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FOREWORD
Recent clinical experience has shown that, when faced with cases of

patients overexposed to ionizing radiation where the history of the
radiological incident is unclear or unknown, the general practitioner is quite
often unaware of the situation and incapable of formulating a correct
diagnosis and of taking the appropriate therapeutic decisions. This is
particularly true of the medical doctor who has little or no background
information on radiation in general and who would probably not recognize the
signs and symptoms which - if interpreted correctly - allow him at least to
suspect the right diagnosis.

The present publication, which purposely bears the title "What the
general practitioner (MD) should know about medical handling of overexposed
individuals", is aimed at a vast number of doctors, paramedics and also
nursing personnel who, especially in small communities and in developing
countries (but also in highly industrialized countries), can be faced with
overexposures and have the task of taking the first decisions about the
victims.

Although not a highly sophisticated publication from the scientific
standpoint, it is very rigorous in concepts and thoroughly accurate in
up-to-the-minute documentation. It has intentionally been designed to be
simple and easy to understand, even for the unskilled doctor or nurse, and it
should be of interest - if appropriately advertised in the medical journals
and periodicals - to a very large section of the medical practice.

This publication is dedicated to the memory of the late Dr. Geoffrey B.
Schofield, who contributed his lifetime experience in the field of diseases
related to radiation for the preparation of the document. His premature death
has deprived the international scientific community of an outstanding expert
and his colleagues of an incomparable friend and adviser.



UNITS

As from 1 June 1982, the IAEA adopted the International System of Units

(SI). The relationships between the new SI units and those previously used
are shown in the table below.

Quantity

Exposure

Absorbed
dose

Dose
equivalent

Activity

New named unit
and symbol

-

gray (Gy)

sievert (Sv)

becquerel (Bq)

In other
SI units

C kg"1

J kg"1

Jkg-1

s

Old special
unit and
symbol

röntgen (R)

rad (rad)

rem (rem)

curie (Ci)

Conversion factor

1 C kg"1 ~ 3876 R

1 Gy = 100 rad

1 Sv = 100 rem

1 Bq ~ 2.7 x 1011 Ci
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1. INTRODUCTION

1.1 General

Incidents and accidents which involve exposure to ionizing radiation
have become matters of great public concern. This interest has been fueled by
media reports which emphasize not only the devastating horrors of nuclear war,
but also seek to enhance fears of cancer epidemics occurring among the general
public as a result of exposures to even very low levels of radiation. It is
in this climate of public fear regarding the effects of radiation that the
general medical practitioner should be aware of the basic facts about ionizing
radiation, so that he may advise his patients in a rational and considered
manner. It is also of great importance that, while it is unlikely that he
will be called upon to treat patients suffering as a result of radiation
overexposure, he should be aware of the problems which may arise, so that he
is able to make a preliminary clinical assessment, carry out simple initial
treatment and take such administrative action as may be necessary. In addition
it may be that if radiological hazards exist in the doctor's practice area, he
will be required to help in the setting up of a suitable radiation first aid
organisation at his local hospital. Even if he is not required to help in the
formation of such a department, he should at least be aware of its existence.
In this same context, he should realize that the drama associated with a
significant radiological accident will arise from its news value, given the
public fear of radiation. This will engage the attention of the press and
other media and probably result in the physician being exposed to the
attendant glare of publicity. In these circumstances he will need to take
steps to ensure that such publicity is not to the detriment of the patient or
himself.

1.2 Information services

This publication has been specifically prepared to provide a readily
available source of basic information, so that non-specialists in radiological
medicine may understand the underlying principles in the early management of
radiation casualties, and assist in allaying some of the irrational anxieties
which the public have about matters concerning radiation. For those
physicians who require more detailed information on the medical aspects of
radiation exposure, some assistance may be obtained from local hospitals which
have comprehensive medical physics departments.



1.3 Physician's general responsibilities

The involvement of a general physician in relation to nuclear safety or
radiation accidents may occur in many different ways:

1. To initiate preliminary treatment following a radiation accident
where he is the only available doctor;

2. To provide assistance to occupational or specialist radiological
teams in the event of an accident;

3. To be required to attend a conventional accident where later
questioning reveals the possibility of radiation factors being
involved;

4. To provide advice to patients who are fearful of possible
radiation effects from nearby nuclear installations;

5. To be alert to suspicious clinical signs and symptoms which may
suggest a radiological basis for their occurrence.

In all these cases, with the possible exception of (2), the doctor will
have to rely initially on his own ability to recognize the existence of
suspicious circumstances, and clinical data. In the event of any positive
findings, he must be able to take administrative action which will
subsequently route the patient to the appropriate specialist unit. In
addition, he must be able to carry out such simple treatment of the patient as
will improve his chances of survival and his increased personal comfort, both
mentally and physically.

1.4 Radiation exposure

It is important to recognize that man did not invent radiation.
Radiation is a fact of life and has always been with us, but it was not until
1896 when Roentgen discovered the existence of X-rays that man was faced with
the problems of radiation induced damage, primarily to the skin and eventually
to other organs and systems. It is important for the physician himself to
realise, and to be able to make quite clear to his patients, that it is quite
immaterial whether radiation is artificially produced or is of natural
occurrence. Both sorts of radiation are the same and the man-made variety is
no more or less dangerous than that from natural sources. In this context it
is worth remembering that, on average, some 78% of the population exposure to
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radiation is from natural sources, and about 20% is man-made for diagnostic
and therapeutic purposes in the practice of medicine. Only a very small
proportion of the overall population radiation exposure is due to industrial
and other miscellaneous sources. Such exposures, however, are more likely to
be concentrated on small numbers of individuals, particularly those exposed
occupationally at nuclear installations. Many physicians are unaware of the
nature of industrial activities that take place in their practice areas.
Furthermore, many industrial organizations have no access to occupational
health facilities. Therefore general practitioners in particular should make
themselves aware of the possible presence of industrial hazards which may
exist in the communities in which they serve. Of course such awareness should
extend to the use of ionizing radiation. While such interest on the part of
the doctor is not difficult to put into practice in highly integrated
industrial communities, it may be far from simple in ruralized districts where
construction firms may be operating in isolation. It is in such areas that
employees may use mobile X-ray sources for radiography, involving a radiation
hazard which may only be a temporary feature. In practice such radiation
sources are found to give rise to more overexposures than those seen either in
the nuclear industry or in the health services which are the largest users of
ionizing radiation.

2 RADIOACTIVITY AND RADIATION

2.1 General

Radiation basically means the transfer of energy from one source to
another. This may occur as a discrete quantity of energy without mass or
electrical charge which is propagated as a wave and called electromagnetic
radiation. Examples of such energy transfer are light, heat, X-rays and gamma
rays. X-rays are usually produced by bombarding a metal target with electrons
in an evacuated tube and have similar properties to gamma rays, but X-rays are
usually not so energetic. On the other hand, the energy may be associated
with fast moving particles which may be either electrically charged, such as
alpha or beta particles, or electrically neutral (neutrons). Although
neutrons carry no electrical charge, they are relatively heavy and produce
damage in tissue after colliding with its constituent atoms. This matter of
electrical charge is an important concept for the physician to grasp, since it
is the electrical instability, which is induced in the biological cell by
exposure to penetrating radiation, that causes the cell damage. This
electrical instability is termed ionization.



2.1.1 Structure of atoms

All matter is composed of elements, such as hydrogen, lithium, carbon,
oxygen, iron, and lead, and in turn these elements consist of characteristic
atoms. The atom contains a relatively small nucleus and a variable number of
electrons which are negatively charged, and which may be imagined as
encircling the nucleus in a series of concentric shells. The nucleus itself
contains protons and neutrons, the former being positively charged and the
latter electrically neutral. (See Figure 1.)

Each atom contains equal numbers of protons and electrons and is
therefore electrically neutral. For each recognizable element, e.g. copper,
aluminium, sulphur, etc., there are a specific number of protons in the
nucleus although the number of neutrons may vary.

The mass of an atom is concentrated in the nucleus, and the number of
protons plus neutrons in it is called the mass number. Most species of atom
can be characterized by the name of the element and the mass number: thus
characterized, they are called nuclides. e.g., lithium-7, U-238.

Protons + neutrons : Nucleus
Nucleus + electrons : Atom
Combined atoms : Molecule
Species of atom : Nuclide
Equal nos. protons : Isotope

Nuclides of an element that have different numbers of neutrons are
called isotopes of that element. Hydrogen, for instance, has three isotopes:
hydrogen-1, hydrogen-2 called deuterium, hydrogen-3 called tritium. Iron has
ten isotopes from iron-52 to iron-61.

The radiation most commonly emitted by radionuclides is alpha
particles, beta particles and gamma rays. In certain cases neutrons are
emitted. An alpha particle consists of two protons and two neutrons bound
together, and is therefore heavy and strongly charged. Beta particles are
much lighter and are indistinguishable from the electrons which orbit the
nucleus and which have a negative electrical charge. A gamma ray, as described
previously, is a discrete quantity of energy, without mass or charge, that is
propagated as a wave.
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Figure 1
Nuclear radiations

2.1.2 Radioactivity and radiation

Some nuclides are stable but many are not. The stability of a nucleus
is determined by the numbers of neutrons and protons, their configuration, and
the forces they exert on each other. An unstable nuclide transforms
spontaneously into the nuclide of another element, and in doing so, emits
radiation. This property is called radioactivity, the transformation is
termed decay, and the nuclide is said to be a radionuelide. Carbon-14, for
example, is an unstable nuclide, which decays to nitrogen-14, a stable
nuclide. Of the 1700 or so known nuclides, only about 280 are stable.

Radionuclides
Radioactivity
Radiations
Activity
Half-life

Unstable nuclides
Emitting of radiation
a, ß, gamma, n, X-ray
Quantity of radionuelide
Time to half activity

Many radioactive elements exist in nature, the best known being
uranium, thorium and radium. Several other elements have naturally occurring
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radioactive isotopes, the most notable being carbon-14 and potassiura-40. The
latter is of considerable interest as it is naturally present in all human
tissue and therefore contributes to the background radiation to which the
population is exposed. Over the last few decades, several hundred radioactive
isotopes of natural elements have been produced by artificial means, including
such well-known ones as strontium-90, caesium-137, and iodine-131; and in
addition some new radioactive elements have also been produced, for instance
plutonium, although it does occur in trace quantities in uranium ores.

2.1.3 Activity and half-life

The quantity of a radionuclide is described by its activity, which is
the rate at which spontaneous decay occurs in it. The activity is expressed
in a unit called the becquerel, symbol Bq, named after a French scientist. A
Bq corresponds to the decay of one atom of the radionuclide per second. The
time taken for the activity of a radionuclide to loose half its value by decay
is called the half-life. Each radionuclide has a unique and unalterable
half-life: for carbon-14 it is 5730 years; for plutonium-239, 24,131 years;9for uranium-238, 4.47 x 10 years. Values for various radionuclides range
from fractions of a second to millions of years. In successive half-lives,
the activity of a radionuclide is reduced by decay to 1/2, 1/4, 1/8, 1/16, and
so on, of the initial value, so that it is possible to predict the activity
remaining at any future time. A stable nuclide might be regarded as a
radionuclide with an infinite half-life, and in this context it is salutory to
remember that chemically toxic elements have an infinitely long half life and
therefore remain dangerous for ever.

Neutrons are heavy uncharged particles whose ability to cause
biological damage is dependent on their collision with atoms in the tissues,
which results in ionization.

2.2 Radiation and tissue

2.2.1 Ionization taking place within a cell may either cause direct damage to
DNA in the cell nucleus, or result in chemical changes within the cell water
which releases chemically highly reactive oxygen and hydroxyl atoms. These in
turn disrupt the basic DNA units by chemical interaction and such disruption
of the cell structure may find expression as a harmful biological effect.
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2.2.2 Another most important property of some ionizing radiations is their
ability to penetrate tissues. Alpha particles are comparatively large so that
they can scarcely penetrate the dead outer layer of the skin. Consequently,
radionuclides that emit them (e.g. plutonium) do not pose a significant hazard
unless they are taken into the body. This may occur by inhalation, ingestion,
or as a result of a wound becoming contaminated. Beta particles are much
smaller and may penetrate a centimetre or so of tissue. Radionuclides that
emit them are therefore particularly hazardous to superficial tissues, but
only to internal organs if they are incorporated into the body by ingestion or
inhalation. Gamma rays, X-rays and neutrons can all pass through the body,
and as a result, radionuclides that emit them are hazardous whether deposited
on the outside or the inside of the body. A further complication lies in the
fact that some types of radiation are more effective in producing biological
damage than others. For instance, a given absorbed dose of alpha particles or
neutrons is likely to cause 10-20 times as much damage as the same dose due to
beta particles or gamma rays.

2.3 Radiation dose

2.3.1 The concept of a given dose of radiation producing a particular effect
is no different from that which applies in the medical administration of
drugs. Just as one aspirin is unlikely to harm the patient and 100 will
undoubtedly kill him, so a small dose of radiation will have no discernible
effect, but a large dose will produce serious biological damage. In addition,
it is essential to recognize the importance of the rate at which the dose is
delivered. To continue the above analogy, 100 aspirins swallowed in one day
may well kill the patient, but 100 aspirins taken in one year are unlikely to
cause him any harm; the same rule applies in regard to radiation dose.

The primary difficulty for the physician in understanding radiation
dose lies in the completely unfamiliar units used to measure radiation. It is
unfortunate that the general units of mass and volume cannot apply and, in
order to measure radiation, use has to be made of the fact that it causes
ionization within matter. As explained earlier, this is an electrical
phenomenum and is therefore measurable using appropriate instrumentation.
There are various types of detectors available, such as film badges, geiger
counters, scintillation counters, etc. Readings from these instruments may be
translated into a dose of radiation absorbed by a unit mass of tissue.
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2.3.2 The unit of absorbed dose is the gray (Gy). In recent years the units
have been changed and in many publications the physician will see that the
dose has been expressed in rads

1 Gy = 100 rad

It was indicated in the previous paragraph that some types of radiation
can cause relatively more damage than others, and therefore another unit was
needed which would put all ionizing radiations on an equal basis with regard
to their potential for causing harm. This is expressed in a unit named the
sievert (Sv) which provides an index of harm from exposure of a particular
tissue to various kinds of radiation.

Like the gray, the sievert is a new unit and in many publications the
term rem is used.

1 Sv = 100 rem

For all practical purposes and in the interests of simplification, the
physician may regard doses being given in either gray or sievert (rads or
rems) as interchangeable. One further matter to be considered is that in the
general field of radiation protection, these units are rather large and
therefore doses are likely to be provided in submultiples (mrad = milli-rad =

—3one thousandth rad = 10 rad) (V-Sv = micro-sievert = one millionth Sv =
10~ Sv). To put this in some perspective, the general background
population exposure to natural radiation, over which we have no control, is
about 1.5 to 2 mSv (150-200 mrem per year).

2.4 Irradiation, external radiation, contamination

These words all have specific meanings, but they often tend to be used
indiscriminately to describe instances of radiation exposure.

2.4.1 Irradiation is a general term and may be used to describe exposure to
radiation originating from any source. It may also include all types of
radiation.

2.4.2 External radiation is a specific term and indicates that the exposure
is due to X or gamma rays originating from an external source, e.g. X-ray set,
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radioactive material, etc. The implication here is that there is no direct
contact between the radiation source and the recipient of the exposure. The
importance of understanding the meaning of the term external radiation lies in
the fact that if the source is switched off or removed, no further irradiation
takes place and the recipient is not in himself radioactive. As a
consequence, the examining physician and his assistants are equally not in any
danger of receiving radiation exposure from the patient. One obvious example
of external radiation being administered is when a patient undergoes a
radiodiagnostic procedure; when the examination is finished the patient is in
no way radioactive and does not constitute a danger to the X-ray division
staff.

2.4.3 Contamination presents an entirely different picture. Radioactive
dusts, liquids or gases may all on occasion be released into the environment,
and these may be deposited externally on the skin or internally by inhalation,
ingestion or absorption through breaks in the skin. In such circumstances,
the irradiated individual is in direct contact with a radiation emitting
source and so long as such material remains in or on the person, irradiation
will continue. In addition, radioactive material deposited on body surfaces
may be transmitted directly to the doctor or his staff either by direct touch
or via inhalation and ingestion. So far as contamination deposited inside the
individual is concerned, there is little possibility of the attendant staff
being contaminated or irradiated to any significant extent. However,
internally deposited material may be excreted in the urine and faeces and in
this context may therefore cause contamination of the surroundings or of
attendant staff. Contamination by radioactive material is not essentially
different from that due to bacteria commonly seen in medical practice, and the
management of such cases in both situations is similar. If a doctor is called
to examine a case of possible radiation exposure, it is essential that he
takes a proper clinical, social and occupational history of the case so that
the possibility of radioactive contamination is taken into account. A
particular concern for the physician is to ensure that where the possibility
of contamination exists, action should be taken to limit its spread. It is
worth emphasizing at this point, and will be repeated later, that patients who
have been exposed to X and gamma rays (non-particulate radiation) are in no
way dangerous to either the physician himself or to others who may be in
attendance.
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3 CLASSIFICATION OF ACCIDENTS

3.1 General

Due to good design and the introduction of prescribed methods of work,
true accidents involving damage to the individual are rare; but small
accidents which may require medical attention occur from time to time in large
nuclear installations and to a lesser extent elsewhere. In contra-distinction
to the conventional accident or illness, immediate danger to life is not
usually a predominant feature in accidents involving radiation. In fact, one
of the difficulties may be to decide whether a patient has been exposed to
radiation at all, as he may well develop stress symptoms which mimic those
seen in the early stages of radiation overexposure. Conversely, the patient
may not know that he has been exposed to radiation or, equally, may not wish
to disclose the fact. Any system of accident classification is bound to be an
over-simplification, but experience suggests that for treatment purposes,
broad groups may be identified as indicated in Table 1, although any or all of
these accidents may take place in combination.

Table 1 attempts to separate the types of radiation to be expected from
accidents taking place at specific locations, since this information may be of
assistance in determining the extent of required medical intervention. Some
simple indications for such intervention are shown in Table 2, the urgency for

Table I
ACCIDENT CLASSIFICATION

Type of accident

Whole-body exposure

Local exposure

Contamination

External
Skin
Wounds

Internal
Ingestion
Inhalation
Injection

Possible location

Nuclear facilities

Hospitals
Radiotherapy
Radiodiagnosis

Industry
Radiography
Sources

As above

Nuclear facilities
Hospitals isotope or research labs
Industry research labs
,, , ,. , f establishmentsEducat,onal | Iaboratorics

As above

Radiation

Neutron
Y

X
Y

X
Y
ß

a
P
Y

a
P
Y
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Table II
INDICATIONS FOR MEDICAL INTERVENTION

Immediate treatment and assessment
(hours or days)

Acute radiation syndrome
Local burns

Contamination
Internal
External

Stress reaction

Late treatment and assessment
(weeks or montlis)

Bone marrow depression
Radiodcrmatitis
Tissue necrosis
Stress reaction

Assessment only
(years)

Ncoplasia
Cataracts

treatment being related not only to the immediate effects of an accident, but
also to the long term symptoms and signs, which may in certain circumstances
provide the first indications to the physician that anything untoward has
taken place. The term "assessment" used in the table refers to the estimation
of radiation dose, since this information in conjunction with the observed
clinical effects will enable the physician to determine the administrative and
clinical management of his patients.

3.2 General Management

This will be largely dictated by the circumstances in which the
supposed case of radiation exposure is presented. More detailed consideration
is given to the biological effects of radiation and their treatment later in
this publication.

3.2.1 Acute radiation accident

This extremely rare event is characterised by a sudden burst of
radiation and is only likely to occur in nuclear war or in conditions in
which, as a rule, radiation monitoring and radiological protection services
are routinely available, such as in nuclear power plants or other big nuclear
installations. It is not uncommon though that in smaller establishments no
specialist doctor is permanently appointed and on duty. Therefore in the case
of an accident a local practitioner may be called in to assist in the initial
handling of the case. His role will probably be to:

(a) institute life saving measures;
(b) assist with decontamination;
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(c) initiate minimal supportive treatment;
(d) collection of pathological specimens, e.g. blood, excreta;
(e) arrange for transferance of the patient to a special unit.

In so far as (a) is concerned, it may be necessary for the doctor to
carry out such life saving intervention inspite of the risk of radiation
overexposure to himself. In this event, the monitoring services should ensure
that the attending physician does not receive an acute dose of whole body
radiation greater than about 1 Gy (100 rem). If such is likely to be the
case, then special protective measures would be required.

3.2.2 Chronic radiation exposure

The patient's occupation may be such (e.g. industrial radiographer)
that his presentation with chronic ill health will point to the possibility of
radiation overexposure. The doctor's role will be to initiate various
confirmatory investigations, to carry out basic supportive treatment, and make
arrangements for the patient to be transferred to an appropriate specialized
unit for the management of radiation induced disease. The doctor must ensure
that urine, faecal and blood specimens are collected and placed in closed
plastic bags for transmission to the hospital at the earliest possible time.
For those doctors practising in rural areas with poor communications, it may
not be so simple to obtain the services of hospitals with specialized
investigational resources. Local peripheral hospitals will be able to provide
basic pathological services, but it is unlikely that they will have facilities
for carrying out cytogenetic analysis. In such circumstances the treatment
provided by the general practitioner or the local hospital will be largely
empirical and directed towards the relief of pain, treatment of burns and the
provision of general support for both the patient and his family.

3.2.3 Chronic ill health

In some circumstances the appearance of a patient with chronic ill
health may be the only clue available to the doctor. The patient may not wish
to disclose the fact that he has been close to a radiation emitting source or,
even more likely, he will know nothing about such things. What the general
practitioner sees is a patient with a general malaise, anaemia, possibly
indolent skin lesions, and little else. It is important that when the doctor
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takes the detailed medical history from the patient, it encompasses not only
the patient but also his family and friends. For the doctor working in an
isolated community, a definitive diagnosis in such cases will be a virtual
impossibility unless he is able to uncover some clues from the patient's
occupational and social environment. In the event, the doctor will find
himself treating a patient who is suffering from conditions which may be due
to many different causes, but which do not respond quickly to normal
symptomatic treatment. Such patients will in any case require further
investigations, but the collection of specimens and the acquisition of
appropriate blood samples are again of paramount importance.

3.2.4 Radiophobia

The fear of anything to do with radiation has been enhanced by the
media and as a result patients may present to general practitioners a bizarre
set of symptoms which they attribute to their living near a nuclear
establishment. In addition they may be convinced that certain diseases from
which they are suffering, particularly cancer, may have been induced by
exposure to radiation. Dealing with such patients is difficult and time
consuming and it requires some knowledge on the part of the doctor of the long
term risks of cancer induction by radiation. To this end, a small amount of
simplified data on the general problems of risk are included in Chapter 8 of
this book.

3.2.5 Special cases

These preliminary observations on the functions of a medical
practitioner's involvement with a radiation accident refer equally to those
doctors practising in hospitals which are not equipped with special facilities
for the treatment of radiation cases. The following sections are concerned
with specific radiation related problems together with, where appropriate,
treatment procedures.
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4 RADIATION BURNS

4.1 General

The skin is highly vulnerable to external radiation exposure and damage
in varying degree is relatively common following radiotherapy and minor
accidents involving X and gamma sources. Skin reaction is related to the
absorbed radiation dose, which is in turn dependent on the energy of the
radiation and whether this is electromagnetic or particulate. In the case of
electromagnetic radiation, the effect on the skin is inversely proportional to
the energy of the radiation and thus for a given external dose, gamma
radiation is less likely to cause damage than X-rays. Beta particles, on the
other hand, give up their energy rapidly in the skin and subcutaneous tissue,
and therefore emissions of this nature constitute a particular skin hazard.
Thus with so many variables, it is difficult to relate the observed skin
damage to radiation dose unless the type of radiation and its energy are
known. As with all types of exposure, the dose rate is important and skin
effects are likely to be reduced if a given exposure is received over a longer
period. Whatever the type of radiation, if the dose and dose rates are high,
skin effects of some degree will follow.

4.1.1 Transient Erythema

This appears within 2 to 3 hours of the accident and the patient may
also comment that during the exposure, he felt a sensation of warmth in the
area affected. At exceptionally high doses, e.g. in excess of 50 Gy
(5000 rad) the symptoms appear very rapidly with the onset of severe pain and
a sensation of the affected part being on fire.

4.1.2 Fixed Erythema

In an exposure of moderate degree, the transient reddening of the skin
described above lasts for only a short time but returns in 2 to 3 weeks and
has all the appearances of a thermal burn. The length of latent period before
the manifest burn appears is dependent on the total dose and its rate of
accumulation. At moderate dose levels of several Gy, it is unlikely that
there will be any further progression of the burn over and above the erythema
stage.
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4.1.3 Subcutaneous Injury

One of the problems associated with superficial radiation injury is
that it often turns out to be much more severe than it at first appears. The
reason is that in thermal burns the energy deposition falls rapidly with
increasing depth below the skin surface, but with penetrating electromagnetic
radiation or energetic ß radiation, this energy loss does not occur so
rapidly and therefore damage occurs in depth. All the important organs in the
subcutaneous tissue (nerve endings, hair follicles, sweat glands) may be
damaged, but most importantly the endothelium of the blood vessels producing,
with the passage of time, an obliterating endarteritis causing overlying
tissue necrosis to take place. The pathological effects of radiation burns
thus continue to progress over many months, and early judgements on the amount
of tissue which will undergo necrosis are usually underestimates. The
severity and rapidity with which the radiation burn develops is dose and dose
rate dependent, and at levels greater than 50 Gy (5000 rad) blistering and
skin loss may take place within a very short time of the accident. In such
cases not only will the subcutaneous tissues be affected but also other
internal structures, and in the long term radiation necrosis of bone, muscle
and other internal organs may take place.

4.1.4 Epilation

Loss of hair may occur after exposure to any form of penetrating
radiation at doses in excess of about 3 to 4 Gy (300 - 400 rad). Regardless
of the dosage, this epilation takes place at about 2 to 3 weeks post
accident. With doses up to 7 Gy (700 rad) the hair may in time regrow, but
above this figure the hair follicles are destroyed and the epilation is likely
to be permanent.

4.2 Management and Treatment of Radiation Burns

4.2.1 The mild erythema which follows 2 to 3 weeks after radiotherapy
requires little in the way of treatment. The radiation is usually highly
energetic and well controlled, and skin reaction is at a minimum. The skin
may become dry and itchy and a bland lotion is all that is required, together
with advice to the patient not to wear tight or irritating clothing overlying
the erythematous area.
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In the case of a radiation accident, particularly those involving X-ray
units, the problem is rather different in that the dose will be unknown and it
may be that the patient is totally unaware of the exposure having taken
place. In these circumstances the physician may be called to see a patient
exhibiting signs and symptoms referrable to any of the clinical stages
previously described. It is important that the physician should first enquire
about exposure to heat and chemicals before giving consideration to the
possibility of radiation overexposure. Having dealt with these and any other
environmental hazards, he will need to take into account the following
conditions in the management of radiation burns:

a. The type of accident, the radiation involved and the time of the
accident following discussion with the appropriate radiological
protection personnel;

b. The possibility of coexisting whole body exposure to penetrating
radiation;

c. The likelihood of superficial contamination by radioactive dusts
or liquids being present;

d. The history of transient erythema and its extent;

e. The presence of fixed erythema or other evidence of burns.

In those instances where the patient was unaware of the exposure, the
time at which the transient erythema appeared is important since a knowledge
of the length of the latent period between the transient and fixed erythema
will enable the physician to arrive at some rough conclusions regarding dose
and therefore, the prognosis. With development of the fixed erythema, the
full area of demarcation of the burn becomes evident, but the extent of the
underlying damage cannot at this stage be estimated with any degree of
accuracy.

4.2.2 The indications for the treatment of radiation burns are summarized in
Table 3 and in general follow the protocol adopted for thermal burns. In the
erythema stage care should be taken to ensure that irritating applications to
the skin are not allowed and that only bland lotions are prescribed. In the
later stages, dry desquamation of the skin may occur which can be treated by
the application of 1% acqueous solution of gentian violet. At all stages of
inflammation cortisone-containing creams may be of value but the usual
precautions to be taken with the use of such compounds should be observed.
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Table III

INJURY FROM EXTERNAL RADIATION

Injury from external radiation

Total-body Local
irradiation damage
predominates predominates

Erythema, pain, swelling, Erythema without
itching, tingling-subsequent other damage, no
blisters-hospitalize treatment

If leucopema at one week, If no leucocytosis at one week If leucocytosis
treat acute radiation assume some impaired bone- persists and there
syndrome Danger of marrow response Danger of is no serious total -
infection high infection moderate body irradiation,

l l danger of infection
I————————-———————————I is |OW

Keep surgical treatment
at a minimum until haematopoietic
recovery (8 weeks i)

Time of amputation, reconstructive surgery determinants
1 Intractable pain
2 Size and location of lesion
3 Value of part
4 Degree of control of secondary infection
5 Degree to which vascular damage can

be estimated

4.2.3 Pain is likely to be a feature of radiation burns and may be severe and
prolonged; its control should be undertaken by the use of analgesics. Drugs
which may cause bone marrow depression should not be used since it may well be
that a certain amount of whole body irradiation has taken place which will
itself cause bone marrow depression (vide infra). Since the relief of pain is
likely to be required for a long period of time, recourse to the opiates
should only be undertaken when all else fails.

4.2.4 As indicated above, the burns may progress beyond the erythema stage to
blistering, skin loss and ultimately superficial or deep tissue necrosis.
Coincident with these changes, the problems of super infection arise which may
necessitate the administration of suitable antibiotics. One must also
appreciate that the combination of pain, tissue loss and infection will
probably require surgical intervention at some stage. However, the precise
timing of excisions, amputations or skin grafting is difficult to judge
because of the continued slow progression of the burn and the possible
concomitant bone marrow depression. If an operation is carried out too early,
further necrosis may take place, but on the other hand undue delay may result
in the patient continuing to suffer needlessly. Decisions of this nature must
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be taken only by a physician skilled in the management of radiation burns. He
will attempt to estimate the viability of the tissues in the area of the burn
using sophisticated techniques, such as thermography and radioactive isotope
scanning. Such investigations will allow him to determine the sufficiency of
the local microcirculation in areas where there is no apparent superficial
damage.

5 EXTERNAL CONTAMINATION BY RADIOACTIVE MATERIALS

5.1 General

Radioactive dusts, liquids or gases may all on occasion be released to
the environment, and contamination may occur externally on the skin or
internally by inhalation, ingestion or absorption through breaks in the skin.
External contamination is not commonly associated with serious medical
problems as the time of the incident is usually known and remedial actions can
be rapidly undertaken. Heavy contamination of a level sufficient to
constitute a danger to the examining physician is an extremely rare event and,
to the knowledge of the author, has occurred on only one occasion following an
accident in a nuclear reactor. Minor skin contamination may occur from time
to time in large nuclear installations, and also in hospitals and industrial
laboratories where radioisotopes are in use. Skin contamination rarely occurs
without the patient being aware of the fact. This situation is exemplified in
the skin damage sustained by the inhabitants of the Marshall Islands and by
Japanese fishermen as a result of weapon fall-out in 1954. Heavy
contamination remained on the skin for approximately 48 hours, producing an
itching and burning sensation. Within a day or two these symptoms settled
down but 2 to 3 weeks later all the signs of radiation burns appeared,
together with epilation similar to those described previously. Fortunately in
these cases, healing took place satisfactorily, the hair grew again within 6
months, and the only residual finding was minimal superficial scarring.

5.1.1 Patients who are contaminated to a lesser degree, however, may pose a
potential hazard to those with whom they come in contact. This is largely due
to the possibility of inhaling radioactive material which has become airborne
due to movement or handling of the patient. For the physician working in
rural areas, it is most unlikely that immediate monitoring services will be
available and he must therefore make himself aware of the environmental
conditions which might suggest that his patient may be contaminated. If doubt
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about the presence of contamination exists and transport to a specialist unit
within a short space of time is available, the patient should be covered with
any light non-absorbent material to allow transportation to take place with
the minimum spread of contamination. Movement of a contaminated patient
should always be limited to that which is strictly necessary, and prior to
such movement the physician may carry out some simple preliminary procedures,
such as carefully removing external clothing and washing exposed skin, on the
assumption that contamination may be present.

5.1.2 The effects on the skin of radioactive contaminants depend on the type
and energy of the emissions from the radioisotopes present. Due to their
comparatively large mass and positive charge, alpha particles are unable to
penetrate to the basal cell layer of the healthy skin and the main problems
associated with a contamination relate to their possible transfer to internal
organs or being ground in to the depths of the skin by pressure, ß
particles on the other hand are able to penetrate to the deeper layers of the
skin and also, depending on their energy, to the subcutaneous tissues and they
therefore constitute an important skin hazard. The effects of X and gamma
rays are again energy dependent - the less the energy of the incident
radiation the greater the likelihood of skin damage occurring. Most
radioisotopes emit more than one type of radiation but it is evident from the
foregoing that those which emit a preponderance of ß particles are likely to
cause most problems to the skin.

5.1.3 Before decontamination procedures are instituted, adequate monitoring
of the skin should be undertaken by a person competent to do so since the
interpretation of instrument readings may not always be a simple matter.

5.2 General Management of Decontamination

5.2.1 From a practical standpoint, the possibility that a general
practitioner would be called upon to carry out decontamination procedures is
extremely remote. Such instances are most likely to take place either at
nuclear installations or in hospital radiopharmaceutical departments. In both
of these kinds of establishments, comprehensive monitoring facilities would be
available and decontamination would most likely be carried out by internal
staff. If however the general practitioner is required to give assistance, he
will need to take into account the following basic essentials:
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(a) Careful and detailed monitoring is the first necessity before any
action whatever is taken;

(b) If clothing is contaminated, remove it carefully and slowly so
that deposited material does not become airborne;

(c) When carrying out decontamination of small areas, e.g. hands and
face, wear surgical gloves and an apron;

(d) If the contamination is heavy and widespread, wear complete
surgical clothing and mask;

(e) Place all contaminated material, clothing, linen, swabs, etc.,
into large impervious plastic bags and seal these carefully;

(f) Ensure that no one other than authorized personnel is allowed
into the patient decontamination area;

(g) The physician will find that in practically all contamination
cases, the material will be easily removed by soap and water or a
mild detergent;

(h) In summary, the patient should be treated as though he were
infected and standard barrier nursing procedures instituted.

5.2.2 The following paragraphs are concerned with more specialized procedures
for decontamination which should be available in district hospitals or in
specialized units. The supposition is that patients would be transferred
directly to these institutes, or by the general practitioner after he has
carried out preliminary decontamination.

5.3 Formal Decontamination Procedures

5.3.1 These should preferably be carried out in a room set aside for the
purpose. A description of such a unit, together with the basic equipment
required, is included in Appendix A. With this sort of facility and the use
of a little ingenuity, all superficially contaminated patients may be
adequately treated. From time to time however, cases arise in which the
decontamination is relatively fixed; this is particularly likely in the case
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of a patient who has thick, dry, horny and cracked skin, or where the
contaminant is dissolved in acid and the radioactive material becomes included
in the resultant damaged skin.

As a first step, a complete body survey should be made in order to
demarcate the areas which are contaminated. Experience shows that the face
and hands are the most likely areas to be affected.

During the survey any wounds or abrasions should be carefully noted, as
these provide a direct opening into the blood and extra-cellular fluids which
would allow radioactive substances to be transported to other parts of the
body. If any such break in the continuity of the skin is found, it should be
immediately covered using waterproof adhesive plaster. Subsequently, the
wound and its surroundings should have priority in the decontamination process.

5.3.2 Radioactive substances usually rest on the thin film of oil which
covers the outer layer of the skin and the openings of glands and hair
follicles, although there are a few isotopes which can penetrate this oily
layer and then be absorbed through the intact skin if the contact time is long
enough (e.g. tritium). Decontamination methods are based on the removal of
this oily film by means of soap and detergents followed, only if necessary, by
the removal of the outer horny layer of the skin itself by stronger agents.
From this it will be appreciated why dry diseased skins are so difficult to
decontaminate - not only will the skin condition itself be made worse, but
there is a much greater possibility of producing absorption of the radioactive
material.

(a) Contamination around the various orifices of the body should
first be removed, that around the nose being of particular
importance.

(b) The contaminant may then be removed from other parts of the body
in the knowledge that every effort has been made to prevent the
absorption of radioactive material into the system as a whole.

(c) Decontamination procedures are always carried out starting at the
periphery of the contaminated area and working gently towards the
centre. Whilst doing this, on no account must contaminated
washings be allowed to run on to uncontaminated areas of the skin
or into wounds or body orifices. The procedures should always
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begin with ordinary soap and water, and in most cases this is all
that is required. It is imperative to treat the skin gently,
since rubbing too hard will only render it red and tender and at
the same time may push contaminated material more deeply into its
interstices.

(d) If soap and water fail, a weak solution of detergent may be used
in the same way. It is preferable in any case to use this
solution on the softer skin of the face and flexor surfaces of
the limbs. Detergent may also be used as a stronger solution for
shampooing the hair, should this also be contaminated.

(e) If contamination persists the next step is to use a saturated
solution of potassium permanganate or ordinary household bleach
which removes some of the horny layer of the skin, but care must
be taken that no undissolved crystals of potassium permanganate
come into contact with the skin. These substances should not be
used near the eyes or on the hair and should only be used with
great care on the softer areas of the skin mentioned above. The
potassium permanganate solution should be left on for a few
minutes only, until the skin is deeply discoloured. It is then
washed off and allowed to dry; the resulting pigmented area is
then treated with a 10% solution of sodium metabisulphite to
remove the coloration. If the contamination still persists,
these procedures may be repeated with the proviso that
considerable care must, at all times, be given to the state of
the skin.

(f) If redness or tenderness of the skin develops the procedure must
be stopped. In such circumstances it is good practice to cover
the area with a lanolin-containing cream followed by an
impervious dressing. The patient should be brought back the
following day when the condition of the skin will usually allow
further attempts at decontamination. It may appear strange that
residual contaminating material can be left on the skin for a day
or so after the initial decontamination has been carried out, but
experience shows that these residual levels of deposition will be
sufficiently low as not to cause subsequent skin disease. The
physician should realise that complete decontamination of the
skin should not be seen as something to be achieved at all costs
and within the shortest possible time.
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(g) Another method applicable to small areas of fixed contamination
is to cover it with adhesive plaster and leave it for a day or
two. The residual contamination will often come off when the
plaster is removed.

(h) The methods which have so far been described will remove
practically all types of contamination and it is rarely necessary
to try other means. If after several attempts at decontamination
radioactive material is still present, then it will be probably
be necessary to scrub the skin, possibly using abrasive powders,
but again integrity of the skin should be preserved. Various
other decontaminating agents including chelating agents such as
ethylenediaminetetraacetic acid (EDTA) or
diethylenetriaminepentaacetic acid (DTPA) may be used, but
experience has shown that these do not offer any significant
advantage over the simple methods already described. These
products are not easily available but if the doctor thinks it
necessary to keep them in his pharmacy, he should make enquiries
from the appropriate authority.

(i) Finally, if all else fails and the contamination level is
sufficiently high to cause probable damage, then it may be
necessary to consider removal of the contaminated skin by
surgical means. Split skin removal will probably be all that is
necessary in most cases and the efficiency of this operation must
be judged by continuous monitoring during the procedure. If full
thickness skin removal is necessary, then subsequent skin
grafting may be required. It is very unlikely that procedures
such as these would be needed and in the experience of the author
surgical removal of contaminated skin has never proved necessary.

5.4 Contaminated Wounds and Burns

5.4.1 Any damage to the skin should be identified as soon as possible
following a contamination accident and it is important to cover areas of
damaged skin as completely as possible before patient handling and
decontamination procedures are undertaken. Radioactive material may have
become embedded beneath the skin, either as a direct result of the accident or
through careless handling of the contaminated patient, which may result in
radioactive material being washed or rubbed into an otherwise clean wound.
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While the treatment of contaminated wounds and abrasions should be undertaken
with some urgency, careful monitoring and assessment of the type and quantity
of radionuclide in the wound is mandatory prior to definitive treatment being
undertaken.

5.4.2 Whether surgical intervention is ultimately needed is largely dependent
on the radioactive element incorporated in the wound and its physical state.
Material which is easily absorbed and transported in the body may require
local and general therapeutic treatment and such treatment for specific
radioactive elements is included in Appendix B.

Treatment of a contaminated wound should be commenced by irrigating the
area with sterile water or saline, and by encouraging free bleeding by
occluding the venous return to the area with a tourniquet. In addition it may
be necessary to enlarge the wound in order to allow more effective irrigation
to be undertaken. If such treatment is not successful, a block of tissue
containing as much of the contaminant as possible should be removed. During
the operation continuous monitoring of the wound site and any material removed
should be carried out. Bearing in mind that the most likely reason for
removing the contaminant lies in the prevention of long term radiation
effects, care should be taken to ensure that the extent of the operation is
not sufficient to cause damage to important anatomical structures. It is
better to preserve function and cosmetic appearance than to ensure absolute
removal of all contamination. In this context it is important to once again
reiterate that surgical intervention is most commonly undertaken to ensure
that long term effects of radiation do not occur. If therefore the accident
occurs to a person over the age of about 40, the long term effects are likely
to be of considerably less importance than a similar accident affecting a
young person.

Following the operation, all the instruments and other equipment should
be carefully monitored and decontaminated before being used again. Dressings
used during the operation and in the subsequent treatment of the wound should
be collected and assessed for radioactive contamination.

In all cases of wound contamination, specimens of urine and faeces
should be obtained to allow the determination of any possible intake of
radioactive material to be made. In addition more sophisticated monitoring
techniques may be necessary to allow the complete assessment of a possible
internal deposition.
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5.4.3 Chemical and thermal burns, together with abrasions, may constitute a
portal of entry into the body following surface contamination. While
absorption is not so likely as it is in the case of open wounds, such
contaminating events should still be dealt with expeditiously.

Treatment of the skin should be as gentle as possible in order not to
cause further breakdown of the surface. Pain during decontamination may be
alleviated by the use of surface-acting anaesthetic agents. In the particular
case of nitric acid burns, incorporation of the contaminant in to the eschar
may take place, thus making decontamination extremely difficult. In such
circumstances it is probably best to cover the area with an impervious
dressing and monitor from time to time, in the expectation that the
contaminant will ultimately come away with the eschar. In all cases of
contaminated burns and abrasions the collection of urine and faecal specimens
for radiochemical analysis must be instituted.

6. INTERNALLY DEPOSITED RADIOACTIVE MATERIAL

6.1 General

Intake of radioisotopes may take place either internally for
therapeutic reasons or as a result of an accident. The mode of such intakes
may be by ingestion, inhalation or through breaks in the skin, these latter
having already been considered in 5.4.

In the case of some radioisotopes, notably tritium and some iodine
containing compounds, absorption may take place directly through the intact
skin. While the number of isotopes which theoretically can be a hazard is
very large, most are seldom encountered or have short physical half-lives and
therefore do not present a serious problem. In general, it is unlikely that
an intake will pose an immediate threat to the patient's life and the
decorporation of internally deposited radioactive material is primarily
undertaken to reduce the risk of late effects, such as cancer. It is possible
in exceptional circumstances that a very large intake by ingestion or
inhalation may occur, and in such a case the patient would need to be treated
as though he was suffering from the acute radiation syndrome (vide infra). In
accidents of this nature the haemopoietic system, the gastro-intestinal tract
and the lungs become the target organs.
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6.1.1 A detailed history of the accident and the probable time of intake is
information of paramount importance, since the type of treatment instituted
will depend not only on the dose, but on the particular element involved. The
hazard posed by each individual radioisotope is dependent on the following:-

(a) The quantity and site of deposition;

(b) The physical half-life of the radioisotope and its irradiation
pattern of the tissues;

(c) The type and energy of the emitted radiation and the sensitivity
of the specific tissues to radiation;

(d) The metabolism of the particular radioisotope.

6.1.2 Internal contamination may be seen to consist of four successive
stages:-

(a) Deposition along the route of entry
Possible pathways of contamination are the skin, mucosa,
digestive tract, respiratory system or wounds. Of these routes
of entry the respiratory system is by far the most important, but
wounds as described earlier do allow direct access of the
contaminant to the blood and lymphatic vessels.

(b) Translocation
Movement from the site of deposition to the blood or lymph.

\
(c) Deposition in the target organ

For physiological and physicochemical reasons, the concentration
of the radionuclide in the organ is the determining factor and
not the total quantity of radioactive material present.

(d) Clearance
There are two distinct mechanisms for clearance, either directly
by filtration of the radionuclide-carrying blood by the kidneys,
or indirectly in which uptake by the tissues of the radionuclide
is reversed, with recirculation in the blood after reversal of
the target organ/blood concentration ratio. Since there is a
balance between the blood and the excreta, it is possible in this
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way for the radionuclide to leave the organism. The two
mechanisms may co-exist to a variable degree depending on the
contaminating element.

6.2 General Treatment for Internal Contamination

Treatment can theoretically be designed to operate at any of the stages
described. However, the two most effective methods of treatment are blockage
of the organ uptake by fixation of the radionuclide at the site of entry, or
trapping in the blood during translocation with rerouting towards a natural
excretory mechanism. Such treatment is therefore aimed at stage (a) or stage
(b). Action at stage (c) which would prevent deposition in the target organ
is possible in the specific case of radioiodine and the thyroid gland. Action
at stage (d) is generally ineffective, except for radionuclides like tritium
which can be flushed from the body by the administration of excess fluids.

A factor which must always be taken into account in dealing with cases
of internal contamination is the presence of external skin contamination. It
has already been stressed that any actions initiated by the physician should
ensure that uptake from this source is prevented.

6.3 Gastro-Intestinal Tract

Radioactive material may enter the gastro-intestinal tract either by
being swallowed in the normal way or as a result of inhalation, following
which material may be swept into the pharynx by the bronchial ciliary
clearance mechanism and subsequently swallowed. The type of contaminant is of
prime importance. It may either be a non-transportable element, insoluble in
the gastro-intestinal tract, in which case the very small fraction absorbed
does not usually justify treatment; or a transportable element absorbable in
the digestive tract, in which case an attempt must immediately be made to
insolubilize it. In some instances, absorption may take place with subsequent
deposition elsewhere in the body (for example, Sr-90, Ca-47, Cs-137) or the
material may remain in the intestine until it is ultimately excreted. In both
cases, but particularly in the latter, it is likely that the intestinal
epithelium may be irradiated and such irradiation will obviously take place to
a greater degree if intestinal stasis is present. Treatment should be
instituted as soon as possible and should not wait for monitoring procedures
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which can be done later. Immediate general treatment may be carried out along
the following lines :-

(a) After a recent ingestion the stomach should be emptied or an
emetic prescribed;

(b) A cathartic should be given to cause intestinal movement and
minimise intestinal wall irradiation;

(c) The process known as isotopic dilution may be employed, which
consists of the administration of large quantities of a
non-radioactive ion which compete with the radioactive material
for absorption;

(d) Specific therapeutic agents, such as ion exchange resins,
insolubilising agents, gels and antacids, may all have their
place in reducing the absorption of radioactive material from the
gut and therefore minimising bowel wall irradiation.

6.4 Respiratory Tract

6.4.1 The lungs constitute the most important portal of entry for radioactive
material in that the most likely environmental hazard will be caused by
airborne contamination or radioactive gases. Absorption and ultimate organ
deposition will be dependent on the type of element, its solubility and
particle size.

For soluble material of particle size less than 5 microns,
translocation to the blood and then to the appropriate target organ will take
place. In the case of insoluble material of small particle size, deposition
in the lung parenchyma takes place and direct lung irradiation is the likely
outcome. The respiratory system itself then becomes the target organ for long
term effects.

6.4.2 For insoluble material of larger particle size, deposition is most
likely to occur in the large bronchi and the natural clearance mechanism will
then operate. Ciliary action removes the majority of the inhaled contaminant
to the pharynx where it is subsequently swallowed and passed to the intestinal
tract. Treatment of this event then follows the pattern descibed in paragraph
6.3.
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6.4.3 In the case of inhaled materials which are soluble and which therefore
may be rapidly translocated to the blood, treatment will be directed primarily
to trapping the nuclide in the bloodstream by such means as will ensure
enhanced natural excretion. Specific therapy for individual nuclides is
considered in 6.5. Where insoluble radioactive material is deposited in the
small bronchi and the lung parenchyma, treatment is likely to be much less
effective. The use of expectorants and inhaled specific agents is advocated,
and as a last resort lung lavage may be undertaken. The latter procedure is
not to be recommended lightly and although experience in animals has shown
lavage to be effective, human experience is as yet very limited.

Radioactive material which remains in the lung parenchyma is largely
translocated by phagocytosis and the lymphoid channels to the regional
lymphnodes in the mediastinum. It seems highly unlikely that any form of
therapy will reduce the burden of such material.

6.5 Specific Therapy

6.5.1 This is a large subject and much of it is the concern of the specialist
physician. However, there may be occasions when the general physician is
required to treat cases because of the non-availability on an emergency basis
of specialist services. Appendix B provides some information on therapeutic
procedures for certain of the more common radionuclides.

7 ACUTE RADIATION SYNDROME (ARS)

7.1 General

This is a highly dramatic but also exceedingly rare event, induced by
exposure of the whole body to a very high penetrating external radiation field
or to gross contamination, both external and internal. Excluding wartime
casualties, such accidental overexposures have affected less than 150 people
throughout the world. About half of these cases arose during operations in
the nuclear industry, the others being due to exposure to radioisotopes and
X-ray sources. The clinical effects in such accidents are dependent upon:

1. Time during which the exposure took place and dose rate.
2. Total accumulated dose.
3. The nature of the radiation.
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Accidents occurring in the atomic energy industry may involve all types
of radiation including neutrons, the latter being involved particularly in
accidents where there is a sudden release of large amounts of radiant energy.
This occurs when a sufficient mass of spontaneously fissionable material (e.g.
U-235, Pu-239) is assembled to cause a self sustaining chain reaction. The
importance of such an occurrence lies in the fact that all the radiation is
delivered promptly, thereby producing the maximum biological effect. On the
other hand, if the dose is received over a longer period, as is usual with
accidents involving radioisotopes or X-ray units, then for the same total dose
the resulting clinical effect is considerably less. This reduction in
biological damage due to protraction of dose is utilized in radiotherapy where
very high doses of radiation may be committed to specific organs over a period
of time without causing undue general damage to the patient.

7.2 Clinical aspects of ARS

The acute radiation syndrome represents the clinical expression of
damage to many important organs but particularly those in which the cells are
subject to continual and rapid replacement. It would be expected therefore
that the symptoms and signs would become referrable particularly to the
haemopoietic and gastro-intestinal system, and treatment of the acute
radiation syndrome is consequently directed principally to the maintenance of
fluid balance, the prevention of infection and the support of haemopoiesis.
In cases of total body irradiation occurring within the nuclear energy
industry, it is most probable that the significance of the event will be
immediately appreciated both by the patient and the health and safety
authorities. However, this may not necessarily be the case in accidents which
involve X-ray or gamma ray overexposure in hospitals or industrial
establishments. There have been a number of instances where patients have
been exposed due to malfunction of safety devices or inadvertent misuse of
apparatus and overexposure has initially taken place unnoticed. A number of
other accidents have also taken place where radioisotopes used for medical and
industrial purposes have been allowed to get into the hands of the public.
Some of these sources are small and attractive to children and have been
subsequently brought into their homes, with the result that many members of
the family have received large doses of radiation spread over many weeks. It
is in this latter type of incident that protraction of dose is likely to take
place with the clinical effects being delayed and reduced, and the acute
radiation syndrome does not then appear in its florid form. In cases like
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this, the diagnosis will rest on a diligent search for all the possible causes
of chronic ill health which particularly affect the haemopoietic system
(3.2.2).

In cases where the exposure time is short, experience suggests that a
dose in the region of 5 Gy (500 rad) of penetrating radiation would result in
the death of 50% of the exposed population (LD50). The general sequence of
events in such cases follows a fairly distinctive pattern as follows:

7.2.1 A prodromal illness, having its onset within a few hours of the
accident and manifesting itself as general malaise, anorexia, vomiting and
possibly diarrhoea. It must not be forgotten however that this system complex
may be due to a psycho-neurotic reaction rather than to true overexposure;
however, subsequent medical and environmental investigations will remove any
doubts.

7.2.2 The prodromal phase usually gives way to a latent period of relative
well-being which may last up to a few weeks depending on the initial dose.
However with exposures in excess of LD50 the latent period is considerably
reduced and may disappear.

7.2.3 The third phase of the syndrome commences with diarrhoea, vomiting,
severe fluid and electrolyte loss, followed by intestinal ulcération and
haemorrhage. This severe gastro-intestinal upset merges with the haemopoietic
syndrome and its associated haemorrhages from serous surfaces and bacterial
infection due to severe bone marrow deficit. The time of onset of the third
phase of the acute illness should be taken as a guide only, since the severity
of the signs and symptoms is dependent on the absorbed radiation dose and
therefore at high dose levels the clinical phases may merge.

7.2.4 At doses in excess of about 50 Gy (5000 rad), the predominant effect is
on the central nervous system and affected patients complain immediately of a
generalised severe burning sensation associated with parasthesiae, rapidly
followed by signs of excitement, and proceeding to coma and death within 72
hours. At autopsy the brain is oedematous and the superficial vessels
distended, the picture being of a fulminating encephalitis.

7.2.5 Recovery from the acute radiation syndrome depends on the exposure and
the quality of medical care. With doses of less than 1 Gy (100 rad) little or
no upset takes place; but at doses between 2 Gy (200 rad) and 6 Gy (600 rad),
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Table IV

ACUTE RADIATION SYNDROM

Effects

Incidence of
vomiting l%)

Time of onset (hour)

Organs atfeclcd

Signs

Critical period

Skin

Cause and
lime of deaths

Prognosis

Dose (Gy)
0 1 2 3 4 5 6

5 50 100

3 2 1

Nil Haemopoiesis

Nil Leucopoenia, haemorrhages,
infection

4-6 weeks

Transient (2-3 hours)
Erythema

Major (2-3 weeks)
Epilation Transient

Haemorrhage,
infection
2 months

Good 50% deaths

7 8 9 1 0 + 5 0

<1

GI tract CNS

Diarrhoea, Convulsions,
electrolyte tremor, ataxia
imbalance

1-2 weeks 0-2 days

Erythema,
subepidermal injury,
permanent epilation

Respiratory failure

Circulatory collapse Respiratory failure,
2 weeks cerebral oedema

2 days

100%



recovery becomes much more protracted, and at the higher dose levels may take
several months. In these more severely affected cases the recovery will only
take place after a very long period of intensive care in a specialist unit.

Table 4 summarises the effects of various acute radiation doses
assuming a uniform distribution and the existence of no other complicating
factors, such as conventional injury.

7.3 Management of the Acute Radiation Accident Patient

7.3.1 Accident History

This is of first importance and although the patient may be fully aware
of the circumstances, his condition may well preclude a coherent story being
obtained. If there is the slightest chance of the patient's symptoms being
due to radiation overexposure, communication with the patient's place of work
and the appropriate radiological protection officer should be undertaken as a
matter of urgency.

7.3.2 Complicating Factors

The presence of severe injuries or illness may necessitate emergency
action in order to save life, and such actions must obviously take precedence
over other considerations. In certain circumstances, superficial or internal
contamination of an individual by radioactive dusts or liquids may have taken
place during the accident. From the point of view of the statutory
regulations and public concern, such contamination must be recognised and
steps taken to ensure that it is not spread to other areas of the hospital or
medical centre. In this context it is important to ensure that all major
hospitals possess accommodation which in the event may be used specifically
for the reception and treatment of contaminated radiation casualties
(Appendix A) .

The problems of contamination and their management are dealt with as a
separate issue elsewhere.

7.3.3 Clinical Examination

Clinical examination should be comprehensive. The status of each
system should be evaluated and detailed records made of all normal and
abnormal findings, no matter how unimportant they may appear. The length of
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time between the accident and the patient being presented to the physician
will dictate the clinical pattern of events and therefore the frequency with
which repeated clinical evaluation will be necessary. The higher the total
body dose, the more overwhelming will be the symptomology. With doses in
excess of 5-10 Gy (500-1000 rad), it is likely that the gastro-intestinal
syndrome will predominate and that intensive care will therefore be required
from the outset. In order to aid dosimetry, it is important that any faeces,
urine and vomit should be collected and be made available for radiochemical
analysis.

7.3.4 Laboratory Investigations
Taking into account the immediate difficulties associated with dose

estimation in nuclear accidents, the results of laboratory examinations of
biological material may provide the physician with the only information
regarding the absorbed radiation dose and following this, the immediate and
ultimate prognosis for the patient. In these circumstances therefore it is
important that the attending physician should obtain any required specimens at
the earliest possible time after the accident and that depending on the
findings, repeat investigations should be undertaken as necessary.

a. Blood
The haemopoietic system is at the greatest risk from radiation
and changes in the peripheral blood picture may occur very
rapidly (within hours of the accident) (Fig 2). The most useful
indicator is the lymphocyte count and a fall to less than 10003cells/mm in 24 hours is a matter of grave importance. With
such rapid changes taking place it is thus important to evaluate
the blood appearances at the earliest possible time and then to
repeat the investigations at 6 hourly intervals for the first 48
to 72 hours. Blood grouping should be undertaken as soon as
possible since blood transfusions might be required during future
treatment. However, the physician may find that in the case of
registered radiation workers, this particular information will be
available from medical records. Furthermore, because of the
possibility of severe bone marrow deficit, the need for bone
marrow infusion may arise and a blood specimen should be taken
for lymphocyte typing. This is a highly specialised procedure
and the physician will need to take advice from the nearest blood
transfusion unit regarding the collection of blood samples for
this purpose.
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Figure 2

Peripheral blood changes: moderate total body irradiation

Cytogenetic Examination
The analysis of chromosome aberrations in blood lymphocytes
caused by ionizing radiation may be used for estimating the
equivalent whole body radiation dose. Lymphocytes in the
peripheral blood do not normally undergo cell division but can be
stimulated to divide in culture. Initially 2 ml of blood should
be taken and placed in a sterile heparin tube. Subsequently a
small sample is placed in a growth medium, incubated at 37 C,
and after 48 hours, cell division arrested at a stage in the
cycle when the chromosomes are contracted and therefore easily
scored. The cells are fixed, dispensed onto slides, stained and
scored microscopically. Ionizing radiation causes breaks in the
chromosomes and these broken ends can rejoin in a number of
ways. The aberration used in dosimetry is the dicentric which
requires a break on two chromosomes. The broken ends rejoin in
such a way as to give one chromosome with two centromeres (a
dicentric) and one with none (an acentric fragment). This
aberration is easily scorable and has the advantage of having a
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very low background level in the normal population. Slides are
prepared and a count made of the number of dicentrics, fragments
and acentric rings in between 100 and 500 cells. Depending on
the frequency of the aberrations found, the number of dicentrics
in particular provides a fairly good estimate of the total body
dose of radiation.

c. Blood Biochemistry
Blood biochemistry should be carried out as a routine
investigation in support of measures which may have to be taken
to combat shock and fluid loss.

d Bacteriology
With the onset of a pancytopenia and the loss of the immune
responses, the probability of overwhelming infection becomes
increasingly important. In preparation for this eventuality, it
is prudent to carry out an initial bacteriological screen of the
eyes, nose, scalp, hands, axillae, feet (fungi) perineum, vagina,
faeces, urine, sputum and any septic spots.

7.4 Treatment of Acute Radiation Syndrome (see Table 5)

7.4.1 General

Although the greater part of this will lie in the specialist field of
haematology, the attending physician may initially have to deal with nausea
and vomiting which may be due either to the irradiation or to acute anxiety.
Each physician will have his own views on the drugs required, but it is
suggested that 4 mg of intravenous Dexamethasone or 100 mg intravenous
Hydrocortisone Hemisuccinate be given at 4 hour intervals in association with
Chlorpromazine 25 mg or Metoclopramide injection 10 mg intramuscularly. Apart
from such symptomatic treatment, all that is required in the early stage of
the illness is adequate rest, sedation if necessary, and the maintenance of
morale.

Those cases which have been subjected to doses in excess of 10 Gy
(1000 rad) are likely to require terminal care only, and this obviously should
be directed to reducing symptoms and making the patient as comfortable as
possible under the circumstances. In these patients, gastro-intestinal
symptoms will dominate the clinical picture, and at dose levels in excess of
50 Gy (5000 rad), symptoms referrable to the central nervous system dominate
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Table V

MANAGEMENT OF THE ACUTE RADIATION SYNDROME

External radiation-no contamination

Whole-body damage predominates
1

Local damage predominates
^——N

<r
»*»

Complete blood count (CBC)
QÏ base- line immediately

No symptoms

|ot24hourCBC|

Normal release
(rom hospital
evaluate weekly

Gastrointestinal
symptoms

lot 24 hour CBC h

lot 24hourCBC|

i( asymptomatic

Haemopoietic evidence —————
of damage (lymphopenia. etc)

Moderate (less than 1500 l>

Hospitalize CBC daily
for two weeks
I

25 lymphs)

mphs)

Shock ——

i

-Fluids
Electrolytes
General support

Weekly CBC Mild cylopenia

Treat specific infections

- If no further
increased
cytopenia

Severe cytopenia

|ot 21 days. CBC |

Moderate depression, modify

Progressive
cytopenia

Normal after
4 weeks, release

- Control of infection
Platelet transfusion
for severe thrombocytopenia.
WBC transfusion (or infection

Questionable options
Bone marrow transfusion
perform before day 10

treatment accordingly

[Üöy 35-451

On evidence of platelet, WBC regeneration and in absence
ol infection or haemorrhage, discontinue infusions of WBC,
platelets, stop antibiotics, restore gastrointestinal flora

the picture. Death will probably ensue in about 72 hours. It is necessary to
reiterate at this stage the fact that, in spite of patients being subjected to
very high doses of radiation, they are not themselves in any way radioactive
and therefore do not constitute a danger to the attending medical and nursing
staff.

7.4.2 Haemopoiesis
It is in the moderate dose group - 2 Gy to 60 Gy (200-600 rad) - that

hope of successful treatment lies. As already indicated, the problems to be
combated are those of fluid balance, haemopoietic disfunction and infection.
The haemopoietic system is however the primary target, and therapy is directed
to the support of this system until such time as recovery occurs or death
supervenes. At the higher exposure levels, treatment may be required for many
weeks or even months before recovery can be expected.

The treatment schedule is outside the scope of this chapter but may
involve the administration of bone marrow infusions if suitable donors can be
found. It should be appreciated that this form of therapy would not be
effective for about 10 to 14 days. In order to cover this period,
transfusions of platelets to prevent haemorrhage and the administration of
neutrophils to counteract infection may be of value.
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The time scale for the institution of these various therapeutic
activities is dependent on many facts and is a good criterion of judgement for
the superintending physician.

7.4.3 Infection
In general, antibiotics should be administered early rather than late,

particular consideration being given to the possibility of fungal overgrowth
in the gastro-intestinal tract. In the prevention of infection, control of
the patient's environment is of paramount importance with barrier nursing of
some description being introduced. This may take the form of a "life island"
plastic tent type of isolator or a unit which surrounds the patient's bed,
with sterile ports being provided to allow feeding, medication and general
nursing care. The nursing however is difficult and the inside of the unit may
become bacteriologically contaminated. The Laminar Air flow unit is a much
improved method and allows the patient to be nursed in an open ward in visual
and verbal contact with other patients and staff. This is much better both
from the point of view of the patient's morale and the provision of nursing
care.

7.4.4 Nursing care
Finally, the nursing care of irradiated patients must be of the highest

order since these patients are likely to be in the hospital for several weeks
or even months. Apart from the use of specific nursing techniques, the staff
may have a heavy task in keeping up the morale of both patients and relations.

It is during the long period of nursing in intensive care that the
general practitioner will have a most important function to perform. He will
be in the position of providing the vital link between high technology
medicine and the everyday worries of the patient and his family. It will be
his onerous task to look after the socio/medical and psycho/social aspects of
the patient's illness, using such knowledge as he may have acquired of the
facts regarding radiation and radiation related diseases.
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8 THE LATE EFFECTS OF RADIATION

8.1 General

Consideration has been given in previous sections to the identification
and treatment of acute conditions arising from radiation exposure. The term
"acute" has a somewhat different connotation from its normal use in medicine,
in that it refers to signs and symptoms appearing within hours or days of the
precipitating event and not as an immediate or life threatening problem.
Although such matters are of great importance to the general physician, of
equal importance, and perhaps requiring greater diagnostic acumen, are those
conditions which arise from radiation exposure at some considerable time after
the event (weeks, months or even years). Such conditions which may require
medical intervention have been listed in Table 2, but it should be recognised
that any or all of these clinical entities may co-exist. In addition, at any
stage following a supposed or actual radiation overexposure, psychological
reactions may supervene. These may extend from minor hysterical and stres.s
phenomena to severe depression, anxiety and paranoia. Bearing in mind that
the various clinical patterns may appear without any apparent history of
radiation exposure, it must again be emphasised that the physician's history
taking must be exhaustive and particularly directed to industrial and
occupational factors which may be present in his practice area. In the
current climate of public opinion and the impact of the mass media, the
relationships between radiation exposure and the long term effects of
neoplasia and genetic damage must be understood by the physician, so that he
can explain them in a rational and simple manner to his patients.

8.2 Chronic Radiodermatitis

8.2.1 This condition most commonly follows an overt radiation burn as
described previously. In some instances, long protracted exposure of the skin
to sub-erythema doses of radiation may also produce a similar picture. It is
in these latter cases that the origin of the dermatosis may not be recognised
and it would be necessary for the physician to explore the history of the
condition in detail.

8.2.2 The picture is of a dry, atrophie, hairless skin with numerous
teleangiectases and atypical pigmentation which is prone to develop squamous
or basal cell carcinomata. The dose of radiation necessary to produce such a
condition is likely to be in excess of 10 Gy (1000 rad); if it is protracted
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over weeks or months, it may require 20 Gy (2000 rad or more). The treatment
of radiodermatosis is largely symptomatic and along the lines of any chronic
dry dermatosis. The skin is thin and care must be taken to prevent external
damage since subsequent healing will be slow or will not take place at all,
and a chronic ulcerative lesion remain. Because of the resultant discomfort
and the possibility of carcinamatous change, surgical intervention may prove
necessary. As indicated earlier this may need to be more extensive than is
apparently necessary on superficial examination because of the underlying
vascular fibrosis.

8.3 Cataracts.

8.3.1 Direct exposure of the eye lens to X and gamma radiation, neutrons and
high energy beta particles may produce cataracts. The dose required depends
on the time of exposure and also varies between different individuals, being
as low as 2 Gy (200 rad) for a single acute exposure, up to 15 Gy (1500 rad)
in the case of long term chronic exposure. Prior to the appearance of the
lesion a latent period of 12 years is likely before an overt cataract becomes
apparent.

8.3.2 The initial lesion appears in the posterior sub-capsular part of the
lens and takes the form of a whitish plaque which may be observed by
ophthalmoscopy as having an imperfect doughnut shape. Ultimately the opacity
progresses to the anterior lens cortex, at which stage a radiation cataract is
indistinguishable from those due to other causes. Other cataractogenic agents
may also produce similar appearances - infra-red radiation, high voltage
electric shock, lightening, toxic chemicals and possibly ultrasound.

8.3.3 The appearance of a cataract in an individual who has been exposed to
radiation must be carefully evaluated by an ophthalmologist and a careful
history taken of his exposure to radiation and other possible sources of
damage. Many cataracts do not progress to the level of causing a loss of
visual acuity, but in those that do, the treatment is the same as for other
cataracts.

8.4. Carcinogenesis.

8.4.1 Epidemiological studies carried out on the survivors of the Japanese
atomic bombs, together with similar data obtained from patients treated by
radiotherapy for ankylosing spondylitis, have shown an increase in deaths from
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cancer compared with appropriate national statistics. The assessment of
excess deaths occurring in such populations is not a simple matter since the
natural incidence of cancer in most populations is such that 20% would be
expected to die from the disease in any case. It is not surprising therefore
that a statistically significant increase in cancer deaths due to radiation
only becomes evident where high doses have been received (greater than 1 Gy,
100 rad), delivered over a short period of time. Further studies which have
been carried out on populations exposed to low doses of radiation do not
provide any statistically valid indication of an increase in cancer incidence
in these populations. From the high dose data available, it is possible to
obtain a straight line relationship between the dose and the numbers of
cancers produced, and for the purpose of radiation control in industry,
hospitals, etc., this straight line relationship is extrapolated to zero.
Such an extrapolation dictates that for any given dose, there will always be
an effect, although this may not be demonstrable because of the high natural
incidence of cancer.

8.4.2 The available epidemiological data indicate that certain cancers are
more likely to be caused by radiation than others. These are in particular:

(i) All bone marrow cancers except for chronic lymphatic leukaemias
(ii) Breast

(iii) Thyroid
(iv) Bone
(v) Lung

8.4.3 It is important for the physician to recognise that cancers caused by
radiation are not in any way different from cancers which occur naturally or
which have other toxic causes. There is thus no way in which histological
examination will assist in the determination of the origin of the disease.

8.4.4 In the present climate of public concern the general practitioner will
inevitably be asked the question by his patient as to whether his or her
disease has been caused by radiation. This problem will certainly arise among
populations living in the vicinity of nuclear installations and also among
workers exposed to radiation by their occupation. Regarding this latter
problem, a member of the family of such a worker who contracts cancer may wish
to know whether he could have "caught" the disease from his
occupationally-exposed relative. All physicians, no matter what their
speciality, must be able to offer a rational answer to questions of this kind,
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and in order to do this, some basic facts about the mathematical risks posed
by radiation are required which will enable the physician to make some
estimate of the probability that a particular cancer has been caused by
radiation.

8.4.5 Mathematical risk estimates are based on the number of excess cases of
cancer deaths which occured among the populations of Nagasaki and Hiroshima
and among patients treated for ankylosing spondylitis. The figures are
expressed as the number of excess deaths from cancer which would occur in the
lifetime of 1 million people if they were all exposed to 0.01 Sv (1 rem) of
radiation. Such estimates have been produced by the National Commission of
Radiological Protection; Biological Effects of Ionizing Radiation (BEIR/US
National Academy of Sciences), and the United Nations Scientific Committee on
the Effects of Atomic Radiation (UNSCEAR). While there are minor differences
between the assessment made by each organisation, the following average
figures are sufficient to provide the general physician with a useful working
base. The figures for risk are quoted for those tissues which are most
sensitive to irradiation and for "other cancers not specified". (See Table 6.)

8.4.6 For the purpose of calculation of probability, it may be taken that for
solid cancers the risk should be spread over 35 years, and for bone marrow
cancers 25 years from the time of exposure. Thus, if 1 million people are
exposed to 0.1 Sv (1 rem) of radiation, there will be 20 extra deaths from
leukaemia over a period of 25 years, i.e. 0.8 per year. Among the general
population of the UK, there are about 50 deaths per year from leukaemia
(excluding chronic lymphatic) and therefore the probability of 0.1 Sv causing
the leaukaemia death is 0.8 -a- 50 x 100 = 1.6%. The physician should
understand that this type of calculation is subject to a great many
inaccuracies, but it does enable him to form some opinion as to the likelihood
that a particular cancer death was caused by radiation.

8.4.7 The question of cancer morbidity as opposed to mortality has not been
specifically considered, since in many countries the data relating to cancer
incidence is incomplete. In most of the developed countries with
comprehensive health services, the overall figure for morbidity may be taken
as being about twice those for mortality. Care should be used in applying
this figure for an assessment of cause probability since there are many
instances where cancers are emminently treatable and therefore where the
mortality rate is very low compared with morbidity (skin, thyroid, Hodgkins
Disease, some leukaemias).
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Table VI

CANCER DEATHS PER MILLION

CANCER

LEUKAEMIA

LUNG

BREAST

BONE

THYROID

ALL
CANCERS

LIFETIME RADIATION RISK

/106/REM

20

25-50

25-50

5

5-10

100

SPONTANEOUS RISK

/106/ LIFETIME

4,830

28,700

1 1 ,200

35O

3 SO

123, 9OO

A matter of special concern is in regard to the part played by
radiation in the incidence of leukaemia in young children. Studies carried
out on mothers who underwent diagnostic radiation procedures suggest that
doses of 0.05 Sv (5 rem) to the foetus during the second and third trimester
of pregnancy may double the risk of leukaemia in children up to the age of
about 10 years. It is for this reason that maternal irradiation should be
kept as low as possible.

8.5 Genetic Effects

8.5.1 The general practitioner needs to be aware of the basic information
which has been accumulated on the likelihood of genetic abnormalities being
caused in the offspring of irradiated parents. This information is examined
at some length in publications by BEIR and UNSCEAR. The overall picture is
that at low doses (less than 0.1 Sv (10 rem)), the genetic effects pose less
of a problem then those concerned with the induction of cancer already
discussed.

8.5.2 Radiation may cause damage by inducing gene mutations and chromosome
aberrations. Such changes are not unique and any radiation damage is
reflected only by an increase in the spontaneous incidence of mutations and
chromosome aberrations. This naturally occurring incidence results in overt
disorders of varying severity, affecting about 10% of all live born infants.
The largest study on the genetic effects of radiation exposed humans has been
on the offspring of the Japanese atomic bomb survivors. The data from this
study provided little evidence which would allow a relationship between dose
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Table VII

GENETIC EFFECTS

1 REM/30 YEAR GENERATION/MILLION EXPOSED PERSONSdO6 )

DISORDER

AUTOSOMAL
DOMINANT

IRREGULAR
INHERITED

RECESSIVE

CHROMOSOMAL
ABERRATIONS

NATURAL
INCIDENCE

10,000

90.000

1,1 00

6,000

EFFECT OF 1 REM/
GENERATION/ 10 6

1st GEN.

5-65

VERY FEW

< 10

EQUILIB.

40 -200

20- 900

SLIGHTLY
MORE

SLIGHTLY
MORE

and effect to be adduced. The only suggestive evidence has been a recent
finding that foetuses exposed at doses in excess of 0.1 Gy (10 rad) during the
8 to 15 weeks of gestation have shown some evidence during childhood of
subsequent mental retardation.

8.5.3 Most of the evidence for the genetic effects of radiation have come
from experimental animal data and the use of such data has allowed the BEIR
Committee to provide some approximate relationships between dose and effect.
Table 7 sets out the expected increase in genetic damage when a population of
1 million is exposed to 0.01 Sv (1 rem) of radiation, assuming a fertility
period in the general population of 30 years per generations. Using the
available animal data, BEIR have recognised the possible contribution of
background radiation to genetic damage. The implications from this are that
about 1 to 6% of overt genetic disorders in the general population may be due
to this cause, the radiation dose received being approximately 0.03 Sv (3 rem)
per generation. This figure is equivalent to 0.1 to 0.6% of all live births.

8.5.4 Down's Syndrome has also been considered as a possible result of
radiation overexposure. Some 12 studies have been published examining the
histories of mothers exposed to radiation and also in geographical areas of
high background radiation. The results of such studies have been conflicting
and there is also no evidence of an increase in Down's Syndrome among the
Japanese atomic bomb survivors. Animal experiments suggest that while
non-disjunction may occur as a result of radiation exposure, the expected
incidence of Down's Syndrome would be extremely small even in moderately
highly exposed populations.
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APPENDIX A

LIST OF RECOMMENDED EQUIPMENT AND MEDICATIONS

1. Hospital Emergency Room

All major hospitals should make some provision for the accommodation of
acute radiation exposed or contaminated individuals, sufficient to allow first
aid treatment to be undertaken.

The facilities should comprise a room at the periphery of the hospital
with direct access from outside the building. The room should have
impervious, easily washable and strippable paint work, and washable floor
together with floor drains. An easily cleanable, simple table on which to
treat an injured patient should be provided. Showering facilities should be
included as an integral part of the room and there should also be a large sink
with elbow-operated taps set at a height which will allow decontamination of
the arms, face and hair to be undertaken. Air movement through the room via
air conditioning and heating systems should be capable of isolation in order
to minimise the spread of contamination.

It is not necessary for such facilities to be purpose-built and
accommodation which is ordinarily used for other purposes may be identified
for use as part of the hospital emergency plan.

2. Clothing

Complete protective clothing for each staff member (surgical scrub
suits, coveralls, plastic shoe covers, surgical caps, sterile and non-sterile
masking tape, plastic or rubber gloves (short and long), pre-fitted
respirators) should be available. Clean, long patient gowns or coveralls,
shoes, shoe covers, socks and blankets should be available for patients.

3. Detection Equipment

Portable radiation detection equipment should be available which must
be simple and easily operated, and need only be concerned with the detection
of beta-gamma emissions. It is only in very unlikely circumstances outside a
nuclear establishment that alpha contamination could occur.
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Ancillary Equipment

Cotton applicators for nasal swabs.
Sterile suture sets with additional sterile scissors (2), forceps (10),
clamps, retractors.
Ca-DTPA - group medical kit
Topical antiseptic (benzalkonium chloride).
Local anaesthetic (lidocaine 25).
Sterile irrigation set.
Sterile applicators - miscellaneous dressings and bandages.
Plastic airways.
Intravenous sets with cannulae.
Six bottles of sterile physiological saline and six bottles of 5%
dextrose in distilled water.
Emergency medication tray.
Suction apparatus.
Clippers, razor with extra blades and aerosol shaving soap.
Sterile sheets, towels, drapes.
Large plastic bags for collection of clothing.
Adhesive labels and tags.
Large towels.
Soft scrub brushes.
Plastic sheets.
Large fibreboard waste baskets lined with plastic bags.
Detergent.
Acid soap.
Sodium hypochlorite 25%.
Potassium permanganate and sodium metabilphate 107«.
Paraffin with heater.
Sticky tape.
Disposable syringes and needles.
Complete surgical first-aid, splints.

5. Miscellaneous

Tape recorder
Felt pens, note books, paper and pencils.
Specimen bottles for collecting urine and faecal specimens, with
complete instructions for collecting and labelling specimens.
Appropriate specimen containers for blood counts, blood biochemistry
and cytogenetics.
Specimen bottles for tissue specimens (Formalin may be used if freezing
facilities are not available).
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APPENDIX B

TREATMENT FOR SPECIFIC RADIONUCLIDES

1. Radioiodine

Accidents may take place where there is a release of radioiodine to the
environment and intake may occur either by ingestion or inhalation. In the
normal euthyroid individual, about 25% of an orally administered dose of
radioiodine will be present in the thyroid at about 6 hours after intake if no
treatment is undertaken, but this can be greatly reduced by the administration
of non-radioactive iodine. The treatment consists in the administration by
mouth of stable iodine, usually as potassium iodate given in tablet form.
Foil wrapped tablets of 170 mg of potassium iodate are commercially available
for this purpose. Treatment should be given as soon as possible, but even if
instituted as late as 5 hours after the intake, it may still be highly
effective.

2. Strontium and Radium

These elements are absorbed from the intestine in competition with
calcium, although to a rather lesser extent. It has been found that the
administration of calcium alginate shortly after the ingestion of strontium
will partially prevent its absorption. Calcium alginate is very unpalatable
and it is best given as a single dose of 10-20 g dissolved in a large amount
of sugared water. Although alginates also prevent the absorption of radium
from the gut, they are much less effective than in the case of strontium. In
the case of wounds contaminated by these elements, it is worth sprinkling the
wound with l g of calcium rhodizonate which precipitates strontium and radium,
making them insoluble. To be effective, treatment needs to be instituted
within 15 minutes of the accident.

3. Caesium and the other alkaline metals

These are rapidly absorbed from the gut and the respiratory system and
are concentrated mainly in the muscles and the other soft tissue. There is a
continual turnover of absorbed caesium and related elements, secretion taking
place into the gut; treatment is therefore directed to preventing absorption
and re-absorption. This may be achieved by the administration of Prussian
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Blue in doses of l g dissolved in water and taken three times daily until no
further substantial excretion of caesium occurs.

4. Tritium

This is a special case because, as it is easily oxidized to tritiated
water, it is rapidly absorbed following both ingestion and inhalation. It can
also be absorbed through the intact skin. As might be expected, it is
distributed evenly throughout the body, its metabolic pattern being largely
that of the body water. This fact makes its elimination simple, the treatment
being forced fluid intake together with the administration of a diurecic.
Because of its rapid absorption and uniform distribution, it effectively
produces whole body irradiation.

5. Plutonium and Other Transuranic Elements

Plutonium is primarily an alpha emitting radioisotope, and after mixing
with the intestinal contents, irradiation of the gut wall is minimal since the
alpha particles have a range of only about 40 vm and will not therefore
reach the radiosensitive intestinal epithelium. Furthermore, the ingestion of
plutonium is unlikely to prove hazardous from the point of view of absorption
since its absorption factor is extremely small. If the material has been
swallowed, then a mild cathartic, such as magnesium sulphate, is all that is
needed.

Plutonium contaminated wounds and intakes by inhalation pose much
greater problems, and action needs to be taken as soon as possible following
the accident. The metabolic pathway of plutonium is related very closely to
the solubility or otherwise of the compounds involved. Soluble materials tend
to translocate from the lungs to the blood, with deposition taking place
mainly in the bones and the liver. In the case of insoluble materials,
however, some is removed by the ciliary escalator to the pharynx and then
swallowed. The plutonium remaining in the lung is subsequently engulfed by
macrophages and deposited in the regional lymphnodes. The management of
plutonium intake by inhalation is therefore determined by the physical nature
of the material involved. The immediate intravenous administration of DTPA
(Diethylenetriaminepentaacetic Acid) is the choice prescription for soluble
uptakes. This forms a complex with the circulating plutonium which is then
excreted via the kidney. DTPA may be given as an initial bolus of 0.25 g in
20 ml of saline or l g may be given in 250 ml of saline by intravenous
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infusion. Following this initial treatment, 0.25 g should be given
intravenously daily until the urinary plutonium output falls to a negligible
level.

When the inhaled contaminant consists of insoluble material,
intravenous DTPA is of little or no value since translocation to the blood
stream is minimal and chelation cannot therefore take place. In such cases
the administration of DTPA as an aerosol is recommended, the object being to
solubilize the deposited plutonium, thus allowing its absorption and
subsequent elimination through the kidney. Finally if the intake has been
very large (in excess of about 3.7 x 10 Bq = 1.5 Ci), consideration needs
to be given to carrying out lung lavage. However, as stated earlier, this
procedure is not without risk and should only be undertaken on specialist
advice in a specialist unit.

In the management of wounds contaminated by plutonium, intravenous DTPA
should be given as soon as possible, irrespective of whether the deposited
material is soluble or insoluble. Following chelation therapy, consideration
must be given as to whether the wound needs to be excised.

6. Uranium

The danger from natural uranium (U-238) is its chemical toxicity to the
kidney. Intake may occur by ingestion, inhalation or via wounds, and spread
takes place throughout the body. Chelating agents (DTPA) should not be given
since the kidney may then be subjected to uranium overload. Treatment to
remove uranium intakes is not particularly successful, but 250 ml of 1.4%
sodium bicarbonate in saline may be given by slow intravenous infusion. Other
uranium isotopes are radio-toxic rather than chemo-toxic but the treatment
schedule in cases of intake should follow the same pattern.
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