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How radiation victims suffer 
by Herbert L. Abrams 

HERNOBYL REPRESENTS the largest recorded ex- C perience of the effects of whole-body radiation, large- 
ly uncomplicated by blast or burns, on human beings. 
While it shattered the composure of hundreds of millions 
in the Northern Hemisphere, the immediate and continuing 
human suffering of the plant workers, rescuers, and nearby 
residents presents compelling evidence once more of the de- 
structive effects of uncontrolled radiation. 

At the outset, Soviet authorities believed that one to two 
thousand people living or working near the reactor might 
have received substantial doses of radiation. These people 
were carefully examined and 299 were hospitalized in Mos- 
cow-mostly fire fighters and plant workers who had been 
exposed to estimated levels of radiation ranging from 200 
to over 800 rads.' One hundred twenty-nine were flown to 
Moscow early on April 27, and the remainder the following 
day. 

Among them, 210 were diagnosed as suffering from acute 
radiation sickness, 51 of the most serious degree. Thirty- 
five patients had been exposed to doses thought to exceed 
800 rads and were considered in grave condition. Two vic- 
tims had died immediately, one in the explosion and ano- 
ther after having been hit with burning debris. In the second 
week, two died of radiation sickness; in the third week, nine. 
There were no deaths in the fourth week, 10 more in the 
fifth week, three in the sixth week, and two more by the 
twelfth week for a total of 26 radiation deaths and 28 total 
deaths as of July 20, 1986. 

By the twelfth week, 30 remained hospitalized in serious 
condition. Many of the patients had experienced severe 
radiation burns as well as the anticipated gastric and in- 
testinal injuries and spontaneous bleeding resulting from 
platelet destruction. 

An early victim 
There have been at least 38 other major radiation accidents 
of all kinds since 1945, with 14 known deaths.' One of the 
victims, who was observed closely from the moment of the 
accident, illustrates the combination of effects experienced 
by many of the most severely exposed in Chernobyl. 
. On August 21, 1945, and on May 21, 1946, at  the Los 
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Alamos National Laboratory, two serious accidents occur- 
red as a result of temporarily uncontrolled chain reactions.3 
Of the 10 persons who were exposed, two died of radiation 
sickness: one in seven days, the other in 24 days. The latter 
was a 26-year-old man hospitalized 25 minutes after the 
1945 accident. While his hands received somewhere be- 
tween 5,000 and 40,000 rads, his total body exposure was 
approximately 590 rads. 

The young man became nauseated within an hour and 
a half and vomited intermittently for the first 24 hours. On 
the second day there was slight improvement, and he felt 
better from the third to the sixth day in spite of slight fever. 
By the fourth day, however, his hands appeared red and 
swollen (figure 1). 

The evacuation 
The evacuation of the area around Chernobyl Unit 4 took place 
in several stages, beginning with the immediate transfer to 
Moscow hospitals of 129 victims who had received large doses 
of radiation. Although evacuation of those less affected did not 
begin until 36 hours after the accident, preparations began 
almost at once. Local police converged on Pripyat, the town 
two-and-a-half kilometers from the reactor, in order to set up 
roadblocks and maintain order. Hundreds of buses arrived 
throughout Saturday, April 26. 

Evacuation of the 10-kilometer zone around the plant began 
Sunday afternoon, April 27. At 1:50 p.m., the local radio an- 
nouncer started the evacuation of Pripyat while party workers 
fanned out through all the city buildings to alert residents. At 
2:OO p.m., 1,100 buses began picking up the 40,000 residents 
from the entry of each building; in order to prevent panic, resi- 
dents were not ordered to gather at marshalling points. By 
4:20 p.m. the city was empty except for workers who remained 
to maintain basic services. These people left three days later. 
Three small agricultural villages were also evacuated, bringing 
the total of evacuees in the first group to 49,000. 

The danger zone was expanded to 30 kilometers some time 
around Saturday, May 3. A second evacuation took place over 
the weekend, which included the town of Chernobyl, 18 kilo- 
meters from the plant. An additional 35,000 people were 
reported to have been evacuated, bringing the total to 84,000. 
This figure was later increased to 92,000. In early June, 20,000 
more people were evacuated after spots of high radioactivity 
were discovered outside the 30-kilometer zone around the 
plant. 

many of them children who were sent to hastily constructed 
summer camps. In July the Soviet government announced 
plans to construct some 4,000 homes for Chernobyl-area eva- 
cuees, in the republic of Belorussia, north of the Ukraine. 

In all, more than 110,000 were transported,from the region, 

-Herbert L .  Abrams, from press reports. 
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Figure 1. Red and swollen hands of a young man four days after his exposure to 590 rads 
of whole-body radiation, with massive doses to his hands, from a 1945 accident at Los Alamos 
National laboratory. burfesy Annals of Internal Medicine) 

Figure 2. By the ninth day, the victim referred to in figure 1 was also suffering from skin 
loss, massive ulceration, fluid seepage, and blisters covering his upper extremities. 

From the sixth to the twenty-fourth day he exhibited in- 
creasing signs of toxicity and lost weight. By day nine, there 
was evidence not only of swelling, but also of skin loss, 
massive ulceration, fluid seepage, and visible blisters 
throughout his upper extremities (figure 2). Beginning on 
the tenth day, his tongue became ulcerated and he developed 
massive inflammation of the mucous membranes in his 
mouth. Shortly thereafter his abdomen became distended, 
and diarrhea, which persisted until death, became a pro- 
minent symptom. 

On the twelfth day the lesions had progressed, and his 
abdomen and trunk were red and inflamed. On the seven- 
teenth day the clinical signs of pericarditis- inflammation 
of the membrane around the heart-were noted. Two days 
later his hair began to fall out (figure 3), and on the day 
before his death on the twenty-fourth day, his trunk looked 

as if it had been severely burned. In addition to a systemic re- 
action which led to temperatures of over 106 degrees and 
death, there was widespread local tissue destruction, particu- 
larly of the skin of the upper extremities and the abdomen. 

During the entire period, his red blood cell count dropped 
only moderately, while the white-cell count rose and then 
fell rapidly. The lymphocytes (white cells most involved in 
the immune response) disappeared rapidly, and many of 
those that remained were abnormal. The autopsy showed 
fluid in the lungs, inflammation of the pericardium and 
intestine, ulceration of the colon, bone marrow depletion, 
and extensive destruction of soft tissues. 

The nature of radiation injury 

Radiation produces its effects through the ionization of 
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atoms, causing cell damage by altering important intra- 
cellular components. The changes may destroy the cell or 
diminish its capacity to function. The extent of the ultimate 
damage depends on the magnitude of the initial injury bal- 
anced against the cell’s ability to repair itself. 

Damage may be produced by ion pairs acting directly 
on essential molecules or by free radicals-very reactive 
atoms with unpaired electrons- formed by the ionization 
of water. Free radicals may produce cell poisons, or they 
may disorganize atomic bonds, forming smaller molecules 
or different molecular conformations. Minimal damage will 
be repaired, but injury to critical molecules like DNA may 
cause profound impairment. If exposure to radiation is pro- 
tracted over days or weeks rather than being received at one 
time, recovery processes may be set in motion and the or- 
ganism will be able to handle larger exposures. 

Cells vary strikingly in their sensitivity to ionizing radia- 
tion, depending on both their type and the phase of their 
reproductive cycle.4 Dividing and metabolically active cells 
and those that reproduce rapidly, such as white blood cells 
and deep intestinal lining cells, are more sensitive than 
highly differentiated cells such as those that make up mus- 
cle, bone, and nerve tissue. Bone marrow, lymphoid tissue, 
the spleen, the male reproductive organs, and the gastroin- 
testinal tract are particularly susceptible. 

In recent years, our understanding of the altered immune 
response produced by radiation has been enhanced by in- 
creasing’knowledge about the function of the-different types 
of human lymphocytes. The B-lymphocyte differentiates 
into antibody-secreting cells, while T-lymphocytes influence 
the immune response of the cells. Ionizing radiation decreases 
T-cell function and produces an acquired immunodeficiency 
condition similar to that caused by the AIDS virus5 

How much radiation the human body can take is a mat- 
ter of controversy. The “LD 50’- the dose of whole body 
radiation that will kill 50 percent of those exposed to it- 
probably lies within the range of 200-450 rads,6 although 
a recent analysis suggests that it may be less than 200 rads.’ 
Much of the controversy has to do with the difficulty of 
estimating dose precisely, taking into account the exposure 
to direct radiation from the primary source, radiation from 
fallout from the passing cloud, inhalation of isotopes, inges- 
tion of contaminated food and water, and contact with 
ground contamination. Even the doses received by Hiro- 
shima and Nagasaki victims are disputed; depending on 
the estimation method, the doses thought to be associated 
with acute symptoms will differ considerably. 

The body’s response 
Whatever the exact dosages with which they may be asso- 
ciated, the phases of radiation sickness are generally agreed 
upon. An acute, sudden, whole-body exposure to hundreds 
of rads of radiation is followed by four periods of illness: 
the prodromal syndrome; the latent period; a febrile period 
with many symptoms, varying according to initial radiation 
exposure; and a final phase of death, or convalescence to 
recovery. 

The first two phases may vary in length and time of onset 
according to the severity of initial exposure, but they are 
common to most radiation victims. The prodromal, or pre- 
cursory, occurs in minutes to hours and is characterized by 
loss of appetite, nausea, and vomiting. This response is 
probably produced by the nervous system rather than the 
interruption of cell production that will ultimately cause 
the most severe effects in patients who die. The symptoms 
subside in 24 to 36 hours and are followed by a period of 
relative well-being, a latent phase, which may last up to 
two or three weeks. Beginning at the time of exposure, new 
blood cells cease to be produced, but depending on the size 
and life span of the various cell populations, cells may con- 
tinue to mature and function for several weeks. Lympho- 
cytes decrease within hours while red blood cells may not 
reach their low point for many weeks. 

What happens during and especially after these periods, 
however, depends upon the dose of radiation that has been 
received. Although there is no rigid separation of these 
responses and much overlap occurs, it is generally accepted 
that there are three dose-dependent syndromes: the hema- 
topoietic (bone marrow), the gastrointestinal, and the cen- 
tral nervous system. 

The hematopoietic syndrome. The marrow syndrome 

Figure 3. By the nineteenth day after exposure, this 1945 victim of a radia- 
tion accident was losing his scalp hair. bwtiesy Annals of Internal Medicine) 
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dominates in patients who have received 200-600 rads.* 
Nausea and vomiting are virtually immediate, accompanied 
by loss of appetite, diarrhea, and apathy of two to three 
days’ duration. The lymphocyte count decreases within a 
few hours, that of other white blood cells and platelets- 
necessary for the clotting process-within a few days. As 
the marrow stops producing cells, the patient’s general 
condition deteriorates. While those who have received less 
than 200 rads generally do not require hospitalization, over 
300 rads it is almost invariably necessary, at least in the 
later period. 

In about the third or fourth week, patients develop chills, 
weakness, headache, fatigue, loss of appetite, and shortness 
of breath which worsen steadily. Sore throat, gum swelling, 
skin hemorrhages, and a tendency to bruise easily develop. 
Then the gums and tonsils become ulcerated and bleed, 
diarrhea returns, and fever develops. Hair loss usually be- 
gins one to four weeks after a single large, acute exposure. 

Alterations in the immune system make the patient sus- 
ceptible to infections. Among the known agents of infection 
in patients with acquired immune deficiencies are many 
viruses, fungi, protozoa, microbacteria, and bacteria that 
rarely threaten those with normal immune systems. Once 
these infections take hold, they are often difficult to treat 
and may be lethal. 

If death occurs, it will probably be within 25-35 days.9 
Autopsies of these patients show varying degrees of bone 
marrow and lymphoid tissue destruction. Their lungs may 
show destructive types of pneumonia and lung abscesses, 
and inflammation of the colon has been observed.”J 

The 15 Chernobyl victims who died between weeks five 
and 12 probably represented this syndrome, with exposures 
of 400-500 rads or more. Some of the nine who died in 
the third week were also in this group but suffered the addi- 
tional complication of severe skin burns from beta radiation 
due to direct exposure to radioisotopes. Their white blood 
cell counts dropped precipitously, and bone marrow trans- 
plantations were of no avail.” 

T h e  gastrointestinal syndrome. With doses at 700 rads 
or above, nausea, persistent vomiting, and hemorrhagic 
diarrhea dominate. These symptoms are associated with 
destruction of the intestinal epithelium or lining. They 
develop in 30 minutes to several hours after exposure, 
depending on dose, and may disappear for a few days in 
a latent period, only to recur, along with high fever. Ex- 
haustion and delirium may follow, dehydration develops, 
the circulation fails, and coma and death follow a week or 
so after exposure. 

In the patients who died in the first two weeks after the 
bombings of Hiroshima and Nagasaki, the main pathologic 
changes consisted of abnormal cells in the intestinal wall 
and the stomach mucous membranes, along with hemor- 
rhage and swelling. Several showed inflammation and ulcers 
in the intestines. After large doses of therapeutic irradia- 
tion to the intestine, profound changes in the blood vessels 
have also been observed.I3 

The two Chernobyl patients who died of radiation within 

the first week represented this syndrome and had probably 
experienced total body doses of 700 rads or more. Further- 
more, some of the nine patients who died in the third week 
probably fell into this category, although all of them had 
severe bone marrow effects as well. 

T h e  central nervous system syndrome. With exposure of 
2,000 rads or more, severe nausea and vomiting develop 
rapidly. These are followed by mental cloudiness, listless- 
ness, drowsiness, and weakness. Convulsions and tremors 
occur. States of stupor alternate with hyperexcitability, and 
death inevitably follows within a few days. It  may be due 
to vascular damage resulting from increased pressure in the 
brain or may actually be the result of cardiovascular col- 
lapse. Autopsies show brain hemorrhage, swelling, and 
inflammation. l4 

None of the Chernobyl victims died of the cerebral syn- 
drome. Our knowledge of this phase of acute radiation sick- 
ness is based more on animal experiments than on experi- 
ence with patients. 

Treating radiation sickness 
During the prodromal, or first, stage, sedation and occa- 
sionally antinausea drugs may be helpful. Fluid replacement 
is rarely required unless vomiting is unusually severe. 

In the hematopoietic (bone marrow) syndrome, it is es- 
sential to monitor the white cell count and, most important, 
to prevent infection. This requires isolation, sterilized food, 
and as sterile an environment as possible. The 2.5-year-old 
in the plastic “life bubble” at Hospital 6 in Moscow was 
thought to have been exposed to more than 800 rads. Only 
four of these units were available in the hospital, so they 
had to be used selectively.l5 

Preventive antibiotics may be important if the dose is 
high, although their positive effects must be weighed against 
the possibility of developing resistant organisms. Platelet 
transfusions may be helpful in those who are experiencing 
bleeding. 16 Whole blood transfusion is probably best 
avoided, unless the bleeding necessitates it, since it may in- 
terfere with subsequent grafting. 

Bone marrow transplants are perhaps the most important 
therapy development in recent decades. Before Chernobyl, 
there were relatively few opportunities to assess this treat- 
ment’s effectiveness in the case of acute marrow destruction 
due to radiation. A 1958 accident at Vinca, Yugoslavia, 
provided the chance to try it in five patients, four of whom 
survived. 17 

The goal of marrow transplantation, like all other treat- 
ment for radiation sickness, is to carry the patient through 
the period when his marrow is unable to furnish the neces- 
sary blood elements. It should be considered in patients 
known to have received a dose in excess of 200 rads.18 The 
effects of exposure can sometimes complicate the treatment, 
however, as the experience with Chernobyl victims in Mos- 
cow hospitals showed. Tissue-typing was often impossible 
because radiation had destroyed blood components. Of the 
19 Chernobyl patients who received bone marrow and fetal 
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liver cell transplants, 14 died and five survived during the 
nine weeks following the accident. 

In the gastrointestinal syndrome, nausea, vomiting, and 
diarrhea are so severe that nutrition can only be maintained 
by the administration of intravenous fluids and plasma. The 
same aseptic precautions and antibiotic therapy are essen- 
tial, and massive hemorrhage will require platelet transfu- 
sions and whole blood or red blood cells in order to avoid 
shock. It is unlikely, however, that any of these measures 
will prevent death if the dose has exceeded 700-800 rads. 
Thus, many of these victims, as well as all who exhibit the 
central nervous system syndrome, will inevitably die. 

Intermediate-term health problems 
It is more difficult to predict what will happen in the com- 
ing months to the hospitalized survivors and the thousands 
who were exposed to lesser amounts of radiation. While 
health effects depend on radiation doses received, estimating 
these doses was necessarily uncertain. For the hospitalized 
patients, estimates were based on the history, severity, and 
time of onset of gastrointestinal symptoms; the slope of 
decrease of the white blood cell and lymphocyte count; the 
extent of beta radiation skin burns; and possible inhalation 
of radioactive gases and particles. Rough estimates indicated 
that approximately 50 had received doses greater than 500 
rads, 100 had been exposed to 300-500 rads, and another 
100 or more to doses from 100 to 300 rads.19 

The 100,000 who were evacuated during the period fol- 
lowing the accident were individually examined in a massive 
effort requiring the mobilization of several thousand physi- 
cians and health workers. Studies of the white blood cell 
count and chromosomal abnormalities were initiated, and 
Soviet scientists are planning a major effort to follow up 
this population at risk. In the intermediate term they can 
expect to encounter a number of problems: 

Radiation cataracts. Following irradiation of the eyes, 
cataracts may develop within several months to years. After 
the Hiroshima bombing, 55 percent of those exposed to 
more than 100 rads were said to have developed cataracts.20 
Other data, however, indicate that a dose of 200 rads or 
more is the level at which cataracts appear.21 They may 
develop within 10 months of exposure. 

Birth defects. Severe mental retardation and increased 
incidence of small fetal head size were seen in Japan as a 
result of the mother’s exposure during the period from the 
eighth to the fifteenth week of gestation. There is evidence 
that this may occur even at relatively low doses.22 

Other intermediate effects. Growth and development dis- 
turbances in exposed children, male infertility, and impaired 
female fertility can be anticipated and will form an impor- 
tant area for investigation. Some heart and lung disease may 
also be manifest in the near term [see also “Estimating 
Long-Term Health Effects” in this issue]. 

The energy equivalent of the hydrogen explosion at Cher- 
nobyl was thought to be approximately that of a one-half 
kiloton bomb. Hiroshima represented about 25 times that 

explosive power, while the modern stockpiles are 25 million 
times as powerful. Yet the accident not only killed 28 peo- 
ple, injured hundreds of others, and displaced thousands, 
but also placed tremendous stress on the health resources 
of a major power. The catastrophe of Chernobyl should 
serve as a warning about more than just nuclear power 
plants. 0 
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