

Section B of tables 1% and l 5 N  excludes those women who were known t o  
It wa6 reported tha t  the 

Taking the greater of 

(See column 8 of tables 1 3  and l 5 N . )  
There is no evidence in  these data t o  indicate whether the effects  on 

A t o t a l  of 45 women were examined i r i  Hiroshima and 177 in Nagasaki who 
were pregnant a t  the time of the bambing (among those who were l iving twenty 
 day^ a f t e r  the bonibing). (See tables 1 6 ~  and 1 6 ~ . )  
showed no apparent effects  of the bambing a t  the time they were examined; 
6 (U.3$) had had abortians and 2 (4.4$) had had premature deliveries, w i t h  
the baby born alive. Of the 177 pregnant women examined in  Nagasaki, 125 
(70.64) showed no apparent effects,  39 (22.0$) had had abortions, and 13 
(7.3$) had had premature deliveries with the baby born alive. 

was related t o  distance. The disruption of the colnmunity following the 
bombing is suff ic ient  t o  account for  some abortions and premature deliveries. 
There is  no evidence as t o  whether or not gamma radiation was wholly or 
par t ly  respanrrible. 

In Hiroehima, 37 (82.2%) 

Though the numbers are  S I I E L ~ ~ ,  there is  60ms indication tha t  the effect  

&YE from Bombing t o  Onset of Symp tome 

Epilation appeared in from one t o  four weeks a f t e r  the bombing in the 
majority of cases and purpura usually appeared in from two t o  f ive  weeks. 
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(See figures 9H and 9 N  and tables 17H and IT.) 
ing t o  onset of epilation was 19.7 days in Hiroshima and 21.1 days in Naga-  
s a k i .  The mean tims from the bombing t o  the oneet of purpura waa 25.1 days 
in Hiroshima and 24.4 days in Nagasaki. There was a very w i d e  variation in 
tFms of appearance of both of these symptoms. A few ca6es of epilation (17 
i n  Hiroshima and 21 in Nagasaki) were  reported t o  have occurred on the day 
of the bonibing, and a few did not appear unti l  over s ixty days l a t e r  ( 2 1  in 
Hiroehima and 24 in Nagasaki). 
primary cause of very early loss of hai r  in some cases. 

onset. For Hiroshima, the mean days t o  m e t  of epi la t ian 
was 17.2 days in ring 1, 20.8 days in ring 2, 28.1 days in ring 3, and 25.7 
days in ring 4. 
rings in Nagasaki was 19.4, 21.8, 21.3, and 22.6. There w e r e  too Pew cases 
beyond ring 4 t o  make val id  compariscms. 

The mean days from the bombing t o  onset of purpura in rings 1, 2, 3, 
and 4 respectively in Hiroshima were 23.2, 27.1, 26.1, and 27.9; and i n  
Nagasaki were 24.0, 25.1, 22.8, and 27.6 respectively. 

shima and 22.5 days in Nagasaki. 
c i t i e s  (169 cases in Hiroshima and 100 cases in Nagasaki) were reported t o  
have begun on the day of the  bonibing. It seema l ikely that some of these 
cases existed pr ior  t o  the bonibing, but on being questioned,'the patients 
associated the symptom with the catasthrophy. Approximately the same number 
of cases began during each five-dey period through the nineteenth day w i t h  a 
coneiderable increase occurring between the twentieth and thirty-fourth 
days. From the fortieth day on, the incidence of new cases in each five-day 
period became very much less. 

As a certain number of cases of oropharpgeal lesians are expected in a 
normal population, especially in a community with such a high leve l  of in- 
fection. It was thought tha t  a large percentage of the late occurring cases 
of oropharyngeal lesions probably Were unassociated w i t h  the direct  e f fec ts  
of the bomb. Therefore, the cases occurring a f t e r  the thirty-ninth day were 
omitted from a l l  further analyses. 
each ring who developed oropharyngeal lesians within thirty-nine days of the 
bombing, and those who developed oropharyngeal lesions after the thirty-ninth 
day, is sham i n  tables l 9 H  and IgN. 
relationship t o  distance in the late occurring cases. 

Vomiting occurred on the dey of the bombing in TO.* of the cams re- 
ported w i t h  vomiting Fn Hiroshima, and 68.3$ of %he cases so reported i n  
Nagmahi. Vomiting occurred in the f i rs t  four days after the bombing in 
11.54 of the cases in each city,  and the remainder of the cases were scattered 
over a period of four months. 
and general horrible conditions in both c i t i e s  following the bombing, 01ls 
would expect a certain Ltmount of vomiting t o  occur. 
the great nuniber of people who vomited on the day of the bombing. For t h i s  
reason it was thought that  vomiting on the day of the bomibing was a direct  
result of the bonib, and tha t  later vomiting was, in most instances, probably 
an indirect  resu l t  or unrelated: As sham in tablee 19H and lgN, there wae 
a marked relationship between distance and vomiting on the day of the bo&- 
Fng, and very much less relationship between distance and vomiting at  a later 
date. 
sidered in a l l  further analyses. 

The man days from the bombing t o  the onset of diarrhea was 15.8 days 
in Hiroshima and 16.4 in Nagasaki. A large percentage of the cases s tar ted 
within the f i r s t  ten days, but time of onset was distributed mer a period 
of over four months. 
discussed, there was a high incidence of diarrhea throughout both cammunities, 
and the incidence appeared t o  be less related t o  distance than was the cam 
with many of the other symptoms. 

The mean time from the bannb- 

The recorda indicate that burne were the 

The intensity of radiation probably had some influence on the tFme of 
(See table  18.) 

The mean days t o  onset of epi la t ion in these same four 

The mean d e y s  t o  onset of oropharyngeal lesicms was 22.2 dqw in Hiro- 
A fairly large nuniber of cases in both 

The number and percentage of people in 

There is little W c a t i a n  of any 

W i t h  the f i l t h ,  poor and insufficient food, 

The striJsing feature was 

Therefore, only vomiting occurring on the day of the  bo& waa con- 

(See tables 17H and 17N.) AB has been previously 

There was a greater relatianship between 



distance and the incidence of diarrhea which s tar ted on the day of the bomb 
than between distance and incidence of diarrhea w i t h  onset a t  a l a t e r  date, 
but the difference was not great enough t o  warrant separating these two 
groups for  analysis. (See tables IgH and 19N.) 

Duration of Sgmp toms 

A n  estimate was made of the duration of each symptom by subtracting the 
date of anset from the date of cessation. 
since some of the eymptoms, particularly vomiting, were intermittent rather 
than continuous, and the figures only indicate the elapsed t i m e  between the 
f i r s t  occurrence and the last knm occurrence. There was the added d i f f i -  
culty that, in some cases, the symptoms were present a t  the time the patient 
was last  examined, and only the time from onset up t o  the examination could 
be recorded, rather than the t o t a l  duration of the symptom. For these rea- 
80118, the average duration of the sy-mp$oms, as sham i n  tables 20H and 20N, 
are only rough approximatiom and may be regarded as under-estimates. 

ing, some vomited frequently thereafter and a t  much l a t e r  dates. The average 
elapsed t i m e  between the first tinme and last time these individuals vomited 
w a ~  2.3 days in Hiroshima and 2.7 i n  Nagasaki. There does not appear t o  be 
any consistent relationship between distance and the average elapsed t i m e .  

days of the bonibing) x88 16.3 days i n  Hiroshima and 10.7 days i n  Nagasaki. 
The symptoms may have lasted a l i t t l e  longer in people near the center than 
people more distant,  but the difference is not great. As previously noted, 
these figures are probably under-estimates of the average duration of 
oropharyngeal lesion6 . 
and 10.2 days in Nagwaki. 
related with distance. 

But a large 
percentage of the case8 had the symptom when last  seen, so th i s  is undoubtedly 
an under-estimate. 

This wa8 a rough estimate a t  best, 

While a majority of the individuals vomited only on the day of the banib- 

The mean duration of oropharyngeal lesions (beginning w i t h i n  thirty-nine 
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Diarrhea las ted an average of 16.8 days in cases observed in Hiroshima 
The average duration does not appear t o  be cor- 

Purpura Lasted an average of 13.1 days in both c i t i e s .  

Symptoms by R i n g  and Shielding 

While very l igh t ly  canstructed Waus are suff ic ient  protection from 
f lash  burns, wooden w a l l s  are transparent t o  gamma rays, and some inches of 
concrete or earth are required t o  diminish appreciably the intensity of 
gamma radiation. Therefore, individuals in Japanese buildings probably re-  
ceived l i t t l e  lese  gamma radiation than individuals outdoors. 
great deal of variation in exposure among people within the same concrete 
building. Individuale in the upper s t o r i w  on the side nearest the bordb 
were protected a t  beet by a few inches of concrete and may have had no pro- 
tect ion i f  they were near a windm, while individuals in the basement on the 
far side of the building may have been protected by several fee t  of concrete 
and s t e e l  girders. Twenty-five people examined in Hiroshima, and 367 people 
examined in Nagasaki w e r e  i n  bo& shelters and tunnels. Most of them were 
w e l l  protected by many feet of earth or concrete, but a few were standing i n  
the entrances and had l i t t l e  protection. These variations should be borne 
i n  m i n d  in evaluating the resu l t s  shown in figures 1OH and 10N, and tables 
2m and 2lN. 

tom i n  rings 1 and 2 among people outdoors or in Japanese-type buildings, as 
compared with people in heavy-type buildings (brick, concrete or steel). 
The greatest differences between the two groups appear in the incidence of 
epilation and purpura, the two symptom which shared the sharpest decline 

There was  a 

Figures 1OH and 1 0 N  show the percentage of individual6 with each symp- 
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with distance, and which are probably the most specific synqltarms of injury 
from radiation. In rings 1 and 2 in Hiroshima, 49$ of the people outdoors 
or in Japanese buildings had epilation, as compared with 334 of the  people 
i n  heavy buildings. The comparable figures in Nagasaki were 34s autdoors or 
in Japanese-type buildings, and 20$ in heavy buildings. 
purpura in rings 1 and 2 in Hiroshima was 34% outdoors, o r  Fn Japanese-type 
buildings and 264% in heavy buildings; i n  N a g a s a k i  the incidence wae 21% out- 
doors or in Japanese-type buildings and 164% in heavy buildings. 

occurred in Hiroshima in 43$ of the  people outdoors o r  in Japanese-type 
buildings, as compared with 3% of the  people in heavy buildings. 
parable figures in Nagasaki were 34$ and 31%. 

rhea a l l  appeared in greater frequency aslong individuals outdoors in th0 
open, O r  in Japanese-type buildings, than among individuals i n  heavy-type 
buildings i n  both c i t ies .  
the two groups in the incidence of nausea, anorexia, diarrhea, and cramps. 

Malaise was the only symptom which, in  both c i t ies ,  occurred more fre- 
quently among individuals in heavy buildings, than m a g  i n d i v i d u 0  outdoors 
i n  the open or  in Japanese-type buildings, 

corded as being in bonib shelters or tunnels. Of these, the numbers with each 
symptom were: 
gingivit is  2, diarrhea 10, bloody diarrhea 0, other hemorrhage 1, volniting 
on day of bonibing 0, nausea 2, malaise 9, anorexia 3, crgnqpe 0, Euzd fever 4. 
Though the number of people exposed was  too small t o  make valid comparisane, 
the incidence of symptcrms among these individuals in bordb shelters w a s ,  in 
general, much smaller than the incidence of symptom6 among individuals in 
heavy buildings. 

There were 145 people in Nagasaki in bomb shelters and tunnels in rings 
1 and 2, a large enough number t o  establish reasonably rel iable  rates.  Only 
6% of the people in bonib shelters had epilation ~ E I  compared with 34$ of those 
outdoors or  in Japanese-type buildings, and 20$ of those in heavy buildings. 
Ten percent of the people i n  bomb shelters had purpura, as compared with 
214% of those outdoors or in Japanese-type buildings, and 164% of those in 
heavy buildings. 
Nagaaaki in rings 1 and 2 i n  bomb shelters and tunnels w a ~ :  
lesions ( w i t h i n  thirty-nine days) 14%; necrotic gingivit is  E$; diarrhea 
26%; b l o w  diarrhea 3%; other hemorrhage 44%; vomiting on day of bomb 34%; 
nausea 9$; malaise 329; anorexia I@; cramps 29 and fever 4%. 
dences are  a l l  f a r  lower than the incidence among individual6 in heavy 
buildings. 

measure of protection from radiation effects even re lat ively close t o  a 
bomb. 
entrance t o  the shelters and t h i s  may account for  the maJority of serious 
symptmm in t h i s  group. 

The incidence of 

Oropharyngeal lesions (onset within thirty-nine days of the b-ing) 

The com- 

Vomiting, other hemorrhage, fever, necrotic gingivit is  and bloody diar- 

But-there was re lat ively l i t t l e  difference between 

There were only 21 people in rings 1 and 2 in Hiroshima who were re- 
\ 

epilation 1, purpura 3, oropharyngeal bsiom 4, necrotic 

The incidence of other symptams among the  175 people in 
oropharyngeal 

These inci- 

There appears t o  be no doubt tha t  adequate bonib shelter6 give a Large 

It should again be noted that 8- individuals were standing near the 

Direction 

In addition t o  distance and shielding, one other factor should be con- 
sidered which might have had an influence on the incidence of injuries and 
symptom. From physical evidence, there i s  every reason t o  believe that the 
force of the bonib was  released symmetrically in  all directions, although the 
physical destruction x&8 not exactly symmetrical on account of h i l l s ,  and 
because of the uneven distribution of buildings, both a6 t o  numbers and as 
t o  type of construction. 

segments by rad ia l  lines passing through the point over which the bomb 
As previously described, a map of each c i ty  was divided into eight equal 
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exploded. 
In order t o  examine the influence of direction alone, it is necessary t o  
consider individuals with apprazimately the same amount of shielding and at 
approximately the same distances. Tables 22H and 22N* show the incidence of 
mechanical injuries, burns, and epilation among people outdoors unshielded, 
outdoors shielded, and in Japanese-type buildings, in  each of them segments 
in rings 1 and 2, and in rings 3, 4, and 5. 
si rable  t o  show these figures separately for  each ring and direction. 
fortunately, however, even in the broad groupings shown the number of cases 
in some of the ring and direction segments is  so smal l  that l i t t l e  weight 
can be attached t o  the variations observed. 

Although there is a considerable variation in the percentages sham in 
these tables, there is no evidence of any r e a l  directional effect  of the 
bambing. A much more detailed study has been made of this ,  but in refining 
the data the numbers becsme very smal l  and it i s  hard t o  d r a w  valid conclu- 
sions. 
of h i l l s  and by the type of construction. Though the evidence is inconclu- 
sive, no def ini te  indication of asymmetry was  found. 

Each individual examined was  located within one of these segments. 

It would have been more de- 
Un- 

Such differences as did appear could be accounted fo r  by the location 

Symptoms by Exp osure Groups 

In order t o  make f k t h e r  camparisone between the symptoms, it was de- 
si rable  t o  divide the cases into groups, as homogeneous as possible, in 
respect t o  t he i r  probable exposure t o  r d i a t i o n .  
material between each individual and the bomb had been barn, 88 w e l l  as the 
exact distance, it would have been theoretically possible t o  make precise 
c lassi f icat ions by applying knm physical laws. While such an exact pro- 
cedure could not be applied t o  the data a t  hand, it was pract ical  t o  make 
reasonably homogeneous groupings from the information already described on 
the influence of shielding on the incidence of symptoms. 

Within the same distance, individuals outdoors or i n  Japanese-type 
buildings were the most exposed t o  radiatian, individuals i n  heavy-type 
buildings were less exposed, and individuals in bamb shelters and tunnels 
were the l eas t  exposed. It was observed that,  roughly, the incidence of the 
more important symptoms among individuals in heavy buildings was  about the 
same as the incidence of symptom in hdividuals  outdoors or in Japanese- 
type buildings one ring fa r ther  out f romthe center; and that the incidence 
of individuals in bamb shelters and tunnels appraimated the incidence among 
individuals outdoors or in Japanese-type buildings two rings far ther  out 
from the center. 

as sham below: 

If the exact amount of 

-1 

Eight exposure groups, l e t te red  from A t o  H, were made up on t h i s  basis 

Individuals Individuals , Individuals 
Exposure Outdoors or in in Heavy in Bomb Shelters 
Group m e s e  Buildings Buildings and Tunnels 

*People with ring or with shielding unknown are excluded fromtheee ta- 
Therefore, the t o t a l  number of people is less in these tables than i n  bles.  

other similar tables. 
- - 
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Exposure group A comists  of the most exposed cases, mluding  only 
those individuals who were in ring 1 outd0ors"or i n  Japanese-type buildings. 
Exposure group H coxmists of the presumably least exposed people, including 
only individuals i n  ring 9, 5,000 meters o r  more distant. 
portion of individuals in both c i t i e s  were outdoors or  in Japaaeee-type 
buildings, as w e l l  as because of the adjustment made fo r  shielding, exposure 
groups A through G may be considered t o  be approximately equivalent, in terms 
of exposure t o  gamma radiation, t o  rings 1 through 7 respectively far indi- 
viduals outdoors or in Japanese-type buildings . 
classified in exposure groups as though they had been in heavy buildings, 
the i r  rates of incidence of symptoms being more similar t o  t h i s  shielding 
group than t o  any other. 

The incidence of symptom in these eight exposure groups is shown in 
tables 23H and 23N. Figures 11FI, 11FJ, 128 and l 2 N  show the percentage of 
cases w i t h  epilation, purpura, oropharyngeal lesiom (within thirty-nine 
days), other hemorrhage, and vomiting (on the day of the bombing) in exposure 
groups A, B, C, D, E, F, and G. 

Since a major 

Rather than eliminate the f e w  cams of UnImam shielding, they were 

Symptom6 by Sex and Age 

The percentage of males and the percentage of females w i t h  each sylnptom 
is sham by exposure groups in tables 24H and 24N. 
ference between the sexes in the incidence of symptom. Virtually no di f -  
ference appeared between males and females in ei ther  c i ty  in the incidence 
of epilation, oropharyngeal les iom, necrotic gingivit is ,  asd diarrhea. 'Be  
incidence of purpura w a s  somewhat higher among females than ammg males in 
Nagasaki, but t h i s  difference, though it appeared, was t r i v i a l  i n  Hiroehima. 
Bloody diarrhea and other hemorrhage had higher incidences among males than 
among females in Hiroshima, but not in Nagasaki. Vomiting an the d q  of the 
bombing, nausea, anorexia, and cramps were more camm~l among females than 
among males i n  both c i t ies .  Malaise was more ccnumon in females than in 
males in Hiroshima, but not in Nagasahi. 
in males than i n  females in both c i t iee .  

me incidence of each eymptom by age groups 0-4, 5-14, 15-49, and 50 
and over within each exposure group is  shown in tables 25H and 25N. 
majority of individuals examined were between 15 and 49 years of age, and 
there were too few cases in the age groups 0-4 and over 50 within each ex- 
posure group to make very accurate comptjirisans in most instances. 

Generally speaking, epilation, while it did not show much trend w i t h  
age, appeared t o  have a lower incidence among individuals over 50. 
possibly due t o  the symptom fa i l ing  t o  show in older men who w e r e  already 
partly bald. 

There was no great d i f -  

The incidence of fever was higher 

Tbe 

!bIs wae 

symptoms in Relation t o  Burns 

Since most of the burns were caused by the flersh, there is high pre- 
sumptive evidence that  most of the individual6 w i t h  burns had at least a 
par t  of t h e i r  bodies direct ly  exposed even though they were in a heavy 
building. Conversely, individuals in the first few rings who did not re- 
ceive burns were probably ahielded from the f lash (by the shadow of a h i l l  
o r  building, for example) even though they were outdoors in the, open. 
Though t h i s  factor is minimized in the exposure group classif icat ion as 
previously described, by and Large individuals with burns mre perhaps more 
exposed t o  ionizing r ad ia t im  than individuah without burns in the same 
exposure group. For this reaeon, one would not be surprised t o  f ind a higher 
incidence of symptoms among the people w i t h  burns. 
symptom8 may perhaps have resulted from b u m .  

Ih addition, same of the 
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The incidence of each symptom among individuals with and without burns 
In exposure group A i n  each exposure group is shown in tables 2 6 ~  and 2 6 ~ .  

in Hiroshima the incidence of epilation is 79.w in people w i t h  burns as 
compared w i t h  74.7$ in people without burns; in exposure group B the inci-  
dence is  40.24 in people with burns and 33.4% in people without burns; and 
in  exposure groups C and D the incidence i s  9.9% in people w i t h  burns and 
5.0% in people without burns. In e.xposure group A, in Nagasaki, a smaller 
percentage of people with burns had epilation than people without burns, but  
i n  a l l  other exposure groups the reverse is true. This may be pa r t i a l ly  
accounted for  by the fac t  tha t  the ha i r  was  burned off in some cases re-  
ported w i t h  epilation. 

,without burns i n  both c i t ies .  

people w i t h  b u m  in both c i t i e s .  In Hiroshima, oropharyngeal lesions, 
bloody diarrhea, and other hemorrhage were more common among people without 
b u m  than among people with burns, and t h i s  was also t rue in Nagasaki, 
though not consistently so in a l l  exposure groups. 
showed l i t t l e  in the way of consistent differences in incidence as between 
individuals w i t h  burns and individuals without burns in  the ~ a m e  exposure 
groups 

i n  the appearance of any of these symptoms. 

Anorexia and cramps appeared more c6mmod.y among people w i t h  b w  than 

Purpura had higher incidences among people without burns than among 

The other symptoms 

There i s  l i t t l e  reason t o  believe that burn6 played an important role  

The Association of Each Ssmptom w i t h  a l l  Other Symptom 

The number of people who had each conbination of two symptom among the 
6,663 individuals in Hiroshima, and the 6,427 individuals in Nagasaki who 
were within a distancs of 5,000 meters, i s  sham i n  tables 273 and 27N. IIzle 
figures typed in the diagonal, identified by an asterisk,  of the tables show 
the number of cases w i t h  each of the symptm separately. 

By the laws of probability, a certain number of cases would appear with 
each pair  of symptoms even if the sylqptasls were ent i re ly  independent of each 
other. In order t o  determine whether or not there is a real association be- 
tween the symptoms, the number which may be expected t o  arise by chance 
alone may be computed.. This nuniber may then be compared w i t h  the numbers 
which were  observed. The c r i t i c a l  ra t ios  shown in tables 28H and 28N are a 
measure of the probability that the number of cases w i t h  each pair of symp- 
tome (as sham in  tables 278 and 27N) i s  greater than the number which would 
be expected t o  occur by chance alone. The greater the c r i t i c a l  ra t io ,  the 
greater i s  the probability tha t  the association is r ea l  and not due t o  
chance.* Many people consider a c r i t i c a l  r a t i o  of 2.0 or greater t o  be suf- 
f i c i en t  proof that a relationship ex+ets, while other more conservative ob- 
servers consider a c r i t i c a l  r a t i o  of 3.0 or greater as a minimum requirement 
fo r  proof of a s t a t i s t i c a l l y  significant relationship. 

The c r i t i c a l  ra t ios  are 3.0 or greater for  almost every pa i r  of symp- 
tome in both c i t i e s ,  and most Crp the c r i t i c a l  ra t ios  are greater than 4.0. 
(See tables 28H and 28N.) 
the symptoms are associated with each other t o  a s t a t i s t i c a l l y  significant 
degree, w i t h  f e w  exceptions. 

Therefore, there is  no reasonable doubt that a l l  

1 

*If the c r i t i c a l  r a t i o  i s  2.0, the odds are 2 1 t o  1 that the association 
was  not due t o  chance alone; if the c r i t i c a l  r a t i o  is 3.0 the odds are 360 
t o  I tha t  the association wae not due t o  chance alone; and i f  the c r i t i c a l  
r a t i o  i s  4.0 the odds are 15,770 t o  1 tha t  the association was not due t o  
chance alone. 

4 
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The associations between cramps and epilation, and between cramps and 

purpura, is of borderline statistical significance in Hiroshima, but defi- 
nitely significant in Nagasaki. There is no significant msociation between 
crangm and necrotic gingivitis' in either city. 
cramps and other hemorrhage, and between cramps and vomiting, are or border- 
line significance in Nagasaki, but are statistically significant in Hiroshima. 
The association between necrotic gingivitis and diarrhea in Nagasaki is of 
borderline significance, and the association between necrotic gingivitis and 
bloody diarrhea in Hiroshima is not statistically eignlficant, but in both 
instances the associations are significant in the other city. 

cally significant degree of association in one or the other, or both of the 
two cities, is cramps and necrotic gingivitis. Of' the l3 symptoms sham, 
cramps has the least association with the others. 

yields very high critical ratios in both cities (37.2 in Hiroshima and 29.8 
in Nagasaki). 
each of the three symptoms: 
hemorrhage, and vomiting on the day of the bombing, give very high critical 
ratios, and the probability is several m i l l i o n s  to one against associations 
this high or higher arising due to chance alone. 

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

association between the two symptams.* The values of @ vary from + L O  in 
the case of perfect positive association to -1.0 in the case of perfect 
negative association. For 
example, if every case with symptom A also has aymptom B, and there are no 
cases with one symptom, but without the other symptom, then there is perfect 
positive association and 9 is + L O .  
the two symptom, but no case has both symptoms, then there is perfect nega- 
tive correlation and $J is -1.0. 
is sham in tables 29H and 29N. 

symptoms in Hiroshima ( @  being + .46), and the same is true in Nagasaki 
( $J being + .37), w i t h  me minor exception. 
specific symptoms of radiation effects, it is of interest to note which of 
the other synqptame have the highest associated with them. In both cities, 
oropharyngeal lesion6 within 39 days,  other hemorrhage, vomiting of the day 
of the bombing, and nausea are more highly associated with epilation than 
any of the other symptoms except purpura. These same Pour symptom are also 
most highly associated with purpura in both cities (except for fever in 
Nagasaki). The symptoms which have the next highest msociation with epila- 
tion and purpura in both cities are anorexia, fever, and necrotic gingivitis 
and, in Nagasaki, malaise. Cramps, bloody diarrhea, and diarrhea have less 
association with epilation and purpura., 

Orophaqngeal lesions Within 39 days has a relatively high associatian 
with other hemorrhage ( @  being + .40 in Hiroshima cind + .33 in Nagasaki), 
and is associated with,vomiting and with musea in both cities with @ ' a  of 8 
little over +.20. The associations of other hemorrhage with vomiting euld 
nausea are not as high. 

r The associations between 
1 

Thus, of the 75 pairs of symptoms, the only pair not showing a statisti- 

It will be noted that the association between epilation and purpura 

Likewise, the associations of epilation and of purpura with 
orophargngeal lesions within 39 days, other 

They are generaUy used only to determine 

The statistical constant @ may be used as a measure of the degree of 

A @ of 0.0 indicates that no association exists. 

If all cases have one or the other of 

The value of @ for each pair of aymptm 

Epilation and purpura are more highly associated than any other pair of 

Since these are the two most 

*@ is numerically equal to the critical ratio divided by the square root 
of the nuniber of cases in the sample. 
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Association of Epilation and Purpura w i t h  Other Symptoms 

i n  Each Exposure Group 

Tables 30H and 30N show the number and percent of cases w i t h  epilation 
and/or purpura in each exposure group. 
had both epilation and purpura i n  ring A, an 

w i t h  increasing distance, and i n  ring G no cases were reported w i t h  both 
symptoms, while 1.346 of the cases had purpura alone. In Nagasaki, 19.4% of 
the people had both epilation and purpura and 53.2% had ei ther  one or both 
symptoms in ring A, w h i l e  0.29 had both symptoms and 1.8$ had ei ther  one or 
both symptom i n  ring G. Although the percentage of people with both of 
these symptoms was much higher in Hiroshima than i n  Nagasaki i n  exposure 
groups A and B, the  combination of the two symptoms occurred more frequently 
i n  Nagasaki than i n  Hiroshima i n  rings C, D, E, F, and G. There was a sta- 
t i s t i c a l l y  significant degree of association between the two symptoms i n  
every exposure group in both c i t ies ,  w i t h  f ew exceptions. 

The number and percentage of people i n  each exposure group w i t h  epila- 
t ion and each of the other symptoms, and w i t h  purpura and each of the other 
symptoms, is shown i n  tables 31H and 3lN. 

Among people i n  exposure group A i n  Hiroshima, both epilation and 
oropharyngeal lesions occurred with a frequency of 52.346, and both purpura 
and oropharyngeal lesions occurred w i t h  a frequency of 42.34. In exposure 
group A i n  Nagasaki the percentages w e r e  22.39 f o r  epilation and oropharyn- 
geal lesions and 21.346 for  purpura and oropharyngeal- lesions. The occurrence 
of these pairs of symptoms dropped t o  less than 1.04 in exposure groups E, 
F, and G i n  both c i t ies .  

marked when two symptoms (including ei ther  epilation or  purpura) were con- 
sidered together than when a single symptom w a s  considered alone, and this 
relationship was  greatest for  combinations of epilation and purpura with 
oropharyngeal lesions w i t h i n  39 days, vomiting on the day of the bombing, 
nausea and ( i n  Hiroshima) other hemorrhage. 

w i t h  purpura w i t h i n  the same exposure groups. 
significantly associated w i t h  epilation and w i t h  purpura within the same 
exposure groups i n  both c i t ies .  Within the same exposure groups, oropharyn- 
geal lesions within 39 days of the bombing was  most associated w i t h  epilation 
and w i t h  purpura, and these associations were  a lso relatively high in the 
case of other hemorrhage, vomiting on the day of the bombing, nausea and 
fever. 

Tables 32N and 32H show the associations between the occurrence of 
epilation and/or purpura w i t h  the other symptoms. 
made on the tentative assumption that  the appearance of either one of these 
two symptoms was  evidence of probable radiation injury. 
lesions within 39 days of the bombing was  more highly associated w i t h  t h i s  
combination (epilation and/or purpura) than any other symptom i n  both c i t ies .  
In Hiroshima 35.79 of the cases w i t h  epilation and/or purpura had oropharyn- 
geal lesions. As compared with this, only 11.1% of the cases w i t h  neither 
epilation nor purpura had oropharyngeal lesions. 
these two percentages, (55.746 - 11.1% = 44.6$), is  highly significant s ta-  
t i s t ica l ly ,  the c r i t i c a l  r a t i o  being 36.6. 
percentages was also very large i n  Nagasaki (difference 40.7% and c r i t i c a l  
r a t i o  31.9). 
nausea were also highly associated with the occurrence of epilation and/or 
purpura i n  both c i t ies .  

Although some of the symptoms w e r e  highly associated with -each ,other, 
there appears t o  have been a considerable amount of variation between.,the 

In Hiroshima, 44.7% of the people 
85.8% of the people had ei ther  

one or both of these symptoms. There was a s ery rapid decrease in  incidence 

In  general, the decrease i n  incidence w i t h  decreasing exposure was more 

Cramps and bloody diarrhea shared l i t t l e  association w i t h  epilation or 
A l l  the other symptoms were 

These associations were 

Oropharyngeal 

'121e difference between 

The corresponding difference i n  

Other hemorrhage, vomiting on the day of the bombing, and 

r 
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individuals i n  the i r  sensi t ivi ty  t o  various effects.  For example, in ex- 
posure group A in Hiroshima, 255 people had both epilation and purpura, but 
179 people had epilation without purpura and 55 had purpura without epilation. 

general, those which were,met highly related t o  distance were the most 
highly associated with each other. Since m t u a l  cause generally produces 
association, t h i s  study of associations between the eymptams WEE made, pr i -  
mari ly ,  as an additional check m whether or not their occurrence was due 
t o  a mutual causative agent. 
the symptoms t o  distance. 
and indirectly in a t  leas t  four different ways, a l l  of which  were related 
t o  distance, i . e . ,  by the blast ,  result ing direct ly  or  indirectly in me- 
chanical injury; by heat, result ing in burns; by physical d6f3tructim of 
dwellings and community f ac i l i t i e s ;  and by ionizing radiation, which pre- 
sumably produced soms or  a l l  of these symptams. If one of these symptom6 
had been caused by burns, for  example, and another by ionizing radiation, 
they would both have been related t o  distance, but would not necessarily have 
been related t o  each other in any appreciable degree. 
that burns did not have very much influence on the  incidence of most of the 
symptoms. 
occurrence of epilation and purpura, a t  leas t  in v e t  instances. 
the radiation was  presumably the mutual causative agent, producing the as- 
sociations of other symptoms w i t h  epilation and purpura w i t h i n  the same 
exposure groups. 
evidence of the probable effects  of ionizing radiation. 

The incidence of a l l  these symptom was related t o  distance and, in 

The bamb i t s e l f  was  the basic c a w  relating 
But the bambing acted on the population directly 

But it has been shown 

It is reasonably certain tha t  radiation was responsible for  the 
Therefore, 

This is not presented as proof, but c d y  as additional 

. .  
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LABORATORY FINDINGS 

White Blood Cell  Counts 

White blood c e l l  counts were made on 3,429 people in  Hiroshima and 1,916 
The counts people i n  Nagasaki who were l iving twenty days a f t e r  the bombing. 

made during the f i r s t  few weeks a f t e r  the bombing were a l l  done by the Japa- 
nese. Later, counts were made by American technicians or by Japanese under 
American supervision. Their accuracy probably varied considerably. Many of 
the Japanese were well-trained and careful workers, but because of the short- 
age of personnel and f ac i l i t i e s ,  some counts were made by inexperienced peo- 
ple working under poor conditions. 

Tables 33H and 3 3  and figures l 3 H  and 1 3  show the main white c e l l  
counts and the number of subjects tested by weeks from the bombing and by ex- 
posure groups. Each count was made on a different individual. Week 1 i s  de- 
fined as the f i r s t  seven days following the day of the bombing; week 2 the 
next seven days, and so on. 

The lowest mean white c e l l  counts i n  exposure groups A,  By C y  and D i n  
both c i t i e s  occurred i n  the fourth week a f t e r  the bombing. The mean counts 
i n  exposure group A i n  the fourth week were 1,790 in  Hiroshima and 2,347 in 
Nagasaki. In  Hiroshima, the mean counts were below 5,000 i n  weeks 2, 3, 4, 
5 ,  and 6 i n  exposure groups A and B. The same was t rue in Nagasaki, except 
fo r  week 6 i n  exposure group A ( t h i s  exception being based on only 14 cases). 
The mean counts increased i n  each successive week a f t e r  the fourth week, and 
i n  weeks 9 and l a t e r ,  the counts averaged over 6,000 i n  a l l  exposure groups 
i n  both c i t i e s .  

In  Hiroshima, the counts reached a high point i n  the tenth week, (see 
groups A and B and groups C and D i n  figure la), decreased in  weeks 12 and 
13, and rose again i n  weeks 14 and 15. It is uncertain whether or not any 
significance should be attached t o  these fluctuations. In  a few cases i n  
which the white c e l l  counts were followed over a long period of time, there 
was a tendency for  leucocytosis t o  appear a f t e r  recovery from leucopenia be- 
fore the white c e l l  count f ina l ly  returned t o  normal. (See section 6 . )  
There were not enough counts made i n  Nagasaki in l a t e  weeks t o  indicate 
whether the same thing occurred i n  tha t  c i ty .  

for  week 4, week 5, week 6, and weeks 12 and over. 
and H are not shown on these figures because of the small number of cases i n  
the early weeks. 

The frequency distributions of white c e l l  counts i n  weeks 2 through 5 ,  
week 6, weeks 7 and 8, and weeks 9 and over by exposure groups are given in 
tables 34H and 34N. 
the counts were under 5 0 ,  3096 were under 1,000, 5746 were under 2,000, 7% 
w e r e  under 3,000, and 87$ were under 4,000. 
weeks i n  Nagasaki, the percentages were: 
under 2,000, 56$ under 3,000, ana 7 3  under 4,000. 
based upon counts made on 195 people in Hiroshima, but only 71 people i n  
Nagasaki, and so are  subject t o  a considerable sampling error  in  the l a t t e r  
c i ty .  
ce l l s  fo r  most of the groups), but standard deviations of t h i s  size have been 

Figures 14H and 1 4 N  show the mean white c e l l  counts by exposure groups 
Exposure groups F, G, 

In exposure group A ,  weeks 2 t o  5 ,  in  Hiroshima, 11% of 

For the same exposure group and 
under 500, 2@ under 1,000, 41% 

These percentages are 8 

The standard deviations of the counts were large (from 2,000 t o  3,000 
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reported for  other populations not exposed t o  radiation. 
age distribution curves plotted from these data are shown in figures 15E and 
15N. 
amined by the United States Public Health Service.* 

but few of these were done i n  the first f e w  weeks after the bombing. Tables 
35H and 35N show the resul ts  of the first and second counts made on the same 
individuals within two t o  six weeks of the bombing. 
twice i n  exposure groups A and B i n  Hiroshima, 119 had white blood c e l l  
counts under 3,000, 151 had counts under 4,000, and 17 had counts of 4,000 
or over both times they were examined. 
counts under 4,000 on the first examination, but counts of 4,000 or over on 
the second examination; and sixteen had counts of 4,000 or over on the f i r s t  
examination, but counts under 4,000 on the second examination. 
words, of 205 people examined, 151, or 74% had counts under 4,000 both times 
examined, and a t o t a l  of 188, or 92$ had counts under 4,000 on one or both 
of the two examinations. 

The data previously discussed on the time-trend of mean white blood ce l l  
counts by weeks from the bombing w a s  based upon counts made of different peo- 
ple i n  each week period. 
for  individuals examined within a f e w  weeks of the bombing, and re-examined 
several weeks la te r .  These figures substantiate the previous findings, i.e., 
tha t  recovery t o  normal levels generally occurred within two or three months. 
For example, white c e l l  counts were made on forty people i n  exposure groups 
A and B i n  Hiroshima, two t o  four weeks a f t e r  the bombing, and repeat counts 
made of the same for ty  people eight t o  ten weeks a f t e r  the bombing. The mean 
count was 2,390 in  weeks two t o  four and increased t o  7,395 i n  weeks eight t o  
ten. 

The white c e l l  counts returned t o  normal limits i n  the great majority of 
cases. Of 47 people in  Hiroshima with counts below 4,000 i n  week 4, only 4 
were found w i t h  counts below 4,000 when re-examined i n  week 9 and la te r .  
The maJority of these 47 people had counts below 3,000 (11 had counts below 
1,000) in  week 4, and most of them had counts over 6,000 on the l a t e r  examin- 
ation. 
counts being 1,000. i n  week 4 and 1,350 i n  week 9.  

had a count below 4,000 when examined i n  week 9 or la te r .  
had a count of 500 i n  week 4 and a count of 3,100 i n  week 14. 

Cumulative percent- 

For comparison, a curve i s  shown for  708 American truck drivers ex- 

Repeated white blood c e l l  counts were made on several hundred people, 

Of 205 people examined 

Twenty-one people had white c e l l  

In  other 

Tables 36H and 3 6 ~  give the mean white c e l l  counts 

Only one case had a count below 3,000 in  the l a s t  examination, the 

Of 34 people i n  Nagasaki who had counts below 4,000 i n  week 4, only one 
T h i s  individual 

't- 

White Blood Cell Counts i n  Relation t o  Burns 

I n  exposure groups A and B i n  Hiroshima, and exposure group A i n  Naga- 
saki, the white c e l l  counts made within two t o  six weeks of the bombhg were 
lower among people with burns than among people without burns. That is, the 
mean counts were lower and there was a large percentage of people w i t h  very 
low counts. 
and the reverse was t rue i n  some exposure groups i n  both c i t i e s .  
people w i t h  burns were probably less  shielded and received a somewhat high 
dosage of ionizing radiation than other people within the same exposure 
group. The higher susceptibil i ty t o  infection in  cases w i t h  burns may have 
further complicated the resul ts .  These factors, together w i t h  sampling vari- 
ation i n  the time when the blood counts were made, is probably sufficient t o  
account for the differences observed. 

(See tables 37H and 37N). But t h i s  w a s  not a consistent finding 
In'general, 

*See "Fatigue and Hours of Service of Inters ta te  Truck Drivers", U. S. 
'ublic Health Service Bulletin 265, Page 232, Government Printing Office, 191 



Differential  White Blood Cell  Counts 

Differential white blood c e l l  counts were made on 1,690 people i n  Hiro- 
shima and 1,022 people i n  Nagasaki who were l iving twenty days a f t e r  the 
bombing. The accuracy of the data varies considerably, as  some of the tech- 
nicians counted 200 cel ls ,  while others counted only 50 ce l l s  or less .  Only 
the percentages of each type of c e l l  were recorded on the forms, and these 
frequently did not add up t o  10%. 
sis i f  the percentages totaled less  than 9546 or over 10%. 

polymorphonuclear leucocytes, lymphocytes, and monocytes i s  given i n  tables 
38H and 38N by exposure groups and by weeks from the bombing. 
groups A and B from two t o  s i x  weeks a f t e r  the bombing, the polymorphonuclear 
leucocytes averaged 35.e  i n  Hiroshima, and 31 .6  in  Nagasaki. 
phonuclear leucocytes averaged nearer 5@ (the averages ranging from 44% t o  
5 3 )  i n  weeks 7-11 and weeks 12 and over, i n  a l l  exposure groups. A s  com- 
pared with this, the lymphocytes averaged 4 6 . 8  i n  Hiroshima and 45.5 i n  
Nagasaki in exposure groups A and B, weeks 2 t o  6, but averaged nearer 335 
(from 2 9 . 3  t o  36.546) during l a t e r  weeks in  a l l  exposure groups. The pro- 
portion of stab ce l l s  appears t o  have been higher i n  weeks 2 t o  6 than i n  
l a t e r  weeks i n  Hiroshima, but not i n  Nagasaki. 

There are no consistent differences in the mean percentages of mono- 
cytes i n  different weeks or exposure groups. The figures are  not very re- 
l i ab le  fo r  basophiles or  eosinophiles, since no ce l l s  of these types were 
reported for a large proportion of the cases, and mean percentages depend 
upon the small number of cases for  which these types were reported. 
the mean percentage of eosinophiles seems t o  have been less  i n  weeks 2 t o  6 
than in  l a t e r  weeks. 

c e l l  counts are given i n  table  39. 
and D, the percentage of polymorphs is positively correlated with the t o t a l  
white c e l l  count, (with a correlation coefficient of +.48 i n  Hiroshima and 
+.34 i n  Nagasaki), and the percentage of lymphocytes is negatively correlated 
with the t o t a l  white c e l l  count (correlation coefficient -.38 i n  Hiroshima 
and -.48 i n  Nagasaki). 
percentage of polymorphs is not appreciably correlated w i t h  the t o t a l  white 
c e l l  count i n  e i ther  c i ty ,  and the percentage of lymphocytes shows a s l ight  
degree of correlation with the t o t a l  white c e l l  count i n  Hiroshima only. 
The correlations i n  weeks 12 and over, exposure groups A, B, C ,  and D are 
intermediate between those in exposure group H ( a l l  weeks) and those in  weeks 
2 t o  6, exposure groups A ,  B, C,  and D. 

white c e l l  count in  weeks 2 t o  6, exposure groups A, B, C ,  and D in  Nagasaki 
(correlation coefficient +.34), but in the corresponding group in Hiroshima 
the correlation i s  negative t o  a very s l igh t  degree. 

.For a further analysis, the number of each type of c e l l  per cu. mm. of 
blood was obtained f o r  each case by multiplying the percentage of each type 
of c e l l  found i n  the d i f fe ren t ia l  count by the t o t a l  white blood c e l l  count. 
The mean number of each type of cel l ,  together w i t h  the standard deviation 
of the mean, is  shown in  tables 40E and 40N by weeks from the bombing and by 
exposure groups. The mean counts were lower i n  weeks 2 t o  6 than i n  l a t e r  
weeks f o r  every type of ce l l .  Polymorphs accounted f o r  the major portion of 
the decrease i n  t o t a l  white blood c e l l  counts. In  exposure groups A and B 
i n  Hiroshima, fo r  example, the mean number of polymorphonuclear leucocytes 

The records were rejected from the analy- 

The mean of the percentages* of basophiles, eosinophiles, stab cel ls ,  

In exposure 

The polymor- 

However, 

The correlations between each type of c e l l  and the t o t a l  white blood 
In  weeks 2 t o  6, exposure groups A,  B, C, 

A s  compared with th i s ,  i n  group H ( a l l  weeks) the 

The percentage of stab ce l l s  is posit ively correlated with the t o t a l  

++The percentages as shown on these tables do not add up t o  exactly low. 
This i s  partly due t o  the omission of the percentage of typical ce l l s  from 
th i s  table  and par t ly  t o  the inaccuracies previously noted. 
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was 1,019 in  weeks 2 t o  6, as compared with 3,777 in weeks 12 and la te r .  
Lymphocytes were relat ively less affected. For the same cases, the mean num- 
ber of lymphocytes was 973 in weeks 2 t o  6, and 2,022 i n  weeks 12 and la te r .  

Frequency distributions of the number of basophiles, eosinophiles, stab 
ce l l s ,  polymorphs, lymphocytes, and monocytes are sham in tables 41 through 
46. It w i l l  be noted that  in weeks 2 t o  6, the mhjority of cases are shown 
on these tables as  having “under 20“ basophiles, eosinophiles, and stab cel ls .  
Actually, no ce l l s  of these types were found among the 50 t o  200 ce l l s  ex- 
amined in the different ia l  counts in a large number of cases, but in  most in- 
stances th i s  was probably due t o  the counts being made on too small a number 
of ce l l s  rather than t o  the t o t a l  absence of these ce l l s  i n  the blood. 

The standard deviations+ of the number of ce l l s  were very large fo r  a l l  
types and, i n  general, were larger than the means, except f o r  polymorphs and 
lymphocytes. 

white cel ls ,  atypical lymphocytes, nucleated red blood cel ls ,  stippled red 
blood ce l l s  and reticulocytes were found. 
c i t i e s  a larger percentage of cases had yo- white ce l l s  and atypical l p -  
phocytes i n  weeks 2 t o  6 than i n  l a t e r  weeks. 
larger percentage of cases in  exposure groups A ,  B, C ,  and D, than in  ex- 
posure groups E, F, G, and E, regardless of weeks from the bombing. Rela- 
t ively few cases were reported with ei ther  nucleated red blood ce l l s  or  
stippled red blood cel ls .  

Tables 47” and 47N show the number and percent of cases i n  which young 

In  exposure groups A and B in both 

Reticulocytes were found in a 

Platelets  

Platelet  counts were made on 114 people in  Hiroshima and 130 people in 
Nagasaki. 
tween groups. (See table 48.) The mean p la te le t  counts were 90 ( for  5 peo- 
ple) in  Hiroshima and 95 ( fo r  6 people) i n  Nagasaki in  exposure groups A and 
B, two t o  five weeks a f t e r  the bombing. The mean counts were considerably 
larger in  l a t e r  weeks and for  less exposed groups. 

The number of cases was too small t o  make valid comparisons be- 

Sedimentation Rates 

In  Hiroshima the sedimentation rates  (mm. i n  one hour) were higher in 
exposure groups A and B than in exposure groups C and D, exposure groups E, 
F,  and G, or exposure group H. (See table 49.) The mean ra tes  were higher 
i n  weeks 2 t o  5 than i n  l a t e r  weeks. Relatively few sedimentation ra tes  
were measured in  Nagasaki, and the mean ra tes  do not show any consistent 
trends. 

Red Blood C e l l  Counta 

The mean red blood c e l l  counts of people examined during each week a f t e r  
the bombing, and in  each exposure group, are shown i n  tables 5OH and ?ON. 
In general, the counts were lower in weeks 2 t o  5 than i n  l a t e r  weeks, and 
the counts were lower i n  exposure groups A and B than in  l e s s  exposed groups. 
But the trends are  not nearly as  apparent as fo r  white blood c e l l  counts. 

Tables 5lH and 5lN show the frequency distributions,  means, and standard 
deviations of red blood c e l l  counts in  weeks 2 t o  5, weeks 6 t o  8, and weeks 
9 and over by exposure groups. Cumulative percentage distribution curves are 
shown i n  figures 1 6 ~  and 16m. In  Hiroshima, weeks 2 t o  5,  the mean red c e l l  

*The means and standard deviations were computed from the original un- 
grouped data. 



counts ( i n  millions) were 3.10, 3.43, 3.84, and 4.43 fo r  exposure groups A, 
B, C ,  and D, and E,  F, and G respectively. The differences between these 
means are  s t a t i s t i ca l ly  significant. Nagasaki shows less  consistent results.  

5 ,  weeks 6 t o  8, and weeks 9 and over, but too few people were examined i n  
some of the weeks t o  make rel iable  comparisons. 

There was very l i t t l e  difference between the mean counts in weeks 2 t o  

. _  - 
Hemoglobin Determinations 

Some of the hemoglobin determinations were originally recorded i n  grams 
per 100 cc. of blood, while others were recorded as percentages of normal. 
The percentages were l a t e r  converted into grams by multiplying by the factor 
14.3. 

each exposure group are shown 
tions are shown i n  tables 5 3  and 5 3 ,  and figures 173 and 17”. 
groups A and B i n  both c i t i e s  the mean grams of hemoglobin were higher i n  
week 9, and l a t e r  than i n  ear l ie r  weeks; but the means were s l ight ly  lower 
i n  weeks 6 t o  8 than i n  weeks 2 t o  5. 
ple  examined six t o  eight weeks a f te r  the bombing in  exposure group A,  ex- 
posure group B, exposure groups C and D, and exposure groups E, F, and G were 
8.73, 9.03, 9.83, and 11.31 respectively i n  Hiroshima, and 8.91, 9.52, 9.51, 
and 11.05 respectively i n  Nagasaki. 

of blood i n  exposure group H i n  Hiroshima, while 6.- of the cases i n  expos- 
ure group H i n  Nagasaki and less  than 8.0 grams of hemoglobin. A s  compared 
with th i s ,  i n  exposure group B, weeks 6 t o  8, 30.4% of the Hiroshima cases 
and 29.746 of the Ragasaki cases had less than 8.0 grams of hemoglobin per 
100 cc. of blood. 

The mean grams of hemoglobin f o r  people examined during each week in  
tables 52EI and 52N, and frequency distribu- 

In exposure 

The mean grams of hemoglobin fo r  peo- 

N o  cases were found with less  than 8.0 grams of hemoglobin per 100 cc. 

- -  
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The number and percentage of cases with white blood c e l l  counts under 
3,000 within 2 t o  6 weeks of the bombing among cases with each of the symp- 
toms, is  shown i n  tables 54H and 54N for  each exposure group. The cases as  
shown here a re  not mutually exclusive, and most of the cases, particularly 
i n  exposure groups A and B, had more than one symptom. In exposure groups A 
and B, lo.@ of the Hiroshima cases w i t h  no symptoms, and 23.19 of the Naga- 
saki uses with no symptoms, had white c e l l  counts under 3,000. 
with this, in  exposure group H ( a l l  weeks), regardless of symptom, no cases 
i n  Nagasaki, and only 1.g of the cases i n  Hiroshima, had counts below 3,000. 
(See tables 34H and 34N). 

A much larger percentage of the cases with symptoms had white c e l l  
counts under 3,000. 
purpura, oropharyngeal lesions (within 39 days), necrotic gingivit is ,  other 
hemorrhage, or vomiting (on the day of the bombing) had white c e l l  counts 
under 3,000 i n  weeks 2 t o  6. (See ''total" column on tables 54E and 54N). 
Most of these cases had more than one of the symptoms named. 

Tables 55H and 55N were designed t o  determine if any one of the f ive 
most indicative symptoms alone is sufficient evidence on which t o  base a 
diagnosis of radiation injury. 
counts under 3,000 is shown f o r  people w i t h  one, and only one of the five 
symptoms,* epilation, purpura, oropharyngeal lesions (within 39 days), 
vomiting on the day of the bombing, and other hemorrhage. Because of the 
high association of these symptoms w i t h  each other, re la t ively few of the 
cases had one of the symptoms alone. The percentage of cases with white ce l l  
counts under 3,000 was a great deal higher among people with epilation alone, 
or purpura alone, than among people with no symptoms in the same shielding 
groups i n  both c i t i e s .  People with oropharyngeal lesions alone, vomiting 
alone, or other hemorrhage alone, also showed a much higher incidence of 
white c e l l  counts under 3,000 than people with no symptoms i n  the same ex- 
posure groups in Hiroshima. In  Nagasaki these differences were not so pro- 
nounced. 

Tables 5 6 ~  and 5 6 ~  show the incidence of white blood c e l l  counts under 
3,000 by symptoms,.among people who did not have epilation, purpura, oro- 
pharyngeal lesions, vomiting, or other hemorrhage. I n  general, there was a 
high incidence of white c e l l  counts under 3,000 among people with these 
symptoms, than among people with no symptoms, though not as high an inci- 
dence as among people with epilation or purpura. 

two most specific symptoms of radiation injury, aside f r o m  laboratory find- 
i n g s .  
(within 39 days), vomiting on the day of the bombing, and other hemorrhage. 
On the basis of these findings, a l l  of the cases l iving on the twentieth day 
following the day of the bombing were grouped, according t o  the i r  symptom, 
into the following six classes: 

As compared 

In  both c i t i e s ,  over 5 4  of the cases with epilation, 

The percentage of cases with white c e l l  

The data thus f a r  presented indicate that epilation and purpura are the 

The next three most indicative symptoms are oropharyngeal lesions 

*These cases h@d only one of the f ive symptoms indicated, but most of 
these had some other symptoms as w e l l .  
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Class 1: 
Class 2: 
Class 3: 

Class 4: 

Class 5:  

Class 6: 

Cases with both epilation and purpura; 
Cases w i t h  e i ther  epilation or purpura, (but not both); 
Cases with neither epilation nor purpura, but with two or 
more symptoms, including a t  l ea s t  one of the t h r e e  symptoms; 

of the bombing, or other hemorrhage; 
Cases w i t h  neither epilation nor purpura, but with oro- 
pharyngeal lesions (within 39 dags), or vomiting on the 
day of the bombing, or other hemorrhage, but no other 
symptoms ; 
Cases without epilation, purpura, oropharyngeal lesions 
(within 39 days), vomiting on the day of the bombing, or 
other hemorrhage, but with one or more of the other symp- 
toms; i.e., diarrhea, bloody diarrhea, nausea, malaise, 
anorexia, cramps and fever; 

oropharyngeal lesions (with 39 days), vomiting on the day i 

Cases with no symptoms. 
Tables 57” and 57m show, fo r  each of the six classes outlined above, the 

mean white blood c e l l  count during weeks 2 t o  6, the percentage of cases with 
counts under 3,000, and the percentage of cases with white c e l l  counts under 
4,000. People with both epilation and purpura (Class 1) had the lowest mean 
white blood c e l l  counts in  weeks 2 t o  6, and the largest  percentage of cases 
with counts under 3,000; while people with no symptoms (Class 6) had the 
highest mean counts and the smallest percentage of cases w i t h  counts under 
3,000. 
t o  the mean white blood c e l l  counts and the percentage of cases w i t h  counts 

In  general, the six classes f a l l  in the order shown above i n  respect 

under 3,000 i n  weeks 2 t o  6. 
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DEATHS 

Individuals Who Died Twenty Days A f t e r  The Bombing or  Later 

O f  the 6,882 people examined in Hiroshima and the 6,621 examined i n  
Nagasaki who were l iving twenty days or more a f t e r  the bombing, 254 in  Hiro- 
shima and 174 i n  Nagasaki were reported t o  have died la te r .  It $8 probable 
tha t  other unreported deaths occurred in this group of -people, and some may 
have died as a result of radiation after the end of the survey i n  Japan. 
Furthermore, there w a s  a selective factor,  in that cases w i t h  radiation 
symptoms were more frequently followed up than cases without such symptoms. 
About half of these deaths occurred between the twentieth and twenty-ninth 
day a f t e r  the bombing, and most of the remainder occurred between the t h i r -  
t i e t h  and forty-ninth day. 
eight in Nagasaki were reported a f t e r  the eightieth day. 

In  Hiroshima, 194 ( 7 6 )  of the ha ths  occurred among people i n  ring 2. 
Two of the  people who died were in ring 4, one w a s  in ring 5, and none were 
in rings 6, 7, or  9. I n  Nagasaki, most of the deaths were 
among people i n  rings 1, 2, and 3, but f ive were reported in ring 6 and 6ne 
in r ing 7. 
outdoors or  i n  Japanese-type buildings; very few were in heavyttype buildingfa. 
Two cases i n  Nagasaki were reported t o  have been in bomb shelters.  
these was i n  the entrance t o  an a i r  ra id  shelter,  and the other was i n  a 
cave a t  a distance of about 500 meters. 

were recorded for  128 people who died on the twentieth day, or l a t e r  i n  
Hiroshima, and f o r  forty-five in Nagasaki. (See table  60.) Eighty-eight 
per cent of the cases in Hiroshima, and 8@ of the cases i n  ITagasaki had 
white blood cell counts under 3,000. Five cases i n  Hiroshima, and two i n  
Nagasaki had counts of 6,000 or over. 
made on each of these seven cases, and the counts may not have been made a t  
the time of greatest depression. 

ple who died on the twentieth day or l a t e r  is shown in table  61. Burns were 
reported for  2 3 . 6  of the cases in Hiroshima and 2 9 . 9  of the cases in  N a g a -  
saki, while mechanical injuries were reported f o r  48.4% of the cases in Hiro- 
shima and 46.64s of the cases i n  Nagasaki. Most of the burns and mechanical 
injur ies  would not have been very serious i n  themselves, but i n  many cases 
severe infections developed, presumably because of the low white blood c e l l  
counts. 

Both epilation and purpura were observed in 145 of these cases i n  Hiro- 
shima, and 55 i n  Nagasaki. Thus, of the t o t a l  number of people with both 
epilation and purpura who were al ive on the twentieth day after the bombing, 
31% in Hiroshima and 1% i n  Ragasaki died during the next f e w  weeks. 

had epilation and/or purpura. 
cases had neither epilation nor purpura, but had two or more symptoms, in- 
cluding one or more of the following: 
days), vomiting on the day of the bombing, or other hemorrhage. 

(See table 58.) Five deaths i n  Hiroshima and 

(See table 59.) 

Most of the people who died on the twentieth day or later were 

One of 

White blood c e l l  counts, made w i t h h  two t o  six weeks of the bombing, 

Only one white c e l l  determination w a s  

The incidence of symptoms, burns, and mechanical injur ies  among the peo- 

Eighty-nine percent of the Hiroshima cases and 71% of the Nagasaki case8 
In  Hiroshima, 5$1 and in Nagasaki, 14% ef the 

oropharyngeal lesions, (within 39 
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None of the symptoms under discussion here were reported for  five of t h e  

Five of them died on the s ix t ie th  day or l a t e r  
Hiroshima cases and four of the Nagasaki cases. 
scribed, br ief ly ,  as follows: 
following the bombing. 
foot wound, and another, although he had multiple lacerations, probably died 
of paratyphoid fever. 
three cases, and the causes of death are not known. They may have had symp- 
toms which were not recorded. O f  the remaining four cases, one died follow- 
ing a miscarriage; one died from a severely infected wound; one had multiple 
wounds, b u t t h e  cause of death was unspecified; and one died of infected 
wounds not caused by the bombing. 

of t h i s  study. 

These nine cases may be de- - 

O f  these five,  one died from blood poisoning from a 

The forms were not completely f i l l e d  i n  on the other 

.Autopsy findings on a number of these cases a re  described i n  section 8 

. 
I 

Individuals Who Died W i t h i n  Nineteen Days of the Bombing 

Records were made on 91 people i n  Hiroshima and 238 people in  Nagasaki 
Over half of these deaths occurred who died within 19 days of the bombing. 

within the f i rs t  nine days. 
64, and 65 are  not ent i re ly  reliable,  since much of it was copied from ear ly  
Japanese records made a t  a time of great confusion, and same of the cases 
were never seen by a physician, the records being compiled from accounts of 
survivors. 

o r  in Japanese-type buildings. Twenty-three of the Hiroshima cases, and 38 
of the Ragasaki cases were i n  heavy buildings. O f  the 35 cases in  Hiroshima 
on which white blood c e l l  determinations were made, 26 (74%) had counts un- 
der 3,000. I n  both c i t i e s ,  over half the cases had mechanical injuries,  and 
over half had burns. 
e i ther  epilation or  purpura, but many of them died before the usual time of 
onset of these two symptoms. 

(See table 62.) The data shown in  tables 63, 

Most of the cases were i n  rings 1 and 2, and a majority were outdoors 

Less than half  of the cases were reported as  having 
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The number and percentage of cases w i t h  each of the six combinations of 
symptoms previously discussed (see page 34) is shown in tables  66E and 661i. 
Figures 18H and 1 8 ~  show the same data i n  a s l ight ly  different  arrangement. 

purpura suffered radiation inauries. The incidence of such cases was high 
i n  exposure group A ,  and dropped very rapidly with decreasing exposure, as 
i l lus t ra ted  by l ine  I, figure 1 8 ~  and 18N. It i s  also reasonably certain 
(with very f e w  exceptions) tha t  cases with ei ther  epilation or purpura (but 
not both) had radiation injuries. The percentage of cases w i t h  epilation 
and/or purpura in each exposure group is i l lustrated by line I1 i n  figures 
1 8 ~  and 18N. 

injury among those with neither epilation nor purpura, but with two or  more 
symptoms, including one or more of the following: oropharyngeal lesions 
(within 39 dags), vomiting on the day of the bombing, or other hemorrhage. 
However, it is l ikely that radiation had l i t t l e  or no influence on the appear- 
ance of these symptoms in some individuals, particularly those a t  a consider- 
able distance from the bomb. 
purpura, or the l a s t  named combination of sgmptoma i n  each exposure group, is 
shown by l i ne  I11 i n  figures 18H and 18N. 

Probably f e w ,  if any, people i n  exposure groups A and B escaped injury 
from radiation, and it is safe t o  assume that most of the symptoms which 
occurred among people i n  these exposure groups were caused by radiation. 
But one or more symptoms, other than the combinations named above, undoubtedly 
occurred in  many people from causes other than radiation. Line  IV i n  figures 
1 8 ~  and 1 8 N  shows the percentage of cases with any symptoms i n  each exposure 
group. 
the people i n  Nagasaki had some symptoms. 

t o  have laboratory data as well as a description of the c l in ica l  symptoms. 
But laboratory studies were made on only a small proportion of the cases i n  
the two c i t i e s ,  and in  any repet i t ion of such bombing, it is unlikely tha t  
laboratory work could be accomplished on the entFre population of a c i ty .  
Therefore, it is of interest  t o  make a reasonable estimate of the number of 
cases w i t h  radiation injuries from the c l in ica l  symptoms alone. 

With t h i s  i n  mind, epilation and purpura may be defined as  specific 
symptoms of radiation injury. 
ing on the day of the bombing and other hemorrhage may be defined as  sugges- 
t i ve  symptoms o f  radiation injury, provided that a t  least one other symptom 
appears i n  addition t o  one of these three symptoms (or that two of these 
three symptoms appear i n  the same individual). 
almost certainly had radiation Injuries, and people with suggestive symptoms 
probably had radiation injuries.  
neither specific nor suggestive symptoms had white blood c e l l  counts so low 
as t o  indicate tha t  they probably had radiation injuries.  

It is  reasonably certain tha t  a l l  the cases w i t h  both epilation and 

The evidence indicates t ha t  a large majority of the people had radiation 

The percentage of cases with epilation and/or 

Even i n  exposure group G, 46qb of the people in Hiroshima and 2% of 

For a positive diagnosis of radiation injury, it is obviously desirable 

Oropharyngeal lesions (within 39 days), vomit- 

People with specific symptoms 

It should be noted tha t  some individuals w i t h  

Line 11 i n  figures 

I 
1 
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1 8 ~  and 18N shows the percentage of cases with specific symptoms of radiation 
injury i n  each exposure group, and l ine  I11 shows the percentage of cases 
with specific and/or suggestive symptoms. 

physicians i n  Japan are  show by exposure groups in table 67. 
t ive ly  l i t t l e  was known about the subject a t  that  t h e ,  no consistent s e t  of 
c r i t e r i a  were used i n  making these diagnoses. 

radiation injury, and tables 6 9 ~  and 6 9 ~  show the percentage of cases with 
specific and/or suggestive symptoms of radiation injury by distance and by 
shielding. 
symptoms among people outdoors shielded, outdoors unshielded, and indoors i n  
Japanese-type buildihgs. 
less among people i n  heavy buildings, and few cases occurred among people in  
bomb shelters or tunnels. 

The number and percentage of cases with each combination of the three 
types of injuries (radiation injuries,  burns, and mechanical injuries) are  
shown in table 70H and 70N.* 
ceived some injury; 2 0 . 3  received radiation in injuries only; 1.B received 
burns only; and 8.B received mechanical injuries only. 
radiation injuries,  burns, and mechanical injuries;  12.3% received radiation 
injury and burns only; 42.B received radiation injuries and mechanical in- 
juries only; and 0.9 received burns and mechanical injuries only. In ring 
1 in Nagasaki, 86.1% of the people received some injury, and a smaller pro- 
portion of these were f r o m  radiation, than in  Hiroshima. 

417 (8.B) were injured by radiation only; 1,186 (22.89) were injured by 
burns only; and 1,546 ( 2 9 . 5 )  received mechanical injuries only. 
saki, out of 4,117 people with some injury, 528 (12.89) had radiation in- 
jur ies  only, 608 (14.89) had burns only, and 1,248 (30.3) had mechanical 
injuries only. 

juries. 
these individuals who were l iving twenty days-after the bombing). 
viously described, the burns and mechanical injuries were classified as 
"moderate" or "severe" in each case. In order t o  obtain an estimate of the 
most severe type of injury in each case, the following arbi t rary c r i t e r i a  
were used. I f  an individual had one ty-pe of injury only, then that  was nec- 
essar i ly  h i s  most severe injury. Specific symptoms of radiation injury were 
considered t o  be the "most severe injury" regardless of burns or mechanical 
injuries.  
the absence of specific symptoms of radiation injury regardless of mechanical 
injuries.  
injury" in the absence of severe burns and'specific symptoms of radiation in- 
jury. If an individual had two or more types of injuries,  but did not have 
specific symptoms of radiation injury or severe burns, or severe mechanical 
injuries, then the "most severe injury" was considered t o  be suggestive 
symptoms of radiation injury, or moderate burns, o r  moderate mechanical in- 
jury, p r ior i ty  being given in the order named. 

Tables 71H and 71N show the cases classified by the most severe type of 
injury sustained by distance. Radiation produced the most severe type of in- 
jury i n  over half of the cases with injuries in rings 1 and 2 in both ci t ies .  
Mechanical injuries were the most severe ty-pe in  a majority of cases with in- 
jur ies  in rings 6 and 7. Among a l l  cases within a distance of 5,000 meters 
i n  Hiroshima, about the same number had radiation injuries and mechanical in- 
jur ies  as the i r  most severe injury, while burns were the most severe injury 

For comparison, the original diagnoses of radiation injury made by the 
Since rela-  

Tables 68H and 6 8 ~  show the percentage of cases with specific symptoms of 

There was l i t t l e  difference i n  the percentage of cases with these 

The incidence of radiation symptoms was very much 

In  ring 1 in  Hiroshima, 96.19 of the people re- 

Ten percent received 

Out of a t o t a l  of 5,200 people i n  Hiroshima who received some injury 

In  Naga- 

The figures just  cited do not take into account the severity of the in- 
Many of the burns and mechanical injuries were very minor (among 

A s  pre- 

Severe burns were considered t o  be the "most severe injury" i n  

Severe mechanical injuries were considered t o  be the 'host  severe 

*Specific and/or suggestive symptoms of radiation injury are  included 
under the heading "radiation" in tables 7OH and TON. 
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in  somewhat fewer cases. In  Nagasaki, radiation injury was the most severe 
type of injury i n  the largest  proportion of cases, mechanical injuries were 
the most severe type i s  somewhat fewer cases, and burns were the most severe 
type of injury i n  a much smaller number of cases. 

In  ring 1, radiation accounted for  the most severe injur ies  i n  the 
majority of cases regardless of shielding. Be- 
yond ring 2, the most severe injury sustained by a majority of the people 
depended upon the shielding. Among people outdoors unshielded, burns were 
usually the most severe type of injury sustained beyond ring 2. Among peo- 
ple outdoors shielded, each of the three types of injuries appeared with 
about equal frequency as  the most severe type. In  Japanese-type buildings 
and heavy-type buildings, mechanical injuries were usually the most severe. 
There were too few people i n  bomb shelters and tunnels in  Hiroshima t o  make 
valid comparisons; but in  Nagasaki, radiation produced the most severe in- 
jury i n  a majority of the cases with any injury. 

ent i re ly  of people who were l iving a t  l ea s t  twenty days a f t e r  the bombing. 
Burns and mechanical injuries were probably the immediate cause of death of 
a very large proportion of the people who were kil led instantly, or who died 
within a short t i m e  a f t e r  the bombing. Most of the people within a distance 
of 500 meters died, and a large proportion of them received such severe burns, 
radiation injuries and mechanical injuries,  tha t  they would have died from 
any one of these three caases alone. 

(See tables 728 and 72N.) 

Again, it should be emphasized tha t  the sample described here consisted 
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This section describes the findings i n  medical examinations of 6, 2 
people i n  Hiroshima and 6,621 people i n  Nagasaki, who were l iving 
twenty days a f t e r  the bombing. 
I n  Hiroshima, 33 .3  of a l l  the people examined had burns and 43.99b had 
mechanical injuries.  
burns and 3 9 . 4  had mechanical injuries.  
burns and the percentage of people with mechanical injuries decreased 
as the distance from ground center increased. 
Within a distance of 3,000 meters, 38.4% had burns and 48.4% had me- 
chanical injur ies  i n  Hiroshima, and 25.4% had burns and 46.q had me- 
chanical injur ies  in  Nagasaki. 
Shielding had a considerable influence on the incidence of burns, most 
of which were f lash burns. The following figures indicate the effect  
of shielding within a distance of 3,000 meters. 
were reported fo r  84.3% of the people outdoors unshielded, 27.3% of the 
people outdoors shielded, 13.3% of the people i n  Japanese-type build- 
ings, and 14.0% of the people i n  concrete, brick, and s t e e l  buildings. 
In  Nagasaki, burns were reported f o r  6 9 . s  of the people outdoors un- 
shielded, 28.4% of the people outdoors shielded, 17.% of the people i n  
Japanese-type buildings, 17.1% of the people i n  concrete, brick, and 
s t ee l  buildings, and 7 . 6  of the people i n  bomb shelters and tunnels. 
Mechanical injuries were caused, principally, by fa l l ing  walls and f ly-  
ing debris. The percentage of mechanical injur ies  was less  among peo- 
ple outdoors than among people i n  buildings. 
Ruptured ear drums were found in only 17 of the people examined i n  Hiro- 
shima and 22 i n  Nagasaki. 
Abnormal menstruation, apparently result ing from the bombing, was re-  
ported f o r  approximately 3 6  of the women in Hiroshima and 2 9  i n  Naga- 
saki, between the ages of 15 and 49, who were within a distance of 
5,000-meters. 
normal menstruation before the bombing. 
The following symptoms were studied: epilation, purpura, oropharyngeal 
lesions, necrotic gingivit is ,  diarrhea, bloody diarrhea, other hemorrhage, 
vomiting, nausea, malaise, anorexia, cramps, and fever. The incidence 
of a l l  these symptoms was related t o  distance. 
Epilation and purpura were reported in a large number of cases near the 
center, but i n  only a very f e w  cases beyond 4,000 meters. (See figures 
6H and 6N.) Theee two symptoms occurred more frequently among people 
outdoors or i n  Japaneee-type buildings than among people i n  concrete, 
brick, and s t e e l  buildings. 
cally appeared in from one t o  four weeks after the bombing. 

Vomiting occurred on the day of the bombing i n  most of the cases with 
t h i s  symptom. Most of the cases with oropharyngeal lesions, which ap- 
pears t o  have been related t o  the bombing, began w i t h i n  thirty-nine days. 

In  Nagasaki, 2 0 . 9  of a l l  the people examined had 
The percentage of people with 

(See figures 2H and 2N.) 

I n  Hiroshima, burns 

A considerable proportion of the women probable had ab- 
(See page 18.) 

(See figures 5H and 5N.) 

(See figures 1OH and 1ON.) Epilation typi- 
(See figures 

9H pN.) 
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The incidence of oropharyngeal lesions (within 39 days), vomiting on the 
day of the bombing, and other hemorrhage, was more related t o  distance 
than was the incidence of any of &he other symptoms, except epilation 
and purpura. (See figures 7H and 7N.) 
B u r n s  had l i t t l e  influence on the incidence of any of the symptoms l i s t e d  
above, (item 7).  
Epilation and purpura were more highly associated than any other pair  
of symptoms. Oropharyngeal lesions (within 39 days), vomiting on the 
day of the bombing, and other hemorrhage, were more highly associated 
with epilation and with purpura than were any of the other symptoms. 
White c e l l  counts of less than 3,000 ce l l s  were found in a very large 
percentage of cases tested from two t o  six weeks a f t e r  the bombing among 
people within a distance of 3,000 meters. The percentage of people w i t h  
very low white cell counts decreased w i t h  increasing distance and shield- 
ing. (See figures 15H and 1P.) The average white c e l l  counts were low- 
est i n  the fourth week after the bombing and increased i n  each succeeding 
week, generally returning t o  normal levels within ten weeks. 
ureB 1 3 ~  and 13~.) 
Differential  white blood c e l l  counts showed tha t  a l l  types of ce l l s  were 
affected, but a decrease i n  the number of polymorphonuclear leucocgtes 
accounted for  a major proportion of the decrease i n  t o t a l  white c e l l  
counts. Among people with considerable exposure t o  radiation, the per- 
centage of polymorphonuclear leucocytes was positively correlated w i t h  
the t o t a l  white c e l l  count, and the percentage of lymphocytes was nega- 
t ive ly  correlated with the t o t a l  white blood c e l l  count. 
Red blood c e l l  counts were lower i n  people near the bomb than i n  those 
a t  a greater distance and, i n  general, the counts were lower i n  weeks 
2 t o  5 than i n  later weeks. Hemoglobin de- 
terminations shared about the same trend with distance and shielding as 
red blood c e l l  counts. (See figures 17H and 1m.) 
Cases with epilation and purpura had much lower white blood c e l l  counts 
than people without these symptms. In  general, cases with oropharyngeal 
lesions (within 39 days), vomiting on the day of the bombing, and other 
hemorrhage, had lower white c e l l  counts than cases without these symp- 
toms. Some people re lat ively near the  bombing, and with l i t t l e  shield- 
ing, had white c e l l  counts under 3,000, but showed no other symptoms. 
Of the 6,882 people examined i n  Eiroshima and 6,621 people examined i n  
Nagasaki, who were l iving on the twentieth day after the bombing, 254 
i n  Hiroshima and 174 i n  Nagasaki were reported t o  have died la te r .  
Most of these died within f i f t y  days of the  bombing. It is  poasible 
tha t  other unreported deaths occurred among the people examined. 
of the deaths occurred among people w i t h i n  a distance of 2,000 meters 
who were outdoors or in Japanese-type buildings a t  the time of the bomb- 
ing. Epilation and purpura were reported in 8% of the people who died 
i n  Hiroshima, and 71% of the people who died i n  Nagasaki. 
of the remainder, who did not have epllation or purpura, had oropharyn- 
geal lesions (within 39 days), or vomiting on the day of the bombing, 
or,other hemorrhage, as  well as  one or more of the  other symptoms. The 
white blood c e l l  counts were less than 3,000 i n  weeks 2 t o  6 i n  over 
8@ of the people who died, (among those on whom counts were made). 

On the basis of the findings, epilation and purpura were defined as  
specific symptoms of radiation injury. 
39 days), vomiting on the day of the bombing, and other hemorrhage were 
defined as suggestive symptoms of radiation injury, provided tha t  a t  
l e a s t  one other symptom appeared i n  addition t o  one of these three 
symptoms (or  that two or more of these symptoms appeared i n  the same 
individual). 
of radiation injury and 2,171 had specific, or suggestive symptoms of 
radiation injury. 

(See f ig-  

(See figures 1 6 ~  and 1 6 ~ , )  

Most 

Almost half 

Oropharyngeal lesions (within 

In  Hiroshima , 1,363 cases examined had specif i c  symptoms 

In IVagasaki, 1,206 of the cases examined had specific 
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symptoms of radiation injury and 2,101 had specific and/or suggestive 
symptoms of radiation injury. Within a distance of 1,000 meters i n  
Hiroshima 91.3 of the people outdoors or in Japanese-type buildings, 
and 7 5 . 3  of the people i n  concrete, brick, and s t ee l  buildings had 
specific and/or suggestive symptoms of radiation injury; in  Nagasaki 
66'.8$ of the people outdoors,or in  Japanese-type buildings, 4 8 . s  of the 
people i n  concrete, brick, and s t e e l  buildings, and 27.4% of the people 
i n  bomb shelters and tunnels had specific and/or suggestive symptoms of 
radiation injury. 

Within a distance of 5,000 meters, 5,185 (77.&) of the people ex- 
amined i n  Hiroshima, and 4,107 ( 6 3 . s )  of the people examined in  Naga- 
saki had one or more injuries ( i .e . ,  radiation injuries,  burns, or mech- 
anical injur ies) .  O f  the people with any injury i n  Hiroshima, 7.@ had 
radiation injuries only, 2 2 . s  had burns only, and 29.M had mechanical 
injuries only; i n  Nagasaki, 12.& had radiation injuries only, 14.W 
had burns only, and 30.1% had mechanical injuries only. 
Within a distance of 1,000 meters, radiation produced the most severe 
injuries i n  a majority of the cases, with any injury, regardless of 
shielding. 
juries sustained by a majority of the people depended upon the shield- 
ing. In  general, burns were usually the most severe injuries among 
people outdoors unshielded and mechanical injuries were usually the 
most severe Fn juries among people indoors or outdoors shielded. 
I t  should be emphasized tha t  the sample described here consisted en- 
t i r e l y  of people who  were l i v i n g  twenty days a f t e r  the bombing. 
of the people within a distance of 500 meters died in less  than twenty 
days from the bombing; and a large proportion received such severe 
burns, radiation injuries,  and mechanical injuries,  tha t  they would have 
died from any one of these causes alone. 

20. 

A t  a distance of 2,500 t o  5,000 meters, the most severe in- 

21. 
Most 
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Table 1. Age and sex of indfviduals examined in Hiroshima and Nagasaki 
Who vere living tventy deys after the bombing:, 

Age 

Under 5 

5- 9 

10-14 

15-19 

#-2Q 

25-29 

30-34 

35-39 
40-44 

45-49 

50-54 

gpYjg 

60-64 

65-69 

70-74 

7 5-?9 
and 

$0 over 

P@ ta l  
bee 
Unknown 
Grand 
PotRl 

1 I 

167 4.7 174 5.3 341 5.0) 113 4.0 130 3.5 243 3.7 

359 10.1 449 13.7 g08 11.8 470 16.6 474 l2.g 944 14.4 

566 15.9 553 16.9 1119 16.4 898 31.7 1627 43.9 2525 3g.6 
473 13.3 412 12.6 8 8 5  13.0 260 9.2 3&1 10.3 641 9.g 

297 a - 3 ,  237 7 93 534 7.8 138 4.9 209 5.6 347 5.3 
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Table 2, Occupation of individuals examined in 
iliroshim and Nagasald who mre living 
*went3 days after the M i n g ,  

I c Occupation 
II I 

WNta CcJ3a.p 
exacutivo and 
Professional 1.4 17 0.3 
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Table 5Xe Individuals with Mechanical Injuriee by Type and Distance. 

Indlvlduals who were l i v i n g  twenty days af te r  t h e  bombing. 

.. 

Ring 
Dis tsnce 
(Meters)  

1100-1 50c 

1600-2ooc 

2100-25OC 

3100-400C , . -  

Total 

Indivlduele with both fractures bones end lacerations ere included in both 
cat mar ies. 
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Table 6. Humber and percent of people with moderate end severe mechanical injuries  by distance. 

Individuals who were living; twenty days a f t e r  the bombing, 

Modeta t e Severe Total 

I nJur i es Injuri er 

2 1100-1500 1125 323 28.7 348 30,g 671 59.6 

3 1600-2000 le24 450 24.6 384 21.1 S34 454 

700 156 n d 3  119 17& 2'15 39 .: 

9 Over 5000 319 2 ; 0.9 1 OB5 3 1.4 
Grand 
Total rC 6882 1600 2303 l h l 9  20-6 3019 43.4 

I 
Moderate 

Total Mechmical 
Bumber Injuries 
Of 
People Bo. % 

789 202 25.6 

1882 590 31.3 

1034 2341 22.6 

IAGASAXf 

Severe 
Mechenical 

InJim i e F 

Totel 
MecheniceL 

Injuries 
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Xing D l 6 t m C e  

t 
(Matere) 

1 0-1000 

2 1100-1500 

3 1600-2000 

4 2100-2500 

& 5  2600-3000 

6 3 1 O O - b O O  

7 4100-5000 

Totnl  0-5000 

9 Over 5000 
Crane 
b t a l  -- 

t l  L 

C E E  
Tot81 Wlth (Degree 0: k c 
Numbex Burns 19t 2nd 3rd known) 3 I 

Of 

Flost Severe Degree of Burn 
TO ta l  Tats1  &q 

Peoplq No, No- No. 4 Bo. I No. % NO 0 

49 - ,  
749 188 25.1 16 11.5 100 71.9 23 16.5 139 100.0 

1125 390 34.7 26 7.g 180 53.9 138 38.3 334 100.0 56 

1450 619 42.7 22 4.0 249 44.9 284 51.2 555 d 00 .o 64 

IS24 862 47.3 33 4.4 390 52.5 320 43.1 743 100.0 119 

700 is6 26.6 15 9.4 66 53 .g 59 36.9 160 100.0 26 

576 69 12.0 12 18.8 45 70-3 7 10.9 64 100.0 5 

239 1 0.4 0 0  0 0  0 0  0 0  1 

6663 ' 2315 34.7 124 6.2 1050 52.6 821 41.2 1995 100.0, 320 
\ 

219 1 0.5 0 0  1 100. 0 0  1 100.0 0 ,  

.71. 124 6.2 I 1051 52. 320 6862 2315 33 821 41.1 1996 

I I- 1. , ,, - 1  .\ is c ,b- (' I 

IIIROSHIHA 

TRble gE. Most severe degree of burn by distance. In this table ,  an Individual with 
1st .  2na. and 3rd degree burns is entered under 3rd d e g e e ,  t h i s  being the  
most never0 degree of burn sustained.  

Individuals who were l i v i n g  twenty d a y s  after t h e  bombing. 



BAOASAKI 

Table gn. Most Betere degree of burn bp bletmce. In thfe table, an 
lndtviduel vith late 2nd, and 3rd degree burn8 Is entered 
under 3rd degree: thla being the mont 6cvere degree of burn 
sueteined . 

Individualr who vere l iving twenty d.ay8 efter the bombing. 

Most Severs Degree of Burn Dagret 

(Degree Burn 
Unknown) Uakn 0" 

Totel Total I I To tal  of 

'd 

4 NO. 
I 

lYumber With 
Distance o f  Burns 1st 2nd 

Rrng (Meters) People 
Roe $ Xoe S BO. % 80- 

1 0-1000 789 179 22e7 l? 8.7 104 75.4 22 

2 1100-1500 1882 452 24.0 37 10.1 262 71.6 67 

3 1600-2000 1034 359 34.7 37 11.5 223 69 .o 63 

4 2100-2500 672 155 23.1 18 12.9 95 6g.t 26 

I t 

I, ,, p. I' -i I' *, */ 



1 [I L 

I.  

Ring 

1 

1 r1 ‘\ * :- 

Total (Ylth 
haown De Percen.t of Body Area Burnt 

Severe .ad Under 
2% - 9% 10% - 19% 20% 40$ h ever Dietance De@’ee Dura) 246 29% 30% - 39% 

(Metere) of 
Burn Bo. % No. % No. % ’ a0.l gs , WO, I mo, % wo, 42 ~ 

0 0  

0 0  n o  

1s t 5 7.2 3 9 -3  2 209 0 0  0 0  0 0  

20 1 1.4 0 - 1000 2nd 46 66.7 18 26.1 29 e 0  7 10.1 

6 8*7 5 7 -2  1 1.4 0 0  0 0  3rd 18 26.1 6 8.7 

HI ROSH I MA 

Di I 

Table la, Most Severe Degree of Burn by Percent of Body 
Area Burnt and by Distance. 

Individuals who were living twenty days after the homblng. 

f- c’ 
I 
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NAGASAKI 

Table 1OB. Most Severe Degree of Burn by Percent of Body 
Area Burnt and by Distence, 

3ra 

Total 

cn cn 

4 5.8 1 1.4 2 2,9 1 1.4 0 0  0 0 0 0  

3 4,3 0 0 -  69 100.0 24 34.8 23 33.3 13 18.8 6 8.7 

Ring 

4 

5 

3_c 

6 

Distance 
(Met  ere) 

2100-2500 

2600-3000 

3100-4000 

Individuals who were living twenty days  a f t e r  the bombing. 

Percent of Body Area Burnt 
I I I I I 

J I t' I !  . 0 4. ./ 
1: I 
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i fi .i ;7( 

67 
Tablc 11, Number and percent of persons with moderate end severe burns by distance, 

Individusle who were l i v i n g  twenty d a y s  a f t e r  the bombing. 

H IRO SHIHA NAGASA 

Distance Total Moderate Severe Total Total Moderate Sev 
(Meters) Number Burns Burns Burn8 Number Burns Bur 

of of 
People Bo. $ NO. % NO. % People No. 4% No. 

Ring 

1 0-1000 749 164 21.9 24 3.2 188 25.1 789 129 16.4 50 

2 llOO-l5OO 1125 225 20.0 165.. 14,t' 39 0 34.7 1882 335 17.8 $17 m 
4 

3 i6oo-;rooo 1824 432 23.7 430 23.6 862 47,~ 1034 211 p . 4  1413 

2100-2500 1450 270 672 85 12.7 7c , 4  18.6 349 24.1 619 $2.7 

5 2600-3000 700 108 15.4 78 11.2 is6 26.6 644 88 13.6 43 

, 6  3100-4000 576 59 10.3 10 1.7 69 12.0 1141 61 5.3 25 

9 219 1 0.5 0 0.0 1 0.5 194 3 1-5 C 
Orand 

fetal -- 6882 1260 lg.4 1056 15.3 2316 33.7 6621 927 14-t'l 4513 

7-i 
.,.Total 

18 

2.2 86 7.5 
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Head and Limbs 

kiic~d and Trunk 

Table 12, Parts of body burnt. This table includes only 
individuals with known l o c f i t i o n  of burne, 

875 36.4 379 26.8, 

44 1.9 35 2.7, 

Indioiduele  who were l i v i n g  twenty d a y 6  after the bombing. 

I PRrts of Body Burnt 
loo I 4 

1: 
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NAGASAKI - 
Table %4Ea Symptome by Ring, 

72.- 

Individuals who were living twenty b y e  after the bombing:, (continued on n e x t  psge) 

Rfng 

LI 

1 

2 

Dlntancs 
( Met ere) 

0-1000 

1100-1700 

3 I 1600-2000 

5 

6 

-4- 2100-2500 

2600-3000 

3100- 4000 

Total  

9 
G r p n d  
Total 

*Iucluciee necrotic gingivitis. 

"'Includes b t o o d y  aiarrhea. 

0-5000 

Over 5COO 

P- 

Orom 
TotRl pharyngeel Necrotic 

lumber Epllatlon Purpura Leelone Gingir l t ie  

I I I I 1 I I 

I I I I I I I I 

644 16 2.5 7 1.1 84 13.0 6 0.9 

1141 16 1.4 17 1.5 121 10.6 1 0.1 

I 
Other 

Zcrnorrhago 

2 8 )  2.5 

51; 1.9 

5101 7.7 

I, 



73 

no. 

371 

791 

378 

180 

137 

204 

23 

2084 

13 

2097 

I I 

4s 

47.0 

42.0 

36.6 

26.8 

21.3 

17.9 

8.7 

32.4 

6.1  

31.7 

I TOtR1 

223 

164 

537 

73  

54 

58 

10 

1119. 

2. 

Number 

'(Meters. People 
Ring I Distence I Of 

2g.3 

28.5 

15.2 

10.9 

8.4 

5.1 

3 .g 

17.4 

1 .o 

3. 0- 1000 769 

1121 

2 1100-1500 1682 
I I 

16.9 

19 7.2 2 0.8 6 

'4 ovexj 

71 
10.4 

~ 

6.2 
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- 1  

HIROSHIMA 

2 I s  4 

Table I5H. Effects on menstruation 

Distance 
(Meters) 

A. 
I I I I 

Abnormal 
Before and 

Totel After 
Number, Bombing 

Women I $ 
of 

4 e 

Ring 

1 0-1000 137 7 5.1 

2 1100-1500 327 49 15.0 

3 1600-2000 438 83 1S.9 

4 2100-2300 424 82 19. 

*Ages 15 through 49, postmenarche and premenopause (patients etatement) . 
Cases wlth incomplete information and cane8 of pregnancy omltted from t h i s  table .  



'. 
1 

B. 

R i n g  
___I 

1 

~~ ~~ ~~ ~~ 

5 6 7 8 9 

~ 

Abnormal Menstruation 
After Bombing 

No Effect Normal Unknovn 
on Before Before 

Menstruation Bombing Bomb iag Total T o t a l  
I I I 1 I 

2 

7 

4 

5 
6 

7 
' 0  t a l  

9 
:rand 
' 0  t a l  

7s 
NAGASAKI 

Table 15N. Effects on Menstruation 

1 
.~ 

2 1 3 1  4 

36.6 // 153 100.0 

'Ages 15 through 49, postmenarche and premenopause (patients statement) .. 
Cases with incomplete information and cases of pregnancy omitted froni t h i s  t a b l e ,  
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HIROSHIMA 
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I I I I I I Premature I 
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HIROSHIKA 

' Table IF ,  Day8 from bombfcg t o  on'eot of epilation, 
pwFuran oropharyngeal leeions, diarrhea, anc! vomiting:, 

fndivlduala who were l i v i n g  trtntg days e f t e r  t h e  bombing., 

*Day of onset shorn only for individuals within a distance of 5,000 
219 individuals beyond 5,000 meters (ring 9) meters (ring 1 - 7 ) -  

are omitted from this table ,  
78 



NAGASAKI 

911 533  1407 2141 Sysptom 
C a8 e s With- 

1051 

.out SYUlPt om 5516 5794 ?Om 4m6 5x76 

- 

-: . . 

Grand Total  6427 6421 

i. 

. ;  

6h27 6rr27 6427 

, 

.- 

Table 17ll.Daye f rom bombing t o  onset of epilation, pwpurao 
oropharyngeal  lesions, diarrhea, . a i d  vomiting. 

79 
--r 



I 

I 
I 

1 

Table 18, Mean dctys from bomblng t o  onset of  ep i la t ion  and purpura. 
Only cnsee with d a y  of onset known are included in this 
t a b l e -  

Individuals who were l i v i n g  twenty days Fcfter the Sonbin;?,, 

W 1 ROSE IMA NAGASAKI 
I I 

I 



I .. 

Table lglo. Vomiting, oropharyngeal. leeiona, and dlarrhea by day of onset  end by distsnce ,  

Individuale who vere l i v i n g  twenty days a f t e r  the honihlng, 

Ring 

1 

2 

1 
4 

F; 

6 
7 

,s 
Grand 
Tatnl 

0-1000 749 200 26.7 

t 
Oropha 

O n s e t  After  Onset Withb 
Dny of Bomb 39 DAYS 

m2 Le 

NO "  5 No, 8 
32 4.3 394 52.6 

t f  4.2 303 26.9 

65 3.6 214 11.7 

52 3.6 170 11.z 

23 3 . 3  78 11.1 

19 'I .4 26 4.5 



w 

K-2-  
NAGASKI 

Table lgN,Vomftlng oropharyngeal l e s ions ,  and dlarrhea by d a y  of o n s e t  and by dlataace. 

Xndlvfduals uho were l i v i n g  twenty daye a f t e r  t h e  bombing, 

I I I I 

Yomi t l n g  
'Onset ~ a y  Onset ~ t e r  onset 

Day of Bomb in 39 of Bomb Distance of ; I I 

2 1100-1500 1882 371 19.7 106 5.6 491 

- 3  1600-2000 1034 100 y ,7 51 4.9 154 

4 2100-2500 672 25 j e 7  33 4.9 79 

5 2600-3000 644 14 2.2 26 4.0 66 

6 I 3  100-40001 11411 101 0.91 411 3.61 76 
I I I 

To tal 0-5000 6427 670 10.4 308 4.8 1082 

9 Over 5000 1941 0 0  3 1.5 4 
rand I 

7 

I 

lropharyn geal 

With- Onset N t e r  Onaet Day Onset After 
Day8 39 Day8 of Bomb Day of Bomb 

$ No. 5 No. 96 floe 1 % 

Lesions Di nrrhea 

I 

. I  

I.' . I 



CD 
W 

9 
Grand 

HI ROSH JMA 

Over 5000 I 27 ,R 1z -0 - 

Table 2OH.Mean duration of -vomiting ( b e g i n u i n g  on day of bomb) 
lesions (beginning within 39 days, of bomb), diarrhea, and purpura by distance. 

oropharyngeal 

Individuals who were l i v i n g  twenty days after  the 'bombing. 

Tota l  -- 

I Mean Duration (In day61 

2.3 16.3 16.8 13.1 

.. . 



. -  

7 hiao-5000 

Total 0-5000 

=iZ-- 
Tot81 -I 

9 Cver 5000 
c 

NAGASAKI 

- 

Table mN,Mean duration of vomiting (beginning on day of the bomb), oropharyngeal 
l e s iondbeg inn ing  wi th in  39 day8 of b@mb),dlarrhea, and purpura by distance. 

6.8 6 . 3  I 

Individuals who l i v i n g  twenty days after the bombing, 

2.7 I 10.7 

D € s  tance 
Ring (Meters) 

1 0-1000 

10.2 17.1 

1600-2000 

Q 

2.7 

b -b-  2100-2 00 

17-9  .- 
10 -7  10.7 15.1 

5 1  2600- 3000 

*Cage6 without t h e  symptom or o f  unknown duration are omitted 
from this table .  

I 
, 1 



' r l  , 

0-1000 

1100- 1500 

l ~ - a o O O  

2100-2500 

2600-3000 

3100-4Ooo 

4100-5000 

0-5000 

Over 5000 

-0 

c 

570 434 76.1 310 54.4 356 62.5 61  11.8 301 52,s 66 11.6 240 42.1 

960 315 32-g 209 21.g 305 31.8 37 3.9 405 42.2 66 6.9 179 18.6 

1633 1% g . 9  73 h.5 225 13.8 10 0.6 613 37.5 90 5.5 100 6.1 
1415 68 4.6 26 L A  190 13.4. 10 1.1 508 35.9 93 6.6 94 6.6 

674 16 2 . b  12 1.6 82 12.2 1 O a l  251. 37.2 32 4.7 59 5.s 

548 1 1.3 7 1 . 3  26 4,7 0 0  124 22.6 13 2.4 22 4.0 

202 0 0  3 1.5 12 5,9 0 0  50 24,s 1 0.5 4 2 9  

0 0  1 2.2 8 17.4 0 0  0 0 4 g . 1  

I 
6002 985 16.4 640 10.7 1196 19.9 131 2.2 2252 37 ,s  361 6.0 678 

18 39@1 46 ------- 
6046 985 16,3 641 10.6 1 ~ 0 4  19.9 I 131 2.2 2270 37,5 361 6,o 682 lid 

Ring 

1 

2 

3 
4 

5 

6 

7 

To tal 

9 
Grand 
TbtnT. 

- 

Table 2~,Synptor118 by ring and shie ld ing  

Individuals who were l i v i n g  twenty dayft after the bombing. 

Includee necro t IC gingivitis 
+* Includes bloody diarrhea, 

*** Includea people indoor8 type of hul ld int :  unknown. 

i 



86 

1 

2 

3 
4 

5 
6 

- 7 

Tot81 

9 
Grand 

I 

Table aH,(cont Lnued) HIROSHIMA 

0-1000 570 163 32*l 210 36,s 272 47.7 285 50.0 - 22) 4.2 220 38,6 , 

1100-1500 960 223 23.2 293 30.5 486 50.6 1102 41.9 49 5.1 146 15.2 

1600-2000 1633 108 6.6 207 12.7 659 40.4 514 31.5 66 4.0 135 8.3 

2100-2500 1415 54 3.8 14s 10,5 675 47.7 b21 29.8 84 5.9 146 10.3 

2600-3000 674 17 2.5 52 7.7 261 '38.7 142 21.1 24 3.6 a 4.3 

3roo-b00 548 14 2.6 25 4.6 108 19.7 76 13.9 29 5.3  14 2,6 

4100-5000 202 0 0  12 5 *9 55 21.2 19 9.4 5 2.5 8 4. 0 .  

0-5000 6002 599 947 1tj.g 2516 41.9 1859 71 .o 28 1 4.7 698 11.6 

Over 5000 46 0 0  2 4.3 14 30.4. 4 8.7 0 0 2 4.3 . 

-- 60 48 9.9 ,949 15.7 2530 41,8 I is63 3 0.b 281 4.61 700. 11.6 599 
*+*Includes people indoor'Do type of building unknowno 



I I  L 

p7 
TebleZ111,{ continued) LIIRCSHINA 

Inc 1 lid e s ne c r o t i c gineiv 1 ti 8 .  

**Includes blaody diarrhea., 



03 
0, 

I 

6 

7 

To t a l  

9 
Grand 

3100-4000 13 1 7.7 2 15.4 6 46.2 5 38.5 2 17.4 2 15.4. 

3.7 1 3 . 7 .  

4.9 43 31.0 

b100-5000 27 0 0  1 3.7 4 14.8 6 22.2 1 

005000 391 67 17.1 80 20.5 192 49.1 152 38.9 rg 

0 1) 0 0  0 0  0 0  0 0  0 0  Over 5000 2 

393 67 17.0 60 20%4 ~ 192 48.9 152 78.7 19 4-8 43 e 



e
+

 



c ,
 



. 

Table 2l8 ( con t i nued ) H I ROSH IN A 

*lncluder necrotic gingivitir. 
**Xncludea bloodt. diarrhea. 



I '  

D, S h i e l d i n g  unknown, 
1 1 I 1 I I I 



I . ~ 

Or o ph 8ry n- 
geal Lesion, 
(kdi thfn  39 Necrot i c  Bloody 0 t her +* 

Tot a1 

Number Ep 1 1 B t 0 ft Purpura Days)* Gingivitie Diarrhea Diarrhea Herno rr hage , Ring Distance of 
(Metera) No, f NO. No. (% No. No. 5 No. 5 No. B 

1 0-1000 376 166 44.7 105 27.9 145 36.6  15 4.0 184 48.9 30 8.0 €3 16.0 

2 1100-1500 1125 335 29.8  213 1s.g 359 31.9 z4 2,1 L40 39.1 58 5.2 l56 13.9. 

22 3 1600-2000 872 111 12.7 7 7  8 . 8  152 17.4- 13 1.5 303 14J 49 5.6 65 ~ 7.5 
-______I------ 

.-. 4 2100-2500 515 37 7 a 2  20 3.9 74 14.4 0.8 175 34. 0 18 3.5 27 

5 2600-3000 569 12 2.1 3 0.5 6o 10.5 5 0.9 171 yl .1 25 4.4 16 2.15. 

6 3100-4000 931 12 1 .3  13 1.4 76 g.2 1 0.1 225 24.2 16 1.7 20 2.1. 

'> _ ,  I F  I 

NAGASAKI 

Table 21N.Symptorns by slng and shielding 

Indlvlduals who were l l v l n g  twenty days a f t e r  the bombing. 



Tnble 21BI ( continued) NAGASAKI 

A. Outdoare or  in Jawaneee tsue of buildinR.*+Q 

c 
0-1000 376 97 25.8 1 

Yorni t lng 

. 2 

3 

noo-1500 1125 2 5 ~  22.8 

1600-2000 872 97 11.1 

60 

50 

46 

' 
11.7 135 26.2 112 21.7 7 1.4 

. 8.8 122 21.4 100 17.6 1.4 

4*9 166 17.8 123 13.2 16 1.7 
1 

1 

162 

1.2 t 8.2 6 7.1 1 1.2 

16.2 1409 30.0 1204 25.6 94 2.0 

+*+Includes people tndoors type of bullding unknown. 

1101 9.8 

t 4  5.c 

? 24 4.i =!= 5 2.: 

. 
I 
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T o t a l  
Number 

(Meters) People 
Ring Distance of 

I 0-1000 303 

2 605 .1100-1~00 

3 1600-2000 88 

4 2100-2500 35 

2600-3000 30 

6 3100-boo 152 

7 4100-50~0 17 

T o t e l  0-5000 1230 

9 1 OW 5000 [ 4 

Table 211. (continued) NAGASAKI 

c 
I 

Anorexia Cramps 

No. % No. % 

109 36.0 16 5.3  

257 42.5 12 2.0 

28 31.8 1 1.1 

6 17.1 0 0  

28 18.4 3 2 .O 

1 5.9 0 0  

433 3 5 ,  2 32 2.6 

0. 0 0 0 

4331 35.1 32 2.6 

Fe 

ov e 
3 9 O  

NO. = 
26 

60 

6 

2 

1 

1 

1 

97 
0 

97 



v) 
-4 

Ring Distance 
( Meter a)  

1 0-1000 

2 1100-1500 

5 I 2600-3000 
6 ! 3100-4000 
7 I 4100-5000 

T o t a l  0-5000 

Table 21N. ( con t Lnued) NAGASAKI 

C.  Inddors - Bomb S h e l t e r  and Tunnel 

TO t 81 

of 
Number 

People No. 
Ep 1 1 a t  1 on 

7 9.6 13 

72 2 2.8 

47! ' l !  2.1 

,Orapharyn- 
~geel Leeiom 
(Wlthln 39 Necrot ic  

' D s y s )  * G i n g t v t t i a  

No. No. % 
, 

I 

16 21.9 2 2.7 

5 6,Y 0 0  

5 10.6 1 2.1 

0 0  0 0  2 0 0  0 0  

367 12 3 03 17 4.6 45 12.3 3 0.8 

*Incliides necrotic Gingivitis 
*'Include8 bloody diarrhea 

Bloody Other 

5 20.0 1 4.0)  0 0  
I 

0 0  0 0 1  0 0  

91 24.8 9 2.5 16 4.4 
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IRi; I Distance 
(Meters) 

0- 1000 

103 0 0 5 0 0 0 ,  0 0 4 -9 3 2 -9 0 

321 14 4.4 23 I .2 49 15.3 43 13-b 4 1-2 6 1 
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Table 22H.. Incidenoe of mechanical iq jur ies ,  burns, and 
(People in unknown direction or with unknown 

Individuals who were l t v i n g  twenty 

epilation ~p 6hection ana 'bp ring. 
ehielding excluded) 

d a y s  after the bombinn. 



P 
0 w 

Epilation 

Eo, 5 

7 300. 

7 3.6, 

5 2.0, 

3 1,8, 

13 7 e 5  

Table 2211, Incidenc 

P== Total 

HI ROSH I HA 

by direction Rnd by ring, 
(People in unknown direof ion or with unknown shielding excluded) 

Individuals who were l i v i n g  twenty d a y s  after the bouiblag, 

C. Indoorn Jappnese Buflding. 

Nscha 
Xuiber fnJu 

Peogle NO. 

123 til 

256 I 173 

64 f 91 
60 41 

73 56 

96 80 

49 3c 

826 59c 

of mechanical in jur ie s ,  burns, -nd epllet i 

I I I I II I I I I 

15 25.0 22 .4 18 lOe1 36.7 174 93 53 

12 16,4 239 n6a 67.b 27 1 ~ 3  29 39.7 

83.3 13 13.5 51  53 .i 227 173 76.2 24 10.6 

61.2 8 16.3 17 14,7 162 103 61-6 13 10s 

?104 130 1 5 7  396 47.9 1646 1060 64.4 200 12,P 

7187 

76 b 7  

1 
I .. 

407 



FIAGbSAKI 

Table 22E. Incidence of mechanical lnJurier, burns, -4 epilation by direction end by ring. 
(People In anknown directlon or wltb unknom shielding excluded). 

individuals who w o r t  living twenty d a y 8  after the bombing, 

A, Outdoors unsbielded 



P 
0 wl 

I 
4 

Table 22N. 

105 
N A G A S S  I 

1 

Indidence of mechanicel in.jnr1t-t;. h i m s C  end epilation by direc t ion  and by ring, 
(people in unknoun dlrectlcn or w l t h  snknoun Bhielding excluded). 

Indiv iduals  rho v e r ~  ?!.v)ng twenty days after t h e  bcmbing. 

E. O u t d o o r s  s h i e l d e d .  

I Rings 1 and 2 I 
I 1 I 1 1 

I Mechanical. 
u B u r n s  Epilation o Number Infuries 

Q People  NO. I $ No* 1 % No* % 
of 0, 

k 
.A 

1 3 1 33*3  1 33.3 2 66,7 

2 15 3 20.0 2 13.3 4 26.7 

3 33 20 a.6 12 36.4 8 24.2 

4 13 3 23.1 3 23.1 5 3g.5 

R i n g s  3,  4 and 5 

Mechan f . ~  21 
Number1 Xnjuries I Burns I Epilaticn I 
People V I  No. k No. (R NOQ % 

2 25.0 0 0  0 0 ,  a 
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1 NAGASAKI i 

Table 2419, Symptoms by ScR and Exposure OFoupe. 

Individudr who were living twenty day8 after the bombing. 

Diarrhea s9 46.6 95 5 1.1 272 39.3 305 39.5 f 

Hemarr ha ge 27 14.2 33 17.7 97 14.0 io4 i ~ f i  87 R-4 97 7 -6 

5 3  106 93 9 28.5 15.6 215 27.8 .O 192 14.8 8 0 .9  30 2 4 of Bomb y+ 23.2 
Nausea 49 25.8 69 37.1 163 23.6 274 35.4 160 15.5 268 20 .6 , 53 6.1 83 6,o 

37 5 93 49 54 4.2 24 2.8: 43 5.6 4.8 34 Bloody 
Diarrhea 14 7.4 16 8.6 
.Other 

Volaitiiig Day 

? h  

7 9  3Fi 2.5 28 _ - -  

Malaise gg 46.3 85 45.7 293 42.3 354 4 5 , ~  371 36.0 472 36.3 IS3 21.2 238 ..&LJ 

214 15.4 Anorexia 71 37.4 S9 47.8 241 34.8 320 $1.4 263 25.5 429 33 .O 106 12.3 

Cramps 3 1.6 11 5.9 19 2.7 30 3.9 12 1.2. 28 2.2 7 O& 26 1.9 

Fever 25 13.2 23 12.4 67 9.7 7 3  9 .4 51c 5 3  86 6.6 1 32 '1-7 
thin 39 deye) 

4 
1 

., . - 
" I ' 4, 



HIROSHIXA 

Table 2 9 .  Symptoms by Age and Exposure Groups 

\ 

I n d f d d w l r  who were l i v i n g  twenty daya after the bombing -., 

@ Vithia 39 d y ~  



Table 25E, Symptoms Ets Age and Exposure Groupe 

Individuals who were livlng 20 day9 after the bombing. 

3 12.0 41 29.5 290 3 7 ,  2 43 25.9 5 5  0.0 382 3 4.1 

. G i x i v i  t i s  0 0  4 2.9 35 44 5 5 3.0 1 1o;v 45 4, ( 
be cr o t 1 c 



b I 
k? 

8 .  

Pumura 
Or og ha rytg eel 
Le8 ions 
Necrotic 
Gfnglvftie 

Diarrhea 
Bloody 
Diarrhea 
Other 

pf Bomb 
Vomiting Day 

Nausea 

Malaise 

b o r a x  fa 

b m D 9  

Pever 
Withih 39 -a 

I IS 
HtROSHIEUL 

x 1-0 8 1-7 105 4-5 24 4.8 1 1l.f. 1 39 4.1 

4 '1.8 42 8.7 '156 115.3 71 14.1 1. 11.1 474 11.9~ 

5 1.0 0 0 0  4 0.8 27 1.2 0 36 1.1 

49 47.1 143 29 .7 676 '37.6 182 36.8 5 5  5.6 1255 3 6 , ~  

9 8.7 16 3 .3  143 6.1 30 6.1 1 3f.3 201 5.9~ 

0 0  30 fie? 167 7.2 27 5.5 1 225 6. 6 

4 3  8 44 9. 1 114 4.9 25 5, l  0 0 187 5.2 
7 6.7 55 1x0 4 280 12.0 50 10.1 0 0  392 11 5. 

17 16.1 143 29.7 749 32.1 123 24.8 1 11.1 1033 3 0.2 

2 1 1 0 6  2 25, 5.L 2 23 2 316 q z  

13 12.5 144 29.9 1112 47.7 213 43.0 2 22,a 1484 43,4 

3 2-9 31 6.4 105 4.5 20 4.0 0 0 159 4.6 

Table 25Ee Symptoms By Age and Erpoaure Groups 

Indlridualr who were living twenty day8 after the bombing 



HIROSBIMA I ICB 

Table 25H. . Symptoms €ly Ag% and Exposure Groups 

Inaividusle who were l i v i n g  tventy days after the bombing 

I, ?! *: 
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&b&e 2611, The Incidence ofeymptoms emong peoplo with burns a6 compared with the 
.ioblbsncc of eymptoms among people without burns by exposure voups. 

fndividusle  who were living twenty day"baf'8qr the 'bombing. 

I I1 

r 
Purpura 26 21.1 79 31.2 53 14.9 
Oropharyngeal 

Necrotic 
Lesions' 42 34.1 103 40.7 118 33 .2 

GI ngiv it 1 s T 4 b 1  a 2.1 
1' 

Pi srrh ea 55 44.7 1 3  fir .Ov .147 41.4 

Diarrhea 4 3.3 26 io,3 23 6.5 
Bloody 

Other  

+(Within 39 d a y s )  

Groap B 1 Expogture heups d & D r Exposure Groups B.F,Q - 
I I  I I I 

Yl th 
Without Burns 11 Burns 

57 5.1 P8 k.3 

153 13.8 55 8.4 

250 22.5 94 1.4.4 

Without 11 i; 
Burns 

170 10.1 

* 1 1 119 

th wi 
rns B 

% RO. 

100.0 2004 

4.8 26 

2.g 23 

12e4 172 

1.2 5 

29.6 471 
4,,0 48 

I 2 55 

1.2 35 
- 

3 3  0.0 126 19.3 302 18.0 27 10.8 109 5 .k 
491 44.2 267 40.8 576 34.3 gs 35.2 333 16,6. 

426 3a.4 226 34.6 466 27*g 61 24, .4 259 l.2.9 

31 2.8. 15 2.7 25 1.5 3 1.2 30 IO5 

94 6.5 40 6.1 100 6.0 22 8 .tz 47 2 0 s  

* I  
1 I r ' !  

?' 



Table 278, The number of l n d i o i d u e l s  with each pair of symFtoms. 
(6663 t n d i v l d u e l s ) .  The red figures tn the dinigoncrl of t h e  table are the t c t a l  nlun?er ef 1ndIvi.dadr 

People vithin a d i s t a n c e  of 5000 mcterr 

- - w i t h  each sinKle symptom. 

Purpura 
Orovtiar n ea1 

kecro t i c  
C i n f i l v i t l b  

Diarthea 

Lesions ; i e  

!ndividualti  who verc l i v i n g  twenty days after the botching. 

Number of Individual9 

47t 
6 2 ~  

101 

57s 

r 

Bloody 
DiarPhea 
Dthet ' 
demor r b g e  

Yoml t iag, 

Ueusea 

1 6  

12c 

3el 

39: 

451 

.. 
Sy m p  t bme 

1102 

Hslaioe 

Anorexia 

rover I 349 
'(Within 39 deys) .  

1.: I a l  1 I 9 

* 
2 6  

1- 
399 14 8 
1043 208 

2QQ 44 

387 51 

443 49 

645 93 

1398 194 

2058 166 

166 301 

59 



NAGASAKI 

Table 2fJI, The aunber of individuals with each pair of symptoms. 
(6427 indivirluals). The red figures in the diagonal of t h e  table are t h e  t o t n l  number of inrIividuel8 
with each single symptom. 

People within a Rfstence of 5000 meters 

fndividuah who were living twenty days efter the bombing, 

2% 

421 

634 

1107 

1733 

L 

sa 
0 
4 
Y 
at 
c( 
4 

Symptoms 

Ej" 

911 Epi 18 t, ion  

16 106, 

26 101 

17 147 

' 74 224 

/ 

69 216 

I Puraurn I 338 
I Oropharyngeal I 

L e s i o n P  ~ I 475 
Necrotic 
G i n g i v i t i s  

Bloody 
Disrrhes 
Other I 
Henrorrhage I 216 

I 
Vomit l n g  1 293 

I Nausea I 351 
Mnlefse, 

An0 r ex i a 

I Cramps I 45 

149 Fever 

*(Within 39 daye)  
120 
7 

475 49 

422 41 
1279 - 

- 80 

642 36 

99 15 

'330 30 

319 22 

449 27 

723 46 

603 36 

53 2 

192 14 

Number of Indfvlduale 

2 

2 

293 

21 7 

lirq 

.r4 
u 
*( 

3. 

22 

374 

47 

137 

7Lj 

-3% 
436 

421 

26 

101 

2+ 
27 46 

598 1040 z 111 666 

666 

634 

2084 

1107 

147 224 

I h  * I 
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NAGASAKI 

T e b h  2g3, Critical ratio6 of the difference between the expected end obrerretd number uf individual8 
with each paat of eymptom6, People within 8 3istance of meters (6427 indivldualr), 
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I 
c 

Y '  I '  
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Table 291. Association of Symptoms (Aa metmure8 by 
a distance of 5000 meters (6427 individuals) 

) People within 

IndiVIdurtl8 who were living twenty d a y e  after the bombing, 

Symptom 

Epilation 

Purpura 
Dropbaryngeel 
L e  s i  onsB 
Necroticr 
Gingivf t ir  

Diarrhea 
Bloody 
Diarrhea 
Other 
He mo rr hage 

Vomiting 

Nausea 

Mala i Be 

Anorexia 

Croapr 

Borer 

I I I f 

+.32 I + . 3  d - I  - I + . I I  -+ t.10 t.18 

t.191 +.26 

-Y- +a12 +.1c 

t.06 +.I] I 
t . o q  +.2( 

t*21/ "'1 t.231 +.4/ +.2: 
+.08 P . 0  t o 0 7  +.oo +.lJ 

4 

I 

+.d t.14 

+.lo! t.11 

t.101 +.01 

+.261 +.2j 

4 ,.25 +.2: 

+.21 +.2: 

+.a6 +.O: 

t.13 +.2c 

c.04 +.IC 

+.14 + . l t  

- - 
- - 

).11] +.I: 

C.27 t.31 +.16 +.l> 

- +.41 +.1B +*l3 

+.41 - +.m +.16 

+,16 + , 0 8 ,  - +.O4 

t.1) t.16 +.04 - - 

I I 
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11 

fa? - 
HI ROSH IF44 

Table JOH, Aasoclation Of epllntlon end purpura by exposure g r o u ~ s .  

h d i v i d u r t l e  who were living twr?nty days  after the bombing, 
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I-J w 
I-J 

Group 

A 

0 

c 

D 

E 

F 

G 

Totnl. 

H - 

I. I 

~ 

Total 

Individuals who were living twenty days a f t e r  the bonbing.  
I 

Oropharyngeal Lesi on8 T o t P l  hphorynges l  Leeions 
+ 

With With U i  thou t 2 With With Wi thotrt cd 
0 0 Purpur8 Purpura 0 

Tot a1 
Piirpura 4 0  Epilation Epilation E p i h t i o n  

of - c 6  2: - +  2 5  
People No, No. $ No,. $ vffi Noe ’$ No, $ Bo. I $ o =  

570 434 76.1 298 52.3 56 10.2 f .23 5 . 5  310 54.4 241 42.3 115 20.2 t44 8.2 

1119 400 35.8 238 21.3 144 12.9+ ,40 13.3 262 23.4 18h 16.4 198 17.7 t .42 14.1 

lg17 172 9.5 57 3.1 210 11.6 t.17 7 0 2  106 5.9 54 3*O 213 11.7 t.25 loo? 

1604 73 4.6. 29 1.8 178 11.1 +.l5 6.0 31 1.9 18. 1.1 IS9 11.8 k 1 9  ~6 

711 17 2.4 5 0.7 81 11.4 t.08 2.2 13 1.8 4 0.6 82 11.5 0 . -  
575 7 1.2 1 O e 2  31 5.4 * - 8 1.4 4 0.7 28 4.9 0 - 
264 0 0  0 0  1~ 6.4 - * -  4 1.5 1 0.4 16 6.0 0 - 

219 0 0  0 0  13 5.9 - - 1 .5 0 0  13 5.9 - 
6663 1103 16.6 628 9.4 719 10.8 +3+i 33.2 736 11.0 506 7.6 841 12.6 k 4 3  34,s 

I J  a 

*Incluilas only oropharyngeal lesion8 occuring within 39 d a y e  of t he  bombing, ‘ 



TBhle 31H0 Assoc-atlon a f  Necrotic Gingivitis with epilation and purpura 
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HIROSHIMA 

Table 31#. Assoc1a.tlon of Bloody Diarrhea with epi lat ion and pur pur^ 

IndividuPslR who were l i v i n g  twenty days after the bombing. 

by expoeure greupe. 



I 

I 

1 " ,, f i  1 

Tebls 3lH. AsRociRtion of Other l-lemorrhage w i t h  epllatlon and purpura 
by exposure groups. 

Individuals who were living twenty d a y s  after the %ombinge 

Expo su r 
Group 

A 

B 

To tal 
Number 
Of 

People 

570 

1119 

Total 
W f  th 
EpilRtlon 

No 

434 

400 

- 
% 

76.1 

35 .g 

I_ 
I_ 

- 

9 65 

4.6 

2.4 
- 

I 

F I 575 

G 267 1 

Other Hwaorrh; 

137 12.2 

17 1.1 89 5.5 

1 0.1 3g 5.3 
1 0.2 23 4.0 

01 0 5 ! 1.2 

384 I 5 3  372 5.6 

a 1 3.7 

R 

f 024 - 
+ -23 - 
+,11 

+.T5 

6 #9 

8 .I 

9 t.9 
- 
- 

I 
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HI ROSH IMA 

Table )lH. Association o f  Nanoea witti epilation and purpurr! 
by e q m s w e  y,rolips. 

Indiv ldu .o l  o who were l i v i n g  twenty days a f t e r  t h e  bombing, 

Naue ea 
T o t o 1  
With 
EDt l a  t i on 

Total 
lIumb,cr 
of 

People 

570 

With  W i t ho 11 t 
Epilation Epilption 

With With W i t h o u  t 
Purpura Yurpurr, Purpura 

I I 1 Expo Bur e 
Group 

No. % No, $ No, % 
310 54.4 124 21.8 86 15.1 % +,16 5.3 

177 31.1 33 5.8 t.15 

197 17.6 153 13.7 +.29 

J -5 

9.1 1119 2$ 
2.4 

I C  6.1 t.12 5.0 

1604 

711 

21 1.3 134 S . 4  +.14 

5 0.7 47 6.6 - 
3 0.5 23 4.0 - 
0 0  15 5.6 - 

5.7 D 

E - I  - 
I 

7 I 1.2 

t e 2 2  16.0 + I 

I 1 0.2 25 4.3 8 1.4 575 

0 0. 267 
6663 

219 

736 11.0 283 4.2 762 11.4 

0 0  6 2.7 1 .S I -  



l l  

Zftble 3lX, Asbeciation of Malal8a with epflation and purpura 
by sepoglurr? groupe. 

tndividuale who were l lo lag twenty dwr: efter the bombing, 

i '  I! 
. I  



0 . . 

Expo sur e 
Gronp 

P 
W 
\D 

C 

D 

E 

f 

G 

Total 

If 

Total 
Number 
of 

People 

570 

1119 

1817 

1604 

575 

6663 

219 

7- 

HIHOSFiIMA 

Tebla 31% lasoc iat ion of Anorexia w i t h  epilation and purpura 
by exposure grouns, 

Individuela who were living twenty days af ter  the bombing. 

Anorcx i P Tatcal 
Pi W,ith W l  th 1 WlttlOUt Q 

7 I 1.21 41 o.71 75 I 13.01 - 0 

I I I I I 1 

hnQrt?XlR 
.- 4 

CD 
T o t a l  
With With W i t h o u t  .. 



I 
I 
i 
I 

I 

I 

HIROSHIMA 

Table 31H0 Association of Cramp8 with epflatfon and purpur& 
by exposure g r o u p .  

Individual8 who ware l i v i n g  twenty deye after the bomhlng. 

I I! 



I 1 . L 

H LROSHIMA 

Table 3 l R ,  Associetion of Fever ( 3 9 O  or o v e r )  with epilation find purpurn  
by exposure groups. 

I n d l V i d u a l 6  who were living twenty days after t h e  bombing, 



Table 31N, Association of Oropharyngeal lresions* with epi lat ion end piirpira 
by e~rpoaure groups. 

*Hcc Lades on ly  oropharyngeal l ee ions  occurin(: wi th in  33 days of L : I P  houihing, 
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NAGASAKI 

Table 3lN. Associ~tion of Bloody 9larrhea w 
by expoeure groupe. 

th eFil:? ti on pnd yurFitrR 

Individual6 who were l i v i n g  twenty days after the homblng, 

Bloody Diarrhc,n Total 
I 4  

R 
u 

Total h i t h  With Wk thout 

People No. % No, $ No. I k 
4 z.2 

Exposure Number Epilttt ion Epilation Epilation 
Group of --4c, h a  

va:  

C I 1630 I 241 

F 1091 l a  

Total 

I 

44.7 13 3.5 17 4.5 - .oo 002 

27.9 35 2.4 45 3.1 4- .08 J02 

7.8 2 003 25 3.6 - .oo 0.1 

2.3 1 0.2 28 4.2 - - 

Bloody Diarrhea T o t a l  
\.li th With w i t h o n t  
Purpur8 P u r p u r 2  P u r p u r p  

4 
a) 
0 

198 12.1 22 1.3 54 3.3  t . 1 1  4.6 

7 1.1 1 0.2 28 4.2 

18 1.6 2 0.2 18 1.6 - 0 

9 L 5 1.0 0 0  1 .g m 

I 

6 3 )  9.S 70 1.1 201 3 * l  t e l l  9.0 

0 0  0 0  1 0.5 .IL 



Tnbla 3 lB .  Aesoclntlon of Hemorrhnge with epilation and purpiu'a 
by exposure groupa. 
Indivldnels who were living twcntv day8 after the bombing, 

I .. . I I) 



r 

147 



a8U88a 
. Total 1 rl 

Total With W l  th WLthout (d Uith With W i  thont cr) 

Waue e8 

u 
#-I 

To tal 

Z 0 Purpura Purrpure Purpura 4 0  + 23 Exposure Number Epilation Epilation Q l l a t i o n  d . 4  
4 a  (b Sd - N o a  $ No. % ma. (s * 

Group of 
People No, $ No. k m a  % 

A 376 44.7 70 18.6 48 12.8 $- .a 3.9 105 27.9 51.13.6 61 17.1 +,23 4,5 

B 1465 Lo9 27.9 168 11.5 269 M . 4 +  .15 5.9 264 18.0 124 8.5 313 21.4 t.16 6.7 

C 1630 241 14.8 85 5.2 255 15.6-k.15 6,o 19s 12.1 79 4.8 261 16.0 f o l g  7,4 

n 702 55 7.8 20 2.8 68 9.7 + 5 0 6  36 5.1 14 2.0 74 10.5 +.ig 4.9 

15 2.3 4 0.6 54 8.1 - .. 7 1.1 2 0.3 56 6.4 c - E 663 
F 109 1 18 1.6 3 0.3 52 4.8 - - 18 1.6 4 0.4 51 4.7 P - 
Q 500 1.0 1 0.2 22 4.4 - - 5 1.0 2 0.4 22 4.2 - - 5 

- 

Total 6427 911 14.2 351 5.5 768 11.9 +.2j 18.2 633 9.8 276 4.3 g43 13.1 +,23 18.3 

2 1.0 - 01 0 0  0 0  2 1.0 - ” H 194 0 0  0 0  

. T li 1. “I, 13 
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I 1 

376 1681 44.71 90 I "  1 I 

1 6 9  241 14.8 128 C 

Table 31Se Association of Anorexia with epi lat ion and purrura 
by exposure g t o u ; ~ ~ ,  

4.0 130 18.5 +,20 5.3 

0.9 105 15.8 - 7 1.1 2 0.3 109 16.4 

0.7 150 13.7 - 18 1.6 i o  0.9 148 13.6 

- - 
- - 

I 

0.61 48 I 1 0.2 50 10.0 - 1 9.61 0 1 I I 1 I I I 1 

I' I 'I r, 
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Table J2H. The incidence of other eyniptoms among 1363 individuflAe with epilation and/or purpura as 
compared with the incidence of other symptoms m o n g  5300 fnd lv ldutds  with neither epiletion 
nor prirpura. People within A d i s t a n c e  of 5000 meters, 

Individuele who were living twenty day0 after the bombing. 

Cases with 
epilation 

and/or PUFpUX'R 

With 
Symp t ome Symptom 

Cases w i t h  
Neither 

Q l l a t i o n  nor 
Pur pur a 

With 
Symp t o ins 

Necrotic 
G i n n i v i t l s  - 1363 119 s,? 5300 30 0 3  

Diarrhea 1363 699 51.3 5300 
B l o o d y  
Diarrhea 1363 140 10*3 5300 

17,90 

258 

33 *8 
4.9 - 

Other 
Hemorrhage 
Vomiting day 
of Bomb 

Malaise 1363 736 54.0 5300 2049 

An orexia 11363 721 52.9 5300 1337 

38 97 

25.2 

All Cases U 
-4 
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NAGASAKI 

Table $?No Tho incidence of other symptoms Rmong 1206 lndividualft witb epilation andlor purpura BB 
compclred with the incidence of other symptoms among 5221 iadividitals with neither 
epilatfon nor purpura, People vithin a diatancc  of 5OOO meters. 

Indivldual6 who uere living twenty days after the bombing. 

Symptom8 
- - 

Oropharyngeal 

Nccrot IC 
Lesions - 206 

Total 

wo 

Gingivitis 4.9 15221 1 21 
I I I 1 :  I 

Diarrhea 11206 I 59 1149.0 1 5221 I 1550 
Bloody I I I I I 

lfernor rho ge 1206 294 24.4 5221 214 

"16 4286 66.7, 6427 2141 33.3 29.7 19.3 12.8 + 

3.3 5-1 g.0  +.lo 6427 271 4 a 2  6156 9 5 0 ~  
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m
 



I 

I 

i 
~ 

I 

6 14 5614 67 4288 63 4867 18 5778 9 -5789 22 7727 7 7514 2 4650 

7 9 5789 35 5426 22 4405 8 4538 2 955 0 2 8700 4 5700  2 8750 

c 1 7300 5 7  8 io 7360 26 5035 34 6521 11 6173 7 9500 180 

9 32 6500 81 7154 84 7481 24 7871 19 7663 8 6938 4 8800 - - 
11 6 9933 65 7705 64 7392 22 soy1 34 7476 35 16 9461 

12 oveq 6 so17 43 23 1165 12 9292 7 11671 i'i 7 177 3 8677 47 5? 81  

59 1Z 7408 17 6682 - I 10 1 3  8200 6898 60 7519 27 6822 12 8067 

$280 15 9227 
and ' 

53 77 

NAGASAKI 

Tnble 33Bm White blood cell m u t e ;  Meane Rnd numher of c m e 8  
by expoeure group 8nd by weeks from bombing. 

- 

Individuels who-were living tlrenty d8pu after the homhlng. 

5 26 4006 107 4431 106 4882 20 5550 29 7159 35 6617 16 7000 13 700E 



h i t s  Blood 
Cel l  
Caun t 

nder 500 
500- 999 

2000- a99 

5000- 5999 
6000- 6999 
7000- 7999 
6000- 6999 
9000- 9999 
0000-119g9 
2000-13999 
4000-1 5999 
6000-1 7999 
8000- 1999 9 

1000- 1999 

000- 
iiooo- 2p99999 

Total 

Mean 
banaclrd 
tevi c, t I on 
itendlcrd Deu 
If Moan 

= 

I . b 

HIROSH IP!A 

Table 34& Distribution of whlte blood c e l l  counts by exposure groups 
and by weeke from bomh1nK. 

Xndloidunls who were l i v i n g  twenty deys after the bombing. 

Exposure Group A Expomure Group B 
Weeks Weeks We e& Meek8 Yeeks Weeks Week Weeke 

7 & 6 9 and over 6 2.3.4 & 5 6 

No Y P 
22 11.3 
37 19.c 
51. 26.2 
36 18.5 
23 11.8 
16 8.2 

4 2.1 
2 1.0 
2 1.0 
1 0.5 
0 0  
0 0  
0 0  
0 0  
1 o a :  

0 0  
0 c) 

I 

NO 0 

0 
1 
12 
11 
13 

5 
10 
4 
1 
1 
2 
0 
0 

I 0 
0 

1 0  
Q 

209 6 37b3 50 74 29 79 4068 4932 7053 

1783 2031 2273 2804 241 7 2188 2520 2503 

, 128 264 325 314 167 208 372 146 
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‘Peble 34E. ( cont hued) 

1467 

29 69 

Exposure Group C 

5870 

2224 

Week 
6 

1132 

- 
A0 a ,  

0 
2 
6 
11 
25 
34 
37 
30 
30 
24 

6 
I 
0 
1 
0 
0 

Q 
20 7 

- - 

- 

212 

5638 

2121 

14s 

I I  Exposrire Group D 

I and 

Bo 
- 
- 

0 
0 
0 
6 
20 
19 
a4 
80 
79 
83 
48 
33 
14 
6 
1 
1 
4 

508 
- 
7 

Weeke Weeks We 
- 
Bo. - - 

0 
0 
2 
10 
22 
49 
66 
56 
42 
28 
22 

EI 
1 
1 
1 
0 
0 

312 
i 

c 

- 
% - 
0 
0 
0.6 
302 
7 91 

15.7 
21 .R 
18.6 
13 - 5  
9 e 0  
7..1 
2.6 
0 0 3  
0 8 . 3 1  

o c 3  
Q 
0 

00 .Q 
- - 
- 

6248 

208 3 

118 

Weeks 
7 4  - 

190 0 - 
0 
0 
0 
2 
2 
9 
9 
7 
5 
5 
0 
1 
0 
0 
0 
0 

40 
0 
- - 



. 
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Table 34H, Distribution of white blood cell counts by exposure groups 
and by weeks from homblng. 

IndiVidue18 who were l i v i n g  twenty days after the bombing. 
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%ble 3lrN, (continued) 

Exposure Group C Exnowre Broun D 
Weeks Week Weeks Week8 Weaka Week Weeke Weeks 

7 t% 8 6 7 & 8 9 end over white Dl008 2,3@4 & 5 6 9 And OVQr i?!,3,b & 5 
Cell 
count No. 46 No* $ Bo. $ no. p no. $ No* 5 NO" $ no. k ,  

! 



i 

0 0 0  
0 0 0  
7.9 0 0 
2 6  0 0 
2n6 1 5 0  4 
1.9 I 5.0 9 
13.2 3 15.0 30 
15.8 4 20.0 
15.8 5 25.0 i z  
10.5 1 590 29 

7.9 2 10.0 21 
5.1 1 5-0 18 
5.3 I 5.0 3 
2.6 o o 4 
0 0 0  1 

1 206 o o 1 
0 1 5 .O 1 

I 

l d  a. 

0 0  
0 0  
0 0  
0 0  

2.1 

15.5 
4.E 

20 .I 
17.5 
14.9 
10.8 
9.2 
l e 5  
2.1 
0.5 
0.2 
0 '  J 

1 

Table ( continued) 

k 

100 .O 

3 
18 

I7 

1 
~ 

nom I s I EO. 6 
~ 

100 a 0  

so65 7S07 

3628 29 19 

832 210 

White Blood 
Cell 
count 

Heen 
Standard 
Deviation 
Standard Dev 
of Meen 

No. I k 

6867 

3034 

296 

- - 
1 
2 
2 
2 
6 
10 
22 

t 13 
16 

0 09 
1.9 
1.9 
1 m9 
5.7 
9 .Q 

20.8 
12.3 
15*1 
9 @4 
6.6 
6,6 
4 * I  
1.9 
0 -9 
0 
0 

I00 60 

- 

Exuosure Oroum E. F. & 0 
Week I ;e;k; k Week8 
6 and over 

l o  e 

0 
0 
3 
1 
1 
3 

- - 

5 
6 

J -0 sur's 
Oroup H 
( A l l  Weeks 



- 
d 

Under 3OOO 0 1 
II I 

HIROSHIMA 

Table 358,Comperleon of the first white blooe ce l l  count with the 
second white blood cell count made on the sene lndlvidualr 
within 2 t o  6 weeks of bombing, 
Individuals who were living twenty days after the bambiag. 
Exposure Groups A and B 

0 .  1 

Totel 137 I 30 I 205 

3000-3999 1 0 0 ,  
4000 or 1 I 

E.xpoeure Group El 

3 3 

over 0 1  1 

Total 0 2 

21 I 24 

26 I 38 
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Table 3 g -  Conperison of the first white Moot3 ce l l  count with the 
eecond white blood cell count mde on the seme inairiduelr 
within 2 t o  6 week6 of the bom)>ing. 

I n d l v i d ~ l s u w h o  were living twenty dsye after the bombing, 

Ehorare Qroupr A and B 
1 1 

Under jooo 

3000-3999 
rso00 or 
s ! & w m w =  

To tal 

SECOpa W.B.C. II I 
41 I 

Total I 40oo 
or over 

Und er 
’3000 

I Totel 1 1 33 II 37 I 10 

b o r u r o  - Groupe E, P, and G 
1 

- 

Under 3000 2 0 1 3 
I 

To ta l  II 0 I 12 

c 

164 



c
 

? 

P- 

Y
 

.
C
m
 

0
4

 
s! 

o
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M
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Table 3610. Meen white blood cell  coLlnt.s vclttiln R few weeks of the bomb 8 8  comared 
I '  

I 
I 
i 

1 

with meBn counts mn8e OR ?.be sprue ?,ndividixale aevernl weeks later, 

Individuals who were l i v i n g  twcnty days a f t e r  t h o  honlbing. 

4' 

I I, ? 
4 1  1. I 
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9s 

t67 
HIROSHIMA 

20 14.0 40 28.0 5420 

5 5.1 15 15.3 6282 

Table 371’3. Cornpnrisoa of white blood c e l l  counts (veeko 2-6) i n  t n d i o i d n a l s  
v i t h  and without burns by exposure groups, 

Individuals who n o m  l i v i n g  twenty days after t h e  bombinEy 

- 
A 

B 
- 

c 

D 

E 

P 
- 

0 

H 
- 

__ ~ 

Indivlduale With Burne 

W.B.C. 

OP 

* ‘  P “ I 

Individuals Without Burns I 



NAGASAX I 

- 
Individuale With Burns 

I 1 

Table 3 p e  Comparison of white blood cell counts (weeks 2-6) in individual8 
with burn8 and ind iv idua l s  without burns by exposure grOUD8e 

Individuals H i t  hout Burns 

1 

Individuale who vere living twenty deys a f t e r  the bombing. 

k 

2 p, 

8 

0 0 
G O  a s  

W . B . C .  H.B.C. 
W.B.C. W.B.C. umber Under 3000 Under 4000 Mean 

~ w .B .c, Under 3000 %der 4oOo vB, c ,  ' of of 
No. 4 No. % No. Q NO. C 

I 1 -t 
A 56 33 5g 09 39 69.6 3436 29 10 34.5 18 62.1 3838, 

B 197 83 42.1 106 5 3 ~  3974 7 1  33 46-5 39 54-9 3937. 

C 180 60 33.3 78 43.3 4569 87 29 33.3 39 44.8 4513 

D 42 11 26.2 14 33-3 57sl 24 7 29.2 11 45,s 5 0 3 3 ~  

E 36 3 f3.3 6 16.7 6778 10 0 0  0 0  7Sl0, 

0 25 0 0  1 4.0 7616 7 1 14.3 1 l 4 J  5800 

H 112 0 0  1 0.9 so76 21 0 0  0 0  4750 

F 52 4 7.7 6 11.5 6958 14 3 21.4 4 28.6 6264~ 

+ 



Table 38H. 

Cxposure 
:roup 

A & B  

I t  l h  . '0 II 

Ueeks 
Prom 
Bombing 

2 - 6  

7 -11 
12 and 
ov cr 

2 - 6  

- 
HIROSHIMA 

72 

128 

10, I 

0.5 0.1 ~ 9.5 35.0 46.2 4.8 243% 

0.3 0.7 10.2 49.1 30.2 5.9 6134 

'e ' :*a I 

.. 

34 

35 

Mean percentages of bascphfles, eosinophiles. s t a b s ,  polymork..es, lymphocjr 
and monocytes by exposure groups end by weeks from bombing. 

Individuals who were l i v i n g  twentv days after tho bombing. 

0.2 2.8 6.7 50.1 36.5 3.7 5600 

1.1 1.3 8 .3  44.4 36.0 5.5 6400~ 

C & D  

loves 
I All 

Mean percentages 

180 I 0.6 I 0.5 I 5 .6 I 50.6 I 32.9 I 4.6 I 8530 
I I I 1 I I I 

tes .  
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Table 3SU. Mean percentages of besaphilea, easinophilee, 8tab8, polymorphs, lymphocytes, 
and monocytes By exposure &roup8 and by weeke from bombing. 

Indloidrialo who were l i v i n g  twenty davs ef ter the  bombing, 

I 

'1 I c 1) I' 



I-' 
4 
p '  

11 I, 1 

City 

9 
i 
0 
cq 
5: 
w 

11 1 P ' a 

c 

Percent Percent 
Baeophilee eosinlphile s 
vs 0 Vs. 
Total WEC Total WBC 

Table 39,, The correlation between tote1 white blood cell count8 and percentages of eech 
type of c e l l  as measured by correlation c o e f f l c l e n t s .  

P pr c en t Pero en t Percent Percent 
Stabs Polymorphe Lymphocytes Monocytes 

Total WBC Total WBC Total WBC Total WBC 
Vs. ve 0 vs . v9. 

Individuals who were l i v i n g  twenty days After the bombing, 

1 I 

-l- 
I 

Weeks 
From 

Bombing 

2-6 

12 & over 

All Weeks 

t I I I 

Number 
of 

Caeer 

207 

g5Cl 

9t 

Correlation Coefficients (r) 

0 0 0  + .16 + .03 + 010 4 9  - -08 
t .I6 t .27 +.13 .. -01 - 020 + .,03 , 

- .03 +- .02 + *3a + .34 - -48 + .01 

b .  - .06 -008 + .22 + .20 0.13 0.25 
, 
, 
k 0.14 + .13 + .ob - .08 9.04 t.08 . 



I 
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Table 41E. Basophiles, Dist~lbution of number of Basophiles by 
erposure group8 m d  by weeKs f r o m  bombing. 

Individual# who were l l v l n g  twenty day9 aYter tho homblng. 



I Exposure Crou~a E.P- dc 0 
Phoeure I 

No, O f  
Besophi 1 e I 

week8 Weeke H0ek6 ,. *oup E 
2 - 6  7 -11 12 bs over All Useke , 

I 



Tablo 4m, Basophiles. Distribution of‘ mmbm of Basophiles by 
exposure groups and by weeks from bombing, 

- 2 

Exposure Groups A & B Exposure O~OUPB C b D 

s o o  of Week0 Weeks Wt?eke Waeka Yeeks Weeke 
Bee ophi Me 2 - 6  7 -11 12 b ovm 2 - 6  7 -11 12 BC over 

I 1 1 I 

’ 



Bo. of  Weeke Waako Weeks 
Baaophilee 2 - 6  7 -11 12 dp over A l l  Ueeks 

ne- 17 4 7  21.3 31 .a 5103 

50.6 64 .O I 82 .l - Standard 

Standard Der I I 
Deviation 

of I - I 3 09 I 17.8 111 10 .1 I 



L- 
50.2 

9.9 
7.2 
4.6 
4.9 
3.4 
2.7 
1.1 
0.4 
1.9 
1.5 
1.1 
0.8 
1.5 
0.8 
0.4 
0.4 
0 
0.8 
1.1 
0.8 

1OO.C 

8 
10 
5 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

135 

456.7 

643 . 9 
39c.s 

160. 'J 

199.1 

17.2 

Tablo k& 8orlaophil,er., Distributtan of number of h s l n .  bp exponure groupe and by *eke from bombing, 

Individual8 who were living twenty daye after the bombingt, 
& B  II F.rpn 

Weeke 11 Weeke 
are Orouw I 

We e ka 
l3XDO 

Week8 weeks h b e r  
of 

os inoahl l ea  
nder 50 

50-99 
100-199 
200- 299 

00- 99 
500- 599 
600- 699 
700-799 
800-899 
900-999 
1000-1099 
ll00-1199 
1 ZOO-1299 
1300-1399 
1400- 1499 
1 00-1599 

1700- 179 9 
1300-1899 
1900-1999 

y y 9 9  

I 2 00-1699 

2000-2499 
2500-2999 

j O 0 0  & over 

Total 

Mean 
S t nndard 
pe vie  t i OD 

S t  ndard Des 
of ?ti een 

*, L 

a 
lo 

51 
8 
10 
2 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

72 

- - 
- - 

z 
i4.5 
13.3 
14.3 
L2.1 
11.1 
6.5 
4.9 
3 -7 
3 -1 
3.1 
1.9 
1 e 9  
1.0 
1.4 
0 .7 
0.9 
1.0 
0.7 
1 .o 
0.7 
0.2 
0.5 
0.2 
1,5 
1QO.C = 

e 
ls,5 
11.1 
!3.0 
8.1 
5-9 
7.4 
3.7  
0.7 
0 
0 
0 .f 
0 
0 
0.7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
D 
1oo.c - 

JLi 
L 

s5 
78 
84 
71 
65 
38 
29 
22 
le; 
18 
11 
11 
6 
8 
4 
5 
6 
4 
6 
4 
1 
3 
1 

9 
587 

uo9 + 
22 
19 
12 
12 

7 
2 
0 
2 
0 
0 
1 
0 
2 
1 
0 
0 
1 
0 
1 
0 
0 
2 
1 

128 

- - 
- 

xu 
No 
39 
29 
43 
33 
26 
19 
12 
13 
9 
7 
3 
1 
5 
4 
3 
2 
4 
2 
1 
1 
0 
2 
3 
2 

263 

- - 

22 
33.6 
17.2 
14.6 
9.4 
9.4 
5.5 
1.6 
0 
1.6 
0 
0 
0.6 
0 
1.6 
0.8 
0 
0 
0.8 
0 
0.8 
0 
0 
1.6 

100.0 - 

3o.s 
11.1 
13.9 

2.8 
0 
0 
0 
1.4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.o 
loo,a 

51 
22 
37 
14 
12 
4 
4 
7 
2 
1 
0 
2 
4 
0 
2 
1 
0 
1 
4 
1 
0 
0 
0 
Q 

7 

169 - 

i3.0 
3.9 
8 . 3  
7.1 
2.4 
2.4 
4.1 
1.2 
0.6 
0 
1.2 
2,4 
0 
1.2 
0.6 
0 
0.6 
2.4 
0.6 
0 
0 
0 
0 - 
100. I = 

11.0 
16.3 

478 9 

a46.8 
I 

35.0 

266.2 

501.6 

27'3.7 

410-6 

45.4 

92*9 

31.7 44.5 1'3.0 

, 
0 li I ;I1 



Table 44. Eoeioophflcr ( cont inued)  HSROSHIUA 

, & G  
Weeks 

12 & over 
Number 

of 
:o a i  noph 11 I 

'nder 50 
50-99 

200-299 
O b 3 9 9  

a00-499 
5001.599 
600-699 
700-799 

900-999 

100-199 

800- 899 

1000-1099 
1105 1199 
1200-1 299 
1300- 139 9 
14004 499 
1 500- 1 599 
1600-1699 
1700-1 799 
1800-1899 
1900-1999 
2000- 2499 
2500-2999 

lbtRl 
Mean 
Stand a rd - 
Standnrd Deq 
of b a n  

&%&E!& 

Expoeure 
Group A 
All WI 

6 
4 
3 
0 
1 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
'14 

9.4 
12.8 

8 . 3  
7.8 
2,2 
1.1 
1.7 
2.8 
1, l  
1,l 
1.1 
1,l  
0 
0 
0 
0 
1.7 
0 
2.8 
0.6 
1-1 

0 ,  

23+2 
17 * 
11,s 

8.8 
0 
209 
0 
2.9 
2-9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
D 
E& 

11 
13 
9 
3 
0 
1 
2 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
1 
0 
1 

96 
I 

160.7 

A 

479.2 

4 

h Grows E, 

285.5 

447-5 

Wet 
7 . q  
Bo 

9 
7 
10 
3 
0 
1 
1 
1 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
& 

:9 
10 1 

25*7 
20,o 
28.6 
&6 
0 
209 
2.9 
2.9 
2.9 
0 
0 
0 
209 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

zc 

2.,9 

LCI0,o 

1Qo 
26 
16 
35 
17 
23 
15 
14 

4 
3 
3 
5 
2 
2 
2 
2 
0 
0 
0 
0 
3 
0 
5 
1 
2 - 
- N O  - 

:ks 
Q 
24-0 
13.5 
17.7 
11.5 
13.5 
9 * 4  

- 3*1 
0 
1 .o 
2.1 
0 
0 
0 
0 
0 
1 .O 
0 
0 
0 
1 .o 
0 
1-0 
0 

- 

1.0 
Lb0,O 

. .  ' 
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Tabla 42B, Eooinophllee. nlstrihutlOn of ntimber of F&slnophilea by exposure goups and by weeke from hornbinKO 

Indivlduale who were l i v i n g  twenty deya Rftar the bombing. 

T o t e l  

6.9 41 
31 
28 
21 
12 
9 
11 

7 
4 
6 
6 
5 
2 
? 
1 
C 
1 
c 
L 
1 

11 
c: 
C 

ire Gronpe 
Hueeks 

b74 *2 

& D  
Weeks 

13 & over 

450 1 

703.a 

120 07 



1 8 1  
T e b l e  42n0 Eosinophllee. Nagrrfiekl. (continued) 

Exposure 
Week5 

No. of 
Eos I n  ophi 1 en 

under 50 
50- 99 
100- 199 
200- 299 
300- 399 
400- 499 
500- 599 
600- 699 
700- 799 
800- 899 
900- 999 
1000-1099 
1100-1 199 
1200-1299 
1300-l399 
1400-1499 
1500-1 599 
1600-1699 
1700-1799 
1800-18 y g 
1900-1999 
2000-2499 
2500-2999 

.Total 

& avnr 

Groups E , F  & G 
W e C k 6  Weeks 

Mean 
Standard 
Deviation 
Standard Der 
of we- 

2 - 6  
lo, - 

1 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
3 - 

7 
33.3 
33*: 
0 
0 
0 
0 

33.: 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

100 .c 
0 

207 .7 

7 .  

24 
24 
24 
17 
17 
15 
16 
7 
9 
2 
1 
3 
1 
3 
1 
1 
2 
3 
0 
0 
0 
1 
0 

No. 

L-2 
172 

12 80 over 

14 .O 
14 .O 

9.9 3 21. 
9.9 1 7.1 
8.7 0 0  
9-3  0 0  
4*1 1 7.1 
5 42 1 7.1 
1 e 2  0 0  
0,6  2 14.3 

0 0  

1.7 0 0  
0.6 0 0  
0.6 0 0  
1.2 0 0  
1. .7 0 0  
0 0 0  
0 0 0  
0 0 0  
0-6 0 o 
0 0 0  
0.6 n O  

100.0 14JO0,O 

0 .  lei 0 0 

z!!!EE 6.4 106.0 I 

I1 



Table 49, Stsbs. Distribution o f  number of etabs.hY exposure groups Rnd by weekm from bombing. 

L 1  
% 
15 04 

5.9 
13.0 
10.7 

6 . 3  
10.1 
4,1 
3.0 
3.0 
1.8 
3.6 
2.4 
4 "7 

. 3*0 
0.6 
0.6 

fndivlduale who vert Living twenty.day8 after the homhlng. 

12 di 
Bo, 

82 
59 
101 
S6 
57 
39 
35 
32 
21 
15 
16 

5 
9 
3 
1 
1 

lo, o f  Stebe 

'Under 50 
50- 99 
100- 199 
200- 299 
300- 399 
400- 4'39 
500- 599 
600- 699 
700- 799 
800- 699 
90Q- 999 
1000- 1099 
1100- 119 y 
1200-1299 
1300- 1399 
1400-1499 
1500-1599 
1600-1699 
1700-1799 

19 00-1939 
1800-iuqy 

2000-2499 

Total 

rer 
6 
14 .O 
10.1 
17.2 
15 .o 
9.7 
6.6 
6.0 
5 8 5  

3 -6 
2.6 
2 -7 
0.9 
1.5 
0.5 
0.2 
0 .2  

O . 3  0. 

1 Oi! 

0 - 3  
0.7 
0 * 3  
0.2 

100 .a0 
~~ 

Mean 
Stand R r d  

S t endard 
Dev. of Mea 

DeviRtiOB 

't I 

0 
0.6 
1 .B 
1.2 
0 
3.6 
0.6 
A*!+ 

100~0 

Exposure Orouns A & B 

2 
2 
2 
4 
2 
1 
2 
4 

587 

ji i 
0 0  

0 
0 0  
0 0  

218 621 

485 7 RO 

42 60 

451 

54 

4 16 

'586 

24 

Weeks I Week8 
7 -  

No e 
19 

k3 
15 
12 
13 
10 
7 
9 
7 
3 
1 
5 
0 
3 
2 
1 
2 
2 
1 
2 
0 
2 
1 

128 

- 
- 

2 
I 

1 12 & over 
c RO . 
14.8 37 14.1 

6 .3  31 11.8 

B 

11.7 
9.4 
10.2 
7 -8  
5 -5 
7 -0 
5 - 5  
2.3 
0.8 
3.9 
0 
2*3 
1.6 
0.8 
1.6 
1.6 
0 .g 
1.6 
0 
1.6 

?2 ;::: 
25 9.5 
15 5.7 
9 3.4 
l4 5.3 
4 1.5 
1 0.4 
7 2.7 
4 1.5 
2 0.6 
5 L a 9  
0 0  
2 0.8 
1 0.4 
2 O e 8  
1 0.4 
1 0.4 
0 0  
4 1.5 

1 

~00.0 * 263 00.0 

Exposure Grouna C & II 
Weeks t Weeks I Weeks 
2 - 6  I 7 p 2.2 

6 4.4 

2 -2 
2 1.5 

=%5 
10 
22 
18 
14 
17 

5 
2 1.5 5 
0 0  3 
1 0.7 6 
0 0  4 
3 2.2 8 
1 0.7 5 
0 0  1 
2 1.5 1 
1 0.7 0 
0 0  1 
0 0  3 
2 1.5 2 
0 0  0 
1 0.7 6 

1 7  
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Table 43H. Stabe .  HIROSHIMA (Cont inued)  

11.4 
5.7 
11.4 

Yo. of Stabs 

Under 50 
50- 99 

300- 399 
400- 499 
500- 599 
600- 699 
700- 799 
800- 899 
900- 999 

100- 199 
200- 299 

1000-1 099 
llOO-ll~~ 
1200- 1299 
1300-1399 
14OO-1499 
1500- 1599 
1600- 1699 
1700-1799 
lSOO-lS99 
1900-1999 
2000-2499 

Tot81 

29 16.1 
22 12.2 
9 5.0 

Weeks I Weeks 
2 

No. 
- 
It 

1 
3 
2 
2 
2 
2 
0 
0 
1 
0 
1 
0 
1 
0 
0 
0 
0 
0 
1 
0 
2 
0 

_d 

34 - 

8 

6 
-3- 17.1 
2 *9 
8 . 8  
5.9 
5 99 
5 -9 
5 a 9  
0 
0 
2.9 
0 
2 *9 
0 
2.9 
0 
0 
0 
0 
0 
2.9 
0 
5-9  
0 

-a, 
LOO .Q - 

38 3 

616 

. 107 

7 
No. 
11 
0 
3 
4 
2 
4 
0 
2 
0 
1 
0 
0 

1 
0 
1 
1 
1 
0 
0 
0 
1 
0 

3 

__a 
35 

0 
5 -7 
0 
2 -9 
0 
0 

.6 
2 -9 
0 
2 -9 
2 e 9  

2 *9 
0 
0 
0 
2.9 
0 

-n- 
100 .o - - 

9 
4 
4 
6 
2 
5 
4 
3 
3 
0 
2 
4 
0 
1 
0 
2 
2 

180 
a 

5 00 
2.2 
2.2 
3 93 
1.1 
2.6 
2.2 
1.7 
1 *t 
0 
1.1 
2.2 
0 
0.6 
0 
1.1 
1 e 1  

n_b 
l00.0 

Exposure 
;roup 

No. 
49 
4 
6 
9 
10 
4 
2 
4 
0 
1 
1 
1 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
0 

A l l  - 

---1 
96 

1 
?eks 
2E 
51 .o 
b.2 
6.3 
9*4 
10.4 
4.2 
2.1 
4.2 
0 
1 .o 
1 .o 
1.0 
0 
0 
1 .o 
1 .o 
1 .o 
1 .o 
0 
0 
0 
0 
0 

LOO aQ 

a 

269 

52_2 

5s 



, 

NAGASAKI 

Table 431p,, Stebe, Dietrihrition of number of stabs by expoeurs group and by weeks from bombing, 

Individuals who were l i v i n g  twenty d a y s  after the bombing. 

lo. of Stab8 

Under 50 
- 

50- 99 
100- 199 
200- 299 
300- 399 
400- 499 
500- 599 
600- 699 
700- 799 
800- 899 
900- 999 
1000-1099 
1100- 1199 
1200-1299 
1300-1399 
1400- 1499 
1500-1599 
1600- 1699 
1700- 1799 
1800- 1899 
1900- 1999 
2000- 2499 
2500-2999 

900 tk over 

Total 

Mean 
St  ~ n d e r d  
Deviation 
Stendsrd Dev 
of Mean 

ExDosure Groups A & B II EXDO 
Weeks I Weeks II Weeks 

7 18 *9 
No 
207 

13 
16 
11 
8 
12 
4 
5 
6 
6 
2 
5 
4 
4 
3 
4 
0 
2 
2 
1 
0 
1 
0 

- 

'3 
319 

1 1.41 
4 6  
0 0  
0 0  
0 0  
1 1  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 8  
1 1  
0 0  

0-41 a 0 11 7.1 
I 1 I 

0 0  
0 0  
0 0  
1 ?.l 
0 0  
0 0  
1 7.1  
1 
2 14.3  
0 0  
0 0  
0 0  
0 0  
1 7*1 
0 0  

0 0  
0 0  
0 0  
1 7.1 
0 0  

0 0  

252 105 1062 

605 '320 1g25 

34 41 521 

-- 

.ire Groups C & D 
Weeks 1 Weeks 

T ,g ,9 
lo. - 
235 
7 
9 
8 
9 
9 
6 
6 
2 
6 
2 
0 
2 
0 
0 
0 
1 
0 
0 
0 
1 
2 
0 
2 

30 7 

1 
3 
1 
1 
2 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
c 
0 
0 

100.0( 35 

rex 
% 

2 69 
8.6 
2 0s 

2 -9 
5.7 
0 
0 
0 
0 
2.9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

m 

I) 

100 .( 



185 
'l'Pb3.e 4jB. Stpbs  (Continued) NAGASAKI -- 

Exposure 
Weekn Number 

Of 
Stabs 

Under 70 
50- 99 
100- 199 
200- 299 
300- 399 
400- 499 
500- 599 
600- 699 
700- 799 
800- 699 
900- 999 

1200-1299 
1300-1 399 
1400- 1499 
1500-1599 
1600- 1699 
1700-1799 
1800- 1899. 
1900-1999 
2000-2499 
2 00-2999 

Total 

1000- 1099 
1100-1199 

JdQAm 

Groups i3, 
Weeks 

Mean 
itanderd 
hr is t f an 
hmdard Dev, 
,? Wean 

- 2e39 

7 
No 

0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 n 
3 
- 
- - 

598 

+ 0 

33.3 
0 
0 
0 

0 
0 
0 
0 
0 

33 -3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
& 
100 d o  

33.33 

- 

*E  9 9  

No. 
153 

3 
3 
4 
1 
2 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
I 
0 
0 
0 
0 z 

172 

- 
2 

- - 
80 

1.2 
1 e 7  
1 - 7  
2.3 
0.6 
1.2 
0 
0 
1.2 
0 
0 
0 
0 
0 
0 
0 
0 
0.6 
0 
0 
0 
0 
4 
LOO .a - - 

38 

& G  
;:PQkS 

2 & over 

107 

204 

51 

L 1 1  w 
No, 

38 
9 
3 
7 
1 
1 
2 
2 
0 
0 
0 
0 
1 
0 
0 
Q 
0 
1 
0 
1 
0 
0 
0 

_1. 

67 

9- 
77 
13*4 
4 *5 
10.4 
1.5 
1.5 
3 .Q 
3 .o 
0 
0 
0 
0 
1.5 
0 
0 
0 
0 
1-3 
0 
1.5 
0 
0 
0 

=wi 
Loo .a0 - 

211 

543 

67 



Tpble UHO Polymorphs. Distrlbution of number of Polymorphs by exposure @ours and by weeks from 

Indlvidualo who were l i v i n g  twenty days af'ttr the bombing, 

2 '  
No s 

20 
9 
7 
2 
6 
2 
3 
6 
5 
2 
4 
1 
1 
0 
0 
1 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 

1 

I___ 

= 

fi! 

Expo: 

6 
, Week8 

1295 

154 

7- 
10 0 

1 
1 
1 
3 
7 
3 
6 
4 
? 
6 

2 
8 
6 
10 
4 
5 
9 
5 
3 
7 
7 
1 
3 
5 
4 
b 

128. 
7 

1934 

177 

No 0 

1 
0 
E 
0 
1 
2 
4 
3 
3 
4 

13 
19 
18 
13 
19 
1.3. 
9 
17 
12 
9 
18 
Zk 
12 
I6 

5 
10 
11 

? 
3 3  
- 

1326 =z==pz= 

7 -  

1 
0 
1 
4 
1 
2 
2 

10 9 - 

3 
5 
5 
12 
0 

a3 
8 
7 
9 
3 
5 
7 
5 
12 
13 
11 

&3 
6 
f3 

XO 
77;4 s 

2242 

: Q U  
Weeks 

b o nib f ng 



Table WH. Polymorph HIROSHIMA ( cont lnuerl) 

E oa + 
Bo. of 
Polmorphs 
hder 200 
200- 399 
k% 599 
600- 799 
aoo- 9% 
1 0 0 ~ 1 1 ~  
iao-13% 
1400- 1599 
1600-1799 
1600-1999 
2000-2L99 
2200-2399 
2400-25 99 
2600-2799 
2a00-2999 
3000-3 99 
3200-33999 
3400-3599 
3600-3799 

GEa;; 
4500-4;99 
5000-5 99 
5500-5999 
6000- 6499 
6500-6999 
iQxLbm= 

Tatal  
k 8 n  

bevie ti on 
i tmdara  Uev 
t f  Hsaa 

re Gr IDS E 
we 

2 - 6  
_I 

No. 7 
9 

C 
C 
C 
i 
i 
C 
2 
1 
1 
3 
2 
2 
5 
3 
2 
0 
0 
2 
1 
2 
2 
0 
1 
0 
1 
0 

2 

- 
2 5  - - 

--c- 
0 
0 
0 
0 
5 -9 
3 .9 
0 
5 .9 
2 -9 
2 6 9  

8 08 
5 -9 
5 =9 
14.7 
8.8 
5 -9 
0 
0 
5 -9 
2 -9 
5 09 
5.9 
0 
2 e 9  
0 
2 *9 
d 

18 
L 

248 

-I- 
NO o - 

0 
0 
0 
1 
0 
0 
1 
1 
4 
4 
3 
3 
3 
1 
2 
1 
2 
1 
2 
0 
1 
3 
1 
0 
1 
0 

3 
A 

C8 
11 3z 

0 
0 
0 
2 *9 
0 
0 
2 *9 

11.4 
8 -6 
6.6 
8.6 
2 -9 
5 * 7  
2 *9 
5 -7 
2 -9 
5-7 
0 
2 .9 
8.6 
2 *9 
0 
2 *9 
0 
n 
oo.0 
,1 

11. "94 

1262 

216 

12 & 

0 
0 
0 
0 
3 
1 
2 
3 
4 
5 
5 
8 
5 
7 
9 
11 
6 
7 
7 
5 
23 
18 
10 
12 
4 
5 

20 
1RO 
4 

- 
A 

0 
1 0 .  

0 
0 

1.1 1 
167 2 
2.2 2 
2.8 2 
2.8 6 
404 7 
2.8 8 
3.9 8 
5.0 B 
6.1. 3 
3.3 3 
3.9 4 
399 5 
2.8 3 

12.g 11 
10.0 7 

5 

2.2 1 

0. l*il 1 

2:; 3 



I 

0 
0 
0-3 
0 - 3  
2,2 
1,6 
2.8 
208 
2-2 
3-1 
3-8 
4.1 
3.4 
4.1 
2.8 
4-4 
5.0 
5.6 
4.7 
11-3 
6,o 
1.2 
6.6 
2 s  

Table Polymorphs. Dietribution of number of Polymorphs by expoeiire groups and hy weeks from bombing. 

Individuals who were l i v i n g  twenty days sfter t h e  bombing, 

0 
0 
o 
o 
0 
1 
1 
0 
2 
0 
1 
1 
2 
3 
4 
5 
2 
4 
4 
7 
6 
3 
3 
1 

60. of 
Polymorphr 
h e r  200 
200- 399 
400- 599 
600- 79 9 
800- 999 
1000-1199 
1200-1399 
1400-1599 

1800-1999 
2000-21 99 
2 200- 2 39 9 

16004799 

2400-2599 
2600-2799 
2800- 2999 
3000-3199 
3200-3399 
340-3599 
3600- 3 79 9 
3800-3999 
40001.1l49<3 
4500-4999 
5000-5499 
5500- 5999 
6000-6499 
6300- 69 99 
00 e o v a  - 
Hesn 

;Z and a r d  
)evf at i on 
Standard Dev 
,f Mean 

'd 1 

3 
2 
3 
1 
1 

2 
2 

2 

1 

Exposure Groupn A & B 

1003 
6.9 

3. 
3.4 

6,9 
6.9 

'"2 
0 0  
0 0  

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

6*9 

3 A  
o a  

0 0  
0 0  

4 13.8 

1317 

249 

2378 25 39 

133 325 

L 
0 
0 
1 
1 
7 
5 
9 
9 
7 
10 
12 
13 
11 
13 
9 
14 
16 
18 
15 
36 
19 
23 
21 
9 
11 

Weeks 

Y- - - 
0 
0 
0 
0 
0 
0 
1.6 
1.6 
0 
3 -2 
0 
1.6 
1.6 
3*2 
Ir 08 
6.5 

3 02 
6.5 
6.5 
1 ~ 3  
9 a 7  

4 .g 
4.8 
1.6 

E@ 

8,1 

s 

I .. B!. - 

Expo r e  Groltpa 

2 
No. 
1 
3 
2 
0 
1 
0 
0 
1 
0 
1 
0 

0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 

Q 

- - 

3 

IrC 
A 

21.4 
14 .? 
0 
7-1 
0 
0 
7 m l  
0 
t .I 
0 
21 *I 
0 
0 
0 
0 
7 -1 
0 
0 
0 
7 -1 
0 
0 
0 
0 
0 
n w 
L 

345 

- 7" 
Mo . 
1 
0 
0 
1 
1 
2 
0 
3 

- 

2 
a 
10 
11 
12 
14 
17 
11 
18 
11 
20 
30 
31 
21 
21 

;; 
_3a2 
A!! 

2190 

125 

- 
& D  

Weeke 
12 6 
130. 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
1 
2 
2 
3 
3 
0 
3 
1 
3 
6 
3 
0 
0 

- 

3 
LI 

wer 

0 
0 
0 
0 
0 
0 
0 
0 
2 *9 
2-9 
0 
0 
2 *9 
5 87 
5.7 
8.6 
8 .6  
0 
8 A 
2 09 
8.6 

17 01 
8.6 
0 
0 

A 

a 
!&!2 
1 
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Table MHO Polymorphs NAGASAKI ( continued) 

810. oi 
Polmomha 
nder 200 
200- 399 
400- 599 
600- 799 
800- 999 
1000-119g 
1200-1399 
1400-1599 
$600-1 799 
1800-lYgg 
2000-2299 
2200-2399 
2400-2599 
2600-2799 
2800-2999 
3000- 3 19 9 
3200- 3399 
3400-3599 
3600- 3799 
3800-3999 
MOO-449s) 
4500-499 9 
5000-5499 
5500- 599 9 
6000-6499 

Total 
MeIln 
S t  andprd 

Stmdard Dev 
3 f  Wean 

n 

Emosure Groups E, 
Weeks 
2 - 6  

1736 

133 

z24 
&?= 

0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
2 
0 
0 
0 
2 
0 
0 
1 
3 
2 
0 
0 
1 
0 

3 
2 

0 
0 
0 
0 
7.1 
0 
0 
0 
0 
7 01 
0 
14 -33 
0 
0 
0 
14.3 
0 
0 
7 -1 
21.4 

0 
0 

14-3 

1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
6 
6 
3 
3 
2 
2 
4 
5 
9 
9 
4 
4 



Table w. Lymphocyteso Dletrihatlon of number Of Lymphs by expoaure groups and by weeks from bombing, 

Indlvlduala who were living twenty da.ys after the bombing. 

Bo. of 
IUUQA ocy t e; 
hder 200 
200- 399 
400- 599 
600- 799 
mo- 999 
1000- 1199 
1200-1399 
1400-1599 
1600-1 799 
1800-1ggy 
2000-2199 
2200 -2399 
2400-2599 
2600-2799 
2800-2999 
3000-3 199 
3200-339 9 
3400-3 599 
3600- 3799 
3800-3999 
MOO-4499 

5000-5 99 
5500-5999 
6000-6499 
6500-6q99 
7000 & over 
'Potal 

Wenn 
nand ard 
D e v h  t I on 
Standard Dei 
of  Uean 

4500-4299 

s 
9 
8 
4 
3 
8 
4 
2 
2 
0 
0 
0 
0 
2 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
55 - 

ii .i 
12 -5 
11 0 1  

2:: 
11 0 1  

2 08 
2 08 
0 
0 
0 
0 
2 e 8  
1.4 
0 
0 
1.4 
0 
0 
0 
0 
0 
0 

A- 
cw;;IT 

5 a 6  

1 7 

787 

Q'J 

re  Groups 1 
Weeks 
7 
Bo. 
1 
2 
9 
2 
12 
11 
11 
7 
16 
9 
9 
8 
5 
7 
g 
2 
1 
2 
1 
1 
1 
1 
1 
1 
0 
0 
0 

11 

- - 

138 
- 

0 -8 
1.6 

1.6 
9 *4 
8.6 
8.6 
5 - 5  

? 60 
7 .o 
6-3 
3 a 9  
5 *5 
6 -3 
1.6 
0 .a 
1,6 
0 "8 
0 .E! 
0.8 
0 08 
0.8 
0 e 8  
0 
0 

7 b o  

1245 

h 
5 

P B  Emos re GrauDe C & l )  
~ Weeke Weeks Weeks- Weeks 

7 - 1 1  + 12B 

1048 

93 

12 & 
- BO. 
0 

0 
5 
6 
18 
19 
18 
27 
23 
30 
18 
23 
18 
12 
11 
7 
6 
7 
6 
1 
4 
1 
2 
0 
1 
0 

n a 
2 - - 

6 
202 
3 -7 
3 07 
3 -7 
6 07 
8 .l 
15~6 
12 .I 
8.1 
8 ,l 
5 a!? 
3 .7 
1.5 
2 62 
5 9 9  

3 *o 

0 07 
0 
1 a 5  

0.7 
0 07 
0-7 
0 
0 
0 n 

s 

0 Q7 

GEZi 
?Q 

- 
80, 

' 0  
44 
4 
5 
8 
5 
6 
g 
14 
15 
12 
9 
13 
6 
9 
14 

g 
6 
9 
1 
5 
2 
3 
2 
0 
0 

3 21 

P .2 
2 

0 
0 
0 
1 .O 
3 -2 
3 -7 
5 -5 
7-3 
7 4 
7 -5 
8 *3 
8 03 
6.6 
4.1 

2; 
*e 

9 9  
1-7 
4 -9 
2 -7 
0 a 9  

0 a 3  
0 .5 



l o ,  o f  
b p h  OCY t e 0 

Under 200 
200- 399 
400- 599 
600- 799 
800- 999 
1000-1199 
1200-1399 
1400- 1599 

1800- 1999 
1600-1799 

2000-2199 

2 b o - 2  599 
2600-2799 
2800-2999 
3000-3199 
3200- 3 399 
3400-3599 
3Qo-3799 

4500-4999 

6000-6499 

000 dr om 

2200-2 399 

r zE, ’  
rE33’9 

Deviatf on 
Standard Dei 
of  Mean 

2 - 6  - 
_I 

Bo 0 

1 

1 
0 
2 
5 
0 
4 
3 
3 

3 
3 

- - 
a 

1 
2 

0 
2 
2 
0 
1 
0 
1 
0 
0 
0 
0 
0 

Z E  
-23 

0 
2 -9 
0 
5 *9 

14.7 
0 
11.8 
8 08 
8.8 
2 =9 
5 -9 
g .8 
8 .$ 
0 
5 *9 
5 *9 
0 
2 69 
0 
2 *9 
0 
0 
0 

b 
8 

E 

7 -11 
lo, I Q 

c o  
0 0  
0 0  
2 5.7 
3 8.6 
2 5.7 
2 5.7 
I 2.9 
3 8.6 
1 2.9 
5 14.3 
1 2.9 
3 6.6 
3 8.6 
3 8.6 
0 ’ 0  
1 2.9 
2 5.7 
1 2.9 
0 0  
0 0  
i 2.9 
0 0  

2020 
147 

12 & 

0 
0 
0 
2 
4 
4 
5 

13 
14 
15 
16 
14 
14 
15 
8 
12 
5 
9 
4 
1 
8 
5 

1 
1 
1 

Na. 

2 

18[1 
3 

wcr 11 A l l  
% Nn, 
0 1 
0 0 
0 0 
1 e l  1 
2 -2 1 
2.2 4 
2.8 ? 
7 -2 7 
7.8 15 
g * 3  7 
8 09 9 
7.8 11 
7.8 8 

4 
4. got 6 
6 .? 6 
2 e 8  2 

1 

I 
!eke 
96 
1 .o 
0 
0 
1 .O 
1 e o  

4.2 
t -3 
? * 3  

15.6 

11.5 
8 b 3  
4 -2 
6 *3 
6 -3 

- 
- - 

9 .  *t 

2.1 
1 .o 
0 
2 .I 
1 .o 
1 .o 
l o 0  
0 
1 rO 
0 

Ekz 
!7 



Individude who were l i v i n g  twenty deys after the bombing:n 

' i  

Roo ofo 
Lympbacpter 
ader 200 

MO- 399 
400- 99 

mo- 999 
1000-llg9 
1200-1399 
1400-1599 
1600-1799 
U300-1y 99 
2000-2199 
2200- 239 9 
2400-2799 
2600-2799 
2800-2999 
3000-3199 
3200-339 9 
3400-3599 
3600-379 9 
3800-3999 
4000-4499 
4500-4999 
5000-5499 
5500-599 9 
6000-6 499 
6 00-6999 

= 

600- 799 

T L  ove 

Mean 
it and ard 
leviation 
ltanderd Dev 
,I Mean 

.\ 

Exp 

2 - 6  
Ytekr 

877 
51 3 

97 

f r  

lure Groups 
Weeks 
7 
loo. 

0 
0 
5 a 
12 
18 
31 
35 
35 
31 
31 
16 
19 
14 
11 

g 
12 
5 
3 
5 
7 
4 
2 
2 
3 
1 

A 
2152 

1134 

64 

& B  
Weeks 
- 12 & 

& 
1 
1 
0 
0 
0 
3 
4 
4 
2 
5 
8 
5 
7 
3 
3 
3 
2 
2 
2 
2 
2 
0 
0 
0 
1 
0 
2 
62 

1872 

?40 

Expo 
Weeks 

2 
1 
0 
1 
1 
2 
0 
I. 
1 
1 
0 
3 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 

i 
1-4 
If 
1026 
285 

_I 

NO % 

1 
0 
5 
7 
10 
12 
25 
22 
34 
28 
18 
25 
24 
13 
9 
22 
6 

13 
3 
11 
5 
2 
4 

- 

a 

a 

?n.r 
B - 
1059 

61 
- 

I i  I 

12 e: 
Mn - 

0 
0 
0 
0 
0 
1 
2 
2 
4 
5 
3 
4 
2 
0 
0 
2 
2 
4 
2 
0 
0 
1 
0 
0 

15 
2 - 



Table 4 9 ,  Lymphocytes. NAGASAKI ( contintled) 

Bo. of 
Lyrphoayter 
Jnder 200 
200- 399 
400- 599 
m- 199 
800- ggg 
1000-1 199 
1200-1399 
1400-1599 
1600-1799 
1800-1ggy 
2000-2199 
2200-2399 
2400-2599 
2600-2799 
24300-2999 
3000-3199 
3200-3399 
3400-3599 
3600-3799 

4000- 499 
4500-4999 
5000- 5 49 9 
5500-59 99 
6000-6499 
6500-6999 
7000 Bb over 
=2s€a= 

Mean 
RmdUd 
~.evlation 
BtqadUd D w  
p i  Nom 

3800-$999 

2 - 6  

1835 

.. 

Exposu e Groups E.F & G Exposure 
Weeks Weeks Werks ,Group B 

!1 12 & over All Weeke 

0 
0 
0 
0.6 
4,1 
4 J  
9 *9 

12.2 
8.1 
e;,? 

10,g 
7 00 
5 -2 
0.6 
4 .I 

2 -3 

0.6 
0.6 
0.6 
1.2 

2:; 

1.7 

1.7 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
1 7.1 
1 7.1 
0 0  
0 0  
0 0  
4 2s.€ 

1 7.1 
0 0  
0 0  
2 14, 
0 0  

1 7.1 

0 0  

1 7. 
0 0  
0 0  

0 

:$ 
1 

. .  

-I- 
No o 

1 
0 
0 
0 
1 
7 
7 

17  
17  

8 
21 
1L 
15 
18 
12 
9 
1 

I 
3 
1 
1 
1 
2 
0 



10 .f 
lb ,2 
22.3 
15.4 
10.7 
4-1 
5.9 
8.9 
142 
0.6 
1.2 
1.2 
0.6 
1-8 
0.6  
0 - 6  
0 
0 
0 
0.6 
0 
0 - 6  
0 
0 

LOOaO 

95 
iiei 
91 
81 
49 
26 
22 

7 
9 
5 
4 
3 
3 
2 
0 
0 
0 

0 

0 
0 

o 

0 

587 

MSROSHXMA 
rsy - 

Teble &a, Monocytes, DLstribut, ton of number of Morlooytes hy exposlira groups and by wecke  from bombing. 

Iudlvkduels who were l i v i n g  twenty days after t h e  bombing. 

Ekpoeure Groups 
Weeks 

re Groups C & D . 

Weeke I Weeks 
& B  

Weeks 
Expo: 

Weeks 
2 - 6  

Weeks 
2 - 6  7 

no. 
Ir 
14 
27 
23 
16 
14 
10 

7 
5 
4 
2 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 

128 
- 
- 

11 
7- 

301 
10.9 
21 e l  

l.8 .o 
12*5 
10 a 9  

7 -8 
5.5 
3 09 
381 
1.6 
0 
0 
0 
0.8 
0 
0 
0 
0 

0 
0 
0.8 

- 

a 

0 
too ,c 

12 & 
No a 

3 
12 
46 
53 
49 
32 
24 
8 
14 

5 
7 
6 
2 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

- 
- - 

- 
263 

No, of 
Monocytes 

3nder 50 
50- 99 

200- 199 
200- 299 
300- 399 
400- 499 
500- 599 
609- 699 
700- 799 
800- s99 
90s 999 
1000- 1099 
1100- 1199 
1200-1299 
1 00-1 99 

1500-1599 
1600- 1699 
1700-1 79 9 
1600- 1899 
190b- 1299 
2000-2 99 
2 00-2999 
400 Over 

I. z z  00-1 99 

T o t a l  

- - 
No. 

35 
14 
10 

8 
2 
1 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

72 

- - 

- - 

- 
No. 

21 
22 
19 
14 
11 

4 
1 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

41 

135 

i& 
19.n4 
13-9 
11 .l 
2 08 
1.4 
2 .g 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

100 .o 
0 

No. 

24 
i a  

36 
26 
18 

7 
10 
15 

2 
1 
2 
2 
1 
3 
1 
1 
0 
0 
0 
1 
0 
1 
0 
0 - 

109 

2EEF 26 

394 

26 '3 

16 

9s 

125 
P 

15 

355 

29 

.- 
I !  



c
 

1
 

I
 

0
 
0
 

41 
v

 

0
 

w
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-
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Table &@le Monocytes. D i s t r i b ~ t i n n  O f  number of Vonocytes by exrosure group and by weeks from bombing, 

-~ 

Ex-pooure 
Weeks 

Individuals who were living twenty days after t h e  bombing:, . 

Groups A 8E B 
weeks I Weeks 

No. of 
Morocyh?s 

h e r  50 
50- 99 
100- 199 
200- 299 
300- 399 
400- 499 
500- 599 
600- 699 
700- 199 

900- 999 
800- 699 

LOOO-LO99 
1100-1199 
1200- 1299 
1300-1399 
1400-1499 
1500-159 9 
1600- 1 69 9 
I. 700-1799 
lSOO-lS99 
1900-1999 
2000-2499 
q g g 9  9 9 

ov cr 

To t a l  

12 ti 
No 
2 
2 
8 
4 
8 
4 
3 
2 

1 

I. 

35 
__c_ 

Mean 

oyer 
4rJ 
5 e l C  

507 
22-9 
1104 
22.9 
11,4 

8 ,6  

5.7 

2.9 

0 0  

0 0  

0 0  
0 0  
0 0  

Q O  
O Q  
Q O  
0 0  
a 0  
0 0  
0 0  
0 0  

2-9 

100.0 

~~ 

Standard 
Dr,or_iRtion 
3tendard 
Dev. of Heer 

’, 

- No. 
7 

2 - 6  w 
5-3 
8 0 5  
19.1 
12.2 
12.9 

l1 9.r 
506  
208 
2.5 
2.8 
le3 
1.3 
0 09 
006 
0.9 
0,6 
1.3 
0 
0 
0 
0,3 

6 
6 
3 
2 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 

29 

- - 
- - 

6 
5 
11 
10 
7 
8 
6 
1 
3 
1 
2 
1 
o 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

m 
20 117 
20 67 
10.3 

6 *9 
0 
3 04 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 

.oo e o  

3 *4 

3 4 4  
0 
- - 100.0 

244 

62 

474 

9s 

NO e 

T 
27 
61 
39 
41 
36 
30 
18 
9 
i3 
9 
4 
4 
3 
2 
3 
2 
L 
0 
0 
0 
1 
1 
0 - 
- 319 - 

T 

8 -1 
=!ET 
17 07 
16 -1 
11.3 
12 -9 
9*7 
1.6 
4.8 
L 06 
3.2 
i .6 
0 
0 
0 
0 
0 
Q 
1.6 
Q 
0 
0 
0 

.oo b o  

c) 
- - 

Exposure Groups C &i D 
Weeks I Weeks 
2 - 6  1 7 - 1 1  

-Kc- - 
7 
1 
4 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

14 
B. 
- 

Q, Ro 0 

50-0 15 
7 - 1  26 

2g.6 65 
701 55 
0 45 
0 32 
0 19 
70% 14 
0 12 
C 11 
0 4 
0 1 
0 Q 
0 1 
0 3 
0 2 
0 1 
0 8 
0 0 
0 0 
0 1 
0 0 
0 0 

l0o.q 307 
I 

‘1 J . I ,  



. .. 

I 12 & over 
% No.! % 

6 ., 

,- 

A l l  1 

b 
3 

’ No. 

I ?  g 
T&le b6Na Monocytes. NAGASAKI ( c o n t i n u e d )  

2 - 6  
LI 

No. 
1 

No, of 
Monocytes 

Under 50 
50- 99 
100- 199 
200- 299 
300- 399 
400- 499 
500- 599 
600- 699 
700- 799 
800- a99 
900- 939 
1000-1099 
1100-1199 
1200- 1299 
1300-1399 
1400-1499 
1500-1599 
1600- 1699 
1700-1 79 9 
lt300-1899 
1900-1999 
2000- 2 4 99 
2500-2599 
13aM-dLeaer 

Total 

Mean - 
Stand srd - 
Stendard Dev 
sf Mean 

k 
33.3 

7-  

23 
2Q.3 
16.3 
7 -6 
7.6 
5 e2 
3.5 
1.2 
2 a 3  

0.6 
1.2 
0.6 
0 
0 
0 
0 
0.6 
0 
0 
0 

1 7 3 1  11 
2 14.3 12 
2 14.3 11 
z i k 3  7 
1 7.1 6 
1 7 . 1  5 
1 7.1 2 
0 0  0 
1 7.1 2 
0 0  0 
0 0  1 
0 0  0 
0 0  0 
0 0  0 
0 0  0 
0 0  0 
o o 0 
1 701 0 
0 0  0 
0 0  1 

0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

n 
3 - - 

379 I 502 

43 1 442 

0 
0 
0 
0 

33.3 
33 -3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

LOO .o 
0 
- - 

! 3 71 

333  

7 -  

4 
11 
41 
35 
28 
13 
13 
9 
6 
2 
4 
1 
2 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 

No. 

----L 
172 - 

17 99 
16.4 
10.4 
9 00 
7 *T 
3 -0 
8 
3 .Q 
0 
165 
0 
0 
0 
0 
0 
0 
0 
0 
1.5 
0 

100 .o 

L ,  I 



HIROSHIMA 

Table 4711. Number and percentage of casea In unich p ~ n g  ;dhi*ve cells, P I . , y p i c f i l  tgnpslocytes, 
nucleated rad  blood c e l l s ,  stippled red blood ~ ~ 1 1 s  pnd reticulocpLes were 
observed by exposure groups and by week9 Tron Sombtng., 

Individuals who were l i v i n g  twenty daya efter the  hocibing. 

Expo S ~ Z ~ E  

Croup 

A & B  

C & D 

G,F,& 0 

H 

6 17-6 5 14.7 34 2 - 6  

e 

I 'I I ' :, I I  .' i ', t 



. 

Number end percentage of cases h a  which young white cells. atypical lymphocyter, 
nucleated red blood cells, stippled red blood cells, and rettculocytes were 
observed by exposure grou~)s and br weeks from bombing. 

Individual8 who were l i v i n g  twenty day8 after the bornhi-, 



Iu 
0 
0 

~ 

. HIROSHIMA 
Weeke I Weeke I Weeke 

- 
Table &, Mean number of p l a t e l e t s  (In thousande) and number of c m e a  v l t h  

platelet cc>urts by axpatre groups And by vecks from bombing. 

NAGASAXI 
Weeke I Weeks Weeke 

i ~ n d i v i d u a ~ s  who were llVlng tuenty d w e  after the boubing. 

C and D 

E,F,Bh 0 

7 179 31 300 4 335 3 34 10 145 36 182 

- 0  - 3 60 5 233 8 220 5 191 - 
A l l  Voeko 

li 
All Vookr 

0 - 



0 1, I 

Table 49, Mean sedimentation rete (mm. in 2 hour) pnd number of 
cases by cxpo~ure  groups and by weeks from bombing, 

Indlvlduals vho were l lvinp: twenty days after t h e  bombing, 

.. , . I  ' , U 

- - C and D 107,' 30 443 27 15 95 I 

El i I 

1 14- E,F, S 0 2 24 6 46 34 23 172 18 11 10 

U1 Ueoh A l l  Weekr 

631 16 B 5 1 23 > 



Iu 
0 rc 

HIROSHItrJI, 

Table 5OE, Red blood ce l l  counts (in millione per cn. mm.) mean 

- 2 0 2 -  

and number of cases by exposure groups end by weeks 
, from bomhing 

Individuals who were living twenty d p y s  Rfter the bombing, 

. 



b 

c
 

203 



I 

Iu 
0 
F- 

Exposure Croup A Exposure Group B 
Weeks Weeks Weeks Weeke Weeks Weeks 
2,3,4,5 691,s 9 & 2,3,4,5 6,798 9 & over 

Under I 0 0  0 0  0 0  0 0  0 0  0 0  

2.0-2. 22 16.4 12 i7e4 1 6.: 14 9.0 g 8.7 3 16J 

E::::: 11 8.2 6 8.7 2 12.5 20 12.8 5 5.4 1 5-'  
1 6.3 12 8.0 io 10.9 2 11.: 

g 5.8 4 4.4 0 0 
2 1.3 o o 0 0  

4.5-4.9 3 2.2 4 ,  
5 9 0-5 = 9 3 2.2 3 

-7.0 6 over 0 0 0 0 0 a 0 %  o . ,  0 0 0 a 

RBC 
In 

Millions No.1 $I Hoe $ No. I No. 1 c ao. k No. 5 

1 .o-1.4 0 0  a 0.0 1 6.3 1 0.6 o o 0 0  
6 4.5 4 5.8 1 6 .  4 2.6 6 6.5 1 5.( 

38 28,4 13 1g.8 0 0 37 2f,6 15 16.3 1 5.' 

19 14.2 17 2 -6 5 31.2 27 17-3 21 22-8 6 33.1 

1-5-10e 
*5-2 *2 3 -0-3. 30 22.4 9 1 l . O  5 31.2 30 l9.OP 23 25.0 4 22,; 

6 .o-6.9 2 1.5 1 1.5 0 0 

1 I I I 1 - 1  

HIROSHIMA 

Tablo SD,, Ditttrlbutlon of RBC'e by Expoaure Groupe and Weekr 
iron Bonbia(C. 

Indi~ldualr who were l i v i n g  twenty d a y s  efter the bombing. 

Total 

HSSn 

Standard 
Det is t 1 on 

134 IlOO.0 69 1100.6 16 IlOO.0 156 IlOO.Ol 92 IlOO.0 16 1100J 

3.10 3*27 3.36 3 -43 3 3 6  3.33 

0 3 6  0.99 0.93 _- o -96 0.90 
Standard Dev. 
of Mean 0.07 0.12 0 -24 0 -08 o -09 0.18 



HIROSHIMA 

Tablo 51H0 Dfotrfbution of mc'h by Exposure Groups and Weeks, 
from Bombing, (cont e )  

XBC 
in 

Mlllions 
Under 1 
100-1 -4 
1.5-1.9 
2.0-2.4 
2 3-2 -9 
3.0-3.4 
3.5-3.9 
4.0-4.4 
4.5-4.9 
5 00-5.9 
6 .o-6.9 
7.0 & over 

Tot a1 

Meen 
Standard 
leria t ion 
Stanaera uev 
d Wcau 

I I 

01 0 1 '  0 
2 
6 

' 10.7 23 
12.4 45 

27.5 47 
14.0 29 

22 

0 1 

~100~0 234 

I O  
2-2 
3 -4 10 

22.5 48 

6.b 0 ,  1 

$ 

0 *9 
2.6 
4.2 
9 -8 
19.2 
20.5 
20 .l 
12.4 
9 -4 
0.4 
0 "4 

.oo .o 

0 

- - 
- - 

0-06'  I 0.06 

b D  Exposure Group5 E,F,& G Expo sur  e 
Weeks Weeks Weeks Weeks Group H 

9 Ac over ( A I 1  Weeks) 9 6,7 .8  over 2,3.4,5 

No. - 
0 
0 
1 
2 
1 
5 

13 
14 
8 
1 
0 
0 

51 

- - 
- 

% No. 
0 0 
0 0 
2 -0 0 
3 -9 0 

13 * ?  0 
9 .g 4 
25 -5  10 
27.4 11 

5 15-7 
2 .o 12 
0 1 
I) Q 

100.0 43 

% No. 
0 0 
0 0 
0 0 
0 1 
0 2 
913 12 
23-3 21 
25.6 16 
11.6 10 

7 

(? Q 
'1:3 0 

10000 69 

$ No. 
0 0 
0 C 
0 0 
1-4 0 
2 *9 1 
17 .I 4 
30.4 1 
23 -2 1 
14.5 2 
10 .l 1 

0 0 
0 9 

100 .o 10 

... 



Iu 
0 cn 

Diatrlbution of W ' e  by Sposure Oronpps and Weeks from Bonbiw. Pablo S U O  
Individuals who were living twenty Anys efter the bombing, 

RBC 
in 

Under 1 
M i l l  ions 

1 .O-1 .IC 

2 .o-2. .% 
2..5-2,9 
3 e0-3 .4 
3 0 5 - 3 5  "9 
4 .O-4.4 
44-4.9 
5 00-5 -9 
6,0-6.9 
7.0 ob over 

Total  

1 I 
Exposure OrouD A Exposure Group B 

Weeks I Weeks I Weeke Weeke I Weeks 1 Weeks 
6 I 9 L% over I 

1 -  

Q No. 
0 0 
0 1 

4 
10.5 2 

'9.3 46 
22.8 43 

8.8 20 
3.5 3 
5*3 
0 0 
n 0 

100.01 140 
1 



a@ 7 
NAGASAKI 

Table5lN, Distribution of RIJC'e by Ehposure CZ-WLPC nrrd Weeks 
?rom Bolc3ing cant. 

Weeks Weeks Weeks Weeks 
RBG 2.3 *4.5 6,7 *8 9 8 over 

Weeks Weeks 
9 b ever 

Ro 0 - 
1 
2 
3 
13 
16 
15 
i a  
3 
4 
6 
1 
0 

% 
0 
0 
0 
6, l  
24.2 
15,2 
13.2 
15.2 
33.2 
9b1 
0 
0 

100.0 

I 
I 1 

M3. 

0 
0 
0 
2 
4 
24 
56 
61 
3 
0 
0 
0 

150 

~ Na. 41 
I 

0 0  
0 0  

15 7.3 
61 29.8 
18 38.0 
32 lf.6 
9 A.4 
0 0  
0 0  
O Q  

~ : ;:; 

4.01 

0.91 

0.14 

1021 1.05 0.57 
S t endard 

3.66 3.76 

0 .go 0.44 

0.16 0 -04 

Po I, 
0 
0 
0 
3 

2 
5 
7 

13 
7 
6 
0 
0 '  

43 

k 
0 
0 
0 
7.0 
11.6 
4.7 
16.3 
30.2 
16.3 u. 0 
0 

&= 
h00,a 

No. 

0 
0 
0 
2 
8 
'j 
5 
5 
5 
3 
Q 
0 - 

2 

0 
0 
0 
1.3 

16,o 
37.3 
rc0.7 
2.0 
0 
0 
0 

2 b 7  

Expo sur e 
Group H 
( ~ 1 1  Veeks) 

No 4 

0 
0 
0 
0 
1 
5 
6 
7 
3 
il 
0 
0 - - 

% 
0 
0 
0 
0 
3.9 
19.2 
23.1 
26.9 
3L5 
15.4 

0 
.O 

I 
I 



HIROSHIMA 

T e b l e  52H, Hemoglobin. Mean grams per 1OOcc. of blood end number 
of C R B ~  by axxposuro groups end by weeke f r o m  bombing. 

Xndtvlduels who were living twenty dRys after the bomhinp;, 
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i. 

Table 5287, Hrmoglobln,  Mean grnrns lOOcc of blood Etnd number 
of c00ei3 by e x p s u r e  e;roups end by weeke from bombing, 

Indivlduelr who were l i v i n g  twenty d p g s  After the homblnK:. 
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Table 5419. Number end percent of people with  vhi te  blood ce l l  counts under 
3000 (veeh &6) by eymptoms end by exposure group. 

Individuals who were l i v ing  twenty dRys after t h e  hombinc:. 
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I ,  5 1 . :  

Exposure Groupo 
A & B  C & D  E. F, & G H (All weeks) T o t a l  

WBC WBC VBC WSC WBC 
Nnmber Under 3000 

People NO. k People NO. People moo 

Nuber Under 3000 Number Under )OW , Number -Under 3000 h m b @ *  -Under  5000 
of - of of  Of Of 

& .  $ People NO. B People mau 
Sympt om8 

38 62.3 0 0 - 61 Epl lat ion 3g 21 52,6 20 15 7.5 3 2 66.7 

7 41.2, Purpura 7 3 42.9 7 3 42.9 3 1 33.3 0 0 

13  19.4- Ire 6 ion. 24 8 3303 30 3 10.0 13 2 15.4 0 0 - 
7 21a2 Vomiting 19 3 1 5 . 8 ~  13 4 30.6 1 0 0  0 0 - 

LlemorrhaRa 2 1 50.0 8 4 50.0 3 1 3303 0 0 - 13 6 46.2 
btner 

17 - 
67 

33  

Oropharyngeal 

I *1 i . ,::I' I 

NAGASAK X 

Table 55n. Nunber and percent of people with white c e l l  caiints under 3000 (weeka 2-6) among 
mutwlly exclus ive  cases  of epilption, purpurn. oropharyngepl lesions w i t h i n  39 
days, vomiting dey of bomb, end other hemorrhage by expowire groupn, 
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1 115 

Symptom 

Dterrhca 
Bloody 
D i qrrhee 

feiirea 

Uala%eo 

Anor ox ia  

Crmpr 

?ever 

1Jo Smtomr 

t 

E.WOBUrc Grottm 
I Total A d b B  C I D  E . ' F ,  t% 0 B ( A l l  Weeks) 

WBC WBC WBC WBC WBC 
lumber Under 3000 Bumbar Under 3000 

people No. 

Number Under jOOO IJunbep Under. 3000 . Rumbe* .Under 3QOQ 

of . * of I l ~ e o p i e  of  NO. < People Of BO. I 4 People of no. 5 S P  eople No. 

16 12.7 

0 0  

7 23.3 

17 1509 

10 0 0  126 45 12 26.7 45 4 s.9 26 0 0  

2 0 0  5 0 0  3 0 0  1 0 0  11 

30 

107, 

75 

7 
11 

0 -  

0 0  38 7 1 s ~  25 1 4.0 

33 0 0  

3 3 0 0  0 0  1 0 0  0 0 -  

3 5 3 0 0  2 40.0 0 0  0 0 -  

5 0 0  0 

9 

5 

g 444.4 16 3 l W  

35 9 25.7 

25 7 28.0 8 24,2 12 1 a b 3  16 21.3 

0 0  

2 1 8 e 2  

25 9.1 78 0 0  276 52 12 23*1 63 12 l k 5  63 1 1.6 

NAOA SAX I - 
Table 56H, Number end percent of people with white c e l l  counts under 3000 (weeks 2-01 mong 

cmcs without epilptlon, purpure, oropharyngepl lesions, vomitinK, ox hemorrhage, 
by other symtoms and by exposure grotipps. 

Indlvidualm who were livlnp; twenty d ~ y e  Pfttr the bomblne, 
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E IROSH IMA 

Exposure Groupe' A & B (weeks 2-6) 
I I I 

Table 57H. White blood cell counts by combination of symptom6 snd by exposure groups. 

Fkposure Groups C D (weeks 2-6) 
1 I I 

Indlviduale who were l l v i n g  twenty d a y s  after t h e  bombing. 

Sympt ome+ 

Both E+and P+ 

Either E t o r  P+ 
E- P- but two or more oymptoms 
including O-P, V r ,  or H+ 

no other syrnptome 
E- P- 0- V- H- but eomc other 
aympt oms 

Bo Symptoms 

l!L p-, bat Ot. vt, 01 H t w i t h  

I WBC I WBC I ll 
Number Under 3000 Under 4000 Wean Number 
of WBC of 

People Nob 46 NO. k People 

180 144 60.0 163 90.6 1923 15 

*Key to 6ylRbOl68 
E+ = Epilation 
E- t lo Epilation 
Pt = Purpura 
P- = No Burpura 

O +  = Oropharynges1 Leslone v i th in  39 cloysa 
0- = No oropharyneeal lcs ione  within 39 days. 
Vt= Vomiting o t  day of bomb. 
V- = No vomiting on day of bomb. 

WBC 
Under 3000 

WBC 
Under 4000 Meen 

WBC 

2420 

4157 

5944 
5244 

5759 
6268 
- 

H+ = Other hcmorrhnge 
H- = No other hemorrbge 
Other symptoms Incluae diarrhee, 
bloody dlarrbea, npusta, m p l n i s s ,  
eaorexle, cromps Rnd fever. 



2 1  
Table 57X. Kiroshillle (continued) . .  

Symptoms+ 

Both E+,anrl Pt 

Either E+ or Pt 
E- P- &It two or uore Symptoms 
includine 01, V+, or H r  
E- P- ,  bwt O + ,  V, , or Hi--with 
no other symptoms 
IL P- 0- V- 8- but 8ome other 
symp t om6 

Bo Symptome 

Ezpooure Group E, F ,  & C (weeke 2-6) Exposure Graup W ( a l l  weeks) 

WDC WBC Under WBC 3000 Undcr WBC 4000 '@'" 
WBC 

Number Under 3000 Under 4000 WBC 
of o f  . 

No. % No. $ Peol'le Ma. No. 6 

0 0 -  0 -  0 0 0 -  0 -  C 

0 -  o - 1160~ 3 0 -  0 - 5933 1 

39 3 7 .I 9 2301 5916 11 0 -  590c 

0 -  1 50.0 6)y 6 1 16.7 1 16.7 4933 2 

1 2.0 5 10.2 6171 1 20 5.8 21 17.3 6009-_- 49 -~ 

85 3 3 -5 12 14.1 6433 49 I 2.0 2 4.1 6555 

Q -  

f 



I 

Table 578. White blood cell counts by combination of symptoms and by expoatire groups. 

Indivlduel6 rho were l i v i n g  tventy days after the  hornbingo 

'Key t o  rymbolex 

I I  

I 1 

E t  Eplla,tioa 
&- l o  Epilation 
Pt 4PUrpura 
P- No PUI'pUr8 

0-r Oropharyngeal Lesions within 39 days. 
0- No Oropharyngeal Lesions within 39 d w s .  
V+ Vomiting on dey of bombing. 
Y- No vomiting on de,y of homhing. 

Ht Other Eemorrhage 
E- lo other Hemorrhage 
Other symptoms includes rliarrhee , 
bloody dierrhec, nausea, malaise, 
anorexia, cramps end fever, 



Teble  57N. Nngesakl (contlnucd) 

Svmpt o m +  

I I 1  

Exposure Croups E , F ,  & G (Weeks 2-6) Expo 

WBC WBC 
number Under 3OOO Under 4000 H e m  h m h e r  

of - - Y'BC of 
People NO, $ No. $ People 

I I 

Elther E t o r  Pt 
E- P- But two or more symptomr 
i L l C l U d i D R  Q+. V+. Or H+ 
IC P= but Or, Vt, or H+wIth 
no other 8ymDtoms 
E- P- 0- V- B- but 8omc other 

Both E t a n d  Pt 01 01 - I 01 - I 0 11 0 
I I I 1 I II 

10 5 50.0 5 50.0 5790 0 

20 4 20.0 5 25,O 62ho 0 

5 0 -  0 -  6520 0 

Symptoms 

No Symptoms 

46 1 2.2 5 10.9 7374 16 

63 1 1.6 3 4.1 7113 98 



.. : 
I 

Tshle 5s. Distrihution of days f.rorn bombing t o  deoth amonp; IndlviduFlls 
who d i e d  20 d a y s  or mow follo; .r lng the d a y  of bombing. 

Inflividuals vho were l i v i n g  twenty day@ eftel- the hamhing. 

r I I I  

, : I  . 
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3E2L 
Ta3le 60, Vhfte hloob ce l l  caunta (week8 2-6) among individuals  

who d i e d  20 d4vs or more following the day of bombing. 

1000-1999 

2000-2999 

3*-3999 
4000-4999 

Iodivldusla who uere llvfng twenty day8 after t h e  bomung. 

30 23.4 11. 24.4 

16 12.5 8 17.8 

5 3.9 2 ,4.4 
5 3.9 4 6,g 

i 

6 0 0 0 ~  OVER 

Total 

5-5999 I 01 0 11 11 2.2 
I i l  I 

5 3.9 2 4.4 

128 100.0 b5 100.0 

. 



r 

22.7 
Tahle 61. The incidence of symptoms, barns and mechanical Injuries among lndividaiale who 

d i e d  20 days or more fol lowing the dag of bombing, 

Indivlduale who were l lv in i?  twenty day8 d t e r  t h e  bombing, 

pmptome, Burns rind MechPnicel 

Xey t o  eymbols: R+ = Other Hemorrhage 
E+ = Epilation H- = No other hemorrhage 
I&- - No ~ l l a t l a n  Other symptoms include 
P+ Purpura Diarrhea, Bloody Diarrhea, 
P- m NO PWPWP b l @ i s R ,  ~norcxia,  Nausea, Cramps Ot 2 Orophary-al lesions nlthtn 39 daya 
0- = Bo oropharyneeal les lons  within 39 deyr 
V+ = Vomitln(t d a y  of bomblne: 
Yo = Bo vomitlng day of bomblng 

ma Peoer. 

! 



8' 
Table 62. Distribution of doye from 8onblnq: t o  death smng f n d i v i d w l s  

vho dled prior t o  20 days following the d q  of bombing. 

tlfDIVIDUAbS WRO DIED VITBII 19 DAYS FOLu)wII6 TRE DAY QI BOafSIgO. ---------- 

0 - 1  0 0  29 12.2 

10 - 11 4 b.4 21 8.6 

12 - 13 I 7 1 7.711 141 5.9 

17 18.7 15 6-3 
Unknown 
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Tnble 64. White blood cell counts of i n d i v l d a s l a  who d i e d  
prior t o  20 B ~ y e  following the day of bombing. 

Number of 1 YBC 

I I  

I O  0 

1000-1999 

2000- 2999 

3000- 3999 

i 

4 11.4 0 -  

2 5.7 0 -  

0 0  0 -  

Tu 
W 
0 

1 

k 
._-- I 1 I 

I I I I  I I 
Under 500 WI 
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Table 6GE, Incidence of apptonr c o m b l ~ t l o a r  by exposure groupr, 

PndOvldtraSs vho were l i v i n g  twenty dars after the bomblag. 
/ 

Rpllatioo u a d l o t  Purpura 
I I 

I I t I i I Y 
I I 

6 267 0 0 4 1,5 1, 1,' 
1 
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N w 
-F 

Hiroshima 
I 

J-3f 
Table 67. Number and percent of cases originally diagnosed by the 

physician in Japan as having radiation injuries. 

Individuals who w8ers l i v i n g  tuenty  days after the bombing. 

Nagasaki 
I 

H 
Grand 
Tot a1 

of . Injury of . mmY - Group 
People No. % People No. % 

I 

219 2 0.9 194 3 1.5 

6882 748 10.9 6621 943 U.2, 
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Iu 
W 
Ln 

a3s 
RIRO!MIWA 

Individuals with epeatfia rp~ptome of radiation (epilation and/or purpura) 

Individtrole who were liring twenty day8 after the bombing, 

Table 68H. 
w dietsIIce ma d i e l d i n g .  

Ring 

1 

2 

3 
4 

5 
6 

Outdooro 

People with 
JZpllation 
curd/or 

0 l o  

. .  
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Table 6 9 ~ .  IodlviduRle with epeclf IC eynptome of redlation (epllation andlor ptirpura) andlor 
suggestive symptoma of radiat ion ( m y  combinetion of two or more symptoms lnclud- 
lag; oropharyngeal lesions vomiting, or other hemorrhage) hp diatence and 6hIeldfng. 

2 1100-1500 160 64 52.5 104 48 46.2 861 b98 57.6 bob 317 52.5 72 8 1 1 a 1  

3 1600-2000 208 76 36.5 103 22 21.4 561 194 34.6 68 34 38.6 47 6 12.s 

115 36 31.3 82 12 1.4~6 31s 58 18.2 35 6 17.1 110 16 14.5 4 2100-2500 

6 3100-4ooO 188 29 15.4 89 5 5.6 654 53 841 152 18 lle 6 29 11 13.8. 

5 2600-3000 139 22 15.8 61 8 13.1 369 38 io.]l 30 9 30.0 25 2 8.0 

7 4100-5OOO 46 2 4.3 23 2 6.7 . 1 57 5 3.2 I? 2 lle6 9 Q 0 ,  
r 

Total 0-5000 929 293 31.5 514 133 25.9 3172 1018 32.1 12- 533 43-4 365 56 1503, 

, 9  Over 5000 10 1 10.0 6 0 0  69 2 2-9 4 0 0  2 0 0  

939 294 31.3 520 133 25.6 3241 1020 31.51 1233 533 43.2 $7 56 15*3  I 

Grpnd 
+Total 0- 

t 
Individuals vho were l i v l n g  twenty days  after the  bombing, 

8 

i * ' 1  : \ .  I 
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Table TOE, Ractistion,hurns,end rucchmical l n j u r i e e  by diatnnce 

Indlvidu~ls who were living twenty day8 after the hombine;, 

I 1  One Type of Injurj - 
RadiPtion Burns 

fo tn l  Only Only 
Nunb cr  

Distance of 
(Metere) People MOO I No- ss 

. 3  1600-2000 1034 76 7.3 178 17.2 

4 2100-2500 672 38 5.7 88 U * I  

9 h e r  5000 194 3 1.51 2 1.f 
Or end 

!!Eotal 6621 528 8.0 

i . 



I 
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HIROSLl IPIA 

Table 7lH. Type of most severe Injury by dietsnce 

IndiVithml8 who were l iv ing  twenty dpve nfttr the bombing. 



NAGASAK I 

Table TlH,,  Type of most mvere injury sustained by dis tence .  

Individual8 who were llving twenty dPye after ,he bombing. 

I I '  Tot&. 
Dls tence Number /Dr Peo l e  

1 Ring I (Meters) 

1 0-1000 789 

Radintlon Burne Mechon I C s 1  

II 

I' I! 1 



, 

Table ??El, Typo o f  mort  amere Injury by dirtas80 md ~bleldlng. 

Inditidrrdlr who vece l iv ing  twenty dsyr sfter the bombing. 

c - 

71 - 



L
 P 



, 

H IEO SHI MA 

Table ?a, Type of mort  SOVOTO injury by dirtance and rhieldlnit. 

Indlvl rT- 

I 6 1 3  100-4000 
1 

lualr who wcrb lloing twenty day8 after the bombing. 
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"ci, 7 I 

Ring 

1 

} T o t d  

Tab1 e 

C 

HSROSRXMA -.- 
-72R. Typ~  of most acvere injury 

h d l v i  

Dl a t  a..ue 
Wet ere) 

6-PO00 

1100-PLjo0 

2100-2500 

2600-~00 

l 

by dletanae and ehielding 

i u a h  who were 1iv:ng twenty day61 after the bombing, 



NAGASAKI 

Table 72N. Type of most severe indury hy distance end s h i e l d i n g .  

Individuals who were living twenty days bfte? the bombing. 



NAGASAKI 

f a b l e  7 2 ~ ,  Type of moot severe Injury by dlstance and shielding, 

Individuals who were living twenty deye af ter  the bombing. 

I 1 

Ring Distence of 
(Netere) ' People Bo, 

1 0- 1000 52 35 
2 1100-~1yo 101) 44 

I - 1  I I 

6 3100-4OOO * 89 5 

9 Over 5000 6 0 

19.4 22 21,4 12 11.6 54 52.4 49 4T06, 

13*4 15 1s,3 15 18.3 41 50,O 41 50.0, 

13.2 11 18.0 11 18.0 30 19.2 31 50n8 

0 0 0  0 0  0 0  6 100.0- 

~ 24,o 74 14.2 81 15.6 280 53 ,8 240 46.2 



NAGASAKI 

Teble 72s. Typm of most severe InJury by distance and shielding, 

Individualn who were l i v i n g  twenty days after the hembing, 

c + "  , 



i! I 0 



I 
! 

. .  

9 Over 5000 2 0 0  0 0  0 0  0 0  2poo.o 

55 15.0 19 5.2 25 6.8 99 27.0 268 73.0 
Orend 
Tot a 1 - I  367 

~ 

2% 
NAGASAKI 

Table 7ZH. Type of qlost 8eYPre injury by diatence snd s h i e l d i n g .  

-3 
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Fig. la--Front of form (Photo F i l e  # HP 1624. 
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FIGURE I b. . (Bock of Form) 
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12. 

13 

I ,  

Inno 
I O 0 0  
I 2 0 Q  
> nro 

DATE: 

23 rJ1 

Fig. lb--Back of form (Photo F i l e  # EIP 162-b). 
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Fig. ZN--Burns and mechanical injuriee by distance. 
- 



/ 

Ring 1 

HIROSHIMA 

Ring 2 Ring 3 Ring 4 Ring 5 Ring 6 Ring 7 

J 

\ 

100 
90 
a0 
70 
60 

50 

40 

30 

a 
kn 
0 a 
X 
L( 

al 
a 
0 
0, 
PI 
CH 

Q, 20 

4 

10 
0 9  
e 8  
Q ) 7  u 

c4 k 6  

5 
4 

3 

C 

2 

257 



W 

50 

40 

30 

20 

10 
9 
8 

I 
6 

5 
4 

3 

2 

, 

R i n g  1 R l n g  2 Ring 3 Rlng 4 Ring 5 Ring 6 

\ 

Ring 7 

7 
0 

i 

0 
0 

NOOORS, / 

k A V Y  BLPC’ 

v \  h ’ \  \ 

e-- 

- 

L 

. 



HIROSHIMA 

. 

. 

Ring 1 Ring-2 Ring). R l n g 4  Ring5 Ring 6 R m g  7 

100 
90 
80 
70 
60 

50 

40 

30 

20 

10 
9 
8 

7 
6 

5 

4 

3 

2 

1 \ 
I i I I 1 I I I I I 



NAGASAKI 

100 r I 

I 

" t  A 

20 

2 

.- 

I I I i I I I I 1 1 I I I 
l o  500 1000 1500 2000 2540 3000 3500 4000 4500 5000 

DISTANCE - METERS 

1 R i n g  1 Ring 2 R i n g  3 Ring 4 Rlng 5 ~ i n g  6 Riw 7 

Fig. 4N--Mechanical injuries by ring and shielding. 
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11. Epi la t ion  and/or purpura; 111. E p i h t i o n  and/or purpura, and/or any 
combination of two or more symptoms including oropharyngeal les ions,  vomit- 
ing or  hemorrhage; IV. Any symptams. 
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