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I. INTRODUCTION 

This publication deals with the  observations carried o-Jt on a f a m i l y  of 

f i ve  persons, and on a fetus, who were accidentally exposed t o  iodzin@; 

radiation emitted by a capsule of cobalt-60, of 5 curies, used for  industrial 

purposes. 

The doses, the t i m e  of exposure, the  manifestations of t he  disease, and 

the danvsge produced were of varying gravity i n  each one of the  persons, whose 

ages were between 2-1/2 and 57 years. 

of the accident, and among them one w a s  pregnant. 

aSYmptOmatic a t  the present t i m e  and i s  mder constcn-k observction. 

Four of the  patients died as a result 

The surviving patient is 

A l l  the  pat ients  were t reated i n  different hospitals and c l in ics  of the 

IMSS (Mexican Institute of Social Security) so  that this study i s  the  result 

of a collaboratiT-e effor t .  

analyzed and w i l l  be reported l a t e r .  

Some aspects of the accident are  s t i l l  being 

This  study has a par t icular  in te res t  because the exposed persons received 

total-body i r rad ia t ion  i n  a prolonged and fractionated manner; the greater par t  

of other reported radiation accidents have been due t o  short and intense 

total-body SQOSIX~S.  

The calculation of the  doses received by each o f t h e  patients was 

d i f f i cu l t  because they were moving about, so that the distance between them and 

the  radioactive source varied constantly. Another ixqortnnt factor, which was 

d i f f i cu l t  t o  define, was the  time of exposure, so tha t  it w a s  necessary t o  

reconstruct, as closely ns possible, the daily l i f e  of each one of t h e  persons. 

The c l in i ca l  and hematologic study of the f-irst member6 of the family 

vho shared the disease wzs not done i n  a systematic manner, because at the time 

the cause of t h e i r  disease was not known. 

The postmortem studies of the persons dying were also incomplete fo r  the 

same reason; no autopsy w a s  done on the  first patient of the four dying, and 

i n  two of the other three cases the  autopsy studies were incomplete. 
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n. mRIcAL- 

The f'lrst references on the damaging effects  of accidental radiation 

exposure on the humin being go back t o  the l6th century, almost 400 years before 

the existence of radioactivity was known. 58 

It is hownthat some o f t h e  workers i n  the mines of the Erz mountains 

i n  Germany developed a disease with characterist ics similar t o  those of lung 

cancer. 47 

I n  November 1895, Roentgen discovered X rays, and two years l a t e r  the 

Since that  t i m e ,  it has been Curies discovered the radiations from radium. 

lmm that electromagnetic waves can produce demage of different tm and 

magnitude on the huraan being. 

I n  190 ' described the lesions he noted i n  his  wife as a 
4 result of her workwith radium sa l t s ,  as well as the lesions she suffered in 

a small area of the sldn of the forearm that  wa8 in contact with radioactive 

material. 
over a period of 

developed, / , several years, an aplastic anemia as a 

resu l t  of the fractionated and multiple exposure t o  ionizing radiation. 

The industr ia l  use of thorium salts in the fabrication of luminous dials 

for waiches, gave rise t o  fatal accidents 

naaterial i n  the in te r ior  of the body. 

due t o  the deposit of radioactive 

48 

As X rays were used mre iridely for  diagnoses and therapy, more evidence 

was collected, indicating that t he i r  use vas attendsd w i t h  r isks.  

present time, there are mzny bibliographic references on the  untoward effects 

occurring when the h m n  being i s  exposed t o  ionizing radiation. 

A t  the 

11,.16 

The occupational exposure t o  fractionated irradiation i s  capable of 

producing severe damage, and in certain cases death. In 1900, several cases 

were reported of lesions due t o  X mys. In 1903, , reported on the 

1 0 0 5 9 q 1  
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In 1910, malignant changes were reported on 

I n  1922 It was estimated 

blood changes due t o  radiation. 

the skin of persons exposed constantly to X rays. 

that approximately 100 physicians had died because of radiation damage. 18,58 

A l l  these cases w e r e  due t o  damage produced by prolonged and fractionated 

exposure. 

atomic bombs were exploded in Hiroshima and Ikgasald. Man's ingenuity had 

released the radiation energy fromthe disintegration of the atomic nucleus, 

and there was occasion t o  study i ts  damaging ef fec ts  on the human body. 

These studies s h r e d  that the disease due t o  total-body Irradiat ion Can be 

acute or  chronic, and t ha t  there are a l so  intermediate stages. 

Since 1945 because of the use of nuclear reactors in several  coulltries, 

several  accidents have taken place with exposure t o  p a r t s  of or  to the  whole 

body of workers and sc ien t i s t s .  

I n  accVlents occurring i n  1945 and 1946 in the reactor of the LoS AlamoS 

Scient i f ic  Laboratory, USA, there were two f a t a l i t i e s  i n  persons aged 26 

and 32, i n  whom death occurred a t  the 9th and 24th day a f t e r  the  accident. 

The follarlng syn.;:oms vere described: subcutaneous edema, b l i s t e r  fo?3natiOn, 

paralxt ic  ileus, S ~ J C ~ ,  jaundice, hemorrhages, fever, diarrhea, and 

s tomati t is ,  29 

I n  1954 came the report of several  cases of radiation syndrome in 

the  inhabitants of the Fn:-sbali Islands, caused by exposare to a radioactive 

r a in  result ing f r o n  nucl.e::r experiments carried out at a 

distance. 17,& 44 

I n  1955 D r .  Guslsova and Dr .  Bulsogolov published the nuclear reactor 

accident that occurred i n  the USSR i n  the year 1953. Two persons received 

total-body irradiation. Both survived. The authors reported o. new 

observation, namely that the  brain waves registered by the electroencephalogram 
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changed drast ical ly  during the first weeps, coming back t o  normal 36 days 

after the exposure. 

I n  June 

54 

1958 an accident occurred i n  the Y-12 plant i n  Oak Ridge, 

Tennessee, USA, i n  which eight persons were exposed t o  garmna and neutron 

i r radiat ion from uranium. 

The f ive  persons who were  closest t o  the'radiation source received a dose 

that varied from 236 t o  365 rads* t o  the whole body; the  other three persons, 

far ther  removed from the source, received doses of 23 t o  69 rads. 

The duration of exposure was only a few seconds. 

No deaths 

occurred. 273 

I n  October 1958, an accident occurred i n  a nuclear reactor i n  Vinca, 

Yugoslavia, where six persons were exposed t o  gamma and neutron radiation, 

receiving doses Yrcm 350 t o  640 rads t o  the whole body. 

tbe largest dose died 32 days after the accident. 

Tlie person receiving 

52 

I n  December 1958, i n  an accident i n  the Los A l a r m s  Scient i f ic  Laboratory, 

USA, a person received a high dose of radiation, from plutonium, in a t i m e  

interval  of approximately 30 seconds. 

and $ 9 0  rads t o  the whole body. 

me calculated dose was between 2900 

The patient died 34 hours after the accident. 
56 

* (r) roentgen: the t radi t ional  ionic dose of ionizing radiation, defined for 

radiations up t o  2 Nev. 

Rad (Roentgen absorbed dose): The unit  of dose of absorbed energy i n  

matter, for ionizing radiation of any energy. 

multiplied by f .  

One rad equals one r 

f i s  a factor that  depends on the energy of tk radiation and on the 

34,3? atomic number of the absorbing material. 

In our calculations the factor f w a s  taken as 0.98 f o r  the prlmary - 
radiation. 

1 0 0 5 9 9 3  
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I n  ~ a y  1960 nine vorkers i n  a military instal la t ion i n  ~ o c l q ~ o r t ,  

New York, USA, were exposed during 20 to 120 minutes t o  X rays of an energy 

of 145 t o  155 kilowatts i n  an accident occurring i n  a radar tower. 

patients received total-body irradiation; the others received radiation to 

only  parts of the body; none died.31 

Three 

These accidents provided detailed information on the total-body 

radiation syndrome, and they support the idea that a dose of 400 t o  600 r 
59 given i n  a single exposure is f e t a l  i n  the majority of cases. 

./ 
Mathe's commhlnication on the group of Yaoslav scient is ts ,  who were 

1 accidentally exposed in 1958, contains an important analysis of c l in ica l  and 

therapeutic consideratiom, especially i n  reference t o  the use of bone-marrow 

t ransphnts  .%,49 

The accident described in the present report is di.ff'erent from the 

other ones because f ive members of a family were exposed during a long 

period of time, four months approximately, t o  the gama radiation of a 

cobalt-60 source, 5-curie, that T ~ S  acciderrtally l e f t  i n  the house where 

the family lived. The disease mnifested i t s e l f  under different aspects 

i n  a l l  the cases; it varied fromthe acute t o  the chronic form, depending 

on the magnitude of the dose received. 

I005994 
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111. RADIOPATHOLOGIC CONSIDWATION 

To ma& c lea r  the nomenclature used in this report, it has been thought 

t ha t  the following concepts should be s e t  forth: 

1. The radiation exposure canbe  single or  fractionated, short o r  

prolonged, and t o  the t o t a l  bcdy or  only t o  prt of it. 

Short exposure means an exposure received in a short period, for  

Prolonged instance those that occur i n  accidents around nuclear reactors,  

exposure i s  that received i n  a continuous or  repet i t ive manner during long 

periods, months o r  years, as the occasional exposure i n  an X-ray deprtment. 

On dealing with short exposures, a dose of 50 rads or more i s  a rb i t r a r i l y  

consi.dered t o  be a high dose. 61 

2. The radiation syndrorne canbe  considered as acute or  chmnic, but 

intermediate forms can occur, depending on several  factors; t3e magnitude of the 

dose i G  one of the  most w o r t a n t  ones. 

Acute exposllre t o  t:ie vhole body froti penetrating radiation, as X rays, 

gamma rays, and accelerz,cd per t ic les ,  happens rarely in these tines. 

syndrome i n  t t s  most acut2 fom,~ras observed i n  the Japanese people after the 

atom bomb explosioiis i n  "iroshka and Nagasald i n  August of 1945, and it was 

called "atomic bomb disease." 

determining the degree of biological response. 

25 rem* produces no objective signs; 25 t o  30 rems came s l igh t  hematologic 

changes; with 50 t o  100 rem6 the hematologic changes are well apparent, but 

there is  no visible  damge; 100 t o  200 rem6 cause vis ible  and permanent damge; 

a dose of 450 rems or higher i s  probably f a t a l .  

The 

The absorbed dose is t he  m i n  parameter 

It is barn that  a dose of 0 to 

58 

1 0 0 5 9 9 5  

* Rem (rad equivalent man): It i s  not a physical unit, since it takes into 

It is defined as: One rem equals one rad account biological factors.  

multiplied by RBE. 

RBE (radiobiological efficiency) is a factor t ha t  depends on the type of 

ionization ( l i n e s r  energy t ransfer ) .  

as one. 

In our calculations RBE was taken 
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Doses of 300 t o  500 r em are  considered as  a l e tha l  dose (LID ) for man. 
50 

This dose produces an acute eild f a t a l  disease within 30 t o  60 days i n  505 of 

the exposed persons. The acute disease is manifest& by nausea appearing i n  

a few hours, vomitus, headaches, weakness, dizziness, anorexia, tachycardia, 

diarrhea, i r r i t a b i l i t y ,  insomnia, and prostration. 2,9,17,24,28,31,39,52,56 

This init ial  phase is fol lmed frequently by a period of w e l l  being, 

although during the  la ten t  time the  t issue damage progresses. Afterwards 

some of the i n i t i a l  symptoms reappear and new ones aze observed: leukopenia, 

hemorrhages, infections, and ulcerations of the o ra l  mucosa. These symptom.6 

are due t o  the interplay of three main altcrations:(a) t i s sue  necrosis due t o  

the direct  effect  of radiation; @) hemorrhages caused probably by a combination 

of damage t o  the capillary walls and t o  changes resulting from the lesions i n  

the hemopoietic t issues;  ( c )  secondary infections due t o  depression of 

leukocytes and possible interference with the mechanTsms of defense against 

inf'ection . 9,39 

The length of the la tent  period i s  inversely proportional t o  the dose 

received; it is shorter the higher the dose. 

With higher doses, of the order of 2,000 t o  33,000 rads, the si- and 
9 symptoms are more pronounced and t h  survival is  only three o r  four days. 

With doses above 30,000 rads, death usually occurs faster,  ahnost immediately. 

Those sunriving doses around the recover slowly and may show 

sequelhe,  such as permanent alopecia, dermatosis, cataracts, and 

s t e r i l i t y .  

i n  the Japnese population surviving the explosion of nuclear bombs; the 

frequency of the cases of leukemia i s  increasing i n  the population of 

Furthermore they my develop leulsemia; t h i s  has been sham 
43,54,58 

Hiroshima and Nagasaki progressively along EL radius leading t o  the center of 

the s i t e s  where the explosion tool: place. 
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The chronic form of the  total-body radiation spdrorne i s  manifested by 

late  change^:^ blood alterations,  such as anemia, purpura, and leukemia; 

increase i n  the frequency of degenerative diseases; increase i n  the  frequency of 

cancer; retardation of growth and development in children; increase i n  the 

frequency of cataracts;  a l te ra t ion  i n  f e r t i u t y ;  genetic effects  and shortening 

of t he  l i f e  span. 

The acute syndrom reaul ts  almost always from short and intense exposures; 

the chronic syndrome i s  due t o  fractionated and multiple exposures and it a lso  

appears i n  survivors of short but not very intense exposures. 

With doses of radiation less than the LD50, t he  disease takes a 

subacute form. The symptoms are of lesser intensi ty  and appear less suddenly. 

The l a ten t  period i s  longer and death i s  less lilrely. It w38 studied on 

the  inhabitants of the  Ivkmzhall  Islands who, i n  1954, were exposed t o  

radioactive rains  from nuclear experiments (Refs. 9, 17, 18, 43). 

3 .  The radiation damage can be i m d i a t e ,  early, and lete; systemic o r  

localized; permanent or  reversible. It i s  not possible t o  es tabl ish a precise 

dis t inc t ion  between ear ly  and l a t e  damage, but from a c l in i ca l  point of view, 

it i s  considcred tha t  ear ly  damage is that observed during the f irst  60 days 

a f te r  exposure, and l a t e  damage is that ap9earing a f t e r  t h i s  t i m e .  57 

Whether the t i s sue  damnge v i l l  be perranent or reversible depends upon 

the sens i t iv i ty  of the t issues  and upon t h e i r  capacity for recovery, as w e l l  

as upon the dose received. The damage i s  more l ike ly  t o  be permanent if the 

t i s sue  affected has gree5er sensit ivi5y and i f  the  dose is  high. 

The patients stud5.ed i n  t h i s  investigation experiexed a prolonged and 

fractionated e:rposc:;-a t o  the whole body. Moreover, cne received intense 

total-body i r radiat ion.  One developed the acute form of the radiation syndrome, 

and the  others showed the subacute and chronic forms. The damage observed was 

ear ly i n  three cases and ear ly and l a t e  i n  the other two. 
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N. DESCRIPPION O F  TBE ACCIDIXL' 

h n y  obstacles of difrerent  nature had t o  be overcome i n  reconstructing 

the pertinent fac ts ,  so that  some of the de t a i l s  have not been f u l l y  

established, and t b e i r  interpretation cannot be considered as f ina l .  

main f ac t s  i n  chronological order were as Pollaws: 

The 

March 21, 1962. 

house i n  which there was a lead container that held a capsule of 

approximately 5 curies. 

without any of the m e m b e r s  of t he  family ]mowing exactly what the container 

was and what it contained. 

On t h i s  date the persons t o  be described moved t o  a 
60 
Co of 

The source w a s  lef't t o  the family t o  keep and watch 

This material wa6 i n  S i t e  4 of Fig. 1. 

Without their bowing haw, the capsule was taken out of the container 

Sometime during t h i s  internal, the son, between Eaarch 21 and April 1, 1562. 

E.E.P., 10 years old, lizppened t o  find the capsule i n  the yard, and he kept 

it probably i n  the l e f t  front pocket of his trousers. 

April 1, 1962. It is believed that M.C.E., the mthe r  of t he  child, 

and put it i n  the  drawer took the capsule f r o m t k  gocket of the trousers 

of a piece of furniture i n  the kitchen ( S i t e  3 M g .  1). 

April 17, 1962. A.I.G., t he  mother of the survivor, came t o  l ive  i n  

the house. A t  that t i m e  she noted f o r  the f i r s t  time the blackening of 

the glass tumblers that were kept i n  the piece of furniture where  the capsule 

was ( Site  3 'Fig. 1). 

April 29, 1962. 

July 19, 1962. 

The boy E.E.P. died i n  the HospitLl de la Raza. 

The wife, M.C.E., died i n  the  Gynecological Hoapital 

of the National Medical Center. 

July 22, 1962. 

A u g u s t  13, 1962. 

The capsule w a s  withdrawn from the house by its Owners. 

Clinic 19 of the Mexican One of the physicians of 

Insti tUte of Social  Security SUSFeCted f o r  the first time tha t  the symptoms 

shoved by the family could be due t o  radiation damage. 
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August  18, 1962. The g i r l  M.E.E.C. died in the Hospital de la Raza. 

A u g u s t  XI, 1962. The husband J.E.I. and his mother, A . I . G . ,  were 

admitted t o  the Oncological Hospital of the National Medical Ceder. 

J.E.I. w8s discharged from the Oncological Septeniber 6, 1962. 

Hospital. 

October 15, 1962. 

I n  Table 1 the ident i f icat ion data of the cases are summarized. 

A.I.G. died in the Oncological Hospital. 

V. CALCUIATION OF THE Ix)SEs RECEINED BY THE VI(332B OF THE A C C I D E "  

1) Introduction. A reconstruction wa8 made, by physical means and 

theoret ical  calculations, of the radiation dose received by the mmbers of the 

f€uKi.lY. The theoret ical  calculations were made by means of the physical 

60 inf'ormat.ion known about t he  capsule of co and the plans and geonetric 

conaitions of the si te of the accident. It must be stressed tba t  the 

calculations indicate only the approximate upper and lower limits of the 

possible doses. All minute de t a i l s  were noted, including those tha t  had 

l i t t l e  immediate u t i l i t y  but t ha t  served later f o r  the  confirmation Of 

some of the results. 

2) Uncertainty factors that made the calculation d i f f i cu l t .  The main 

d i f f icu l ty  i n  t he  estimation of t he  dose w a s  t o  lmow fo r  how long and a t  

what distance from the  source Irere the persons, since the  dose Varies 

inversely with the square of the  distance and/with the t i m e  of WOsWe. 
d i r ec t ly  

I n  the  caae of the boy, E.E.P., there was the  zdditional d i f f icu l ty  Of 

b o I 7 i n @ ;  exactly W h r e  he kept the  capsule during the time tha t  it was in 

contact with him. It is  supposed t ha t  the  boy found the  capsule in the Y a r d  

of the house, near the container, and put it i n  the front l e f t  pocket of his 

trousers a f e w  days before April 1, 1962; this, hawever, could not be 

confirmed. Nobody knows, up to t h i s  t i m e ,  whether the capsule stayed there 

or  whether t h e  boy put it sametimes i n  other places. There are  two different 

1 0 0 5 9 4 9  
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statements about t he  s i te  where the child l e f t  h i s  clothing daring the  night; 

S i tes  1 or  2 of M g .  1, "lie only c o n f i m t i o n  that the child had the 

capsule i n  h i s  pocket i s  the c l i n i c a l  datum of the necrotic lesion, similar 

t o  a burn, i n  the l e f t  thigh, compatible with a radiation lesion. 

!Phe stay of t he  capsule i n  the drawer of the piece of f'urniture i n  the 

kitchen (Si te  3, Fig. 1) from April 1, 1962, could be confirmed only by the 

bhclrening, during the exposure, of the glass tumblers 

that were placed near t h i s  piece of f'urniture. 

About the girlM.E.E.C., we can say that the distance between her and 

the capsule varied between centimeters and a few Illeters, because she stayed 

very close t o  her brother a great deal of the day, except fo r  the time when 

the  boy w a s  in school. This happened before April 1. 

The other adult persons l zq t  a distance of t h e  order of E te r s  in 

re lat ion t o  the capsule, except f o r  some brief moments during which they were 

near the boy before A p r i l 1  and afterwards near the piece of furniture i n  

the kitchen. 

The capsule w a s  withdrmm from the container on an undetermined date 

probably between March 21 and April 1. 

t o  lmuw exactly the hours of irradiation t o  the persons because they, as 

w e l l  as the capsule, were I n  motion. 

source was i n  the drawer of the piece of furniture i n  the kitchen, the 

uncertainty was reduced because from then on we had t o  deal only with the 

distance and the t im that the persons were i n  r e h t i o n  t o  the piece of 

furniture, which w a s  always on the same site.  

During this tine, it w a s  n o t  possible 

After April 1, when the radioactive 

The dose i s  D. l inear  function of' time 60 that the m a x i m  possible 

e r ro r  of dose depends also l inear ly  on tkt factor, but a t  short distances 

the variations a re  notably great. 
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As it w i l l  be sham later, the capsule did not emit radiation i n  a 

uniform and spherical manner around i ts  transverse axis; for  this reason it 

i s  necessary t o  take in to  account the position of the capsule, t h a t  is  t o  

say, the angle that its transverse axis =de with its surroundings. 

maxirmun possible e r ro r  is of the order of 50% f o r  a 9-degree sector. The 

probability tha t  the persons trere alwcys in this sector i n  re la t ion t o  the 

capsule is minimal, because, since the capsule has cylindrical shape, it 

tends t o  have i ts  longitudinal axis perpendicular t o  the direction of the 

movement of the drawer. 

The 

I n  the drawer there were several metallic objects t ha t  absorbed part 

of the radia%ion from the source. 

impossible t o  determine a t  the present t i m e .  

This percentage of absorbed radiation is 

Anuther uncertainty has t o  do with the scattered radiation received by 

the persons, vhich depends on the  geometry of the s i t e ;  this dose could not 

be reconstructed a t  the s i te  of the accident but had t o  be carried out i n  a 

similar s i t e .  

The absorption of radiation by the w a l l s  and by the objects of the home 

presented l i t t l e  uncertainties i n  these calculations. 

60 
3. Specifications of the Co capsule. The source that occasioned the 

60 accident a Capsule of Co a8 sham i n  Fig. 2. It was imported f o r  

industr ia l  use i n  a container sup-plied by the commercial firm that sold the 

capsule. 

built by the  owner of the  source; moreover, the capsule vas a d d i t i o n a U  

covered with brass 1 mm thick i n  the longitudinal direction and 2 mm i n  i t s  

ends. 

For greater ease the capsule vas changed t o  a different container, 

According t o  the ce r t i f i ca t e  of the conslercial firm, Atomic b e r m  of 

Canada, Limited, the capsule had 5 curies on August 3, 1961 (Fig. 3), and an 

average yield of 6.78 k 0.34 r /h  m. l.NtipI.y=j.ng the decay factor f o r  9 months, 
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0.900, and taldng into account the 30$ maximum possible erro, - of the 

Ioeasuremnt according t o  the cer t i f ica te ,  0.21 r /h  m, one obtains a dose 

rate f o r  the prirmry beam, on May 3 p  1962, of 6.297 r/h m. The calculation 

was made for  this day, because it was/bet;ween the  22nd of March and the  

22nd of JmQ, 1962. 

midway 

As sham in the  diagram of Fig.4, the radiation dis t r ibut ion from the 

source w a s  nut spherically symmetrical around i ts  transverse axis because of 

the or ig ina l  and additional shielding. 

reduced the  dose rate by 4.54&, taking into account the half-value layer of 

brass,which is 2.3 cm; therefore, one obtains a dose rate of 6.014 r/h m 

The absorption by the coverings 

for  May 3 of t h i s  year. This value was taken as a base for all the 

calculations of ths dose that vere carrled out. 

4. - Plans of %he house, areas of radiation, and scattercd radiation. 

The plan of the house i s  s h m  i n  Fig. 1. It is a reconstruc'bion made by 

d i rec t  measurements. The dimensions of the f'urniture aere  taken from the 

or iginal  ones that are i n  the house of the survivor. 

i n  the kitchen, where the capsule waa kept from April 1, 1962 on, did not 

exist a t  the  time the  investigation vas carried out, and its dimensions had 

t o  be reconstructed by means of photographs,(Fig. 5.) 

The piece of furniture 

The house is located at  the corner of a l o t  of 35 x 40 mters, Fig. 6 ,  

and is  =de with "porous" w a l l o .  

30 meters. The family slept i n  bro beds, as shown i n  Mg. 1, w i t h  the  initials 

of the names, and took t h e i r  meals on table (14) i n  the ldtchen in front of the 

cabinet 

The nearest house i s  a t  the  distance of 

(T). The container tht had lodged the capsule was a t  the s i te  

marked with the number 4 i n  Fig. 1. 

Areas of irradiation: the areas drawn on the plan of Fig. 1 Indicate 

the  distnaces f ramthe  source, and should not be taken as being isodose 

-1c Translatorrs  note: probable typographical error. May 23 is the midway date.  
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curves, because radiation absorption was not taken into account. 

done t o  simplia the  s t a t i s t i c a l  work. 

theoret ical ly  for  the primary radiation beam and are  shown i n  Table 2. The 

d-ution of intensi ty  i n  axeas 6, 7, 10, and 11 i n  this table were caused 

by the  inner wall, 16 cm thick, made of "porous" material, and were calculated 

according t o  i t s  half-value layer. 

This w a s  

The doses i n  each area were calculated 

As can be seen i n  Figs. 1 and 7, a corner of the oven p r t i a l l y  covered 

The six sheets of i ron that cover a ve r t i ca l  sector in areas 2, 3, 4, and 5. 

the  oven have together a thickness of 4.5 mu and absorbed 13$ of the ini t ia l  

i r rad ia t ion  for these areas. 

This protective fac tor  vas good t o  an average jE igpt ,  eon the floor, 

of 1.2 m for the  s i t e s  i n  front of the oven and sinls. 

L-2 in Fig. 1, and Fig. 7.) 

(See l ines  L-1 and 

The areas 2 - 1 t o  2-7 are  centered on point 3 of the plan i n  Fig. 1, 

The which is the  site where the capsule w a s  located a f t e r  April 1, 1962. 

zones 2-9, 2-10, and 2 - l l  are  drawn around point 1 of the same figure. 

The windows of the house were not taken in to  account as radiation 

absorbers i n  making the calculations. 

If  the capsule had been on S i t e  2 (Fig. 1) instead of S i t e  1, the 

difference i n  exposure t o  the  persons would not have been very great during 

t h e i r  stay i n  bed during the night. 

Scattered radiation: This radiation, due t o  the presence of w a l l s  

and obdects i n  the house, was reconstructed exyerimentnllj under the same 

conditions as during the accident. 

the rooms; no correction f o r  distance from the source is necessary here. 

'llhis scattered radiation is  a mixture of various energies w i t h  an average 

quali ty corresponding t o  a half-value layer of 5 mm of copper, and it is 

estimated that it increased the dose by 125 miUiroentgens/hour i n  the 

The obtained values are  averages of a l l  

1 0 0 b 0 0 3  
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kitchen, and 50 milliroentgens per hour i n  the bedroom. This smll addition 

t o  the  t o t a l  dose contributed especially t o  the surface dose, w h i l e  the  dose 

i n  depth w a s  due mainly t o  the d i r ec t  beam. 

5 )  Calculations of the dose received by the victims of the accident. 

After the  dose rates had been ascertained, the absorbed dose w a s  calculated 

by t rying t o  determine,as closely as possible, huw long each person stayed 

i n  the f i e l d  of radiation during the  t o t a l  t i m  of exposure, and the position 

of each of the  persons i n  re la t ion t o  the s i te  of the capsule. 

it was necessary t o  es tabl ish in the  first place a schedule of the family l i f e  

and also of the ac t iv i t i e s  of each Ember ofthe family. 

obtained by means of an exhaustive sociological study, which was carried out 

through several sources of information: 

survivor, re la t ives ,  friends and neighbors, who by having vis i ted  the 

acciden-kally exposed family and by lnaring t h e i r  way of l i f e ,  were able t o  

remeder some happenings and dates. 

To this end 

This schedule wQ6 

repeated questioning of the 

Information a l so  was obtained from the 

Department of Justice of the Rqxhlic,  vhich carried out a l ega l  investigation, 
from from 

/ photographs of the house talcen when the accident was discovered,/the or iginal  

ce r t i f i ca t e  of the  capsule, and also by perusing the  c l in i ca l  his tor ies  of 

the  patients.  

O f  a l l  t h i s  information, the  most reliable is considered t o  be tha t  

srovided by the survivor. Information obtained from other persons was 

considered only when the same amrers were obtained from more than one 

witness. 

Table 3 is only one of mny similar tables  that were constructed t o  

represent t he  ac t iv i t i e s  of each of the members of the family. 

Tables l ike this one were drawn for  each of the  days between the date 

when t h e  family moved t o  the  house 

namely from March 21 t o  July 22, 1962. 

and the date when the capsule was withdrawn, 
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I n  the colurm corresponding t o  each member o f t h e  family are specified 

"type days" designated with the l e t t e r s  E, 3, C, etc .  

a type day represents a schedule of cer ta in  act ivi tses .  haen the ac t iv i t i e s  

i n  a par t icular  day were different  f romthe norm this w a s  designated as  an 

"exceptional" day. Table 4 is an example of the calculation of the maximum 

exposure dose fo r  a "type" day of patient 1l.C.E. During the investigations 

it w a s  necessary t o  take in to  account the  time changes of the  ac t iv i t i e s  of 

t he  family. 

For each patient, 

Because of the d i f f i cu l t i e s  encountered during this study, it was 

necessary t o  make two calculations: 

resul t ing i n  a maximum possible exposure, and mother i n  which the minimum 

dose tha t  could have been absorbed was calculated. 

one, taking in to  account a l l  the factors 

One can see In  Table 4 the  estimate made of the time spent by M.C.E. 

i n  each of the  areas indica& d i n  Flg. 1. 

the dose rate i n  each area (Table 2) one obtains the doses i n  each area 

expressed i n  milliroentgem, which are a l so  indicated i n  Table 4. 

the doses i n  each area one obtains the t o t a l  exposure f o r  a "type" day in 

milliroentgens. 

By multiplying these times by 

By adding 

I n  Table 5 one finds the  doses for  each ty-pe day in monthly intervals, 

with two entr ies  fo r  each type day. 

same type days i n  a month, and the  larer figure i s  the result of 

multiplying the nurnber of these days b y  the  da i ly  dose corresponding t o  

such type days. 

The figure above is the  number o f t h c  

To calculate the dose contributed by scattered radiation for  each 

person, it w a s  necessary t o  calculate the t i m e  that each person stayed i n  

the bedroom (R) o r  kitchen (C) ,  because as previously mentioned the  dose 

was different  for  these two s i t e s .  In  Table 6 i s  indicated the number of 

1 0 0 6 0 0 5  
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hours that pntient M.C.E. spent i n  each of these sites (C o r  R) f o r  each 

type day i n  each month. This is an exa~~@€! of similar tables  constructed 

f o r  the  other persons. 

The t o t a l  number of hours of s tay i n  each s i te  during a month i n s '  

multiplied by the dose rate: 

the bedroom. 

radiation, which i s  indicated i n  the last column of Table 6. 

125 mr/hr in the  kitchen and 50 m/hr i n  

This way one can obtain the  monthly dose due t o  scattered 

Total  dose: The beginning of exposure had t o  be decided somewhat 

a rb i t ra r i ly ,  because it is not ham when the  capsule was withdrawn fromthe 

container. 

the  child E.E.P. on April 1, 1962. 

when it could have been easier for  the chi ld  t o  take the  capsule away, 5% 

was decided t o  lnalre March 25, 1952, the beginning of exposure. A l l  the 

calculations and graphs are  based on t h i s  date, i n  order not t o  increase 

s t i l l  nore the d i f f i cu l t i e s  of calculations. 

It is  h w n ,  however, t h a t  it was taken out from the  pocket Of 

Based on circumstantial evidence, surmising 

I n  Tables 7, 8, 9, 10, ana 11 are the t o t a l  m i m u m  and minimum doses 

f o r  each = d e r  of the family. On the  l e f t  side i s  the  exposure dose 

contributed by the d i rec t  beam; in the cent ra l  part o f t h e  tables  is the 

contribution due t o  scattered radiation; and on t he  r ight  of t he  table the 

t o t a l  dose. This i s  expressed i n  roentgens and also i n  rads between 

parentheses. 

The greatest  part of the radiation had an energy of 1.3  Nev, which is 

absorbed a t  i t s  rrpucirmun approximately 5 nun under the skin, because a t  t h i s  

depth electronic equilibrium i s  reached. 

only 8 fraction of t h i s  dose, mring t o  absorption of the radiation i n  the 

depth of the body. 

Several organs of the body received 
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A t  the  foot of Tables 7, 8, 9, 10, and 11 are found the  average doses 

received i n  24 hr. 

patient was  i r radiated were taken in to  account. 

of days is different  from those in Fig. 8 i n  which the  number of days is  

greater, for rea80118 of aFproximtion. 

For t h i s  calculation only the days during which the 

For this reason the number 

Discussions of the resu l t s  based on Mg. 8. 

radiat ion e f fec ts  are closely related t o  the dose rate.  

correlation with dose rate ,  Mg. 8 was drawn, which is  based on Tables 7, 8, 

9, 10, and ll. 

ordinate the dose received. 

day of exposure. 

As is well lmown the 

To f a c i l i t a t e  the 

The abscissa of this graph is the time of exposure, and the 

The day, Ibrcli 25, 1962, was taken as  the f i r s t  

The child, E.E.P., not only had a high dose, but also the gradient i s  

very sharp i n i t i a l l y ;  this was because E.E.P. w a s  exposed t o  i r radiat ion by 

contact u n t i l A p r i l 1 ;  after t h i s  date, the curve has a gradient similar t o  

the curves of the other members of t h e  family. 

the maximum and minimum dose curves for  E.E.P. is that i n  comparison with 

i r rad ia t ion  a t  a distance, i r radiat ion by contact gives a very high dose rate ,  

and small differences i n  the exposure time m a k ~  a great difference in the  

t o t a l  amount of radiation absorbed. In this case, therefore, the distance 

between the  nmcimum and minimum curve represents the  uncertainty about the 

time of exposure by contact. 

only hypothetical ones. 

the  foregoing considerations were 

The great difference between 

For this reason, we considered these curves 

The doses received by E.E.P., taking in to  account 

mimum 5165 rems, and m i n i m  2940 rems. 

The slope of the curves fo r  M.E.E.C. (Case 3 )  ' is similar  t o  the 

curve6 for  E.E.P. during the t i m e  between March 25 and April 1, . 1962, 

because the  children played almost always together i n  the yard, Af'ter the 

first of April  the increment i s  more slow because the g i r l  played outside, 
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whereas the incremnt  fo r  M.C.E. vas greater because she was busy i n  Yne 

ldtchen, which is where the capsule was located. 

mother of the survivor, A . I . G .  (Case 4) 

the  slope of the  curve f o r  M.E.E.C. again is greater, because the g i r l  stayed 

around closer t o  the  adults; in other words she vas closer t o  the radiation 

source. 

had received a m a x i m  dose of 1,872 rem6 and a minimum dose of approxhately 

After the arrival of the 

and after the  death of E.E.P., 

On the day when the source was withdrawn fromthe house, M.E.E.C. 

1,373 rems. 

The curves fo r  M.C.E. (Case 2) are f h t t e r  than one would think. 

This i s  because the mother of the  survivor, A . I . G .  took care of the household 

chores i n  the kitchen, near the radiation source, while M.C.E. w a s  a l i t t l e  

fa r ther  away from it because she f e l t  sick, owing probably t o  the amount of 

radiation already received when A . I . G .  arrived, as  w e l l  as owing t o  the 

pregnancy. The doses received were maximum, 2,930 rems, and minimum 1,995 rems 

Considering the fetus it should be interest ing to distinguish between 

the dose received i n  the  s u p r i o r  and infer ior  parts of the body of M.C.E.; 

the  doses were different  when she w a s  i n  areas 2, 3, 4, mcl 5 (Fig. 1) 

because of t he  absorption of radlation by part of the  oven, so  tha t  the 

pelvis of M.C.E. received an approxinate m a x i m  dose of 2,767 rem6 and a 

minimum dose of 1,897 rems. The thorax and head received a m a x i m  dose of 

2,935 rems and a minimum dose of 1,998 rem. 

t o  5.4%. 

one obtains/fetal  maxim dose of 1,661 rems and a minirmrm dose of 1,147 rems. 

The difference therefore amounts 

If the  absorption at a depth of 10 cm i n  the bcdy is taken as 605, 
a 

The dose curves for  A.I.G. have a greater slope i n  the beginning because 

she took care of the  chores that M.C.E. would hiwe done. 

On July 22, 1962, when the source tras withdrawn from the house, A.I.G. 

had received a m a x i m  dose of 2,897 rems and a minimum dose of 1,818 rem. 
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Because J.E.I. had regular work hours outside t3e house, he 

received the smallest dose. It is interesting t o  observe that the maximUm 

dose of M,E.E.C. coincides with the average dose for J.E.I. 

died and J.E.I. (Case 5) survived, one has t o  give greater weight t o  the 

minimum dose curve for J.E.I. and t o  the maximum dose curve fo r  M.E.E.C. 

i s  also coincidental t h a t  the lower curve for  A.I.G. correspnds t o  the upper 

curve fo r  J.E.I.; t h i s  might indicate tha t  the upper curve for J.E.I. is 

not very acceptable. 

of 1,716 rem and a minimum dose of 994 rems. 

Because M.E.E.C. 

It 

According t o  Table U, J.E.I. received a maximum dose 

6 )  D c s h ~ . r y  studies on the blackening of glass objects during the 

accident. 

i n  the piece of furniture where the  

became the color of coffee (Fig. 9). 

Several glass objects, as tumblers and pitchers, tha t  were kept 

Co source was,  got darker Un t i l  they 60 

This blackening of glass due t o  i r rediat ion has been described i n  the 

Utera ture  and has been used for  dosimetry for  high doses (Refs. 5 ,  40, 41, 

and 55). 

the accident with the blackening obtained i n  similar tumblers, which were 

irradiated with a Co source with controlled exposure doses. Measurements 

were made with a densitometer with blue Kodak f i l t e r  (IJratten 47). 

We compared the blackening of the glass tumblers irradiated duriw 

60 

Although many experinents were done along these l ines  for  severalmonths, 

no acceptable resul ts  were obtained, mainly because the glass factories, 

even i n  the same run, use several mixtures of glass i n  the meltin@;. 

reason, fo r  the same exposure, different degrees of blackening were obtained 

i n  tUbl.€?r6 of the same tyFe and same fabrication number. The meaSWeLUents 

made six months afterward, to study the discoloration of the tumblers, gave 

Variable results (Fig. gA), vhich did not permit recalculation of the 

of stay of the capsule i n  the piece of furniture i n  Fig. 5 ,  for  Several reasons: 

For th i s  
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(1) the  tumblers were not on the  same site a l l  the time; (2) the distance 

between the capsule and the  -tumblers varied between 14 and 16 cm, which gives 

an e r ror  of 84$, according t o  the reconstructiozl of the pfece of furniture 

(Mgs. 9B and 3); the discoloration of the tumblers depends especially on 

temperature changes, and it i s  not knam whether hot drinks were served i n  

those tumblers, or  whether they were washed with hot water, which would cause 

important variations i n  the color. 

Other investigations with f-ed objects with respect t o  the source, 

such as glass and p l a s t i c  objects, did not give positive results, and the 

same can be said for  t h e  study of the discoloration of the glass fiber that 

was i n  the oven as an insulator, because on several  occasions the  oven wa8 

turned on. 
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VI PRESENTATIONS OF CASES 

1. Case 1, E.E.P., son, student, male, 10 years old, vas admitted 

It is  surmised that between lkrch 21 to t h e  hospital  on April 16, 1962, 

and April  1 he kept the 

during a time interval  of unkncm duration. . It i s  calcuLated t h a t  he 

received a total-body i r radiat ion dose of 5,165 rems maximum and 2,940 rems 

minimum i n  a period of 22 days. 

60 
co capsule i n  the front l e f t  pocket of h i s  trousers, 

On March 25, 1962 he f e l l  and developed o small lesion on the  left 

Eight days af’tenmrd, an mea  of erythem appeared on t h i s  s i t e ,  thigh. 

measuring 5 cm in diameter, with a blister i n  i t s  center, that by the next 

day broke, drairlng some bloody lnaterial. Afterward he showed fever, 

anore:Js, vomiting, and bloody diarrhea. 

a n  th?  i m e r  azpzcf cf the vpper half of the left  th!.gh, located i n  the 

center of the e72ierna:,qca les’oll, trh?.ch looked l i k e  a secozd degree burn; 

this lesion extenCe3 t o  :;;?e reglon of the scrotum. 

warm, F r e t  compresses, 

i t s  cer?ter becaxre necrotic. 

On April 7 an abscess was observed 

He was t reated with 

The lesion became very pi- and progressed until 

On admission t o  the hospii-tal the pat-lect was in poor general condition, 

with intense pain i n  the l e f t  thigh and some l i s t lessness .  

hypogastric and icguinal region, l e f t  thigh, scrotum, and prepuce w a s  

erythemtous, edematous, werm, and showbg areas of s q e r f i c i a l  ulceration 

end necrosis, The skin of thz s!fiigh vas hard and black; there w a s  purulent 

secretion fromthe penis and scrotum; there was a urinary f i s t u l a  i n  the 

anter ior  aspect of the Imer th’ird of the penis, and Icicturi+,ion was painful.. 

A hemwgarn on April 16 shmecl hen!og;obin 8.35 g $; hemtocri t  27$; 

The skin of the 

segmented neutrophils 66$; baqds 4$; eosinophils I$, monocytes 4$, and 

lymphocytes 25$. Roentgenogram oi” the pelv-ls and l e f t  thigh taken on 
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April 18 showed nothing abnormal. On the same date a urimlysis shmed 

pH 6, albumln 2 +, bi l i rub in  3+, ep i the l i a l  urate and cylindrical  caets, 

and leukocytes. 

Course i n  the hospital: The p t i e n t  was g5venwide-spectrum 

ant ibiot ics ,  intravenous fluids, top ica l  treatmen$ and vitamins. 

however, remined febrile and the  lesions kept on gett ing worse u n t i l  they 

tools the appearance of a deep abscess i n  the left; thigh, which later extended 

to the right thigh. 

April  24 shared hemoglobin 6.15 g$; hematocrit 20$; leulractyes 600/d; 

segmented neutrophils 5 5 ;  and Qmphocytes 64$. 

The patient, 

The urethral fistula becanre infected. A hemogram on 

&om April 25 on he had nausea and vomiting. On April 27 he became 

semicomatose and had Cheyne-stokes respirations, fever of 40.15Oc, and 

bloody diarrhea. 

of the upper extremities w i t h  clonic movements of the thmb. 

bled f romthe  thigh lesions, and he was given a transf'usion of 200 ml of 

blood; the patient entered in to  coma and died on April 29, 1962, with 

cessation of breathing and heart beat,  

A t  the s a m  time the patient showed intermittent contractions 

On April  28 he 

No postmortem examination WEIS done. Four months afterward the  body 

was taken out of the grave, b u t t h e  t i s sues  were i n  an advanced stage of' 

autolysis and it was not possible t o  do a microscapic study. 

report indicated that in sp i t e  of t he  long ti= i n  the tomb, the cadaver 

showed no signs of putrefaction, and with pract ical ly  no bad odor. 

The coroner's 

2. Case 2, M.C.E., w i f e ,  2'7 years old, Wsth a 5 1/2 month pregnancy, 

was admitted as an emrgency on July 18, 1962, because of some hematuria. 

She w a s  exposed t o  total-body i r radiat ion from Wrch 25 t o  July 18 of that 

year, receiving a miximum dose of 2,930 rems and a minimum dose of 1,995 rems. 

I O U b O  1 2  
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She had had three prejnancies and two deliveries.  A hemogram during 

one of her past pregnancies had sbmn hemoglobin 11.35 g $; red blood ce l l s  

4 , ~ 0 , 0 0 0 / ~ 3 ;  hematocrit 40s; ledcocytes 10,300/~3; lymphocytes 20$; 

monocytes 6%; segmented forms 62$; and bands 4$. Urinalysis had shown 

albumin 0.20 g / l i t e r .  

Approximately two months a r t e r  her las t  menstrual period, which had 

occurred on January 28, 1962, the patient s tar ted complaining of anorexia, 

nausea, and vomiting; a t  t ha t  ti= the family mved in to  the house. 

the month of April the patient showed i n  addition ch i l l s ,  probably low grade 

fever, night sweats, insomnia, all the  symptoms becoming more accentuated 

six days before admission t o  the hospital. 

noted blackening of her nails.  

petechke and spontaneous ecchymosis. 

hypere~esis .  

and ledcOcYf~es 2,100/lmn3. Appoximtely 20 days before admission she had 

noted exacerbation of the ecchymosis and a l so  bleedirg from the gums. On 

July 7 she complained or' b i l a t e r a l  diffuse la{ back pain. On J a y  12 she 

sustained a small t r a m  i n  the l e f t  leg, which l a t e r  on became infected. 

On July 15 she had massive hematuria, without dysuria, and i n  addition fever 

and increase i n  the intensi ty  of the lumbar pain, which from then on w a s  

localized especially on t he  lef% side. 

extremely pale, w i t h  tachycardia of 130/min, and a blood pressure of 93/70. 

A hemogram showed hemoglobin 4.2 g 9; hematocrit 14%; and leukocytes 100/mm3. 

She w a s  referred t o  t he  ;ynecologic hospital  for admission. 

During 

Between April 16 and 29 she had 

Since early Wy she had sham intermittently 

In the  middle of May she shared 

On Yay 31 a hemogram shared hemoglobin 9 g $; hematocrit 27$; 

On July 17 it was noted that she w a s  

On admission the patient was i n  poor general condition, stuporous, Pale, 

with a tachycardia of 140/min, and hypotensive, with a blood pressure of 

90/70. On the skin surface there were numerous ecchymoses, and pain could be 

100b013 
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Y e l i c i t e d  bj palpation i n  the flanlrs, lumbar regions, and also on the 

lower abdominal quadrant. 

there was an ulceration. Rumpel-Leede’s test vas positive. Laboratory 

On the skin of the middle th i rd  of the lert leg 

examination shuwed hemoglobin 4.5 g $I; hematocrit 13%; bleeding time more 

than 5 min; coagulatbn t i m e  9 min; and prothrombin concentration lOO$. 

A few hours after admission it w a s  observed that the p t i e n t  developed 

ecchymoses a t  t he  sites of injections and also persistent bleeding on 

trithdratring the needle after intravenous infusion. 

transfusion of 800 ml of fresh blood, and on July 19 laboratory t e s t s  showed 

hemglobin 4.7 g $; hemtocri t  1396; red blood ce l l s  sharing anisocytosis and 

anisochromia; leulzocytes x)O/m3; p la t e l e t s  12,000/nnn3; bleeding time x) min; 

coagulation tine 12 min; Zrothrombin concentration 100%; prothrombin 

consunrption l e s s  tlzan lO$; blood retraction absent; urea and g1:xose normal. 

The urlne had a nH of 7; a density of 1,015; 2 t o  4 leukocytes p r  high-pa-rer 

f ie ld ;  numerous erythrocytes; hemoglobon 4+; and albumin 0.60 g / l i t e r .  

The urine culture showed -__. Cendida albicans. 

She vas given a 

On the same day she developed fever, vorniting of dark green material, 

dizziness, l i s t lessness ,  ch i l l s ,  and she continued having hematuria without 

dysuria o r  oliguria; no fe ta l  ac t iv i ty  could be detected, A t  1430 she l o s t  

consciousness and her tachycardia increased w i t h  gallop rhythm; for t h i s  

reason she was given ouabaine intravenously; harever, the tachycardia 

persisted and she died with heart arrest. 

An autopsy was perforrncd. The patient TJZS also reexamined later on by 

removfng the body fromthe grave and l i k e  the previous case, the cadaver 

showed no evidence of putrefaction. 

Macroscopic findings. External appearance: There vas postmortem 

mottling over the posterior surzace of the body. Pupils were dilated.  The 
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gums contained a small aimant of c lot ted blood. A l l  over the skin surface 

. were numerous rounded spots, not elevated, red-blue, distributed 

predominantly over the  upper a x l  lower extremities. On the  mLddle th i rd  of 

the l e f t  leg 

geni ta l ia  had a s m a l l  amount of clotted blood. 

vas an ulceration measuring 2 cm long. The external 

The skin and mucosal surfaces 

were intensely pale. In the  pleural  cavi t ies  were numerous petechiae 

measuring up t o  5 rum i n  diclmeter. 

deep red,& s l igh t ly  hard. In t he  pericardial  cavity w e r e  numerous 

The mediastinal lymph nodes were enlarged, 

hemorrhagic spots, s l igh t  f la t tening of the  r ight  ventricle over t he  septum, 

and petechiae in the  epicardium, especially i n  its posterior aspect (Fig. 10). 
and 

The peritoneal cavity shared distention of the stormch,/the small and the 

large intest ine,  w i t h  petechiae on the serosal surfaces. The intra-abdominal 

and ir-lzcyeritoneal lymph ncdes vere enlarged, hard, and red. The uterus was  

e n h g e d ,  soft, with a smooth outer surfme, deep red i n  i t s  infer ior  aspect, 

near the cervix, where the uterus 'was thinner. 

fetus, with the dorsum t o  the r ight  and i n  ceyhalic posit ion 

Inside it there was a dead 

(Figs. ll and 12). 

Brain: Weight 280 Q. The cerebrospinal f l u id  w a s  p len t i fu l  and 

hemorrhagic; the dura shotred no al terat ions;  the brain hemispheres were 

symmetrical. 

level of the  interhemispheric incisure over the roof of the th i rd  ventricle 

There was a hemorrhagic area i n  the pa r i e t a l  lobes, a t  t h e  

(Fig. 13). 

This hemorrhage was limited alnost exclusively t o  the  gray matter 

(mg. 14). The brain . convolutions were normal, although s l igh t ly  

flattened. In the  infer ior  espect of the  left cerebeUar hemisphere there 

was an area of soft consistency, caused by the presence of a hemorrhage, 

predominantly cor t ical ,  vhich extended t o  a depth of less than 1 cm 

(Mgs. 15 and 16). The infer ior  aspect of the brain, which bulged 

moderately, showed a depression a t  the border of the occipi ta l  foramina. 
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The mop?pis was slightly enlarged. 

a l terat ions . 
me midbrain and medulla shared no 

Microscopically there were subarachnoidal and parent-1 hemorrhages 

i n  the brain i n  the  s i t e s  previously mentioned, as w e l l  as i n  the cerebellum. 

The brain hemorrhage was massive; in addition hemorrhages were found around 

the  srnall vessels i n  the periphery of thc lesion. 

The hypophysis showed a notable increase i n  basophilic cel ls ,  severe 

congestion, and cysts that contained a l i t t l e  acidophilic m t e r i a l ,  looking 

l i k e  colloid. 

prol i ferat ion of the intima of the capi l lar ies  i n  the meninges, with s t r iking 

diminution of t h e i r  caliber, and a l so  i n t e r s t i t i a l  hemorrhages i n  the 

meninges, and edema of both brain hemispheres. 

There were also ca lc i f ic  deposits i n  the p’ars nervosa, 

Tmgue: The papillae were a l i t t l e  prominent, and the surface 188 

whitish with l i t t l e  deposit. 

parakeratosis of the mucosa and of the  papillae. 

Xicroscoyjics.lly there  was s l igh t  atrophy and 

The tons i l s  were small and atrophic. The larynx was pi& and had 

numerous petechiae. 

and there  vere numerow scattered petechiae. 

trkitish with red areas and a small quantity of mucm. 

12 g and shared no al terat ions.  The pr&hyroids were small, l i gh t  bram, 

and shared no al terat ions.  

The cervical par t  of the esophagus bad a white appearance 

The mucosa of the  trachea w a s  

The thyroid weighed 

Lungs: !Lie r igh t  one weighed 200 g, and the  le f t  one 180 g .  They 

were pa r t i a l ly  collapsed, trith n m r o ~  scattered small hamorrhages over the 

lung Surfaces, more abundant i n  the  posterior surface. On cut sections, the 

lungs had a deep red color and were increased i n  s ize  and consistency. 

Microscopically the  findings were focal emphysema, acute congestion, S m a l l  

recent parenchymal and subserosa1 hemorrhages f i l l i n g  some of the alveoli .  

t O O b O  I b 
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Heart: W.eight 180 6. A few petechiae i n  the  qyocorCL-aTrere distributed 

irregularly on i t s  surface ( ~ g .  10). 

Ikmmry gland: Nicroscopically there were very few lobules i f  one takes 

i n t o  account the pregnancy; there was practically no secretion i n  the acini  

and ducts (Figs. 17 and 18). The better preserved acini  showed l i t t l e  

secretion and the lumen of the ducts was collapsed.There was also increased 

fibrous i n t e r s t i t i a l  intralobular t issue,  with considerable edema. 

interlobular stroma showed increase production of collagen and a few ce-, 

similar t o  what one observes i n  some/mastitis. 

stroma . 

clear-cut inflarmnatoqy response; these plasma ce l l s  were scattered o r  i n  

small group6 i n  the s t rom.  Ticre vere some degenerative changes i n  the 

The 

cases of 
In the  intralobular edematous 

were plasmocytes ma fibroblast6 in great nmbers, without a 

ep i the l i a l  acinar ce l l s ,  and probably abortive mitoses in SOE of them. The 

small Slood vessels showed irregular thickening of t h e i r  walls, of hyaline 

t n e  . 
but 

Esophagus: "he mucosa vas vhitish/with petechiae, which were more 

ayparmt near the cardia, where there were a few superficial  ulcerations. 

The stomch was distended, containing mcous material and clumps of red color, 

appearing hemorrhagic; the mucosal folds were prominent with numerous 

petechiae. The small in tes t ine  contained some l igh t  green mucous-like 

material; there were petechial hcmrrhages i n  the submucosa scattered 

irregularly, but less abundant than i n  the stomach. The large intest ine had 

some mucosal and subserosa1 petechiae. Microscopic examination, i n  sp i te  of 

autolysis, demonstrated marked depletion of the lymphoid t issue,  and petechial 

hemorrhages (Fig. 19 and 20). 

The pancreas w a s  normal. Gallbladder and b i l e  ducts showed no 

The l i v e r  weighed 1,520 g and appeared n o m l .  'Microscopically a l terat ions.  

1 O O b O l l  



- 2 9 -  

there was a Slight thickezling of tk walls of the veins i n  the portal spaces, 

w i t h  a homgeneous fibrinoid appearance. The parenc:lymal l iver  ce l l s  showed 

f ine granulstions i n  the cytoplasm, dark brmm, probably hemosiderin. Those 

ce l l s  closest t o  the portal spaces had most of the pigment. 
It w a s  

Spleen: \,!eight 200 g ,/hard.. The capsule w a s  t h in  and deep red; it 

could be cut trith eass, and the cut surface was dcep red as well, with 

dirrdnution i n  the number of rnalpighian coTpuscles, which were d i f f i cu l t  t o  

recognize. 

corpuscles, which were very scanty and had no germinal centers; they could be 

recognized only by the central  arterioles of the corpuscle. 

obsenration w a s  that the sinusoidal spaces,with 

and r e t h u l a r  cell6,were easily identified.  

extraincdullary hemo>oiesis, a33 no hemorrhages. 

Microscopically there vas severe atrophy of the malpighian 

Another s t r iHng 

endothelial cells ,  plasm, 

There was no inflammation, no 

Kidneys: The right Trcighed 140 g and the l e f t  160 g. The shape 

was nornoal, the consistency vas hard i n  some places and s o f t  i n  others. The 

external surface had a deep-red color, more intense on the right than on the 

l e f t .  

surface, a large c l o t  vas seen in' , the right kidney that f i l l e d  the pelvis 

The superior part of the right ureter vas also deep red. On cut 

and extended in to  the r ight  ureter. 

congestion of the glomeruli and parenchyma; there were no vascular and 

hLLcroscopic examimtion revealed acute 

tubular lesions; numerous tubules, however, contained blocd. There were no 

submucosal heinorrhages i n  the right renal pelvis. 

The adrenal glands weighed 4 g each. Their s ize  was decreased and the 

consistency vas hard. 

glomerular zone w a s  thin,  and i n  certain areas almost absent. 

of the cella of the two internal  zones was vacuokted, shoving mderate 

The fascicular zone of the cortex w a s  prominent, the 

, The cytophsm 

degenerative signs, which i n  some places resulted i n  the disappearance of the 

I O O b O  I 8  
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ceUs  with rupture of the basal membrane, especially i n  the re t icu lar  and 

fascicular zone. The l i p i d  coiltent ~ 8 8 ,  however, apparent* normal. 

The urinary bladder contained scant, bloody f lu id  and a few p e t e c k k l  

hemrrhges  i n  the mu13osa. 

with rupture of the mucosa in some aEas, 

Microscopically there were submcosal hemorrhages 

The fallopian tubes shuwed no al terat ions.  There wa6 no right ovary 

(history of oophorectow, Fig. 11). The l e f t  ovary, veighing 8 g, showed on 

cut surface two corpora lutea, the  larger  one nressuring 7 m in diameter. 

I n  addition, several  small cysts containing a serous yellowish f lu id  were 

found ( ~ g .  a). On microscopic examination there were tvo nests of 

degenerating, ectopical decidual ce l l s  near the cortex. 

multiple corgora albicane of different  s izes  and degrees of hyalinization. 

Fibrinoid degeneration was observed i n  the w a l l s  of some blood vessels. 

were ’no smali corpora lutea where the c e l l s  vere separated from each other 

ming to t h e i r  smell number; the space between them w a s  f i l l e d  with a f inely 

granular, s l i gh t ly  acidophilic material similar to the  cytoplasm of luteinic  

ce l l s ;  these shmed mrked a l te ra t ions  i n  the nucleus as well  as i n  the 

cytoplasm. The nucleiwere oval o r  many-faceted; some were pyknotic or  

w i t h  i r regular  dis t r ibut ion of chromatin; i n  the be t t e r  preserved ce l l s  a 

nUCl@olus could eas i ly  be seen, and the membrane was  irregular and ill-defined. 

The cyboplasm showed diffuse borders; it was s l igh t ly  acidophilic and 

granular without vacuoles. There were smll foreign-body granulomas, probably 

caused by suture material. 

The stroma contained 

There 

Uterus: Weigl-rt 2, 120 g. The shape was globular with a smooth, shiny, 

external surface. 

inside a thin,  translucent-walled amniotic sac (Fig. ll) . 
w a s  bp lan ted  i n  the funaus and firmly adherent t o  the inner w a l l  

I n  i t s  cavity w a s  a mile fe tus  i n  cephalic presentation 

The placenta 
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membranes were 

of the uterus (Fig. 12). 

thickness. 

mucus and a few pseudoyapillomtous structures v i t h  cysts (Fig. 22). 

The decidua nnd/vhitish and measilred 1 cm i n  

The cervical c a . m l ~ m s  long znd narrow, with a large anount of 

On microscu-pic exaninatton the nlyometrium shared the changes associated 

with pregnancy, and t1.E endometrium w a s  made up of a spon~y decidua, with 

different degrees of degenerativ6 changes. Near the xwometriumtrere a .. 

few areas of inflammatory in f i l t r a t ion  with mononuclear cel ls ,  predominantly 

phsmocytes. There were fine fibrinoid deposits in the walls of some of the 

myomtrial venules; one of the smU veins i n  the endometrim 7 m S  

-thrombosed by decidual cel ls .  The endocervix shared considerable 

hy-perplasia and cystic glandular dilataticn,  ,;, as w e l l  as an i n f i l t r a t e  

=de up of mononuclear/ almost a l l  of which were plasmocytes. 
celLs, 

Placenta: It had numerous v i l l i  with a single layer of trophoblastic 

elements. In general, the blocd vessels vere normal i n  r,unibers but with 

important degenerative chmges (Hg. 23), consisting of thickenin@; of the 

walls, focal f ibrinoid ixc;”osis, s t r i ldng diminution of t h e i r  caliber, and 

occlusion i n  some of t k m .  The edema i n  the w a l l  of some of the Vessels had 

dissociated their fibers, vhich gave them the concentric apTearance of 

“onion-skin.” The stroma of the v i l l i  vas very cdcmstous and Contained 

fibroblasts with irregular nuclei, many of which had fibrinoid necrosis 

(Fig. 24). The blood vessels i n  the thinner v i l l i  w e r e  collapsed and 

al tered by the edema; Larger blood vessels shmed i n t e r o t i t i a l  edema, with 

great dissociation of the i r  muscular fibers, and i n  some of them there Was 

proliferation of the intima with diminution of t h e i r  lumen (Hg. 24). There 

were large areas with sulxhorionic fibrinoid deposits. There were frank 

degenerative changes in the  decidua. Ho hemrrhages vere observed. 
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The aorta  shared a. fetr yellowish, flat, nonindurateit ?kques, which 

were more abundant i n  the thoracic than i n  the abdominal region. The vena 

cava and its branches showed no al terat ion.  The axillary, carotid, and 

inguinal lymph nodes were increased in size  and dee;,, red. 

Bone and bone mrrow: The bones showed no al terat ion.  The bone 

marrar i n  a l l  areas examined was extreme& pale. 

examination, the ce l lu la r  elements were greatly diminished i n  numbers, 

shmi% no ' indication of maturation. 

megakarjocTJtcs. 

On mj.droscopic ' 

There irere d m o s t  no 

. P  

Peripheral neives shoved no al terat ions.  

I n  summary, the  most important microscopic findings were cerebral and 
1+; 

cerebeuar  hemorrhages, 3+; a l s o  i n  kidneys, 13, i n  l w s /  and urinary bladder 

2+; absent lpn'phOpie6iS i n  spleen; generalized granulocytopenia; ovarian 

deplet5on; and marlred bone-mrrm hypoplasia. 

The pmka5le causes of death irere bone-marrow aplasia, multiple 

hemorrhages, and t ax i c i ty  due t o  massive t issue destruction. 

The fe tus:  It had the  following mcroscopic characterist ics:  Whole, 

well-formed, =le, weighing 500 g; it masured 27 cm fromthe occiput to the 

calcaneus, with moist, flaccid, pink sldn, with the exception of the face, 

which was cyanotic (Fig. 25). 

Serosanguineous f lu id  1ecl;ed out vhen the cranial  cavity was opened: 

* '  . the  dura had no al terat ions;  the pia  sham3 vascular congestion. The 

brain laclced &yri and sulci .  

microscopic a l terat ions irere seen i n  the hypophysis. 

The base of the cranium was normal. No 

The pericardium was moist, smooth, and shiny without a l terat ions;  it 

contained no f luid.  

was patent; and 

The heart had a n o m 1  appearance; B O t a U O ' 6  foramen 

. microscopic examination/shaJed no important a l terat ions 
of the heart 
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The pleural cavi t ies  contained no fluid.  

the right one had three lobes and the left one two; the external surface v a s  

pink, and on cut section the lung had a compact appearance. 

a l terat ions in  the pleura. On Microscopic examination the alveoli, although 

numerous, were covered by cuboid or cylindric epithelium, which even shared 

nuclear mobilization. The blood vessels and bronchi had no alterations.  The 

thymus showed few Hassall corpuscles, and i n  general, there were regressive 

phenomena, i n t e r s t i t i a l  edema, and numerous mature lymphocytes (Flg. 26). 

The spleen had no raalpighian corpuscles and was made uy almost 

The lungs vere not retracted; 

There were no 

exclusively of red pulp; the ar ter ioles  shared thickening and apparent edema 

i n  t h e i r  wal ls ;  no.'fibrinoid deposits were observed. 

Pancreas.,, d - f i  -mry smll fragmnt of . tai l ,  adherent t o  

the spleen, ' had the f e t a l  appearance with loose strow i n  which several 

mononuclear cel ls ,  lymphccytes, lymphobksts, and polymorphoncclears were 

observed.. 

found i n  a ~ m l l  lymph node, but there were practically no young forms or 

re t icu lar  cel ls .  

:TJ.? rYnt of the pancreas was nom&. Mature lymphocytes were 

13 the esophagus there was moderate 'mucosal and submucoSa1 inf i l t ra t ior l  

by polymorphonuclears. ?To microscopic changes - were found in the 

stomach o r  small and large intestines.  

The adipose t i s sue  was 

Because a t  the t i m e  it 

accident, no histopathologic 

of the fetus. 

Ill. Case 3, M.E.E.C. 

of t l e  adult type, without any f e t a l  f a t .  

vas not barn tha t  there had been a radiation 

studies were made of the l i ve r  and bone mrrm 

g i r l ,  age 2 1/2 years, vas seen for  the first 

time on May 2, 1962, for  an itching macropapular skin rash, localized t o  the 

extremities, not accompanied by fever. She hada past history of intolerance 
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t o  some foods. 

March 25 t o  July 22 of tlat ye=*. 

of 1,872 rems and a m i n i m  dose 09 1,373 rems; she w a s  given local t r ea tmnt  

She vas exposed t o  total-body irradiation, probably from 

She received approximtely e maximum dose 

and 

had 

the 

i L. ; an mtihistaminic.  She rekurned .on July 6 because she _. I , . . .  

evacuated Ascaris lunibricoides. 

prescribed treatnent . 
The skin lesions had not changed with 

On July l l  laboratmy analysis shared abundant Ascaris lmbricoides 

egss i n  ' 

red and w h i t e  cells, numerous bacteria, and t races  of hemoglobin. 

t he  stool; urine, pH 6.5, density 1,010, a small number of 

The hemogram shared hemoglobin 7 g $; hematocrit 2l.; leukocytes 

3 , % 0 / ~  , lymphocytes 18%; monocytes 2$; neutrophils 74%; and eosinophils. 

3$?' She vas given an t iheh in th i c  treatment. 

3 

Ey the mi-ddle of July the patient developed trealmes8, anorexia, nausea, 

vomiting, fewr, ccugh, diarrhen a t  times bloody, petechiae, ecchymosis, and 

l i t t l e  bk:_r! - le. .c4~xs i n  +he borsers of the tongue. 

On AJyust 1, vhen she vas' admitted' t o  the hospital, she vas palc, and had 

and thigh. 
blood in the 

/oropha;-ynx, ecchymoses i n  the cheeks The sldn seemed t o  be 

hyperpigmented, with a color similar t o  t h a t  seen i n  persons who have been 

long exposed t o  the sun. me labia mjora of the vulva vere blackened, with 

edema and blisters. 

She remained febrile, with increase i n  the  number of petechiae and 

ecch;ymoees, and developed microscopic hematuria and bronchial pneumonia. 

August 17 a bonemarrow aspiration shoved aplasia.  

On 

She died on A u g u s t  18, 1962. 

A henogram on A u g u s t  16 had sham hemoglobin 6.6 Q $3 hematocrit 25%; 

leukocytes 2000/&; lym-&ocytes 88%; monocytes 34'0; eosinophils 3$; segmented 

neutrophils 6%; plasmocytes 5$p sed-ntation rate 64 m; and toxic 

granulations i n  the neutrophils. 

* Translator's Note: Possible typographic error i n  numbers? 

1 0 0 0 0 2 3  
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On Auguet 9 the hemogram shared hemoglobin 7.35 g $; hematocrit 25s; 

leukocytes 2300/&; lymphocytes 50$; inonocytee $j segmented neutropuls  42$; 

and bands 3$.* 
3 August 10: hemglobjn 5.8 g 5; leukocytes @O/m ; lymphocytes 7%; 

monocytes 346; and segtnented netrtrofihils 24$. 

The postmortem study was done on August 19, 1962. The body was i n  good 

s t a t e  of nutrition; the skin was pale; the hair had been closely shaved, but 

there was no alopecia; eyebrars were normal; the lef t  conjur.ctiva had a 

hemorrhagic area measuring 3 mm in diameter i n  its outer aspect. 

d i la ta t ion  of both pupils, cyanosis of the Lips,and there were su$erficial 

encrusted ulcerations i n  the Ups.  

Brownish f luid exuded through the anal or i f ice .  There irere petechiae on the 

skin of the face, neck, anterior aspect of the thorax, arms, forearms, r ight 

inguinal region, and i n  the anterior as2ect of the thighs and legs. 

!There K86 

The gums were pale iritli ecchymoses, 

The scalp shared ecchposes i n  the f ronta l ,  occipital, and temporal 

regions. 

sinus. 

were sm11 areas of dewelinization, mre marked around the blood vessels, 

There was moderate congestion, and a great amount of melanotic pigment was 

present i n  the arachnoid plexus; there  were numerous glial c e l b  surrounded 

by a clear  space that separated them fromthe other g l i a l  ceUs and also from 

the neighboring nervous t issue.  

were a few petechiae, and some neurons showed degenerative changes, due 

probably t o  hypoxia and autolysis. 

There were ecclmoses i n  the dum, along the superior longitudinal 

There vas congestion and edem of the brain. Microscopically there 

There werea few smll areas of gl iosis .  There 

In the neck the lymph nodes were slight.7.y increased i n  s ize  and 

consistency; on cut surface they appeared hemorrhagic, 

tias pronounced congestion with hemorrhage and deposits of blocd pigments, 

In  sone of them there 

* Translator's Note: Possible typographic error i n  numbers? 

1 0 0 b 0 2 4  



taken up by phagocytes. There vas no evidence of germinal centers. The 

retic- c e m  vere markedly hyperplastic (Fig. 27). 

i n f i l t r a t ion  of the capsule, with apparent bredage  through it i n  some places; 

There was lymphocytic 

there was also chronic inf lamation and f ibrosis  of the neighboring adipose 

t issue,  with hemorrhages. Atypical cel ls ,  suggestive of lymphoblasts, were 

present. There were numerous plasmocytes, and a l so  some lyaphocytes, but 

these were diminished i n  numbers. 

There we6 atrophy of the mucosa of the tongue and mouth, as well as 

severe congestion of the connective tissue stroma in the submucosa. The 

s u b m i l l a r y  glands were normal. The thyroid appeared nomlmacroscopicaUy, 

but under the microscope it vas mcderately hypoplastic, and i n  some places it 

s t i l l  had/fetal appearance; there  ua8 congestion and abundant interfol l icular  
a 

connective t issue stroma with very few fo l l i c l e s  containing colloid. 

I n  the lert supraclavicular region w a s  an area of ecchymosis 

measuring 2.5 cm in diameter. 

Thorax: Petechiae were found i n  the par ie ta l  pleura .ALxillary lymph 

nodes were increased i n  size and consistency and were hemorrhagic. 

no hydrothorax end the lungs were distended. 

had petechial hemorrhages i n  the visceral  pleura, as w e l l  as small areas of 

There was 

The r igh t lug  weighed 100 g and 

ecchymoses. The l e f t  lung veighed 75 g and had a similor appearmce. Under 

the microscope there w a s  severe congestion and small areas of a te lectasis  

next t o  other areas with emphysema. I n  one of the cut surfaces there was a 

triangular area of hemorrhage, Triththe base tarard the pleura, wlth f a i r ly  

well-preserved alveoli, sone of which had a hyaline covering that was 

refringent and fibrinoid, similar t o  hyeline membrane (Fig. 28). The heart, 

weighing 175 g, showed areas of ecchymoses and petechiae i n  t h e  pericardium 

and myocardium. 
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Abdominal cavity: There vas i n t e s t ina l  distention due t o  gas; the 

mesenteric lymph nodes were s l igh t ly  increased i n  size and consistency; there 

were petechiae i n  the mucosa of the stomach, snall and large intestines,  and 

peritoneum. 

severe hemorrhage tbt extended into the w c + r  and serosal layers, 

especially a t  the leve l  of the rectum. 

I n  the terminal portion of the large intestine there was a 

On microscopic examination there was 

autolysis, severe subacosal  hemorrhages, ntmy3rous bands of fibrous scar 

t i s sue  i n  the msentery, with small groups of lynrphocytes and plasma Cells, 

and s l igh t  f ibrosis  i n  some of the  lymphoid fo l l ic les .  

congested and weighed 500 g;  microscopically it shared autolysis, acute 

congestion, very pale erythrocytes, parenchymal l i ve r  ce l l s  with cytoplasm 

f ine ly  vacuolated, mononilclear- lymphocytes and plasmocytes i n  the portal 

Spac??. 

corpi?cles, Thcre was autolysis and precipitation due t o  formaldehyde; over 

the capsule tb.ere were deposit6 of mucoid nrzterial and n m r o w  bacter ia l  

colonies, which were also fomd i n  the p a r e n e m .  

had disappeared, only the ar ter ioles  remaining, although a few lymphocytes 

s t i l l  persisted here and there. 

apparently normal. 

i n  the gallbladder. 

m e  l ive r  was 

The spleen weighed 50 a, and on cut surface showed no mlpighian 

The mlpighian Corpuscles 

The architecture of the corpuscle was 

Autolysis and subserosa1 petechial hemorrhages were fcmd 

The pancreas wzs n c r a l .  

The adrenals were uniformly hemrrhagic; nicroscopically there was 

i n t e r s t i t i a l  hemorrhage that involved the two inner zones of the cortex, with 

frank destruction of many ce l l s  JJhile &hers shmed deger-crztive changes tha t  

could not be distinguished from autolysis; i n  sore areas of the medulla, 

around the blood vessels, there were numerous plasma cells,  some of them 

with atypical features. 
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The kidneys weighed 60 g each; they had ecchymoses i n  the capsule, 

r e m 1  pelves, and ureters: they shoved autolysis and probcbly 

cloudy degeneration of the epithelium i n  the praximal tubules. 

bladder was distended and had small hemorrhages in i t s  mucosa. 

- 

"lie Urinary 

The bone m a r r o w  in the sternum, ribs,  and vertebralbodies was extremely 

9' 1 e .. 
The probable causes of death were bone-mrrm hypoplasia, and multiple 

hemorrhages, especially i n  the gastrointestinal t r a c t  a d  adrenal glands. 

23. Case 4,A.I.G.potherl 57 years old, hospitalized on August 18, 1962. 

It is surmised that the patient was exposed t o  total-body irradiation from 

April 20 unti?, Jul;y 22 of the same year. 

a mxirmun dose of 2,827 rems and a minimum dose of 1,518 rems. 

It was calculated that she received 

I n  the last days of the zonth of April, 1962, she s tar ted complaWng 

of feeling cold, and she noticed t h a t  the fingernails took a deep blue-black 

tinge. During the first days of July she s tar ted complaining of asthenia, 

dyspnea, and diarrhea, and she manifested ecchymoses, epistaxis, bleeding 

from the  gums, and bloody sputum. 

On A u g u s t  13 a blood count shmed hemoglobin 4.9 Q $; hematocrit 15%; 

l eaocy te s  2,000/m3; lymphocytes 44%; monocytes 12$; neutrophils $4; and 

eosinophils 8%. 

August 13 and August 18. 

Twelve hundred mi l l i l i t e r s  of blood were transfused bettreen 

A t  the time of her admission she had c l in i ca l  signs of purpura and 

hemorrhage, petechiae, epistaxis, ecchymoses, and bleeding gums. 

of harids and toes showed the previously described blackening (Fig. 29). 

blood pressure tias 160/no. 

blood count on admission showed hemoglobin 10.6 g$; hematocrit 33$; 

leukocytes 1, 30/m3; marked thrombocytopenia; lymphocytes 5496; monocytes 1.25; 

The n a i l s  

The 

A There were no other positive physical signs. 
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neutrophils 3246; d eosinophils 2$. 

shared aplasia.  

microscopic hexuaturia. 

BSP retention, and serum bi l i rub in  w e r e  normal. 

On August 20 a bone mrrow aspiration 

Urinalysis showed an acid pH, density of 1,014, and 

Determination of prothrombin i n  plasma and serum, 

The patient was isolated t o  t r y  t o  prevent infection; hmrever, during 

the f irst  few days of hospitallzation she shared a l l  the signs of pnemnonitis, 

which w a s '  conf'imd by a chest roentgenogran; i n  addition she was f o u d  t o  

have a s l ight  enlergement of the heart. 

rapidly w i t h  wide-spectrum ant ibiot ics .  

she showed pustules, s e v e r a l m i l l i m t e r s  i n  d i a m t e r  i n  the anter ior  aspect 

of the thorax, which disappeared pa r t i a l ly  after treatment with loca l  

applications of an t ib io t ic  ointmnts .  

diarrhea lasting f ive  days, without fever, which subsided eas i ly  with 

ant ibiot ics  and symptomatic treatment, 

The pneumonitis resolved i tself  

During the  last week of September 

A t  that time she a l so  had a period Of 

During her hospitalization she received corticosteroids and synthetic 

androgens f o r  her pancytopenia, and Rauwolfia serpentina for  her mild 

hypertension; the blood pressure became normal and stayed so throughout the 

r e s t  of her hospitalization. 

Several bone-marrow aspirations, taken from different  areas, kept on 

showing bone-marrow aplasia. Neir blood tests showed a prothrombin consumption 

of 65$, Bsp retention of 28$, and persistence of her microscopic hematuria. 

During her last week i n  the hospital, she complained of intermittent 

chest pain, localized in the  anterior aspect of the r ight  hemitho&,, 

radiating t o  the sternum and epigastrium, accompanied by a s l igh t ,  nonproductive 

cough, and without fever. 

showed changing patterns of subepicardial repolarization of the anterolateral  

area of the l e f t  ventricle,  which were interpreted as indicating lqyocardial 

ischemia. 

Electrocardiograms on October 10 and 11, 1962, 

1 0 0 b 0 2 8  
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Blood and urine cultures on October 13 vere negative. She was given 

She died suddenly mss ive  doses of antibiotics,  but her symptoms persisted. 

on October 15, 1962. 

The autopsy w a s  carried out i n  the Pathological Medical Service of t he  

Department of t h e  Federal Distr ic t .  

Table 12 shows the hemtologic data of t h i s  patient. 

Microscopic findings. - External appearance: nWlerate rigor mortis; 

dependent l i v i d i t i e s  in the  back of the head and neck and extremities; 

numerous ecchymotic areas over the skin surface, llbeasurjllg up t o  8 cm i n  

diameter. 

Nultiple petecYLae, irregularly distributed, were found a l l  Over the 

sldn surface; eight superficial  ulcerations measuring from 2 t o  7 mm in 

diameter, covered by a deep blue material, were located i n  the r igh t  pectoral 

regior and below the right breast; microscopically, the ulcera-bed areas 

shoved loss  OP epithelium, and deposit of a fibrinoid m%terial, under which 

there was an infkumatory infil trate made cp of mononuclear ce l l s ,  predominantly 

plasma cel ls ,  wWch tended t o  be localized around the small blood vessels Of 

the skin (Figs. 30, 31). 

In the areas without ulcerations, the epidermis was atrophied, thinned, 

and showing moderate hyperkeratosis. 

observed i n  the sldn appendages. 

i n f i l t r a t e  i n  the dermis, trhich was less dense than under the ulcerations. 

These atrophic changes were also 

There was,  i n  addition, a perivascular 

The vulva showed a tumefaction on the l e f t  side, measuring 6 cm i n  

length, which involved the labia majora and ninora, the lateral vaginal 

w a l l ,  and extending also under the skin t o  the inguinalarea. 

tumefaction w a s  e l a s t i c ,  with well-defined and hardened borders. The Skin 

covering it w a s  extremely th in ,  friable, desquamating, and W e r p i w n t e d .  

There was an ulceration measuring 2 x n  in diarreter, through which on pressure 

This 
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one could obtain 

showed necrotic adipose tissue, which contained pus; the lesion tras not 

encapsulated. 

bone, and communicated with the fistulous opening described above. 

r ight inguinocrural area there tras an old surgical scar, approximateu 4 cm 

long, which followed the direction of the crural  arch. 

serosanguineous f lu id ,  The cut surface a t  t h i s  level  

There was  a smll hemorrhage. This lesion did not involve 

I n  the 

The abscess of the left vulvar region- the on ly  place where purulent 

material could be found; it was localized i n  the f a t  t issue,  and it was mde 

of multiple smal l  circumscribed and coalescent abscesses. The ?ia contained 

the following elements: polymorphonuclears, macrophages, cell i i lsr  debris, 

and fibrinoid material. Around t h i s  leeion there were 3.rezs of f a t  necrosis 

(Figs. 32 and 33j, hemorrhages, and a scanty number of 5solak:I fibwblasts, 

withoxt ev:'..lence cf fib-rasis. The w a l l s  of some blocd vcnse2; i . ~  t h i s  region 

ShWr;d InflEmutLc?., edexa, and thickening, with Ilrolifazation of the intjma, 

which s c x i ; i ~ s  w c z e  reercnsible for thrombclsis ( X g s .  34 and 3 5 ) .  

I n  some of the  smller vessels there were subendathelial deposits of 

eosbo],?.;flic materlal, s i m i k  t o  that observed i n  the splenic and renal 

ar ter ioles  (Fig, 3 6 ) .  

The slsin covering the  abscess shared moderate hyperkeratosis, and a 

tendency of . the epidermis t o  become separeted betveen the granulosa and 

malpighian layers, as vel1 as betveea the mal&hicn layer and th basal 

layer, foming bl'sters of vmi.diLe sizes . 
and the basal layers hcd c ballooned, p d c  ~ y t o p k ~ ~ ,  which sjmulated a 

great vacuo.-Lc, pushing tne  nuzieus t o  the periphery. The. hair fo l l ic les  i n  

the rczion were scanty and atrophied, and only rex=Sns of streat glaixls were 

found. There w e r e  no sebaceous glands i n  the s l ides  studied (I 'igs, 37-39). 

Ibny of the cells i n  the nalpighian 

1 0 0 b 0 3 0  
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In th3 scnlp were hemorrhagic inf i l t ra tes ,  the largest  one 

measuring 6 cm i n  d i m t e r  locallzed in the left f rontal  region .immediately 

under the muscle. !The brain showed no alterations.  

The eyelids were sof t  and edematous with the sclerae s l igh t ly  congested. 

30th eyes shared the same alterations:  

desquamating, there was hyaUne degeneration under the conjunctivae i n  the 

nasal and temporal sides, which involved also the peripheral portion of the 

cornea. On the temporal side there w e r e  a far small calcifications.  

cor t ica l  zone of the lens ,  i n  i ts  anterior aspect, were s l igh t  - . 

the corneal epithelium was 

In the 

degenerative changes, consisting of tumefaction and fraCTplentation of the 

f ibers  , . .rrterpreted as b i l a t e ra l  cor t ica l  cataracts (Mg. 40). 

In  the posterior portion of the choroid there was s l igh t  congestion, as w e l l  

as cystic degenerat.ion i n  the peripheral portion of the retina, somewhat 

more Fnonounced on the temporal side. 

The thyroid gland Treiglied 40 g and showed no gross changes; 

microscopically it had &n irregular shape, v i t h  smll fo l l i c l e s  some of 

which h.ad a normal amount of colloid, others shoving very l i t t l e  of it, the 

acini being collapsed. There was moderate congestion, and amas  of 

inflammatory i n f i l t r a t ion  made up of plasm ce l l s  and a few lymphocytes. 

The trachea contained abundant bloody material, and the mucosa was 

reddish. 

The lungs barely retracted, due in  part to adhesions t o  the par ie ta l  

pleura, mainly on the right side. 

yellow f lu id  were obtained from the lef't pleural  cavity. The right lung 

weighed 890 g and the left one 740 g ;  they were large and t h e i r  f issures 

were adherent by means of loose fibers;  i n  some areas the pleurae were 

thickened and had a white-yellowish color, 

One hundred and fif'ty mi l l i l i t e r s  of 

The rest of the pleurae were 
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transparent and nornrally shiny. The crepitation of the laigs vas diminished, 

their color vas a deep red; the l e f t  infer ior  lobe had a greater consistency 

than the superior lobe. 

mucoid and hemorrhagic mterinl. 

was hard and oozed a great deal of a deep red hemorrhagic f lu id ,  

shaved moderate cylindrical  d i la ta t ion  of the i r  w a l l s .  

had a few yellmrish plaques, which covered less than 25% of its surface. 

lungs had similar findings: 

coalescent parenchymalhemorrhage; very few a lveol l  contained a i r  and atbcrs 

T?ere distended or  emphysemtous ; the hemorrhagic f luid contained almost 

exclusively erythrocytes trithout polymorphonuclears o r  lymphocytes; some 

alveoli  contaiaed only edem fluid,  and i n  these s i t e s  there tras a great 

number of macrophages with vacuoles. Tiere was fibrinoid necrczis of the 

alveo1.r walls, and also under the epithelium of the terminal bronchioli; 

t h i s  was a homogeneous eosinophilic material, which reminded one of the 

hyaline membrane tha t  i s  observed in  the newborn and i n  some pneumonia6 

(Figs. 41 and 42). 

The bronchial mcosa was congested, v i t h  abundant 

On cut surface, the pulmonary parenchyma 

The bronchi 

The pulmonary artery 

Both 

they were drenched with fresh blood owing to 

Around the  larger bronchi, and i n  the interalveolar spaces, there Was 

a mononuclear c e l l  inf i l t rot ion,  sortie of the ceUs  resembling plasma cel ls ,  

and others atypical lymphocytes, as those found i n  the spleen and lymph nodes. 

Some of the secondary bronchi were f i l l e d  with a mixture of mucus and 

blood. 

and alveoli  were exfoliated and atypical (Fig. 43). 

The greatest  part of the ep i the l ia l  ce l l s  of the bronchi, bronchioli, 

The heart weighed 425 g. It was hard and s l igh t ly  enlarged. There 

were 100 milliliters of ye l lmish  fluid i n  the pericardial  cavity; on the 

pericardium and epicardium there was a great amount of yellowish fat. 

l e f t  ventricular 1aL1 was hypertrophied, measuring 1.6 cm i n  thickness; the 

The 
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aorta and the aor t ic  valve contained atheromtous plaques aid there vas 

atherosclerosis of t h e  coronary a r te r ies ;  Yaere was also a scar measuring 

2 x 1 cm i n  the septum. 

In  the mediastinm there were s l igh t ly  enlarged gray-pink nodes. On 

cut surface they showed a great amowit of anthracotic pigment. 

centers of the l y q h  no5.es had disappeared, and there vas elso a re la t ive 

decrease i n  the number 0:: mature lymphocytes; there were also ce l l s  similar 

t o  those described i n  the spleen (lymphoblasts and plasma ce l l s )  and a b 0  

The germinal 

so= atypical cel ls ;  the re t icu lar  ce l l s  were well preserved. The lymph nodes 

were severely congested, and there was moderate @perplasia of the free  

re t icu lar  ce l l s ,  localized in the sinusoids (Figs. 44-u). 
and 

The bone marrow i n  the ribs and sternum was pale, yenuwish, /resembling a 

honegco-i5: the bone marrow i n  the vertebral  bodies, liolrever, was red. The 

histologic sections of the s te rna l  bone marrow showed zlmost complete absence 

of bone-marrow elements, and increased adipose tissue; only i n  a few sites 

were small nests of qyeloid ce l l s  and plasmacytes Fresent (Ngs. 47 and 48) 

There m r e  no megalraryocytes. 

The bone marrow of the r ibs  was not much more cel lular  than that i n  the 

sternum; it was also greatly hypoplastic. 

ce l l s ;  megalraryocytes were not found, and erythrocytes were very Gcarce 

(Figs. 49 and 50). 

There was erythrophagia i n  Some 

The areas of grcr ter  ce l lu la r i ty  were i n  the vertebral bodies; even 

here, however, the bone marrow was very hypocellular. 

where a c e l l  was seen resembling a megakaryocyte, although sharing Signs of 

degeneration (Figs. 51 and 52). 

This  is the only place 

There were hemorrhages and petechiae in the muscles of the anterior 

ab2 m i n a l  w a l l .  

1 0 0 b 0 3 3  
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I n  the dtgestive t r ac t ,  the  esoDhagus shared an ulceration measuring 

'Phe stamach, 1 cm i n  diameter, located 8 cm above the leve l  of the cardia. 

small intestine,  and large intestine had numerous petechiae. 

descending colon, numerous diverticula were found, meizsuring from 0.5 t o  1 cm 

i n  diameter. 

In the 

A l l  the intest ine tms moderately distended, and there were 

congested b l o d  vessels. 

The l i ve r  weighed 1,400 g and was bound to ' the  diaphragm by loose bands. 

On cut surface a small mount of blood oozed out, and the lobular pattern was 

fa in t ly  visible.  

one being passive congestion, Gmde II. 

Only min5.mil alterations were found, the most importmt 

The gallbladder ~ 3 6  small, v i t h  in tac t  walls; it contained a stone 

measuring 2 x 1.5 cm, which on being broken r.pr,eared crystalline 

and grecc: The bile ducts were normal. 

The spleen weighed 50% and had a n o m 1  appearance except fo r  being 

On cut surface there was SUW slightly enlarged. 

h l g i n g  

The f o l U c l s s  were absent, but t h e i r  original site could be recognized by 

the presence of ar ter ioles .  A t  the s i t e  of the mlpighian CoI'pWCleS, t 

greet ddal of a homogeneous ccidophi l ic ,  fi'brinoid, refringent m t e r i a l  ? r m  

located beneath the  endothelium (mgs. 53-55). 

It w a s  blue and so f t .  

. of the red pv.lp over the capsule; the white pulp was absent. 

, 

There was congestion of the red pulp with pale erythrocytes, and small 

There were atypical cells,  probably fron the areas of hemorrhage (Fig. 52).  

reticulum, as w e l l  as erythrophagia and moderate hemosiderosis, 

due t o  macrophages containing blood pigment. 

The pancreas vas normal. 

The right kidney weighed 150 g, and the le= one 160 Q; both had 

persistence of the fetal lobulations. The capsule could be easi ly  stripped, 

* Translator's Note: Possible typographic error? 
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surface was f inely ganular, the consistency was noiplal, and the color 

deep red. 

the cort ical  zone was deep red as has been already mentioned. 

On cut surface the corticomedullar junction was very ev'ident 

I n  the 

infer ior  pole of the right Mdney there was a contracted zone, triangulaz, 

measuring 1.5 cm, of fibrous appearance. 

The adrenals showed no abnormalities. In the small vessels t a r e  

subendothelial deposits of a material similar t o  tha t  described i n  the splenic 

vessels and i n  the vessels of the abscess (Figs. 56 and 57). 

In both kidneys there were petechiae. 

Although s o m  of the glomeruli were 'hyalinized, and i n  others there was 

moderate thickening of the caFillaries (Fig. 58), the lnajority of them 

showed no important changes. In mny of the healthy looldng glomruli ,  however, 

IIBsreYged pernec3ility t o  red 3lood c e l l s  ITCS cvident i n  the sP0;Ct .  

beIxe?n the Bmmn capsule and the capillary tm"ts(Fig. 59 j ,  ari5 there was 

also klood i n  the t u 3 d e s  [Fig. 601. 

TAiere vas no i n t e r s t i t i a l  hemorrhage. There were al terat ions i n  the 

epithelium of the tubules, suggestive of cloudy degeneration, but this was 

di f f icu l t  t o  distinguish from autolytic changes, although i n  some s i t e s  there 

was rupture of the ba8al membrane, as w e l l  as n m r o u s  hyaline and red c e l l  

casts. 

I n  general, both Pddneys shoved signs of cel lulas  atrophy, with 

i r regular  areas of i n t e r s t i t i a l  f ibrosis,  and a certain degree of 

arteriosclerosis (Fig. 58) . 
The W6t important microscoTic changes were bone marrow aplasia, with 

minimal signs of regeneration; generalized depletion of the germlnal centers 

and lymphocytes In  the lymphoid t issue;  multiple and smU. hemorrhages in 

lddneys, spleen, and sldn; massive hemorrhage i n  the lungs. 

Cause of death. Anoxia due t o  masoive pulmonary hemorrhage, bone marrow 

aplasia v i th  anemia, agranulocytosis, and thrombocytopenia. 
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V. Case 5 ,  J.E.I., s~mivor ,  30 years old, ' ~ 8 8  admitted on August  20, 

He w a s  exposed to total-body i r radiat ion frm March 25 u n t i l  July 22 1962. 

of the same year. The estirwbed dose was maximum 1,716 rems, minimum 994 rems. 

I n  May 1962. he noted wealmess, This m n  was employed 8s a printer .  

f a*-gability, and blackening of t he  f ingernailg exclusively (Fig. 61) ; t h i s  

discoloration progressed throughout the subsequent months. 

occasionally of fever and headaches. 

He had complained 

He did not show any signs of bleeding. 

On admission his blood count showed hemoglobin 14 g 5; hematocrit 42$; 

l eaoc f l e s  2, m/m3; lymphocytes 3%; monocytes 14s; segmented neutrophils I 

23%; bands 105; p la te le t s  19,000. A sternal bone-narrow aspiration showed 

diminished ce l lu la r i ty  4+; d-shed megakaryoqytes +; normoblasts 28.82$; 

young granuloqtes  20.65b; matvxe granulocytes 42.. 76$; lymphocytes 7 .OS$; 

eosin-?$iils 1.175; blas t s  0.65. The patient was isolated to prevent infection. 

Trea-tnzxrk was started with corticosteroids and ovrxtholone 

r e p e a t d  blood counts verc essent ia l ly  nor-ml and the patient was asymptomatic, 

i so la t ion  w a s  discontin1:ed and medications were s toned .  Table 8 shows 

the evziut ion of h i s  hemitologic data. 

Because 

On September 5, 1962, :-iiother bone -mrrmr zepiration K.S perforncd, 

vhich shared noma1 celluBrit;r, with norm1 nm-Der5 of megakaryocytes, 

although these shared slight al terat ions i n  the relat ion of the maturation 

of the nucleus and cytoplasm. 

good condition. 

on brushing his teeth;  a blood count on that  date shoved slight 

thrombocytopenia, and the patient was hospitalized again and watched, without 

reqwiring any treatment. 

blackening of the na i l s  progressively diminished, shifting t o  the free 

The patient vas discharged on September 6 i n  

On September 17, he had an episode of bleeding from the gums 

The p la te le t s  went back to norm1 levels. The 

border of the nail, as  these were growing. By the end of November, the 

* Translator 's  Note: 50 ce l l s  counted? 
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blackening of the fingernails had disappeared. 

patient had b i l a t e r a l  basal p n e m n i t i s ,  which was c o n f w d  by roentgenograms. 

A culture from pharyngeal m t e r i a l  was negative; he was treeted with high 

In February of 1963 the 

doses of a~dAbiotic6, with resolution of the pneumonitis a f t e r  a few days i n  

the hospital. 

During December, two examinations of the semen showed no sprmatazoo2,. 

I n  June I n  May 1963, examination of the semen again shared no epermatazas. 

of the same year, a bicpsy of both t e s t i c l e s  showed atrophy of the tubular 

epithelium and absence of i n t e r s t i t i a l  ce l l s  (Fig. 62). 

being observed frequent*, and a report w i l l  be issued l a t e r  on h i 6  c l in ica l  

course. 

The patient is s t i l l  



It i s  important t o  em@size tha t  one of the main differences between 

these cases and other reported radiation accidents (Refs. 2, 13, 17, 18, 31, 

44, 52, 54, 56) is  that the p r s o n s  vere exposed t o  fractionated and prolonged 

irradiation during several wee!-s, while i n  the accidents reported i n  the 

l i t e ra ture ,  the exposures were single and short, result ing i n  an acute or 

chronic rad ation sp5rome, according t o  the magnitude of the dose received. 

That the t issue damage due t o  the radiation depends on several factors, 

aslong them the dose-time relation, i s  well-ham. 

maximum dose of 5,165 r t o  the whole bcdy i n  24 days, similar t o  the case 

described 

lasted only  30 seconds. 

irradf-aticn, Shipmn' s 34 hours a f t e r  exposure. 

Case 1 received a 

S h i p ~ n ~ ~ ,  with the difference that the exposxre i n  tha t  case 

Both patients died, ours 36 days a f t e r  the s t a r t  of 

C!o;_rrparing the dosimetry between the published accidents and that of t h i s  

report is  d i f f i cu l t ,  

cause death or recovery i s  also d i f f i c u l t ,  Case 1 developed the acute form 

of the Cieease, which was fatal with the dose mentioned; 

dose betveen 984 and 1,716 r t o  the whole body i n  119 days and recovered. 

TIm other three patients, receiving dose6 intermediate between those two, 

developed a subacute or chronic radiation syndrome, and eventually died. 

To szy precisely what dose (and i n  what  time) w i l l  

Case 5 received a 

Figure 8 shaws the m o r t a n c e  of the  dose-time relation: *:he steeper 

the radiation dose curve, the graver the total-bcdy radiation syndrome, and 

death occurs fas ter .  Considering tha t  the minimum dose received by Case 4, 

(1,818 r i n  90 days ) was fa ta l ,  and that the m a x i m  dose received by Case 5 ,  

(1,716 r in 119 days ) did not cause death, it can be surmised t h a t ,  i n  adults, 

a dose intermediate between the two t r i l l  be f a t a l  when it is received in a 

time interval  of 90 to 119 days. 

100b038 
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'Phe fo l la r ing  considerations are based on t he  c l in i ca l  and 

pathologic findings i n  our cases. 

immediately after death because the  etiology of the disease was unlsnm a t  

tha t  t i m e ,  the symptom and evolution correspond t o  the acute total-body 

radiation syndrome (Refs. 2, 3, 9, 12, 17, 25, 28, 29, 36, 52, 56). The 

child received a high dose t o  the  whole body i n  a relat ively short  time 

interval,  2,940 to 5,165 r i n  24 days, including i n  this t h e  an unlmam 

period during which he received contact i r radiat ion a t  the level of h i s  lef't 

thigh: 

I n  Case 1 i n  which no autopsy was done 

t h i s  occurred a t  the  beginning of his exposure. 

Because of t h i s ,  the  first symptoms comisted of erytbem,which 

progressed rapidly t o  a lesion resembling a burn, and later on t o  wide 

necrosis, which involved the neighboring region of the external genitalia.  

The i:7Ycnse necrosis i s  easy to expkin,  because the mount of i r radiat ion 

rece3ved in 5iis region, vhefi %ke child kept the  capsule of co i n  the 

front l e f t  pcclre-t nf  h i s  trousers, must have been on the order of several 

thousand rads i n  a short t h e ,  probably a few hours or  one o r  t v o  dzys. 

Knowing that the  dose r a t e  of the source vas 5.014 roentgens per hour a t  1 

m-ter, according t o  the inverse-square l aw,  one obtains a dose rate a t  the 

distance of 1 cm of 60,140 r/hr. This explains the  intense i r radiat ion tha t  

t he  l e f t  thigh and neighboring regions must have received when the  child was 

carrying the  source i n  his pocket. 

GO 

On the  day after the  appearance of erythema, the child showed the 

Symptomatology character is t ic  of the acute radiation syndrom: anorexia, 

vomiting, fever, bloody diarrhea, and l t ~ e e l r  later weakness and l is t lessness;  

on the  tenth day he again shared nausea and vomiting. These symptom Suggest 

lesions i n  the  digestive system and central  nervous system, due t o  radiation, 

and that is character is t ic  of the acute form. He died I 2  days af'ter the end 
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of exposure, undoubtedly because of the lesions i n  these systems, fo r  he 

showed semicoma, Cheyno-Stoles respirations, high fever, bloody diarrhea, 

and intermittent contractions of the urper extremities. 

nervous and i n t e s t ina l  manifestations of the acute radiation syndrome were 

present and caused h is  death. 

I n  other wode, the 

Twenty-two days a f t e r  the beginning of exposure, a blocd count showed 

These values became larer anemia; hemoglobin 8,95 Q $; and hematocrit 27%. 

8 days la te r :  

leUkoCYtes/m3; and probably pancytopenia. 

damage t o  the bone mrrow, but the patient did not show a generalized bleeding 

tendency a t  any t i m e ,  except i n  the necrosed area. “lie p t i e n t ,  therefore, 

probably did no3 have a severe thrombocytopenia, which is the common cause 

of dei5I-i i n  p e r s ~ m  who have receiv?d total-body irradiation i f  the nervous 

and Cycs+,i;re s-yndrome have not been 30 in”,-e. I n  such a case there i s  a 

more prolonged evolution, Tihie!* permits the hematologic syndrome t o  manifest 

i t s e l f ,  death occurring then a h o s t  always a f t e r  the fourth veek fo r  doses 

near t k a  E! 

hemoglobin 6.15 g;  hemtocri t  20%; a leukopenia of 600 

These values indicated severe 

in 50 to 60 days (Yie f s .  21, 35, 3, 61). 
50 

A s  shmn i n  Table 7, the c t i l d  received a mximum daily dose of 676 rems 

t o  the irhole body during the f irst  7 d w s  of exposure, and l a t e r  on a daily 

dose of 25 rem6 during 17 days. A dose of 600 rems is considered by many 

as  the medium l e tha l  dose i n  30 t o  60 days, so tha t  it is logical 

t o  consider t h i s  case one of acute radiation syndrome since he received a 

dose higher than the L;D i n  a short time interval.  50 
For the same reasons that an autopsy was not done immediately, no 

hemtologic studies vere done v i t h  the idea of stuwing the radiation syndrome. 

When the cadaver w a s  exhumed 4 months a f t e r  death, it w a s  not possible t o  

carry out the histopathologic studies necessary t o  determine the cause of 

1 0 0 b 0 4 0  
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death and t o  assess the degree of damage t o  the nervou8 system, digestive 

t rac t ,  and hemopoietic system, because of autolysis of the tissues. The 

fever that the patient showed during the evolution of his disease was due 

probably t o  secondaqj infection, which is a frequent complication in the 

radiation syndrome because of the marked leukopenia that these patients have. 

When the cadaver vas exhumed, no putrefaction was found and it had 

pract ical ly  no odor, which is i n  agreement with the observation that radiation 

prevents putrefaction of Uving t issues  for  variable perlods of time, according 

t o  the dose given. 

of meats. 

This fac t  has been used i n  industry for  the preservation 

In other radiation accidents (Refs. 6, 7, 13, 14, 19, 44) alterations 

similar t o  those seen i n  our czses 2, 3, and 4 were reported, such as bone- 

marrm aplasia with absence of aegalraryocytes, thrombocytopenia, and 

generaiized graulocytopenia, hcnorrhagic tendencies, and generalized 

depletion of the lymphoid t issue,  especially of mature lymphocytes. The 

f i n a l  event in the three cases vas massive hemorrhage, i n  Case 2 i n  the 

central  nervous system, 

4 i n  the lungs. 

i n  Case 3 i n  the gastrointestindl tract, and i n  Case 

Case 2 received Q total-body dose of' 1,995 to 2,938 r e m  i n  115 aayS 

of exposure; t he  calculated maxirnum dai ly  dose was 25.5 rems. 

shared the symptoms of the radiation syndrome, but in lesser  degree than i n  

the  previous case because the  dose w a s  luwer and vas absorbed i n  a longer 

t b e  interval. The symptoms consisted of anorexia, nausea, and vomiting 

during the first week of ex-psure, although these symptoms can also be 

explained by her pregnancy. Later on, during the th i rd  week of exposure, she 

showed lotr-grade fever, night sweats, blackening of the fingernails, and 

l a t e r  on, during the  fourth week, hemorrhSgcG appemed i n  intermittent fashion, 

petechiae and ecchymoses, indicative of thrombocytopenia due t o  bone-marrow 

This case 
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W e ,  

i n  most of the a r t i c l e s  revieved (Refs , 1, 18, 21, 32, 50, 61). The bone- 

marrmr damage was substantiated by a blood count done on the eighth week of 

exposure, which shared anemia and 2,100 leukocytes. 

The $bombocytopenia qgeared  during the time that 11~~3 been reported 

Later c a  she shared massive hemturia and increased fever, signs - 

of profound thrombocytopenia and of a probable secondary infection, which is 

f'requent i n  these cases because of the leukopenia and the probable existence 

of diminished bcdy defenses t o  infection, a s  related i n  Section III. A t  

t h i s  tlme a blood count shoved 100 leukocytes, 12,000 platelets ,  4.2 g 5 
hemoglobin, and a hematocrit of 14$. 

Considering the evolution of this case, one vould call it a subacute 

radiation syndrome (Refs. 9 JT, 18, 43), because she did not die  as a resul t  

of th:a digestive- system damage, irbAch the patient initially sMred, but 

rather there was tim fo r  the herratologic syndrome t o  develop. 

5.n the fourth veek and caused the pt:snt ' s  death by mssive cerebral and 

renalhenorrhages i n  a sericd of 6 creeks a r t e r  the first helmtologic symptoms 

appeared.. 

This started 

The changes found i n  the mamnary glands of this patient, consistin@; 

of reduced secretory ac t iv i ty  i n  (L. woman 5 1/2 months pregnant, are  

d i f f i cu l t  t o  interpret .  

and discrete  infLarmnatory foci. 

mammary gland could be studied and t h i s  =de interpretation of the s ta tus  

of the whole organ somer.rhae d i f f icu l t .  

these changes might have been due t o  the radiation received. 

I n  addition there w e r e  hyalinization of the stroma 

Unfortunately only one section of each 

It seems poSSible, however, tha t  

The degenerative changes found in the placenta were h e  probably t o  

ammia and hypoxia, but one cannot rule out the possibil i ty that they could 

have been due t o  radiation. 

1 0 0 b 0 4 2  
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Case 3 shared a cliniczl. evolution s W l a r  t o  the previous one. She 

received a total-body dose of 1,373 t o  1,872 rems (Table g), i n  99 days of 

exposure. 

afterwards the daily maximum dose was 13.5 rem. 

subacute form of the radiation s y n d r o ~ ~ ;  she died 146 d a p  af%er the beginning 

o f t h e  exposure, and 27 days af ter  exposure had ended. 

The dai ly  maximum dose vas 89.9 rems during the first 7 days, and 

The patient developed the 

The cause of death 

w a s  hemorrhage i n  the adrenal glands and massive hemrrhage i n  the 

gastroirrtestinal t r ac t ,  caused by bone narrow aplasia. 

She shuwed systemic and digestive symptoms l ike  those o f t h e  previous 

case; the  bone-marraw damage was evident vhen the first blood count was taken, 

11 weelrs after the beginning of exposure. 

hematocrit a$; and leukocytes 3,500. The bone-marrow damage progressed and 

17 wez!:s a f t e r  th.e beglmie; of exgosure , the  blood count shosred hemoglobin 

5.8 g $, and l.culrocytes 1,800 /m3. . 

The count shared hemoglobin 7 g; 

It i s  important t o  poin", out that this patient, 2 1/2 years old, 

received a maximum dose very similar t o  the minim dose received by her 

mother (Case 2), and the g i r l  lived one month longer. 

showed less  donage t o  the hemopoietic system, i n  the beginning of her disease, 

than i n  Case 2. 

The Slood counts also 

The i n i t i a l  c l i n i ca l  symptons i n  the g i r l  were urticaria,  and it i s  

lmown t ha t  she expelled multiple Ascaris lumbricoides with the feces without 

any treatment, a f t e r  she had been exposed t o  radiation for 5 weeks. 

probable that the radiation ki l led the in tes t ina l  parasites, and for  t h i s  

It i s  

reason they were e x p l l e d  easily; mybe the fas t  disintegration of these 

nematodes i n  the intestine,  with the  passage of the substance An the b 1 o a . m -  

m l t i n g  from the disintegration of these worms, gave r i s e  t o  a c l in ica l  

picture of ur t icar ia  as an al lergic  manifestation. This possibi l i ty  vas 



- 55 - 
entertained because it is h a m  t ha t  frequenkly there i s  wscage of dead 

in tes t ina l  p a r a i t a s  during the f i r s t  weeks a f t e r  s ta r t ing  a course of 

radiation therapj  t o  the abdomen on patients with intraabdmindl malignant 

tumors. 

Case 4 received a dose of 1,818 t o  2,897 rem t o  the vhole body i n  

The maxirmu;l dai ly  dose was 32 rem. She developed 90 days of exposure. 

the chronic radiation syndrome, which caused her death 

aplasia, on the 178th day / 
exposure had ended. 

due t o  bone-marrow 
a f t e r  

i n i t i a t ion  of exposure, and 85 days seer 
Clinically i n  the beginning there  was fa t igabi l i ty  and 

beginning of exposure. She did not show central-nervous-system or digestive- 

system s-Jrmptom, as  i s  comnon in the subacute and acute forms of disease; 

rather F n e  began having s-yapto~s 70 days aFter the beginning of exposure, 

symptc% related t o  her bone-Farrow damage. 

fa t igabi l i ty ,  dysFnea dae to anemia, ecchpmses, epistaxis, bleeding f r o m  

the gums, and bloody sptm due t o  thrombocytopen2a. 

done when it was already ~ O I M  t h a t  there had been a radiation accident, 

shared the severe damage t o  the bone marrow. 

hematocrit 15%; w h i t e  blood ce l l s  were 2,000 (Table E). 

she shoved hemorrhagic prpura, 17hich is  i n  agreement with the law number 

of p la te le t s  found i n  the peripheral blood and with the stddies on the bone 

narrow, which indlcated aplasia. 

She developed asthenia, 

The f i r s t  blood count, 

The hemo@obLn was 4.9 g $p; 

During this time 

The thrombocytopenia increased and the p t i e n t  died by massive 

pulmonary hemorrhage i n  the tenth week a f t e r  the end of exposure. 

In  the three cases described (IJo. 2, 3, aJ-d 4) the mechanism of 

hemorrhage was the severe thrombocytopenia that  these patients had. 

authors, however, found t ha t  i n  Him6hirr;a and IJagasaki 

shoved hemorrhage, i n  whom the p la te le t  values vere not 1cri.r enough t o  came 

Some 

a number of cases 8 2 2 1  
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hemorrhages. 

have severe thrombocytopenia has been explained by the presence of a 
1 

substance in the  blood with pzoyerties similar t o  those of heparin. 

Some 

of irradiated animals, and it seems tha t  the hemorrhages are closely related 

t o  the number of circulating platelets .  

The mechanism of hemorrhage i n  irradiated p t l e n t s  k-110 do not 

In 

hasever, no anticoagulants have been found i n  the blood 

In the three patients ?rho died because of hemorrhages, bleeding occurred 

i n  different sites: 

t r ac t .  

in what organ the hemorrhage vi11 be most severe. 

central  nervous system, lunge, and gastrointestinal 

It is very d i f f i cu l t  t o  determine which factor  or factom determine 

In  the three patients who trere studied post-mmten, the white blood 

ce l l s  Biminished constantly, vithoct shoving any signs of recovery. 

pnrticvlar, I n  Case 4, which vas studied nore thoroughly, the hj.s.tologic 

sectioils from the sC,crnal, costal, and vertebral bone marrar sbwed aplasia, 

with t'k exception of a few regenerative foci  i n  the bone marrow of the 

vertebral  bodies, although the patient lived 178 days. 

bone-nzrrov regerierckion has not been reported i n  other accident cases where 

the exposue ~ r a s  chort and intense. 

patients received total-body irradiation i n  a prolonged and fractionated 

fashion, which prevented bone-marrar reZeneration a t  any ti=. 

I n  

This lack of 

Th i s  m y  be explained because our 

I n  th? three cases studied port-mortem there v a s  generalized dzpletion 

of the w h o i d  t jcsue,  m i n l y  of adult lymphocytes and of the germinal 

centers of lymph n.odes; th i s  vas l ess  pronounced i n  Case 3. 

The blackening of the nails, i n  Cases 2, 4 and 5 ,  has beon considered 

t o  be due t o  changes brcught about by the absorbed rad ia t ion  0x1 the mineral 

salt of the na i l .  I n  Case 5 this discoloration progressively disappeared as 

the nails kept on grarlng. 
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The presence of howgeneous, acidoylxilic, refringent zakertal, with a 

fibrinoid appearance, localized under the erddhelium of the splenic and renal 

a r te r ies ,  as w e l l  a6 i n  other organs, which was particularly apparent i n  

Case 4, but was a l so  evident in Case 2, may be due t o  arteriOSClerOSi6. 

could a l so  be due, however, t o  small subendothelial hemorrhages caused by 

direct  radiation effect  on the blood vessels; the age of the patient of 

Case 2, 27 years, would seen t o  rule  out arteriosclerosis as a cause for  

these findings . 

It 

I n  none of the cases studied by autopsy did we find the typical  

vascular lesions due t o  mxliation, described i n  the l i t e ra ture .  

The only vessels with a r t e r i t i s  (proliferation of the i n t b a  and thrombosis), 

were i n  areas near the vulvar abscess i n  Case 4, and these lesions could be 

attribi&d t o  the inf7hmatory process a6 well as t o  the ' Tad-iation. 

7 

The hemorrhage and -pilmnary edema are sufficient t o  e q l a i n  the 

presence of "hyaL-3e mem3rane" on the walls of the alveoli  and some of the 

terminal bronchial;, as i n  Cases 3 and 4. It is not possible, however, t o  

r u l e  out the possi3ility t b t t h i s  was a direct  radiation effect  on these 

organs e 

I n  Case 4 aJ-terations were found on the anterior aspect of the lens, 

which w e r e  interprr-kd a8 a bi la te ra l ,  cor t ica l  catarcct These les iom, 

harever, a r s  not ccnsidcred to be due t o  radiation, becanx tt?e typical 

15 pos-?ra\aclia!;lcri ca.L,.ir*act s t a r t s  i n  the posterior surface of the lens. 

The fetus, cmtrary t o  expectations,vas found with practically no 

It shared only depletion of the lymphoid tissue, and abfience al terat ions.  

of hemopoiesis i n  the spleen and lymph ncdeo. 

less pronounced than those found a t  autopsy i n  the other cases. 

that the thymus was norml, only the  Bassall corpuscles being diminished. 

These changes, harever, were 

It is notable 

l O O b O 4 b  
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Although, unfortunately no histologic s l ides  of the bones and l iver  of 

the  fetus were available, it i s  worth noting tha t  there were no hemrrhages 

a t  a l l ,  and i ts  development 'WES normal. It is  thought that t h i s  fetus died 

-- in utero, probably owing t o  mternal anoxia, death occurring a f e w  hours 

before the  mother died, 

The near normeli'iy of the fetus can be explained by w h a t  we know from 

If the  edoryo o r  fetus i s  exposed t o  experimental animals. 

the period of implantation of the  ovum, the  fe tus  may survive even though it 

may have sustained damage. 

enibryo i s  damaged by radiation is not true. 

fe tus  may be explained by taking in to  account that it was already 8 1/2 weeks 

old when the exposwe was begun; it has been found tha t  tk yzriod of 

organ.-:enesis i s  the one of greatest  potent ia l  danger t o  the ~ d L ~ - y o . ~ ~  More 

than 2 3  abnormlicios of development are  Imown, especially i n  the central  

nervoL: system (min ly  microcephalia and ophthalmic lesions), and these 

lesions are  more likely t o  occur i f  the radiation was given fromthe second 

t o  the eevcahh week of pregnancy. It i s  considered, therefore (1) that the 

dose Leceived by t k  fetus w a s  p rhaps  not high enough t o  provoke i ts  death 

(1,147 t o  1,661 rems i n  1 1 5  days); 

after the pertod of m i m u m  organogenesis, the fetus shared no developmental 

abnomai-2tiin.r.; 

hemopoic-tic sy;tcm so tha t  it seems that i f  the mother ;id GDC Sied the  

fetus probably would have been born alive,  but with hypoplasia or aplasia of 

the bone marrow that would have caused an early death. 

only supposition, because no observation6 were available on the  status of the 

bone marrow. 

marrow aplasia, it i s  logical  t o  suFpose tha t  the fetus would have shown it, 

too, since the dose received by both was similar. 

*radiation after 

The belief that abortion w i l l  r esu l t  i f  the  

The lack of anomalies of the 

( 2 )  t ha t  because the exposure s ta r ted  

!? ,! - L M ,  +,here vas moderate damage t o  tL.e 'y,~&fic end 

The latter point is 

It is based on the surmise tha t  i f  the mother developed bone- 
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Case 5, the survivor, received a dose between 984 t o  1,716 rems in 

119 days; it was calculated that the maximum dai ly  dose t o  the whole bcdy 

w a s  16.2 rems (Table ll) . He was the person receiving the least exposure. 

He showed a c l in i ca l  picture with the characterist ics of the chronic form 

of the total-body radiation syndrome, but he l a t e r  recovered. Aside from 

the blackening of the nails, which has been previously commented upon, his 

syruptoms were a l l  due t o  bone-marraw hypoplasia, caused by ' *radiation. On 

the  thir ty-s ixth day a f t e r  i n i t i a t ion  of exposure he developed fa t igabi l i ty  

and blackening of the nails. 

i n i t i a t ion  of e.qosure he had a leukopenia of 2,000 and lg0,OOO platelets  

(See Table 13).  

and also diminished lnegalraryocytes. 

ex-posiire, 55 days a f t e r  the end of ex-posure, he had already r e c c v e d ,  for  

the bone marrov a3 that ti= was reported as normal, except fo r  discrete 

alterakions in th? megakaryocytes. 

bleeding fromthe gums; t h i s  occurred on the f i f ty -s ix th  day after the end 

of exposure, and coincided with a moderate thrombocytopenia. The 

disco2cmt5-cq of t'lie nails disappeared 130 days a f t e r  termination of exposure, 

owing t o  the normal growth of the n a i l s .  

weeks af ter  the  end of exposure showed absence of spermcrtozca 

and t h i s  is i n  agreement with w h a t  is found i n  the l i t e ra ture .  

One hundred and seventy-eight days after 

The bone marrow a t  that time shared diminished ce l lu la r i ty  

By the 204th day a f t e r  beginning of 

Only on me occasion did he shuw sl ight  

Testicular biopsies 22 and 46 

(Mg. 621, 

The patient a t  the present is asymptomatic and he i s  being closely 

followed. His c l in i ca l  COUTS~ w i l l  be reported . l a te r ,  for it i s  l ikely 

tha t  he m y  develop l a t e  radiation sequeuae. 

A sull~~~lcl ly of the doses received, times of exposure, some c l in ica l  data, 

and the date of death of the exposed persons are sumnrrrized i n  Fig. 63.  

1 0 0 b 0 4 8  



Figure 1. 

Mgure 2. 

Figure 3. 

Figure 4. 

figure 5. 

Figure 6 .  

7. 

Figure 8. 

Figure 9. 

PRIVACY ACT MATERIAL REMOVED 

FIGURES 

Plan of the f%mily dwelling. 

Elcdel of the c o b l t  -GO capsule. 

Photostat of the cer t i f ica te  of the cobalt-GO capsule. 

Diagram shaslng the asymmetric distribution of radiation around 

the transverse axis of the capsule. 

The piece of furniture (cabinet) i n  the kitchen; the capsule was  

kept i n  t h i s  drawer, 

Lot where the house was located. 

Elevation of the frontal  view of the kitchen. 

Doses absorbed by the accident victims ( r e m ) .  

Blackening of the glass tumblers i n  comparison with 

nonirradiated tmblers  . 
Figur.. 5'2. GraFh of th2 b1.aclrenirg curves for  t e s t  glass tumblers irradiated 

Figuze 9b. Reconstruction of the piece of f'urniture (cabinet) of Fig. 5. 

Figure 10. Posterior a s p c t  ci" the  heart shmring subepicardial petechiae. 

Figure ll. Uterus cmtaining the fetus before opening of the mein3ranes. 

Figure 12. E:-:;erm:? a s p c t  of the fetus i n  the uterus. 

Figure 13. Hemorrhage on the  surface of the brain. 

Mgure 14. Coronal section of the brain sharing the extension and depth 

of the  hemorrhage. 

Figure 15. Infer ior  as-gect of the brain sharing a hemorrhage i n  the l e f t  

cerebellar hemisphere. 

Figure 16. Hemorrhagic area i n  the cerebellum. 

Figure 17. Fat  

Figure 18. Secretion and edema i n  the m ~ m m ~ r y  gland. 

Figuses 19 and 20. 

Ehlargement. 

lobules and discrete secretion in the mammary gland. 

Absence and atrophy of the lymphoid t issue i n  the 

intest ine.  



Figure 21, 

Figure 22. 

Left ovary md txbe, showinp; a corpus luteum 09 pre@;nancy. 

Inner surface ol the uterus shmillg i t s  mucosa and the s i t e  

of the ylacental iqlarztation. 

Figure 23. Fine v i l l i .  There are  no hemorrhages. 

Mgure 24. 

Figure 25. 

Figure 26. Microscopic appearance of the fetal thymus. Regressive changes 

Vascular changes i n  the placenta. 

ESrternal aspect of the fetus.  Observe its normel development. 

with few HassalJ. bodies and mature lyxphocytes. 

Figure 27. 

Mgure 28. ~ u n g .  Tuere are  areas of emphysema and atelectasis .  

Figure 29. 

Lymph node sharing hy-perplasia of the re t icu lar  ce l l s  and edema. 

Photograph of thz patient’s hands showing the blackening of 

the na i l s  and 3igmentction of the sldn. 

F’igurc 30. Eane of an ulcer reseiribling a first degres burn; a%cc;.nce of 

polymoqlionuc lcars . 
Figure 31. Demis under the ulceration Tnbh perivascular inflammation, 

made up almost exclusively of plasma ce l l s .  

Figure 32.  A71ccee.; localized i n  the soft tissues of the le f t  vulvar 

rczia:, Jhcre me can observe a great nunbcr cf ,~‘,~.mrphonuclears, 

which were pract ical ly  absent i n  other p a r t s  of the body. 

Figure 33. Erdargement of the previous photomicrograph, There are, i n  

addition, macrophages and cel lular  debris. 

Figure 34. Blood vessel i n  the abscess, w i t h  secondary inflanrmation of 

i ts  w a l l s  and organized thrombus. 

Figure 35. Enlargement of the previous figure. 

Figure 36. Acidophilic material i n  the subendothelium of a blood vessel 

i n  the  abscess. 



Figure 37. Skin of the area of tihe abscess with i n f l a m t i o n ,  f ibrosis,  

bullae, necrosis, and degenerative ce l lu la r  changes. 

Figure 38. Sldn of the  area of the abscess showing de ta i l s  of the 

epidermis with incipient formation of vesicles. 

Figure 39. Another area of skin sharing the sane changes as i n  the previous 

figure . 
Figure 40. Lens. Showing: a cort ical  cataract. 

Figure 41. Lung shming hemorrhage and acidophilic material similar t o  

hyaline membrane. Masson. 

Figure 42. Enlargement of the previous figure. Masson. 

Flgure 43. A t n i c a l  alveolar c e l l  and foamy macrophages, plasmocytes, 

and lym-phoblasts. Masson. 

Mgure 44. Lymph node showing disappearance of the geminal  cezters and 

hypr9 ias ia  of re t icu lar  ce l l s .  

Figure 45. Ljm-ph node shoving congestion and absence of germinal centers 

and iyzlpmcytes . 
Mgure 46. T,yx@i z A e .  Ti5re are lymphoblasts, plasmocytes, and ret icular  

CP'LS. - ? <  li-'cnce of mature lynphocytes. 

Figure :;7. 

Figure 48. 

Flgure L-9. 

Figure 50. Ekdargement of the previous figure, showing good conservation 

SI;.>~&Y .L 3 O ~ e  mrrm-r. 

Enlargement of the few cel lular  areas of the previous figure. 

Rib. 

General view shoving the m3q-r cel lular i ty .  

One can see the ce l lu la r i ty  of the bone marrow. 

of re t icu lar  cel ls ,  and l i t t l e  variation i n  the morphology of 

the lqyeloid series. 

Figure 51. 

Figure 52. 

General view of the bone marrow i n  the vertebral body. 

hlargement o f t h e  previous figure showing a cell that could 

be a degenerated megakaryocyte. 



F'igure 53. Mminution of the fo l l i c l e s  and smll hemrrhges  i n  the spleen. 

Masson. 

Mgure 54. Acidophilic material i n  the subendothelium of the ar ter ioles  

of the splenic fo l l i c l e s .  Masson. 

Figure 55.  Enlargemat of the a r t e r io l a r  lesion, surrounded by lymphocytes 

and plasmocytes Masson. 

Flgure 56. Group of renal ar ter ioles  with subendothelial acidophilic 

material . Masson . 
Figure 57. F571Rrgement of the prevlorrs Mgure. Masson. 

Figure 58. Glomerulus with discrete  thickening of the  capillary w a l l .  

The proximal tubdes show exfoliation of the epithelium and 

autolytic changes . Arteriole with sclerosis.  

Figure 59. G I m e r : i L a r  and tubulax hemorrhage i n  a normal appearing 

gl93ErJkS 

Figure 60. 

Figure 61. 

Rem1 tubu2es dlstended with red blood ce l l s  

Blackening of the fingers of J .E.I .  (Case 5), which was not So 

pronowxed as i n  A.I.G. (Case 4). 

M W e  62. Section of ?.troThic testi:: with absence of i n t e r s t i t i a l  cel ls .  

Figure 63 .  Summary of the  principal data of the presented cases. 
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TABLE 1 

IDEKCIFTCATION OF TEE CASES 

CASES NAME AGE S M  DLITE OF FIRST DATE OF 
CONSULTATION DEATH 

Case 1 
SON E.E.P. 10 yr M 7-IV-62 29-IV-62 

Case 2 
WIFE M.C.E. 27 yr F a-rv-62 19-vn: -62 

fetus 24 weeks of M 
gestation 

Case 3 
DAUGECER M.E.E.C. 2 1/2 yr F 2-v-62 18 -VIII -62 

Case 4 
MCTHER A.I.G. 57 Y T  F 13 -VIII - 62 15-X-62 

Case 5 
HUSBAND J.E.I. 30 yr M 13-VIII-62 Survivor 



TABLE 2 

ARFtAs, DISTANCES, MID E3ZOSURE DOSE RATES 
(The doses were calculated for  the d i r ec t  beam) 

AREA DISTANCE OBSERVATIOIE DOSIB in' mr/h 

(Meters) 

0 .m Direct contact 150,350 
zc 

0.40 

1 .oo 
z1 

z2 
z2a 1 .oo 

I 

37,580 

6,014 

Absorption by approximkely 5,230 
4 mm of iron sheet of the 
w e n  (13% less than tbe 
i n i t i a l  dose) 

z5 

Z5a 

'6  

Z6a 

1.60 

1 .Go 

2.20 

2.90 

3 .BO 

3.80 

4.80 

Absorption by the Oven 2,040 

Absorption by the men 1,080 

(see before) 

(see before) 

715 

Absorption by the oven 
(see before) 

Absorption by the external w a l l  
of the  house, porous w a l l s  20 cm 
th ick  (56$ less than the i n i t i a l  
dose) 

314 

261 

Absorption by the inner wall of 
the house, porous walls 17 cm 
thick (5O$ less than the  i n i t i a l  
dose) 

208 

261 

4.80 Absorption by inner w a l l  of the  l3O 
house (see above) 

Z7a 

z9 1.00 6,014 

3.50 Absorption by the  inner w a l l  of 245 
the  house (see above) 

'loa 

'Ua 2.30 Absorption by the inner w a l l  of 
the  home (see above) 

568 



TABU 3 

ACTIVITIES OF THE MEMBERS OF THE FAMILY 

m m  
M Y  Em MCE MEEC AIG JEI 

3 Thursday Rest day N o m 1  Normal 
h Y  tw J2 type A 3  

4 Friday 

o\ 
C U  

Movie ISrIset Movie Movie Marl& Movie Market E! Day type I2 Day type (MCE) -Y t Y P  W Y  t n e  E5 
5 Saturday 

% I3  (=cep) z 
0 

v i s i t i ng  v is i t ing  v i s i t i ng  Visiting 
-Y type B4 Day type E5 

6 Sunday B 
W Y  type H2 WY type LJ H fa 

Normal Norxml Normal Normal 
B Y  t m e  D2 5 

Day type B B y  type B 3 4 Day type A 

8 Tuesday 



TABLE 4 

EXAMPI8 OF THE WSE CAEULA'MON FOR A TYPE DAY FOR PATIEFT M.C .E. 

Timetable Area Activlties for  the day and observations 

5:w - 9.00 
9:OO - 9.30 
9 ~ 3 0  - 11:w 
11: 30 - 13:OO 
1 3 : ~  - 15:oo 
15:oo - 16:oo 
16:oo - 18:oo 
1 8 : ~  - 1 8 3  
1830 - 1g:oo 
19:oo - a:oo 
21:oo - 2l:y 
21:30 - 22:OO 
22:oo - 5:30 

.08 

6a 
2a 
5b 
5a 

2 
6a 
2 
5a 
3 
2 
3 
GEb 
1 

. .  

Slept 
Breakfast 
Washed laundry 
Rested 
Market o r  went shopping 
Ate 
Rested 
Went with her husband t o  eat  
Rested and helped her mother-in-law 
Ironed 
Dined 
Talked w i t h  mother-in-law 
Slept 
Year the cabinet 

Total time i n  the respective 
areas ('n) 

Doses in the respectLve Total dose for  the 
areas ( m r )  day (4 

2.00 in Z2 

0.50 i n  Za 

2.50 in Z3 

5a 2,OO in Z 

2.00 in ZD 

13.00 i n  ZGa 

.08 in z1 

12,028 

2,615 

5,875 

1,240 

628 

2,704 

3,006 28,096 LIIT 
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TABLE 7 

Ekgosure doses of 
scattered radiation 

r 

Doses for Case 1 

Dose 
absorbed 

Esrposure doses to direct 
beam 

. r  

Minimum 

2,674 .O 

April 400.7 
( 392 07 1 

38.6 
(37.0) 

429.7 266.2 

June 

7 days of exposure before 1-IV-62 Daily dose: m i m u m  676.54 rem 
minimum 92.00 rem 

Daily dose: &mum 25.27 rem 
minimum 15,65 rem 

17 aays of e m s u r e  from 1-IV-62 



TABLB a 

mosure dose t o  d i rec t  

Maxirmun Minimum Maximum 

Estposure dose to 
beam r scattered radiation 

Month (rad> 

Doses f o r  case 2 

"JXL MAXIMUM AI!D MINIMUM DOSES FOR PERSON M.C.E. 

Dose (rem) 
absorbed 

mimum Minimum 

GRAND 
TOTAIS 2,786.5 (rad) 1,877.3 151.7 (rad) 118.5 2,938.2 ( r e m )  1,995.8 

March 166.5 116.5 5 -9 4.9 168.8 118.8 
(l-63.2) (U4.1) (5 .a (4.7) 

April 882.2 601.7 41.3 35.1 904.5 623.3 
(864 5 1 (5'9b6) (40 00) (33.7) 

W Y  819.2 516.2 42 .O 32.5 843 . 3 537 .o 
(803.0) (505.8) (40.3) (31.2) 

June 729.3 444.1 42.3 32.3 755.3 466 02 
(714.7) (435 2) (40.6) (31.0) 

115 days of exposure Daily dose: mimum 25.5 rem; minimum 17.3 rem 

l O O b O b 8  



TABLE 9 

EScposure dose t o  d i rec t  
beam r Month 

(rad) Udrmun Y?irmun 

Doses for Case 3 

Eqosm-e dose t o  Absorbed (rem) 
scattered radiation dose 

Maximum blinimum 
(:ad)' 

Maxim M i n i m  

TOTAL MAXIXUI4 Ai-D IjIIiJIml 1x)SFS FOR PERSON M.E.E.C. 

April  176.8 147.9 16.6 10.6 189.2 155 01. 
(173.3) ( 144 9) (15 09) (10.2) 

M Y  365.8 304.8 
(358 5) (298.7) 

326.5 

June 354 5 295 o f 3  31.7 28.6 377 99 317 5 
(347.4) (290 00) (30.5) (27.5) 

July 272.*4 231 .o 19 ...9 26.3 286 .o 251.7 
(266.9) (226.4) (19.0) (25 -3) 

I I 

GRAND 
'PCTAIS 1,762.2 (rad) 1,272.8 109.7 (rad) 100.1 1,871.9 (rem) 1,373.0 I I I 

7 days of e,xposure before 1-IV-62 D a i l y  dose: n?aximum 89.9 rem; minimum 46.0 
rem 

Daily dose: m a x i m  13.5 rem; miniInU?J 11.4 
rem 

92 days of exposure since 1-rv-62 



TA3L.E 10 

Exposure dose to direct  
beam 

Month r 
Wim (rad) ~nim 

Doses for Case 4 

1 

Ekposwe dose to absorbed dose (rem) 
scattered radiation 

r .  
Maximum Maxim Minixum ('dMi& 

TOUL MAXEKDi AND MINIMUM DOSES FOR PERSON A. I .G.  

March 

April 193.9 
(190 -2) 

10.4 
(9.9) 

143.1 

W Y  973.2 
(953.7) 

52.1 
(50.0) 

4393 1,003.7 
(41.5) 

651.8 

June 965 .o 
(945 e o )  

599.6 
(587.5) 

46.3 
(44.4) 

989 4 625 -7 

29.9 
(28.7) 

704.4 

133.1 (rad) 110.4 I 2,897.2 (rem) 1,818.5 
GRAND 
TOTALS 2,764.6 (rad) 1,708.1 

90 days of exposure Daily dose: Maximum 32.2 rem; minimum '20.2 rem 



TABLE 11 

Ekposure dose t o  direct  

Doses fo r  Case 5 

EXposure dose t o  Absorbed (rem) 

TGTAL MAXIMIN AID HjYIMUM DOSES FOR PERSON J.E.I. 

GRAND 
TOTALS 1,637.5 (rad) 913.8 78.9 (rad) 70.5 1,716.7 (rem) 984.3 

63 .7 3.2 3.1 71.9 65.3 March 70.2 
(68.8) (62.4) (3.1) (2.9) 

358 .O 201 .o 19.9 16.9 . 370.1 U4.1 April 
( 351 .O ) (197 09) (19.1) (1~5.2) 

268.2 23.6 a . 4  503.7 283.3 %Y 496 .o 
(481.1) (262.8) (22.6 (m.5) 

457.5 242.8 a .6 19 .6 469 .O 256.8 June 
(448.3) (238.0) (a .7) (18.8) 

July 294.2 15.8 14 .O 12 .G 302.0 164.8 
(288.3) (152.7) (13.4) (12.1) 
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HETIATOLOGIC DATA FOR CASE 5 (J .E. I, , Survivor) 

~- 

~LVIII-62 14 .O 2,200 1,452 132 1 ~ , 0 0 0  
23-VI11 14.6 4,150 
2 4 - V I I I  14.2 5,500 

3 0 - V I I I  15.8 7,200 5,164 1,728 2l0,ooo 
4-nr 15.6 4,900 3,577 1,275 235,000 
6-IX 14.6 4,000 
13-IX 15.8 3,400 70, ooo 
26-uc 1 5  - 3  2,900 126,000 
1-x 14.2 3,100 1,953 961 110,000 

18 -x 13.0 4,800 2,880 1,584 
23-X 13 .a 2,450 
29-x 14.2 4,500 2,160 1,935 loa, 000 
=-XI 14.5 4,100 2,o 50 1,681 102,000 
23-XI 13.8 5,100 2,907 1,785 10 1, LLOO 
13-XI1 15.3 5,400 150, GOO 

28-vm 14.6 3,200 1,824 1,280 

6-x 13.4 3,200 172,000 
3-3-x 14 .G 3,800 

19-xrr 15.3 4,200 

J U U b 0 1 3  
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