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PREFACE 

The purpose of this Manual is to assist physicians, particularly those in 
accident and emergency departments of hospitals, nurses and medical and 
health physicists in the medical management of individuals who have been 
involved in radiation accidents. Medical administrators should also find 
it helpful in planning for action to be taken within a hospital when such 
individuals are admitted to the hospital. It has been prepared following 
two courses on radiation accidents which were presented by the US Radiation 
Emergency Assistance Centre and Training Site (REAC/TS) of the Oak Ridge 
Associated Universities (ORAU), with some Australian participation. The 
courses were sponsored by the Australian Radiation Laboratory; the first-
"Medical Planning and Care in Radiation Accidents", was held from 27-31 
August, 1990 in collaboration with the Peter MacCallum Cancer Institute at 
the Peter MacCallum Hospital, Melbourne and the second - "Health Physics in 
Radiation Accidents", was held from 3-7 September, 1990 in collaboration 
with the Natural Disasters Organisation at the Australian Counter Disaster 
College (ACDC), Mt. Macedon. 

The first course was designed primarily for accident and emergency 
department physicians in major hospitals but was also planned to be helpful 
to radiotherapists, nuclear medicine physicians, nurses and medical 
physicists. It enabled the participants to more effectively manage people 
who are involved in radiation accident/emergency situations and to take 
into account the risks arising from different radiation sources. In 
addition, it gave them a better appreciation of the essential elements of a 
hospital's response plans for radiation emergencies and the adoption of 
disaster plans for multiple casualties. 

The second course was designed primarily for health physicists and medical 
physicists, but was also planned to be helpful to others with health 
physics backgrounds who might be involved in planning for radiation 
accident or emergency situations. It enabled the participants to become 
aware of the different diagnostic and treatment modalities and gave them a 
better appreciation of pre-hospital and hospital emergency plans. In turn, 
they should be able tc organise a more appropriate health physics response. 

One of the underlying considerations in selecting applicants for the 
courses was the need to have groups of people in each capital city of 
Australia who could plan for and cope with the protection requirements and 
medical care of people involved in radiation accidents and emergencies. In 
addition, because the Australian Radiation Laboratory and the Peter 
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MacCallum Cancer Institute form, jointly, a WHO Collaborating Centre for 
Radiation Protection and Emergency Medical Preparedness and Assistance, 
several countries in the Region were invited to participate so that they 
could obtain first hand experience in the management of patients from 
radiation accidents. 

This Manual is concerned with accidents or emergencies which involve 
sources of ionizing radiation. It does not cover other forms of radiation 
such as non-ionizing radiation (ultra-violet, light, radiofrequency 
radiations), heat, etc. Most radiation accidents have involved individuals 
either at the workplace or with medical misadministrations; they have 
received external exposure from X-ray or gamma-ray sources or have been 
contaminated with radioactive material. A few members of the public have 
also been involved through misadventures with radioactive sources although 
these may not be thought of as accidents; more commonly, they are referred 
to as "incidents". For the purpose of this Manual, there is no 
differentiation between an accident and an incident, as the medical care 
required is the same in both situations. 

There have been very few accidents in Australia where individuals have been 
seriously affected by radiation. However, it has been reported that in 
many countries there has been a two to three-fold increase in the number of 
people who have contact with radiation sources in their work activities and 
this number could double by the end of the century. This gives an 
increased potential for accidents to happen. Production of a Manual such 
as this does not imply that there will be an increase in the number of 
serious accidents in Australia in the future. It simply recognises the 
fact that although some accidents have occurred in the past, albeit very 
small in number, and with the present controls and safeguards in place, 
this should continue to be the case, there is a need for some basic 
training to be in place to cope with those situations, should they occur. 

A lot of the material given in this Manual includes that given at the two 
courses presented by Dr Robert Ricks, Director of REAC/TS, Dr Mary Ellen 
Berger, Assistant Director of REAC/TS and Dr Shirley Fry, Director of 
ORAU's Centre for Epidemiologic Research and Assistant Chairman for ORAU's 
Medical Sciences Division. Their willingness for this material to be 
included in the Manual is acknowledged and greatly appreciated. In a 
manual such as this, it is not possible to go into too much detail and it 
is recommended that the publications listed in the Bibliography and some of 



(iii) 

the papers issued at the courses and reprinted at the back of the Manual be 
consulted for detailed information. In addition, two video tapes with 
associated booklets are available and are very useful in demonstrating 
radiation protection techniques to be used. These are "Hospital Emergency 
Department Response to Radiation" and "Pre-hospital Response to Radiation 
Accidents". 

Useful information on the management and care of individuals involved in 
radiation accidents was given in 1968 by the National Health and Medical 
Research Council in its publication "Notes on Medical Procedures for 
Radiation Accidents and Radioactive Contamination". This document is under 
revision; when finalized, it should be read in conjunction with this 
Manual for background information to assist in the practical implementation 
of procedures. 

This Manual is being widely circulated so that its contents can be drawn on 
and utilized in planning the requirements for managing and caring of people 
who have been in radiation accidents. It is hoped that it will also be 
used as a training vehicle for new people who might be involved in such 
care in the future. Reading ihe Manual once is not sufficient in itself to 
enable people to cope with accident situations. The material enclosed 
needs to be understood and put into trial runs so that when an accident 
does occur, everyone is able to cope with it properly. From time to time, 
new material will become available and it is proposed to update this Manual 
whenever warranted by this new material. 
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CHAPTER 1 

\ RADIATION ACCIDENTS: THEIR CAUSES AND INCIDENCE 

Accidents occur in all walks of life, some serious and some minor, but 
those in which radiation is involved seem to cause more concern and fear 
than in almost all other types of accidents. With most other accidents, 
the effects become obvious immediately or within a very short period of 
time after the accident. Early symptoms arising from a radiation accident 
are rare; they only occur if the radiation exposure is extremely high. 
Rather, the consequences, if any, will become manifest many years later, in 
the form of cancer. In many instances, however, there are no consequences; 
if cancer does become manifest, only very rarely can it be directly 
correlated or associated with the accident. There is also the fear of 
hereditary effects arising, but there has been no evidence of these 
occurring in mankind up to the present time. However, it is not uncommon 
for individuals to live for many years in the fear that something like 
cancer or hereditary effects will occur as a consequence of their having 
been involved with radiation in an accident; this fear may ultimately 
affect their general health. 

Because it has been known for a very long time that radiation produces 
^P biological effects, controls have existed for many decades in the workplace 

to ensure the safety of people using X-ray equipment, irradiation 
, ) ( g ( facilities and radioactive sources. These controls have been extended 
fj * over the years to include the safety of members of the public from such 

radiation sources. Nowadays, many equipments and facilities have built-in 
safety devices to prevent the unnecessary or accidental exposure of 
individuals but these are not always foolproof. As a result of all the 
controls, there have been relatively few radiation accidents giving rise to 
early symptoms or which could be associated with later cancers in 

I individuals involved in them. 

*, 
I An accident is generally thought of as an unforeseen event caused b y an 

,, . * equipment fault, an infringement of instituted controls or procedures or 
*. , \~ some other agent which is beyond the control of individuals who are either 
'' ' \ involved in the event or responsible for whatever causes the accident. 

Such events can lead to increased hazards to health. Increased hazards to 
i health may also arise in other situations, such as inappropriate disposal 

H J of waste materials, individuals being in hazardous areas or handling 
t.. ̂  hazardous materials without being aware of those hazards, terrorist 

i 
i 
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attacks, etc. These are sometimes referred to as incidents, but the 
effects on the health of the involved individuals are the same sort as 
those arising in individuals who are involved in accidents. Accordingly, 
the same level of medical care is needed and all such situations are 
included in the term "radiation accident" in this Manual. 

Radiation accidents may arise whenever radiation sources are no longer 
under proper control. Such sources include -

X-ray equipment - used for medical diagnosis and treatment, 
industrial and commercial inspections, quality control 
techniques, irradiations and research; 

accelerators - used for medical treatments, industrial 
irradiations, production of radioisotopes and research (for some 
of these, electron accelerators only are used; for others, 
electron or particle accelerators are used); 

• radioactive materials - used for medical diagnosis and treatment, 
industrial radiography, quality control and tracing techniques, 
soil density and moisture tests and research (for some of these, 
the radioactive material may be in sealed containers but for 
others, it may be unsealed material); and 

• nuclear processing and reactor plants - used for processing 
uranium and plutonium for fuel purposes and nuclear weapons, 
power production and research. 

In addition, radiation accidents may occur in mining and processing uranium 
and thorium ores, transporting radioactive materials, working with 
equipments where radiation is a by-product (e.g., television receivers) and 
with nuclear weapons (although in the case of terrorist activities, this is 
not an "accident"). 

Depending on the type of accident, one or many individuals may be involved. 
Usually, if the accident occurs within the workplace, the number of 
individuals is likely to be small but if members of the public are 
involved, the number may be quite large; in the latter case, however, most 
of those involved would probably only have low exposures to radiation. If 
the source of radiation is one which people are not aware of at the time of 
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the accident, the chances are that the number of people that could be 
affected may be significantly higher than originally thought. 

Most radiation accidents are of a minor consequence as far as health 
effects are concerned. Examples of these include spillage of radioactive 
solutions in small areas, spots of contamination on the skin and so on; 
these can be easily and quickly cleaned up. They may be of a nature such 
that their reporting to authorities is not required; however, they should 
be acted on in order to overcome any difficulties or carelessness arising 
in work procedures. 

Radiation accidents can be divided into two types -

• those in which a person is exposed to external sources of 
radiation; and 

• those in which a person has radioactive contamination either on 
the skin (and clothing), inside the body or both. 

It is possible that both types could occur in the one accident, but this 
would be exceptional. 

The first type of accident has most commonly occurred with people using 
X-ray analysis equipment, repairing and using irradiation facilities, 
administering X-ray and electron therapy doses to patients and picking up 
sealed radioactive sources, notably high activity industrial radiography 
sources and placing them in their pockets for hours or perhaps days. Some 
of these accidents have arisen from the unlawful by-passing of interlock 
systems, carelessness in work activities (sometimes this has involved not 
checking that equipment is operating), equipment malfunction and not being 
aware of the presence of a radiation beam or a radioactive source (this is 
particularly the case when a member of the public becomes involved in an 
accident) . 

With external exposures, very high doses can be delivered to the whole body 
or to large areas of the body, but in most cases the exposure will be 
uneven; these high doses can give rise to what is known as the acute 
radiation syndrome. Much more often, high doses may be delivered to small 
parts of the body, and these give rise to local radiation injuries. 
However, most accidents involving external exposure only result in low 
doses to small parts of the body and these do not produce any observable 
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effects. Effects from large doses can become manifest in a short period of 
time - hours, days, or a few weeks. 

The second type of accident mcst often occurs in the workplace. The levels 
of radioactive contamination are usually low and can be easily reduced. 
The common causes for a person becoming contaminated are -

• wearing inappropriate or damaged protective clothing or not 
wearing any protective clothing at all; 
incorrect removal of protective clothing; 

• carelessness in work activities and non-compliance with 
prescribed work procedures; 

• carelessness in personal hygiene or in other things such as 
scratching the face with a contaminated glove; and 
working in an environment where radioactive material is not 
within a container and may be touched or inhaled. 

Other situations where radioactive contamination of people either in the 
workplace or in the public arena can occur are -

• accidents which may be due to equipment failure and there being 
no mechanism to contain released radioactive material; 

• accidents arising in the transport of radioactive materials; 
• medical misadministrations of radiopharmaceuticals or rupture of 

a sealed source during preparation, treatment or repair; 
• deliberate actions which accidentally or otherwise result in the 

uncontrolled release of radioactive material to the environment; 
being unknowingly in an area where levels of radioactive material 
are higher than normal; and 

• handling unsealed or damaged sealed radioactive sources without 
being aware that they are radioactive. 

When accidents occur in the workplace, the situations can often be brought 
under control within a short period of time and the degree of contamination 
is usually relatively small. When members of the public are involved, the 
total amount of contamination can be considerable and difficult to reduce 
as it may be dispersed over a widespread area. 

Radioactive contamination may be deposited on the skin and clothing and may 
also be inhaled or ingested. Any deposited in wounds or in body orifices 
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may be absorbed or transferred into the body fairly quickly. Except in the 
ver> rare case of extraordinarily high levels of contamination being 
deposited on the skin or taken into the body, there are no symptoms arising 
from contamination. The accident in Goiania, Brazil (see Bibliography) is 
an example of very high levels of contamination resulting in symptoms of 
the acute radiation syndrome becoming manifest. In another accident, very 
high levels of a beta-emitting contaminant resulted in a burning sensation, 
epilation and superficial scarring of the skin. 

In an accident, injuries or trauma due to agents other than radiation may 
also occur. Radiation does not and cannot cause immediate injuries that 
:u'e life-threatening, such as cardiac arrests, blocked airways and 
haemorrhaging. These may result from the accident or be caused by the 
stats of health of the individual. Recovery from certain injuries or 
illnesses may be retarded because of the effects of radiation exposure on 
body cells and tissues and this may, in itself, result in death of the 
individual whereas the radiation exposure by itself would not have the same 
consequence unless it was extreme. Death may also occur if an injury or 
illness occurs shortly after the radiation exposure. 

In the USA, the Radiation Emergency Assistance Centre and Training Site 
(REAC/TS) at Oak Ridge maintains a Radiation Accident Registry. Details of 
all significant radiation accidents it has been informed of since 1944 are 
entered in this Registry. It includes 327 major accidents, up to June 
1990, in which 102 individuals died; this includes 11 non-radiation deaths, 
i.e., individuals who were involved in radiation accidents, but who died 
from other causes. It is possible that, had they not died from other 
causes, they may have died from the effects of radiation but this is not 
certain. The Registry includes the accident at the Chernobyl nuclear power 
plant in which 28 people died from radiation exposure and 4 from other 
causes. REAC/TS does not claim that all accidents in the world are 
recorded in the Registry, but estimates that the total might be perhaps 50% 
to 100% higher. The number of deaths averages out at about two per year on 
a world-wide basis. [This contrasts with 50,000 deaths annually from 
traffic accidents and 8,000 from fire in the U.S. alone.] About one third 
of these deaths were caused by the accident at Chernobyl. The accidents 
have involved a large number of people, many of whom would have received 
significant exposures. A siironary of the accidents in the Registry up to 
June 1990 is given in Table l.i. 
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Major accidents No of 
accidents 

All except those 
listed below 323 

Chernobyl, 
USSR 1 

Goiania, 
Brazil 1 

El Salvador, 
Mexico 1 

Kyshtym, 
USSR 1 

Table 1.1 

No of persons No of persons No of* 
Involved with significant fatalities 

exposures 

5,955 

116,500 

249 

r\> TOTAL 327 

10,180 

132,891 

1,403 

500 

36 

1,054 

2,996 

65 

32 

102 

* Includes fatalities which may have been due to physical trauma in the 
accident. 

t 

. ! 

* 

For purposes of the Registry, REAC/TS defines a significant accident as 
follows -

Dose to the whole body, blood or gonads 
Dose to the skin or extremities 
Dose to other organs from external 
radiation sources 

Activity of radioactive material in organs 
Medical misadministration 

0.25 Gy 
6 Gy 

0.75 Gy 
0.5 x MPBB 
0.5 x MPBB 

where MPBB is the maximum permissible body burden, as used by the U.S. 
National Council on Radiation Protection and Measurements. These 
doses and activities carry a risk of long-term effects ranging from 
about 1 in 1000 for some organs to about 10 in 1000 for whole body 
exposure, based on the risk factors used by the International 
Commission on Radiological Protection (ICRP) in its 1990 
Recommendations. 

Accidents which are termed significant can arise in a variety of 
situations. An analysis of the REAC/TS Registry shows that of the 327 
accidents to June 1990, 18 were in nuclear installations (i.e., nuclear 

k 
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power plants, reactor sites and enrichment plants), 84 with unsealed 
radioactive sources (of which 38 involved medical diagnosis and therapy 
misadministrations), 147 with sealed radioactive sources (many of which 
were high activity industrial radiography sources) , 62 with X-ray devices 
(many of which were X-ray analysis units), 15 with accelerators and 1 with 
by-product radiation. Such an analysis is useful in highlighting the most 
likely situations where accidents occur. Many accidents have occurred as a 
result of deliberate acts of bypassing safety devices or of not following 
safety procedures. In a number of cases, innocent members of the public 
have been the victims of those acts. Some of these accidents have had 
detailed reports published on them (see Bibliography). 

1 
* i i 

In Australia, the National Health and Medical Research Council recommended 
in 1971 the establishment of an Australian Radiation Incidents Registry, to 
be maintained by the Australian Radiation Laboratory. This Registry does 
not define a significant accident as in the REAC/TS Registry. It records 
accidents where exposures occur that are not "within the limits known to be 
normal for the particular source of radiation and for the particular use 
being made of it". Information on exposures which arise or could arise 
from defects in equipments is also recorded so that it can be used in the 
preparation of codes of practice, equipment standards or by regulators and 
manufacturers to ensure that equipment is of a satisfactory standard. 
There are very few accidents recorded in the Registry where individuals 
have been involved in radiation accidents and have received exposure or 
contamination at levels large enough to cause health concerns. 
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CHAPTER 2 

RADIATION PHYSICS 

Atomic Structure 

The modern era of radiation physics began at the turn of this century when 
Lord Rutherford suggested that an atom consisted of a central nucleus 
surrounded by a cloud of electrons. This proposal was extended by 
Niels Bohr in 1913 when he proposed that the nucleus was a central core of 
neutrons and protons and that electrons were circulating around this 
nucleus as in a planetary system. This proposal is still accepted today 
and serves as a useful model for explaining most observations at the atomic 
level. 

-24 Neutrons and protons have approximately the same mass (about 1.66 x 10 g 
or 1 atomic mass unit), with neutrons having no electrical charge and 
protons a unit positive charge. Electrons have a mass of about l/1840th 
that of a neutron or proton and a unit negative charge. Nowadays, neutrons 
are considered to be a proton and an electron tightly bound together so 
that the assembly is electrically neutral. The electron orbits are about 
-8 10 cm diameter, about 100,000 times larger than the diameter of the 

nucleus. This concept of the structure of the atom visualizes the atom as 
being mostly "empty space". 

An atom is the smallest part of an element that can exist in free space and 
take part in interactions with other elements. Smaller components of an 
atom - electrons, neutrons and protons, do not carry with them any of the 
properties of that atom. There are, altogether, 92 naturally occurring 
elements and, at this stage, 13 man-made elements. Each element is 
characterized by its atomic weight (A) and atomic number (Z) and is 
designated by the symbol ^N. The atomic weight is equal to the number of 
neutrons and protons in the nucleus; the atomic number is equal to the 
number of protons - it is also equal to the number of electrons in orbit, 
as these two components must be equal in number for the atom to be 
electrically neutral. 

Elements comprise atoms of the same atomic number but they may have 
different atomic weights. These are known as isotopes of that element. For 

35 37 
example, chlorine occurs as 75.5% 1 ?C1 and 24.5% 1 ?C1 in nature; tin has 11 
isotopes ranging in abundance from 0.34% to 32.7% and fluorine has only 
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one. In spite of there being differences in the atomic weights, as 
indicated in the examples, all isotopes of an element behave in exactly the 
same way in chemical interactions. Many isotopes do not undergo change of 
their own accord and these are regarded as stable isotopes, in contrast to 
those isotopes in which the atoms are unstable and undergo change due to 
having excess mass or energy in the nucleus. These are referred to as 
radioactive atoms, or radionuclides. 

Sources of Radiation 

Radiation sources can be divided into two groups -

• machines that accelerate electrons or heavy particles such as 
alpha particles, protons, deuterons, etc; these either bombard 
selected targets or are emitted directly from a machine; and 
radioactive materials. 

Of the first group, the most common is X-ray equipment where accelerated 
electrons strike a target made of tungsten, molybdenum or other suitable 
material and X-rays are emitted. X-rays (or photons) are electromagnetic 
radiation and have a wavelength which depends on the energy imparted to the 
electrons. This may range from 5 kiloelectron volts (keV) to several 
million electron volts (MeV). The higher the energy, the greater is the 
penetration of the X-rays in material. In general, the X-rays are confined 
by a collimator attached to the X-ray tube, giving a narrow X-ray beam or a 
very wide beam, depending on the requirements. At any given distance from 
the target, the X-ray beam is reasonably uniform with a slight decrease in 
intensity near the edges and a sudden decrease outside the defined edges. 
As the distance increases, the X-ray beam will become larger, but the 
intensity will decrease; there will also be scattering of X-rays out of the 
beam and this will change when different materials are placed in the beam. 

Electrons may also be emitted directly from a machine, but without 
producing any significant quantity of X-rays. Being negatively charged 
particles, they can be focussed electrically to give small or large beams. 
They are more readily scattered and absorbed than X-rays. Those of several 
MeV energy can penetrate several centimetres of tissue before losing all 
their energy; they give a fairly intense dose distribution within a 
relatively small volume. 
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Heavy particles are usually confined to narrow beams; when they bombard 
certain materials, they result in the production of radioisotopes. If 
incident on tissue, they can penetrate a few centimetres (depending on the 
type of particle and its energy) and give a very high local dose to 
affected tissue. 

Of the second group, some radionuclides occur naturally. There are three 
major series of these - uranium-238 series, uraniuni-235 series and thoriure-
232 series. Radium-226 and its daughter products form an important sub-
series of the uranium-238 series. Other radionuclides such as potassium-40 
and carbon-14 also occur naturally, but are not utilized to any significant 
extent. 

Other radionuclides may be produced in machines, such as cyclotrons, where 
alpha particles, protons or deuterons may bombard selected materials and 
result in the formation of different elements. However, most radionuclides 
are produced in nuclear reactors where neutrons arising from the controlled 
fission of uranium-235 bombard materials placed inside the reactor. Here, 
either a different isotope of the same element or an isotope of a different 
element may be produced. In addition, after fission of the uranium-235, 
there will be many other products formed - referred to as fission products. 
These fission products are radioactive. 

Radionuclides will also be produced as a result of a nuclear weapon 
explosion. In this situation, the fission products produced will depend on 
whether the fissionable material is uranium-235 or plutonium-239. In both 
cases, as well as in a nuclear reactor, there will be a mixture of some 
tens of different radionuclides produced, some of which will decay rapidly 
to form other radionuclides, whilst others decay slowly. The proportion of 
the different radionuclides present at any one time will change rapidly due 
to their different decay characteristics. 

Radioactive Decay 

Radioactive atoms tend to get rid of their excess mass or energy by the 
emission of particles, in the form of alpha particles or beta particles 
from the nucleus or by the emission of energy, in the form of gamma-rays 
(photons) from the nucleus. In many cases, the emission of alpha or beta 
particles is also accompanied by the emission of gamma-rays. 
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An alpha particle consists of two neutrons and two protons, emitted as a 
composite particle; this is the same as the nucleus of a helium atom. It 
has 4 mass units and a double positive charge. Thus, its emission from a 
nucleus results in the atomic weight of the atom being decreased by 4 mass 
units and the atomic number by 2. 

A beta particle is the same as an electron and has negligible mass 
(compared to that of a neutron or proton) and a single negative charge. 
Its emission from a nucleus results in the atomic weight of the atom 
remaining unchanged and the atomic number increasing by 1 (it is equivalent 
to a neutron converting to a proton with its tightly bound electron being 
emitted). Emission of a gamma-ray from the nucleus does not affect the 
atomic weight or number. The new (daughter) atom formed as a result of 
changes in the original (parent) atom may be stable or it may also be 
radioactive. In the latter case, further disintegrations occur to form 
other daughter atoms and this process will continue until a stable atom is 
formed. 

In many cases, there may be several alpha or beta particles and gamma-rays 
of different energies emitted from the nucleus. Examples are:-

, , . 131 T P 131 v (1) 5 3 I - 5 4Xe 

(f) energies range from 0.25 - 0.8 MeV; mostly at 0.61 MeV. 
7 energies range from 0.08 - 0.72 MeV; mostly at 0.36 MeV.) 

,„, 137r ^ 137mn
 7 137_ (2) 5 5Cs - 56fia - 5 6Ba 

( cfiBa is a transition state; /) energies are 0.51 MeV (92%) and 
1.17 MeV (8%); 7 energy is 0.662 MeV.) 

,,, 232_ Q 228D
 fi 228A

 P 228T. a 224_ a 220_ 208_. 
( 3 ) 90™ - 88 R a " 89 A c - 90 T h "* 8 8 R a - 8 6 R n " - - + 8 2 P b 

(A variety of as, /?s and 7s is emitted through the decay series.) 

Because radioactive atoms undergo disintegration, the number of such atoms 
in a material steadily decreases. The number of disintegrations per unit 
time interval is proportional to the number of atoms of a particular 
species present at that time. In practice, the number of such atoms 
present is not of great concern, but the number of disintegrations is much 
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more important. Accordingly, the number of atoms undergoing spontaneous 
disintegration in a small interval of time is taken to be the activity of 
that radionuclide. The unit of activity is the becquerel (symbol Bq), 
where 1 Bq equals 1 disintegration per second. The pre-SI unit, which is 
still commonly used, is the curie (symbol Ci); 1 Ci - 3.7 x 10 Bq (or lBq 
- 2.7 x 10 11 Ci) 

The activity of a radionuclide present in a material decreases with time in 
accordance with the exponential law. That is, if N 0 is the number of 
radioactive atoms originally present and N is the number present after 
time, t, then 

N - N 0 e •At 
where A is a constant for the particular radionuclide. It is referred to 
as the decay constant. 

The time taken for half of the atoms originally present to disintegrate, 
i.e., when N - % N Q, is referred to as the half-life Tj, . [This may also be 
referred to as the physical or radioactive half-life to distinguish it from 
other half-lives]. 

Then h - e'XTH 

This decay can be demonstrated graphically, as shown in Fig. 2.1. 

Activity 

i \ 

:;-;:r±r: 
• i 
t f t " " " ^ - • 

'*H —1 Tjj 'P Tjj "M* " '*H —1 
Time 

Fig. 2.1 The decrease of activity with time for an exponential decay. T L 
is the half life. 



13 

The half-lives of radionuclides can vary enormously - from a tiny fraction 
of a second to millions of years. In the former case, the number of atoms 
reduces rapidly whilst for long-lived radionuclides, the number of atoms 
present in any material is virtually unchanged in our life-time, even 
though disintegrations will always be occurring. Examples of different 
half-lives are -

Americium 
Caesium 

Cobalt 
Gold 
Iodine 
Plutonium 

241 
134 
137 
60 

198 

1 3 1 ] 
239 

Am 
Cs 
Cs 
Co 
Au 

226„ 

Pu 

458y Radium Ra 1600y 
2.1y Sodium 2 4Na 15h 
30y Strontium - 9 0Sr 28y 
5.25y Technetium - 99m T c 6h 
2.7d Thorium 232 ^ Z T h 1 .4xi010y 
8.0d Uranium 2 3 5 u 7 .lxl08y 
2.4xl04y 2 3 8 u 4 .5xl09y 

When a parent atom decays into a daughter atom that is also radioactive, 
the decay rate of the daughter atom can be dependent on that of the parent. 
If the half-life of the parent atom is very much shorter than that of the 
daughter, then the daughter atom will decay at its normal rate (as if the 
parent had not been present). On the other hand, if the parent atom has a 
longer half-life than that of the daughter, then there will be a build-up 
of daughter atoms for a period of time and then they will decay at the same 
rate as the parent atoms. This is illustrated in Fig. 2.2, where the half-
life of the parent is five times that of the daughter. 

Fig. 2.2 Variation of activity of parent and daughter nuclei with time for 
Lj5(P) 5 T *S<D) 
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Interaction of Radiation with Matter 

There are three major processes that can occur when photons (X-rays and 
7-rays) interact with atoms -

(1) Photoelectric effect, where all the photon energy is imparted to an 
inner electron, which is ejected from the atom with the energy of the 
photon (less its binding energy in the atom). This process is dependent on 
the atomic number of the material (approx. Z 5 ) , but decreases with 
increasing energy. For tissue, the effect is not very important above 
about 100 keV photon energy; 

(2) Compton effect, where some of the photon energy is imparted to an 
electron, which is ejected from the atom. The photon continues at a 
different angle to its incident direction with reduced energy. It may then 
interact with electrons of other atoms until all its energy is lost. This 
process is proportional to the atomic number of the material and decreases 
slowly with increase in photon energy. It is the predominant process below 
photon energies of several MeV; and 

(3) Pair production, where, if the photon energy exceeds 1.02 MeV, the 
photon can interact with the nuclear field of the atom to produce an 
electron-positron pair. This process becomes dominant above photon 
energies of several MeV. 

Charged particles may interact with the electrons of an atom to produce 
ionization or with the nucleus to put it into an excited state. It will 
then return to its normal state with the emission of photons. Neutrons may 
be absorbed by atoms in tissue, such as carbon, hydrogen and oxygen, and 
emit protons which will interact with atoms in the same way as charged 
particles. In addition, heavy charged particles and neutrons may interact 
with the nucleus of an atom and produce other heavy particles or neutrons, 
as well as emit photons; neutrons may also cause fission processes to 
occur in some atoms. 

Ionization Processes 

Any orbital electrons removed from an atom by photon or charged particle 
processes will have a considerable energy. They may strike an outer 
electron of an atom and produce an ion pair i.e., a negative ion, which is 
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a free electron and a positively charged ion, which is heavy by comparison 
with the electron. At each ion pair production, the electrons will lose 
approximately 35 electron volts (eV) of energy and the ionizing electrons 
will continue their path producing further ion pairs until a?.l their energy 
has been expended. The negative and positive ions may recombine or combine 
with other ions to produce neutral atoms again. If an electric field is 
applied between two electrodes, the negative and positive ions between them 
can be separated and collected. The negative ions electrons), being 
relatively light move to the electrode much more quickly than the positive 
ions. 

The amount of ionization along the path of a charged particle will vary, 
depending on its energy and mass. The ionization produced per unit path 
length by electrons and beta particles is the same (if they have the same 
energy). On the other hand, that produced by alpha particles and protons 
is very much greater due to their heavier mass and slower movement through 
an absorbing medium. The energy deposited per unit path length by ion 
pairs produced by different radiations is referred to as the linear energy 
transfer (LET) and is measured in keV per micron (/*m). Some average values 
of LET in water are given in Table 2.1. 

Table 2.1 
Average Values of LET in Water 

Radiation LET (keV//im) 

22 MeV photons 0.19 
2 MeV electrons 0.20 
Co 7-rays 0.23 

200 keV photons 1.7 
3H ^-particles 4.7 
50 keV photons 6.3 
5.3 MeV o-particles 43 

Properties of Radiations 

(1) Alpha particles. Alpha particles may have one or several discrete 
energies when emitted from a nucleus. These energies are mostly between 4 
and 8 MeV. The alpha particles travel in straight lines from their point 
of origin and have very definite ranges, which depend on their energies. 
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For 4 MeV alpha particle^, the range in air is about 2 cm and for 8 MeV, 
nearly 8 cm. Alpha particles are very easily absorbed in matter, e.g., 
thin paper or the outer dead layer of the skin will absorb them. Because 
of the high ionization produced per unit path length by alpha particles, 
they are referred to as high LET radiation. 

(2) Protons. These are produced either when neutrons bombard atums or in 
high energy machines. They have similar properties to alpha particles, but 
have greater ranges in air - for those produced by neutron interactions, 4 
MeV protons have a range of the order of 20 cm and 8 MeV protons about 75 
cm whilst high energy protons which can be produced in machines at 200 MeV 
have ranges of the order of 250 m. They are not absorbed as easily as 
alpha particles. Protons are also high LET radiation. 

(3) Beta particles. These are essentially high speed electrons emitted 
from the nucleus with a continuous range of energies up to the maximum for 
a particular radionuclide. Their average energy is about 1/3 or 1/4 of the 
maximum energy of emitted particles. The maximum energy may range from a 
low value (0.1 MeV or less) up to about 4 MeV for some radionuclides. 
Unlike alpha particles, they do not travel in straight lines, but in a 
haphazard manner due to collisions with atomic electrons. For the highest 
energy beta particles, the total range can be several metres. For a 
particular radionuclide, however, the range of most beta particles emitted 
is very much shorter than that of the highest energy beta particles. 

They do not produce very much ionization along their tracks, although the 
ionization produced in the total path would be much the same as that for an 
alpha particle of the same energy. Accordingly, they are low LET 
radiation. They are easily absorbed - 1 to 2 mm of low atomic number 
material, e.g., aluminium, tissue, carbon, etc. will absorb most of the 
beta particles emitted from a radioactive source. Very few beta particles 
emitted from a source would penetrate 1 cm of tissue. They are very easily 
absorbed in much thinner materials of high atomic number. However, with 
such materials, they can interact with the electric field of a nucleus with 

I j i the emission of Bremstrahlung (X-rays); these can be quite energetic and 
'. , U very penetrating, although their intensity is low. 

(4) Photons. X-rays and gamma-rays have exactly the same properties as 
"' each other - their only difference be'.ng in the manner of their formation. 

J ^ Their energies may range from 5 keV to tens of MsV. As they pass through 

\ 
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matter, they lose energy by several processes - photoelectric, Compton 
scattering and, above 1.02 MeV, pair production. The electrons resulting 
from these processes will produce ionization in matter as they pass through 
it. The ionization produced per unit path length by photons is similar to 
that produced by beta particles and they are also low LET radiation. 

Photons travel in straight lines until they interact with atoms and either 
lcie their energy or are deviated. However, their intensity will decrease 
with distance due to absorption in matter and to the increasing size of the 
radiation beam as it moves away from its source. Except at points close to 
the source, the inverse square law applies; that is, the intensity 
decreases inversely as the square of the distance from the source. For 
example, at 2m from a source, the intensity is 1/4 that at 1 m; at 3 m, it 
is 1/9 and at 4 m it is 1/16. 

As photons pass through matter, they are absorbed and scattered by the 
various processes such that the intensity of a photon beam can be reduced 
quickly. Their rate of absorption depends on their energy and the type of 
material - for example, absorption is much greater in heavy materials such 
as iron, concrete and lead than in lighter materials such as aluminium and 
tissue. There is no simple relationship between energy and depth of 
tissue, for example, due to the changing energy spectrum of the beam as it 
passes through tissue. All absorption data have been derived 
experimentally and are very dependent on the size of the radiation field, 
distance between the source of radiation and the material, etc. 

Concepts and Qualities Relating to Radiation 

Two concepts arise when referring to radiation that affects individuals. 
These relate to the terms "exposure" or "dose" as distinct from 
"contamination"; it is important to distinguish between these concepts. 
Exposure is often used in the sense of "exposed to"; for example, if an 
individual is in an X-ray beam (perhaps for a chest X-ray examination), 
he/she undergoes radiation exposure because he/she is exposed to the beam; 
as a result of that exposure, a radiation dose is received. Exposure is 
also a scientifically defined quantity of radiation which relates to the 
amount of ionization produced in unit mass of air. Both uses of the term 
are perfectly acceptable. 
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Historically, exposure has been measured in terms of the rontgen (symbol R) 
for X-rays and gamma-rays. This unit is still commonly used and preferred 
by many people to the new SI unit of coulomb/kilogram. The definition of 
the rontgen cannot be applied directly to the measurement of alpha and beta 
particles but alternative quantities have been used in the past, based on 
the amount of ionization produced in unit mass of air. 

Because medical practice is more concerned with the amount of energy 
deposited in tissue rather than with the ionization produced in tissue, the 
quantity "absorbed dose" (symbol D) is used in preference to "exposure" 
when tissue is exposed to radiation. The absorbed dose can be related to 
the amount of ionization produced in a small mass of tissue (or any other 
material) and depends on the radiation energy and type of tissue involved. 
It is expressed in terms of the gray (symbol Gy); 1 Gy corresponds to the 
absorption of 1 joule of energy in 1 kilogram of material (i.e., 1 Gy - 1 
J/kg). The pre-SI unit, the rad, is still commonly used; 1 Gy - 100 rad. 

The biological response of a tissue or an organ to radiation is important 
in medical practice, particularly in radiotherapy as the success of a 
treatment ultimately depends on that response, although this may vary 
between individuals for the same delivered dose. In radiation protection, 
biological response is also important but, because of the differing 
individual responses, it cannot be taken directly into account when 
prescribing limits for radiation exposure. Instead, a factor relating to 
the LET of the radiation is used. This is referred to as the "quality 
factor" or, nowadays, the "radiation weighting factor." These factors have 
a biological implication, however, in that biological response is 
dependent, inter alia, on the amount of ionization produced per unit path 
length. For radiation protection purposes, the quantity "equivalent dose" 
is used when single tissues or organs are irradiated. This is equal to the 
product of the absorbed dose and the quality factor or radiation weighting 
factor, appropriate to the type of radiation involved. Equivalent dose is 
measured in "sievert" (symbol Sv). The pre-SI unit, the rem, is still 
commonly used; 1 Sv - 100 rem. 

In practice, it is quite common to use the term "dose", when strictly 
speaking "exposure", "absorbed dose" or "equivalent dose" should be used. 
Usually, the context in which "dose" is used implies which term is meant. 
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Contamination is a very different concept. It refers to radioactive atoms 
that are in or on material or in the air and that are undesirable; in 
other words, those atoms have not been placed there for a specific purpose. 
Whilst contamination remains in place, it becomes a source of exposure; *" 
alpha and beta particles and photons emitted by the atoms can cause 
ionization in tissue and hence there will be an absorbed dose to that 
tissue. Removal of that contamination means that there will be no further 
dose to the tissue. i' 
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CHAPTER 3 

RADIATION INSTRUMENTATION 

In an accident situation where radiation exposure of an individual occurs, 
it is important to be able to detect or measure the radiation and, in many 
instances, to determine the radiation dose received. From this, the risks 
of exposure to the individual can be assessed and hence judgement made on 
the continuance or modification of a course of treatment. 

11 

Instruments used in these situations are divided into two main groups. 
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(1) Detection instruments. These are used primarily for detection of 
radioactive contamination, by measuring the number of disintegration events 
occurring in a given period of time in the detection medium. If this 
number exceeds a prescribed value, then action to lower the contamination 
should be instituted; once the level is below the prescribed value, such 
action may be discontinued. In these cases, the dose to the individual is 
often not of great concern. If the level cannot be reduced sufficiently, 
the dose can become important and much more sophisticated detection 
equipment such as whole body monitors, thyroid monitors, shadow monitors, 
etc. may be necessary. These measure the disintegration rate much more 
accurately and this can be converted into absorbed dose; the risks to the 
individual can then be assessed. 

(2) Exposure or dose measurement instruments. These are used primarily 
for the measurement of radiation levels in the environment or from 
radiation emitting devices or radioactive sources when external exposure of 
individuals occurs. Measurements of exposure can be converted into 
absorbed dose and the risks of the exposure can then be assessed. The 
instruments may either measure a rate or integrate an exposure ox dose over 
a given period of time. 

The detection mechanisms associated with these instruments involve either-

ionization produced by radiation in either a gas volume or a 
solid, with the ions being collected at electrodes which have a 
high potential difference between them; or 

i 
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«• excitation of atomic electrons produced by radiation in either a 
liquid or a solid medium, with light photons being emitted upon 
return of the electrons to their normal state. The light photons 
are detected in a photomultiplier tube and then amplified. 

In both mechanisms, the collected ions and the amplified light photons are 
processed by the measurement system into a form which can be read. 
Differences between the different types of instruments are outlined below. 

Ionization Detectors 

(1) Gaseous ionization detectors. These detectors consist basically of an 
outer chamber containing air or gas and electrodes. When radiation enters 
the chamber, it will produce ionization and the electrons will be attracted 
to the positively charged anode and the positive ions to the negatively 
charged cathode. The detector is usually designed with the anode being a 
wire running centrally through the gas volume and held at a positive 
potential, with the walls of the chamber forming the cathode at earth 
potential. By this means, the electric field is concentrated near the 
centre of the detecting volume so that the electrons are collected quickly, 
thereby minimizing the response time of the detector. Ionization chambers 
filled with air have a similar response to that of tissue and the charge 
collected will be proportional to the energy deposited in the gas volume. 
If thp anode and walls of the chamber are "air equivalent", the response 
will be nearly independent of the energy of the radiation over a wide 
range. If charged particles are to be measured, the entrance window of the 
chamber is made thin enough to allow them to enter the chamber without too 
much loss of energy. 

(2) Proportional chambers. These are similar to the gaseous ionization 
chambers, except that a much higher voltage is applied to the anode and the 
electrons produced by the incident radiation acquire sufficient energy to 
produce further ionization in the volume. This multiplies the number of 
electrons available for collection manyfold, with the result that much 
lower levels of radiation can be detected and even single events can be 
recorded. The charge collected at the anode is proportional to the energy 
of the incident radiation, whereas with conventional ionization chambers, 
this is no t the case. 
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(3) Gelger counters. Further increases in the potential between the anode 
and cathode lead to saturation conditions and no further increase in 
ionization is possible. At this stage, single events are recorded and 
there is no longer proportionality between the energy of the incident 
radiation and the size of the charge collected at the anode. Geiger 
counters, which make use of this principle, have good sensitivity, but, 
because of their construction, have poor energy response to photons, 
particularly to those below 100 keV in energy, as the chamber walls can 
have a considerable effect on absorption of the incident radiation. 

(4) Solid state detectors. These detectors are basically ionization 
chambers, with the detecting volume being of semi-conducting solid 
material; the ions produced are still collected at electrodes. Their 
greater density compared to gaseous detectors gives them advantages due to 
their ability to completely absorb beta particles and to significantly 
absorb X-rays and gamma-rays. This results in a much greater deposition of 
energy in the detecting volume and hence in much greater ionization. In 
addition, the two most commonly used materials - silicon and germanium 
require much lower energies to produce an ion pair, i.e., 3.6 and 2.9 eV 
respectively, than is required in most gases (about 25 - 35 eV). This 

\ means that, for solid state detectors, there could be 8 to 10 times the 
\ number of ion pairs produced. Thus, these detectors also give a much 

<\ better accuracy in the measurement of radiation. 

Because silicon has a lower atomic number than germanium, it is commonly 
used for measurement of charged particles and low energy photons (less than 
30 keV), whilst germanium may be used for the more energetic charged 
particles and for photons of energy ranging from 10 keV to several MeV. 

Being made of solid material, however, ions are not as free to move in them 
as in gaseous ionization chambers; the fewer free charge carriers and 
trapping centres there are in the material, the better (these may combine 
with the ions produced and prevent or delay them reaching the electrodes). 
Thus, the materials need to be very pure or may be used as diffused 

j junction detectors, surface barrier detectors or passive ion-implanted 
' ! •' silicon detectors. Cooling of the material with liquid nitrogen assists 

materially in resolution of the different energy radiations, but such 
. , techniques are for laboratory use only where whole-body monitoring or 
_̂ radionuclide analysis is required. 

if 

i : 
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Scintillation Detectors 

These detectors are of the second type, i.e., they rely on the excitation 
of atoms in the detection medium rather than on ionizatfon. Shortly after 
excitation, electrons in the excited state return to their original state 
and release their energy in the form of light photons. These photons can 
be detected by the cathode of a photomultiplier tube. An electron released 
at the cathode by a photon is multiplied at each of several stages in the 
photomultiplier tube, resulting in a large current pulse at the anode. 

Liquid scintillation counters are commonly used for alpha and beta particle 
detection where high efficiency and low backgrounds are more important 
considerations than resolution. Solid scintillation systems have high 
efficiencies for X-rays and gamma-rays in a relatively small volume 
detector. The response of scintillation detectors to photons of various 
energies may be constant over a wide range, depending on detector type and 
thickness and on the type of housing material; however, this response needs 
to be checked for each detector. 

Detector Readout 

All detectors ultimately produce a charge pulse at their output, in the 
form of a pulse of electrons at the detector anode. This pulse must be 
taken, shaped and amplified through the various conditioning electronic 
circuitries in order to be recorded in the counting device. Output pulses 
from the amplifier may be counted through a single channel analyser if it 
is not required that the information provided be related to the energy of 
the radiation incident on the detector. If it is necessary to relate the 
output to the different energies of the incident radiation, then high 
resolution by use of a multichannel analyser is necessary. 

Personal Monitors 

Reference is made to personal monitors here because they are different to 
the above and are used to monitor staff and others involved in the 
management of accident patients when those patients have significant 
amounts of radioactive contamination on them. They are small enough to be 
clipped into a pocket or attached to clothing. They integrate the doses 
received by the wearers and serve to determine if they have exceeded 
permitted dose levels. They are not necessary when treating patients who 
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have only been exposed to external sources of radiation and cannot be used 
to detect contamination in the accident or hospital scene. 

Personal monitors are generally -

(1) Quartz fibre electrometers (QFEs) (or similar names). These are 
basically ionization chambers, similar in size and shape to a pen torch. 
They contain a small fibre which can be viewed through an eyepiece. The 
fibre is initially charged, but after being exposed to radiation, its 
discharge position will correspond to the dose it has received. They have 
an advantage in that the dose can be read by the wearer at any time. 

(2) Integrating electronic dosemeters (IEDs). These basically consist of 
a radiation-energy-compensated geiger detector with electronic circuitry 
which integrates the doses received. Various models have features which 
permit reading of the dose by the wearer at any time and provide an audible 
alarm if the radiation intensity exceeds a pre-set dose rate. 

(3) Film-badges. These are small pieces of special radiation monitoring 
film (similar in size and appearance to a dental X-ray film) placed inside 
a special holder containing different filters of plastic and metal and worn 
usually at chest or waist height. Upon development, a pattern can be seen 
on the film in areas which correspond to the different filters (provided 
the dose is high enough) . Measurement of the densities in the different 
areas and comparison with other films exposed to known radiation doses make 
it possible to estimate the dose received by a worn film. Film badges must 
be sent to a central laboratory for processing and dose evaluation. 

(4) Thermoluminescent dosemeter badges (TLD badges). These are made of 
special thermoluminescent material of similar size to monitoring film and 
are placed inside a holder containing different filters of plastic and 
metal (this holder is different to the one used with films). The TLD 
material used in these badges is affected when exposed to radiation; upon 
subsequent heating, it gives off light photons which can be measured. This 
light is then compared with that given off by other badges that have been 
exposed to known doses of radiation, thereby making it possible to estimate 
the dose received by a worn badge. Like film-badges, these must also be 
sent to a central laboratory for dose evaluation. 
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Response of Instruments 

Instruments respond differently to radiation and their responses must be 
known before using them. Some instruments must be calibrated against 
standard radiation sources if accurate assessments of the measured quantity 
are required. For others, calibration is not necessary but reference must 
be made to the manufacturer's documents to determine their suitability for 
the purpose chosen. 

f.' 
i i 

,\ 

For contamination monitoring, a monitor will record counts per second or 
counts per minute. The reading may need some correction for the energy of 
the incident radiation; more importantly, correction may be necessary for 
any absorption of particles in the entrance window of the detector. If the 
detector absorbs a considerable fraction of incident particles, the actual 
disintegration rate of the radioactive material will be much higher than 
that indicated by the instrument. Geometry corrections for measurement 
area, detector area and their separation may also be necessary. 

i 

For exposure or dose measurement, the reading may be in any one of R/h, 
rad/h, rem/h, Sv/h or in sub-multiples of these units and in terms of 
minutes or seconds rather than hours. If the measurements are to be used 
for determination of absorbed dose to a patient, then correction will be 
necessary for the radiation energy and a proper calibration of the 
instrument is necessary. Calibration should enable the results to be given 
in terms of absorbed dose rather than exposure, even thcugh many of these 
instruments basically measure exposure, i.e., ionization in air. If used 
for beta measurement, absorption in the window could be significant, in 
which case it must be allowed for. 

Care and Use of Instruments 

In making measurements related to a patient involved in a radiation 
accident, the most appropriate instrument(s) must be used. In determining 
this, it is necessary to know if the measurement is to be related to 
exposure (or dose) or to contamination. 

If exposure, the following information is needed -

% 

• the type of radiation, i.e., particle or photon; 
• energy of the radiation; 
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region(s) of the body exposed; 
duration of exposure in each region; and 
the need for estimates of dose at depth in tissue. 

If contamination, the following information is needed -

• the radionuclides involved; 
chemical form of the material; 
mode of entry to the body (inhalation, ingestion, wounds, body 
orifices); and 

• if superficial, location on the body. 

Tht; above information will assist in choosing the appropriate instruments. 
The radionuclides involved will indicate the type of radiation (i.e., 
alpha, beta and/or gamma) and its energy. 

Instruments can be easily damaged and care must be taken in their use. For 
example, for those instruments where the probe or detector is connected to 
the monitor by a flexible cable, the probe should not be swung by the 
cable. Care should be taken that the cable connections at the probe and 
monitor are not twisted or loose. The windows in instruments used for 
detecting alpha and beta particles are very thin and can be easily damaged. 
Checks should be made to ensure they are intact and not damaged. Damage 
can allow light photons into the detector with a very high response being 
obtained. With some instruments, electric fields and high humidity may 
interfere with their response. Tests should be carried out to determine if 
this is likely to be the case. 

In use, instruments should be turned on and a reasonable warm-up time 
allowed; then the high voltage settings and the batteries should be 
checked. Following that, the zero settings on the instruments should be 
checked and check sources (i.e., sources containing very low levels of 
radioactive material) used to ensure the instruments respond to radiation 
properly. Background measurements should be made before any other 
measurements are carried out. The background can vary considerably, 
depending on location and will be affected by the presence of concrete and 
brick walls. Accordingly, background measurements should be made close to 
the region where instruments are to be used. Measurement of the background 
radiation close to a brick wall often serves as a useful indicator that 
instruments are working properly, if a proper check source of low activity 
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is not readily available. In addition, instruments should be checked 
regularly to ensure they remain functional, as their use may be needed at 
unexpected times. 

In making measurements of radioactive contamination, any cap or shield 
covering the window of an instrument should be removed if beta particles 
are involved. The instrument will then measure beta and gamma radiation. 
For gamma-rays only, the cap or shield should be in place as it is usually 
thick enough to absorb beta particles. The instrument chosen initially 
should have a relatively large window, but this can be replaced by one with 
a small end-window detection probe as the need arises to check around eyes, 
wounds, etc. 

Persons involved in measuring contamination should don appropriate 
protective clothing - gowns (such as surgical gowns), overshoes and gloves. 
Headwear and face masks may also be necessary, depending on the degree of 
contamination involved. The monitor probe should be placed in a plastic 
bag provided it does not absorb alpha particles. When alpha monitoring is 
to be undertaken, prior checks should be made to ensure the plastic bag is 
thin enough to transmit the alpha particles. With these precautions, there 
should be no transfer of contamination from the contaminated person to 
anyone carrying out the measurements or to the instrument. 

Procedures to be followed in the monitoring of radioactive contamination on 
individuals are given in Chapter 9. 
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CHAPTER 4 

RADIATION BIOLOGY 

Biological material is made up of millions of cells that are continually 
undergoing change. Cells go through definite cycles and a large proportion 
of them is renewed many times over in the lifetime of an individual. Other 
cells serve their purpose, die and are not renewed. Dead cells are 
discarded in body wastes or sloughed off the skin. The life of some cells 
is short - a few days; for others, it may be weeks or months and those that 
are not renewed (e.g., ova and nerve cells) may last a substantial portion 
of a lifetime. When cells are renewed, they undergo three stages of an 
interphase process before dividing in the fourth (mitotic) stage to form 
new identical daughter cells. Normally, there is a balance between death 
and production (renewal) of these cells. 

Cells consist of a watery solution of various chemicals bounded by a 
membrane which forms a selective barrier to most polar molecules. Through 
that membrane pass fluid, nutrients, oxygen, waste products and the various 
components by which some cells carry out their functions. Within the cell 
are other organelles bounded by membranes separating the various 
components. The most important organelle is the nucleus, which is present 
in every cell capable of reproducing itself. 

The nucleus contains chromosomal material, of which DNA (deoxyribonucleic 
acid) is the most important material. It serves as the master blueprint 
for the cell and determines what types of RNA (ribonucleic acid) are 
produced. The RNA, in turn, migrates out of the nucleus into the cytoplasm 
and specifies the order in which the amino acids are joined to produce the 
required type of protein. The DNA takes the form of a twisted ladder or 
double helix, the sides of which are strands of alternating sugar and 
phosphate groups. The strands are linked together by alternate pairs of 
cytosine and guanine and of thymine and adenine. A section of DNA that 
codes for one protein is referred to as a gene. DNA must be replicated 
perfectly during each cell cycle for the new cell to perform its function 
properly. 

Chromosomes consist of two highly convoluted supercoils of DNA and 
associated protein. The double coils are joined at one spot - the 
centromere, which must be present for the appropriate movement of the 
chromosomes during mitosis. There are 23 different pairs of chromosomes in 
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the body and each exerts its own control over the cells by determining the 
types, timing and quantities of proteins to be produced. 

Cells can be damaged by physical injuries and by agents such as extremes of 
temperature, chemicals, radiation, etc. Repair of cells is a major process 
that occurs in cells and after such damage, repair or replacement usually 
takes place. Effective repair or replacement will depend on the type of 
cell involved, the extent of the damage and the time in the cell life cycle 
when the damage occurs. Failure of repair can result in delays and errors 
in cell division or in cell deaths and there may not be any balance between 
death and production of cells. This may result in later biological effects 
becoming manifest in the affected individual. 

Radiation Damage to Cells 

If radiation interacts with cells, it imparts energy to them; this occurs 
in about 10 second. Any damage from this is not immediately visible, 
but clinical signs may appear later (hours, days, weeks or years). Damage 
arises in either of two ways -

• direct effects are produced when radiation interacts directly 
with the cell molecules; and 
indirect effects are produced when radiation interacts with water 
in the cell to produce free radicals. 

Highly reactive molecules such as the hydroxyl and peroxyl radicals are 
short-lived but have considerable energy and can readily break chemical 
bonds or combine to form hydrogen peroxide which has damaging effects on 
cells. Hydrogen peroxide will be more readily produced when there are many 
free radicals produced together spatially and close in time. 

Damage to individual proteins is probably not very important as there are 
thousands of these in a cell and they can be rapidly replaced. If the cell 
membrane is damaged, this can result in changes to its permeability to 
various molecules. In the case of nerve cells, this affects their ability 
to conduct electrical impulses. Damage to the nuclear membrane could 
affect the manner in which cells divide and thus their viability. 

The greatest damage to a cell, however, is that caused to the chromosomal 
DNA molecule. The nucleus is up to 100 times more sensitive than the 
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cytoplasm; this is mainly due to the fact that most celis only have one or 
two copies of each DNA molecule, whereas there are thousands of copies of 
other molecules which can be readily replaced. There are three major types 
of damage to the chromosomes -

(1) DNA base damage. This is the most common damage to the DNA molecule 
and is due primarily to the interaction of free radicals with the linkages 
between the strands; it can be rapidly repaired. If the cell remains 
unrepaired, it may survive and reproduce, although its function may be 
impaired; otherwise, it may die. 

"i J 
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(2) Single strand break. Breakage of one strand is easily produced by 
free OH radicals and can be quickly repaired. This type of damage is not 
as important as the other two types of damage to the chromosome. 

(3) Double strand break. Both strands of a DNA molecule may be broken 
either by a single event or by two separate events. At low doses, the 
number of breaks is proportional to the dose, as both strands are most 
likely broken by a single event; at high doses, the number of breaks 
increases quadratically due to opposite strands being broken by separate 
events, but close enough in time and space before repair of one of them has 
been effected. If double strands are not repaired, the ends of the 
chromosome at the site of the break attach themselves to the broken or 
unbroken chromosomes. This results in gross chromosomal aberrations -
fragments, rings, dicentrics, inversions, etc. Acentric fragments do not 
have any centromeres, whilst dicentric chromosomes have two centromeres. 
Dicentric chromosomes are almost uniquely identified as having been caused 
by radiation. 

n 

1 
When cell division occurs at mitosis, the survival of daughter cells 
requires that each receives a complete complement of chromosomes. For a 
chromosome to divide properly, it must have a single centromere; any 
chromosomal aberration present can prevent a proper distribution of the 
chromosomes and result in the death of a cell during the division. Death 
of a cell may also be caused by an unrepaired single strand break or DNA 
base damage, as these can also cause incomplete duplication of the DNA 
molecule at mitosis. Damage to the nuclear membrane is also known to play 
a role in the behaviour of chromosomes at mitosis and this can also lead to 
cell death. 
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The utilization of oxygen in cells and the breakdown of arachidonic acid 
(with the subsequent production of thromboxanes, leukotrienes and 
prostaglandins) normally causes the production of free radicals in cells. 
Cells are prepared to deal with a normal production of free radicals and 
use free radical "scavengers" to inactivate the molecules. Free radicals 
produced by ionizing radiation will also be acted on by these "scavengers". 
However, the number of free radicals produced by radiation may overwhelm 
the cell's capacity to deal with these substances. 

Response of Tissues to Radiation 

Not all cells have the same likelihood of being affected by radiation. 
Some are much more sensitive to radiation than others. The most 
radiosensitive cells are generally those that -

• are dividing at the time of exposure; 
• undergo numerous divisions in the normal coarse of their 

lifetime; and 
are of an undifferentiated type, i.e., unspecialized in structure 
and function. 

By contrast, cells that are highly differentiated, such as nerve cells 
which are not renewed during a persons's lifetime, are much more resistant 
to the effects of radiation. 

Tissue consists of groups of similar cells, organized to perform a common 
function; when exposed to radiation, tissue response will depend on a 
number of factors. These include -

(1) Type of cells. The most radiosensitive cells and tissues are -

• germinal (reproductive) cells of the ovary (oogonia) and testis 
(spermatogonia); 

• haematopoietic (blood-forming) tissues : re'l bone marrow, spleen, 
lymph nodes and thymus; and 

• epithelial cells of the gastrointestinal tract, 

and the most radioresistant tissues are -
• bone; 
• liver; 
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• kidney; 
cartilage; 
muscle; and 
nerve tissue. 

(2) The LET of the radiation. For low LET radiation, the most sensitive 
stages of the cell cycle with respect to cell death are mitosis and the 
early part of the scage where duplication of the single chromosome molecule 
occurs. For high LET radiation, all phases of the cell cycle appear to be 
equally sensitive. This is due to the greater deposition of energy per 
unit path length of high LET radiation compared to low LET radiation. This 
results in a greater production of ions and free radicals for the same dose 
and more damage is likely to be done to the cells. 

(3) Oxygen levels in cells. Oxygen can enhance radiation damage by 
increasing the formation of peroxides. Reducing the oxygen tension in a 
tissue can protect it from low LET radiation. High LET radiation response 
is not very dependent on this factor. 

(4) Dose rate. Particularly for low LET radiation, the rate of delivery 
of radiation can be important, i.e., whether it is acute, chronic or 
fractionated over a peri J of time. The longer the period of time, the 
greater is the possibility of repair mechanisms in the cells being 
effective. In addition, high dose rates result in the greater production 
of free radicals and their possible combination to form hydrogen peroxide, 
with consequent greater damage. High dose rates also lead to the greater 
probability of both strands of the DNA molecule being damaged. 

(5) Irradiated volume. To a large extent, the proportion of an organ or 
system irradiated to a significant dose governs its response and rate of 
recover. For systems, such as the haematopoietic system or the skin, the 
response can range from a negligible or perhaps undetected effect to a very 
damaging effect. Small superficial areas of the skin, for example, can 
tolerate relatively high doses without lasting detriment. 

In radiobiology, the term relative biological effectiveness (RBE) is often 
used for comparing the response.:; of a particular type of tissue to 
different types of radiation when the same dose is delivered to that tissue 
in the same period of time. The RBE is closely related to, but changes 
slowly with the average ionization per unit path length or with the energy 
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deposited per unit path length (LET). In practice, an RBE of unity is 
applied to 250 kVp X-rays as a reference level. 

As the dose is increased, so the resultant biological effects on tissue are 
increased. Depending on the above factors, the tissue (or system) may 
become permanently damaged or it may recover within a reasonably short 
period of time and normal functions restored. Sometimes, a small part of a 
single organ may be permanently damaged (e.g., the skin), but this may not 
affect body functions generally. Other times, non- o.- malfunctioning of an 
organ may, in itself, affect other bodily functions, with consequent ill 
effects even though the organs carrying out those functions may not have 
been exposed to radiation. If there is any disease existing prior to the 
radiation exposure or any other injury or trauma arising during or 
subsequent to the exposure, there is likely to be greater damage to 
tissues, with a reduced chance of recovery. 

It has been shown that certain chemical agents, if taken prior to exposure 
to radiation, can reduce damage to cells by a factor of 1.5 to 2. It has 
been suggested that they might scavenge free radicals, donate hydrogen 
atoms to free radicals or attach themselves to sensitive portions of target 
molecules, thereby protecting them, or reduce oxygen levels in the cells, 
thereby making them more radioresistant. Their mechanisms are not yet 
fully understood. Most of them are toxic and have to be given in near 
tolerance doses to have a detectable effect. However, a few show promise 
of being clinically important. 

Response of Body Systems to Radiation 

(1) Haematopoietic system. This system comprises the blood-forming 
tissues - red bone marrow, spleen, lymph nodes and thymus and has within it 
stem cells, many of which undergo frequent division; as many as 10 new 
blood cells are formed every day in the bone marrow. The cells of this 
system comprise platelets, erythrocytes (red blood cells) and leukocytes 
(white blood cells, i.e., lymphocytes, monocytes and granulocytes 
(eosinophils, neutrophils and basophils)). 

Red blood cells live for about 120 days, whilst white blood cells, 
depending on their type, live from a few days to years. On the whole, the 
production of the various blood cells normally matches their loss. 
However, any damage to the body which modifies the rate of loss of the 
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different types of cells can result in a deficiency of certain cells for a 
period and this, in turn, will have ramifications in regard to the carriage 
of oxygen through the system, clotting blood, fighting infection and so 
on. For example, loss of platelets can result in bleeding problems, loss 
of white blood cells reduces resistance to infection and loss of red blood 
cells results in anaemia. 

Radiation damage to the cells of the haematopoietic system can, therefore, 
affect the body's general health status. In most radiation accidents, 
however, uniform exposure of the whole body does not occur and only limited 
sections of the haematopoietic system will be damaged. If as many as 10% 
of the stem cells are unaffected, they will continue to undergo mitosis and 
replenish damaged cells so that recovery will ensue in due course provided 
supportive care is given to prevent infection and bleeding. The number of 
cells damaged by radiation and hence the condition of the haematopoietic 
system can be judged and followed by carrying out blood counts (complete 
and differential) and absolute lymphocyte counts immediately after exposure 
and for some time afterwards. Lymphocytes, being very radiosensitive, die 
quickly after radiation exposure and the small lymphocytes do not normally 
multiply. With very high doses, their levels drop to zero and there will 
not be any lymphocytes in the peripheral blood. 

The change in the absolute lymphocyte count for large radiation doses is 
illustrated in Fig.4.1 - counts every 6 hours will show marked changes in 
the count if the dose is large. 

After an exposure, the number of white blood cells will be depressed and 
this can last for several weeks. Platelets and white blood cells drop to 
their lowest value at about 30 days after an exposure and this leads to 
purpura and haemorrhage. This is illustrated in Fig. 4.2, where a high 
dose of 3 Gy was received by the whole body. The rise in neutrophils after 
one day or so of the exposure would be due to a stress response and the 
second rise at about 15 days is an abortive rise. There is no significant 
effect on red blood cells for a considerable period of time due to their 
long life of about 120 days. 
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Fig. 4.1 Patterns of early lymphocyte response in relation to dose (taken 
from paper by G.A. Andrews). 
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'- I * Fig. 4.2 Typical haematological course and clinical stages after sublethal 
(about 3 Gy) exposure to total-body irradiation (taken from paper 
by G.A. Andrews). 
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The changes in blood counts are covered in more detail in the paper by G.A. 
Andrews attached at the end of this Manual 
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(2) Gastrointestinal tract. The walls of the intestinal tract have a 
mucosal lining with a tremendous absorptive surface. The surface area of 
this lining consists of tiny projections called mucosal villi which are 
about 0.5 to 1 mm in height and are covered with cells. At the base of the 
mucosal villi are depressions referred to as crypts of Lieberkuhn. Cells 
at the bottom of these villi divide every 24 hours and move up the villi 
and are eventually sloughed off with the passage of food through the 
intestine. The inner structure of the villi consists of loose connective 
tissue containing muscle cells and a rich network of blood vessels and 
lymphatics. The muscle cells provide for the pumping action of the villi. 
The cells themselves are covered with as many as 1000 microvilli and these 
increase the absorptive area of the intestine. Beneath the mucosal lining 
is a submucosa containing many blood vessels and lymphatics. The cells 
therefore provide an enhanced capability of absorption of nutrients etc. 
into the body through the blood vessels in the mucosa and submucosa. 

The rapid turnover of the cells in the villi requires a high rate of 
division which, in turn, makes this tissue very radiosenstive. Following a 
significant radiation exposure, the loss of stem cells may prevent 
repopulation for some time. There will be a period when the mucosa will be 
so denuded of cells that the gastrointestinal tract will not function 
normally. Food will not be absorbed, fluid will be lost and the area will 
become susceptible to invasion by organisms. However, some of the stem 
cells in the base of the mucosal crypt may survive and repopulate the area 
in time. 

(3) Skin. The skin is a very complex organ and consists of a dermis, 
which gives it bulk and an epidermis, which has an outer inert layer on it. 
The skin thickness varies on different parts of the body - on the trunk it 
might be 40-50 j*m and on the palms of the hands as much as 400 pm thick. 
It is made up of many layers of cells which move from the basal layer to 
the outermost layers over a period of about 15 days for many parts of the 
body, but for thick parts such as the palms this might be as much as 36 
days. These cells are all attached to each other by a series of 
specialized surfaces, called attachment plaques and these allow nutrients 
to seep into the skin and prevent an "easy" sloughing off of dead cells 
from the outermost surface of the skin. 

The functions of the skin are many and varied. They include -
• preventing loss of body fluids; 

1 
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• providing a protective barrier against bacteria, infection, 
chemicals, etc.; 
producing anti-bacterial complexes; 
producing Vitamin D, hormones and growth factors; 

• controlling body temperature; 
acting as an excretory organ; and 

• acting as a sensory organ. 

The protective function is achieved by the skin being an acidic, oily 
barrier composed of cells in numerous layers, ranging from germinal, 
dividing cells to superficial layers of dead cells. If radiation damages 
the basal or germinal layers of cells, these protective functions will be 
lost. 

Delayed Effects of Radiation Exposure 

Only when radiation doses are relatively high do effects become manifest 
shortly after the exposure, i.e., within hours, days or perhaps a few 
weeks. In the case of lower doses, effects, if they become manifest at 
all, will be at a much later time, i.e., months or years after the 
exposure. The damage done to cells may be either lethal or sublethal. 
Lethal damage requires a minimum or threshold dose which varies with the 
cell system or tissue irradiated, the type of radiation and the dose rate. 
The resulting effects are referred to as deterministic or non-stochastic 
effects. On the other hand, sublethal damage is repairable but with 
possible residual DNA alterations; it carries with it an increased risk of 
mutations of gene material occurring which might be expressed clinically 
years later. These effects may arise from very low doses and there is no 
threshold below which they do not occur. They are referred to as non-
threshold or stochastic effects. 

The clinical expression of sublethal damage depends on whether the affected 
cells are reproductive or somatic in nature. Damage to reproductive cells 
may result in inheritable genetic changes that are expressed in subsequent 
generations whereas damage to somatic cells may be expressed in the exposed 
individuals. Radiation-induced genetic mutations occur randomly. It is 
not possible to determine with certainty which individuals will develop 
clinical effects as a result of sublethal damage, but it is known that the 
probability of effects being expressed clinically increases with dose and 
depends on the type of tissue and radiation involved and on the dose rate. 
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The following delayed effects may occur following radiation exposure -

(1) Fibroatrophy. This occurs months or years after exposure to doses of 
several gray. Connective tissue is destroyed and replaced by fibrous 
tissue that directly or indirectly results in impairment of the blood 
supply to distal tissues. (This type of injury is a recognized hazard of 
radiation therapy.) Tissues in the irradiated field can be destroyed; 
pulmonary, renal or other tissue fibrosis will occur at these relatively 
high dose levels. There is loss of subcutaneous tissue and thinning of the 
skin due to impaired blood supply. The skin is sensitive to temperature 
changes, is easily injured and heals only slowly. 

(2) Cataracts. Those induced by radiation typically appear on the 
posterior surface of the lens of the eye and are characteristically 
different to those associated with senility, diabetes or trauma, which 
develop on the anterior surface. They can appear about 10 months or more 
after acute doses of at least 2 Gy of low LET radiation or after 
fractionated doses totalling 10 Gy or more. For high LET radiation, 
cataracts can be induced by a dose of 0.75 Gy or more to the lens. They 
often appear as punctate opacities that show little progression over the 
years and are visible with a slit lamp ophthalmoscope. 

(3) Infertility. In males, doses as low as 0.1 Gy have resulted In a 
temporary reduction in the sperm count, whilst doses of the order of 
several gray are necessary to induce permanent sterility. A nadir in the 
sperm count is reached about 45 days after an acute exposure, with return 
to normal counts over the next several months. Aspermia and oligospermia 
induced by doses of a few gray have, in radiation accident history, been 
temporary provided the individual was fertile beforehand. The period of 
infertility increases with increasing dose. These radiation exposures do 
not affect the secondary male characteristics. 

In females, the dose required to induce permanent sterility depends on the 
age, as all available ova are present at birth and gradually decrease in 
number. For younger females, doses might be of the order of 3 to 4 Gy, 
reducing to about 2 Gy for older females. Radiation-induced sterility in 
females is accompanied by symptoms of menopause. 

T 
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(4) Embryo/foetal effects, The nature and severity of these effects 
depend on the period of gestation and the dose and dose rate. Irradiation 
during the first 10 days post conception yields an all or nothing effect-
the embryo may be killed and aborted spontaneously or go on to normal 
growth and development without any damage being caused by radiation. 
During the period of organogenesis, foetal exposure can result in 
congenital malformations. (Malformations induced by radiation are 
indistinguishable from those caused by other means.) Congenital 
malformations, if severe, can lead to intrauterine death. With milder 
changes, the foetus may survive, but with consequences depending on the 
time of exposure. For example, the thyroid gland becomes active at 11-
13 weeks and, being small, will concentrate iodine to a greater degree than 
at older ages. The damage induced will be that much greater. For this 
reason, the administration to or intake by pregnant women of radioactive 
iodine should be avoided in this period, if possible Exposure in the third 
trimester may result in growth and development retardation. It has been 
shown that small head sizes, with related mental retardation can occur with 
doses above about 0.5 Gy. Recent reports also indicate that irradiation of 
the foetus between the 8th and 15th week of gestation at low doses can be 
associated with impaired mental capacity; this apparently arises from 
radiation-induced interference with neuron migration during development of 
the central nervous system; there is no threshold dose level for this 
effect. 

(5) Thyroid dysfunction. Depending on the dose, hypothyroidism or 
ablation of the thyroid can occur as a result of exposure to penetrating 
external radiation or uptake of radioactive iodine by the thyroid. Infants 
and children are much more sensitive than adults. 

(6) Hereditary effects. Although inheritable genetic effects have been 
found in large numbers of irradiated drosophila fruit flies and mice, there 
have not been detected any significant differences in hereditary defects i-.\ 

exposed human populations compared to non-exposed human populations. 
Whilst there have been some claims that there has been an increase in 
certain irradiated populations, it has not been possible to confirm such 
increases. 

(7) Tumorogenesls and carcinogenesis. These are probably the most 
important delayed effects and can, in theory, be induced by radiation in 
all types of tissue. Some tumours may be benign and others malignant. The 
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probability of these effects arising depends on the type of tissue exposed, 
the type of radiation, the delivered dose and whether the dose is acute, 
protracted or fractionated and on other factors. The probability of 
effects occurring increases with dose, the LET of the radiation and the 
shorter irradiation times. The bone marrow, colon, lung and stomach are 
considered to have the highest susceptibility to radiation-induced cancers; 
the bladder, breast, liver, oesophagus and thyroid, a moderate 
susceptibility; and bone surface and skin have a low susceptibility. The 
rate of fatal cancers may not be proportional to the susceptibility, as 
thyroid cancer, for example, is rarely fatal. 

The most important biological or host factors that influence the expression 
of radiation-induced cancers are age, sex and genetic heritage. The risk 
of developing radiation-induced cancer appears to be greatest when exposure 
occurs at a younger age, although the cancer is not expressed until the age 
at which the background rate begins to increase in the non-exposed 
population. Thus, the younger the exposed population, the longer will be 
the latent period for most types of solid cancer. The tissues most 
susceptible for radiation-induced cancer are the breast and thyroid and the 
rates of these are much higher in females than in males. The apparent 
greater overall carcinogenic effect of radiation in females can be 
accounted for almost entirely by increases in the risk for these cancers. 
It is also known that certain sub-populations are particularly susceptible 
to radiation-induced cancer because of unrelated inherited genetic defects; 
patients with Blums and Fancomes syndrome or Down syndrome are examples of 
such populations. 

The malignancies that have been strongly associated with prior radiation 
exposure are leukaemia (all types except chronic lymphocytic) and certain 
solid tissue cancers, including those of the lung, female breast, thyroid, 
bone and skin. The latent periods for these are generally accepted to be 
2-5 years for leukaemia and 10 years for solid cancers. Leukaemia in an 
exposed population appears to increase to a maximum about 10 years after 
exposure and then plateaus before decreasing to the natural base-line level 
in the non-exposed population, at about 25 years after exposure. Solid 
cancer incidence begins to increase at about 10 years, peaks at about 15-20 
years after exposure and then is sustained at a plateau level, possibly for 
the lifetime of the population. 

' - ^ - ^ — — — • • 
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CHAPTER 5 

BIOKINETICS OF RADIOACTIVE CONTAMINATION 

In an accident involving radioactive material, it is possible that 
individuals could become contaminated with the material. The contamination 
may be -

• external, i.e., it is deposited on the skin (and clothes) or in 
wounds or body orifices; 
internal, i.e., it is inhaled, ingested or administered 
intravenously or somehow else; or 

• both external and internal. 

Contamination may be transferred to other individuals or translocated to 
other parts of the body, as shown schematically in Fig. 5.1 below. To 
minimize such transfer or translocation, the early removal of as much of it 
as possible is urgent. Removal is done by physical or chemical means, but 
internal contamination may also be excreted, exhaled or lost in 
perspiration. In most situations, the underlying concern is to reduce the 
possibility of cancer occurring many years later; contamination would 
rarely give rise to observable symptoms in the intermediate or short term. 

Sweat 

Fig. 5.1 Schematic representation of routes of entry, metabolic pathways 
and possible bioassay samples for internally deposited 
radionuclides. 
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A. External Contamination 

Any contamination deposited externally on the body may enter the body 
systems and be translocated to different parts of the body; it may then be 
excreted or removed in a similar manner to internally deposited 
contamination. The rate of entry to body systems depends on the chemical 
form of the radioactive material and on the region of the body where it is 
deposited. 

Skin 

Radioactive material may adhere to the skin for a number of reasons. These 
are -

• surface tension plays a role and if this is increased, materials 
adhere more readily; 

• electrostatic charges on the skin and hair attract and retain 
airborne particles which are oppositely charged; 

• materials may form complexes or a bonding with the chemical 
components of the skin, i.e., with body oils, perspiration or the 
keratin contained in the skin cells; 

• materials may be impacted on the skin; and 
• materials can be trapped under small flakes of skin and in areas 

where there are skin folds or rough and grimy surfaces (the 
finger nails are good examples of "scales" and form ideal traps 
for materials). 

The outer dead layers of the skin form a hydratable mass and materials can 
dissolve in perspiration and body oils and then diffuse into the cells of 
these layers and build up there. (This diffusion can be increased 
substantially by covering the dead layer of cells with plastic, for 
example, for a period of time). As build-up of material occurs, there is 
diffusion from an area of high concentration to one of lower concentration 
and eventually the materials will enter the blood capillaries. This 
diffusion is slow and depends on the chemical form of the material and the 
part of the skin involved. On the other hand, diffusion may also occur in 
the opposite direction; over a period of time, a build up of materials 
absorbed into the body may diffuse to the skin surface and be excreted by 
the skin. 
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If there are any wounds in the form of abrasions, punctures or lacerations 
in the skin, radioactive material may dissolve quickly in the wound fluids 
and enter the bloodstream and be translocated to various parts of the body. 
The rate of dissolution depends on the chemical form and particulate size 
of the radioactive material. 

Body Orifices 

Access to the body is facilitated through the normal body orifices. 
Contamination deposited in the mouth may be swallowed and taken into the 
gastrointestinal tract quickly; that in the mucocutaneous junction of the 
nose can remain there for about 60 minutes or longer but any that is 2-3 cm 
above the junction can be cleared and swallowed within about 10-20 minutes. 
Any contamination in the eyes may pass through the nasolacrimal duct and 
thence to tho gastrointestinal tract; any in the ears may cross membranes 
and be taken into body fluids. Thus, material in these body orifices may 
be subsequently translocated to organs and tissues or it may be excreted. 

B. Internal Contamination 

Any material, whether it is radioactive or not, that enters the body will 
be either eliminated by natural processes or translocated to various organs 
and tissues. Once incorporated, it will stay there for a period of time. 
Subsequently, it may leave that organ or tissue, recirculate through the 
body and then either be eliminated from the body, taken up again by that 
organ or tissue or taken up by another organ or tissue that has an 
affinity for it. 

The movement of material through the body depends on -

• the particular element involved; 
• its chemical form; 
• its solubility; and 
• the particle size and the size distribution - for inhaled 

material, the particle size will determine the part of the lung 
where deposition will occur. 
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The period of retention of any material (radioactive or not) in an organ or 
tissue is characterized by its biological half-life. This time may range 
from hours to years and depends on the organ or tissue involved, the 
chemical form of the material and on characteristics of the individuals 
involved. For the same material, this half-life can vary over a fairly 
wide period of time between individuals and only typical values can be 
quoted for this parameter. If the material is radioactive, the reduction 
in radioactivity in the particular organ or tissue is at a greater rate 
than what it would be for radioactive decay alone. The combination of the 
biological and radioactive half-lives gives rise to the effective half-
life, which can be calculated from the formula -

„. . ,,,-,.-- radioactive half-life x biological half-life 
effective half-life - — — — , . c .. c—. .. , .—T I_ ->C •, -g 

radioactive half-life + biological half-life 
If the radioactive and biological half-lives are very different, the 
effective half-life is just smaller than the shorter of these two; if they 
are nearly equal, the effective half-life is significantly shorter than 
either of them (e.g., if they are both equal, the effective half-life is 
one half of each of them). 

The principal pathways for excretion are the urine and faeces. There may 
be some loss of contaminants by exhalation or through perspiration, but 
these are small compared to the other two routes. Concentration of the 
radionuclide in urine is related to that in the blood. Faeces have two 
components -

• insoluble material that has been ingested or is from lung 
clearance passing unabsorbed through the gastrointestinal tract; 
and 

• excreted systemic material via bile and gastrointestinal 
secretions. 

Knowledge of the rate of excretion of radioactive material gives 
information on the amount remaining in the body, although there may be 
significant differences between individuals who show the same excretory 
rates, due to their different metabolisms. Readily soluble radioactive 
material is excreted in the urine within a few hours of intake, the amount 
increasing over the first twenty-four hours. If there is little excreted 
in the urine, but a significant amount in the faeces within a few days, 
then the material was probably relatively insoluble and some of the 
particles were large enough to pass through the nasopharyngeal (NP) region 
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of the lungs and be cleared from the tracheobronchial (TB) region into the 
gastrointestinal tract, without proceeding into the pulmonary (P) region. 

In general, the doses received from radioactive material which enters the 
body depend on -

A '• 

the radionuclide(s) and its decay scheme; 
the route of intake into the body; 
the chemical form and particulate size of the radioactive 
material; 
the organs (and tissues) and their masses, which take up ;he 
radionuclides; 
the distribution of the radionuclide(s) in an organ or tissue; 
the elapsed time between intake and uptake of the radionuclide by 
an organ or tissue; 
the degree of elimination of the radioactive material between 
intake and uptake; and 
the biological half-life of the radionuclide in an organ or 
tissue. 

Inhaled Material 

A significant amount of inhaled radioactive material may be exhaled quickly 
and this will not cause any concern for long-term effects. Some inhaled 
material may be swept into the pharynx by the bronchial ciliary clearance 
mechanism and subsequently swallowed to the gastrointestinal tract. The 
remainder of the inhaled material will be deposited in the NP, TB or P 
regions of the respiratory system, the deposition depending to a large 
extent on the particle size of the material. 

J 

Particles of size less than 1 pm AMAD (activity median aerodynamic 
diameter) will be deposited in the P region and there will be some, 
although limited, clearance of those small particles through mucociliary 
.iction. Larger particles will be deposited in the upper respiratory tract 
and be cleared quickly - -j^qlly within a few days to a lew weeks, into the 
gastrointestinal tract. The deposition in the various regions with 
particle size is illustrated in Fig. 5.2. 

i 
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iO 'C 80 90 9% 99 

r e c e n t dtpoi'T'On 

Fig. 5.2 Deposition of dust in the respiratory system. The percentage of 
activity or mass of an aerosol which is deposited in the NP, TB 
and P regions is given in relation to the AMAD of the aerosol 
distribution. Reprinted with permission from ICRP publication 
30. Copyright 1979, Pergamon Press PLC. 

The size of the particles and the distribution of their sizes have a 
bearing on the risks of long-term effects, so a knowledge of these factors 
is important in determining the urgency or otherwise of treatment. For 
example, if an individual inhales 1000 times the lung burden of material of 
large particle size, with a small distribution of particle size, the number 
of cells at risk is limited and the probability of some types of late 
effect is very small. On the other hand, if the amount of material is, say 
2 to 3 times the lung burden, but the particle size is small, with a small 
distribution of particle size, then the material will be spread over a 
greater area of lung tissue and the probability of late effects is much 
higher. 

Radioactive material may stay in the respiratory system for some time 
before its removal. During that time the lung tissue receives a radiation 
dose; the longer the material stops there, the higher the dose. 
Accordingly, the lung can become a critical organ if inhaled material is 
likely to stay there for a considerable period of time. The ICRP divides 
inhaled material into three classes, viz: D, W and Y. Class D materials 
are those that are soluble in body fluids and have fast clearance rates 
from the P region of the lungs, i.e., they have clearance ha1 f-times of 
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less than 10 days: Class W materials are less soluble and have half-times 
from 10 to 100 days and Class Y materials are very insoluble and have half-
times greater than 100 days. 

For convenience, the ICRP divides the lung and lymph nodes into several 
compartments (labelled a to j). Clearance from the lung regions can be 
either directly to the blood stream through compartments a, c and e or by 
mucociliary transport to the gastrointestinal tract through compartments b, 
d, f and g. Compartment h is associated with the pulmonary lymphatic 
system (L) which also serves to remove dust from the lungs. Material in 
compartment i is translocated to body fluids and that in compartment j is 
retained there indefinitely. The clearance from compartments is 
illustrated in Fig. 5.3. 

N-P 
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Fig. 5.3 Mathematical model used to descr ibe c learance from the 
r e sp i ra to ry system. Reprinted with permission from ICRP 
publication 30. Copyright 1979, Pergamon Press PLC. 

The clearance hal f - t imes and deposit ion f rac t ions in the various 

compartments of Fig. 5.3 are given in Tabl'1 *>.!. 
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Table 5.1 

Clearance Rates from Lung 

Class of material 

Lung Compartment D V Y 
region 

T F T F T F 
day day day 

NP a 
b 

0.01 
0.01 

0.5 
0.5 

0.01 
0.40 

0.1 
0.9 

0.01 
0.40 

0.01 
0.99 

TB c 
d 

0.01 
0.2 

0.95 
0.05 

0.01 
0.2 

0.5 
0.5 

0.01 
0.2 

0.01 
0.99 

P e 0.5 0.8 50 0.15 500 0.05 
f n.a. n.a. 1.0 0.4 1.0 0.4 
g n.a. n.a. 50 0.4 500 0.4 
h 0.5 0.2 50 0.05 500 0.15 

L i 0.5 1.0 50 1.0 1000 0.9 
j n.a. n.a. n.a. n.a. <*> 0.1 

T is the clearance half-time from the lung region via the compartment. 
F is the fraction of material in the lung region cleared through the 

compartment. 
Reprinted with permission from ICRP publication 30. Copyright, 1979, 
Pergamon Press PLC. 

The values in Table 5.1, taken in conjunction with data in Fig. 5.2 for 
different size particles, are indicative of the parts of the lung likely to 
be affected; the valuer given in Table 5.1 are not intended for dose 
assessment purposes. Examples of its use are -

• if dealing with Class Y material of large size particles (i.e. 
deposition mainly in the NP region), then 1% of the deposition 
will have a clearance half-time of 0.01 day (15 min) to body 
fluids and 99% will have a clearance half-time of 0.4 day (10 
hours) to the gastrointestinal tract; 

• if dealing with Class Y material of small size particles (i.e. 
deposition mainly in the P region), then 5% of the deposition 
will have a clearance half-time of 500 days to body fluids, 40% a 
clearance half-time of 1 day to the gastrointestinal tract (via 
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compartment d), 15% a clearance half-time of 500 days to the 
lymph nodes and 40% a clearance time of 500 days to the 
gastrointestinal tract. In other words, 40% will be cleared 
quickly and 60% will remain in the lung for a long time. 

Ingested Material 

Many materials entering the gastrointestinal tract, including those cleared 
from the lung, pass through it over a period of time and are then excreted. 
The mean residence time in each part of the tract is -

stomach 1 hour 
small intestine 4 hours 
upper large intestine 13 hours 
lower large intestine 24 hours 

However, the natural transit time in the tract varies widely between 
individuals, ranging from 24 to 36 hours for an active person who has a 
high fibre diet with a good fluid intake, up to 5 days or longer for a 
person who is less active and has a low fibre diet with a low fluid intake. 
Any radioactive material passing through the body will not show in the 
faeces for at least one day and possibly 2 or more days after the intake. 

In passing through the gastrointestinal tract, the walls of the tract may 
receive a radiation dose and this will be higher for the longer transit 
times. The highest doses are likely to be received from high energy gamma 
emitters such as caesium-137, cobalt-60 etc., much lower doses from beta 
emitters and almost negligible doses from alpha emitters. In the case of 
beta and alpha particles, there is considerable absorption of these 
radiations in the matter in the tract; these radiations are unlikely to 
affect the walls of the tract unless they are within 1 or 2 mm of beta 
emitters and in direct contact with alpha emitters. Any action to decrease 
the transit time will reduce the doses received by the walls of the tract. 

Radioactive material may be absorbed through the walls of the small 
intestine whilst it remains there (for a period of about 4 hours) and enter 
body fluids where it may be translocated to various organs and tissues. 
Any radioactive material leaving organs and tissues and recirculating in 
the body may also return to the intestine and eventually be excreted. The 
transfer into body fluids varies considerably for different radionuclides 
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and depends on the chemical form of the material. 

Any radioactive material which moves from the lung by mucociliary transport 
to the gastrointestinal tract may be eliminated or enter body fluids as it 
passes through the small intestine. The proportion transferred to the 
tract in this case is the same as that for material directly entering the 
tract. 

Administered Material 

If radioactive material is administered by injection it will either enter 
the blood stream after crossing any membranes and be taken up by organs and 
tissues relevant to the particular radionuclides involved or be excreted. 

Information on Selected Radionuclides 

The absorption and elimination processes of radioactive materials in the 
body vary considerably from one individual to another. The ICRP has 
prepared typical values for use in radiation protection and these may be 
used to assist in determining the organs and tissues most likely to be 
involved when radioactive material is taken into the body as a result of an 
accident. 

The information given is taken from ICRP Publication 30 (see Bibliography). 
The values in a number of cases depend on the chemical form of the 
material. For each element, the following information is included -

• for ingested material, the percentage absorbed into body fluids 
from the small intestine; 

• for inhaled material, the classification of the material, i.e., 
D, W or Y, to indicate its clearance rate from the lung; 

• the distribution to main organs and tissues of the body once the 
material has entered transfer compartments; 

• the biological half-life for the organ(s) of interest; and 
• the radioactive half-life for one or more radionuclides of the 

element. The effective half-life and hence the rate of reduction 
of radioactivity in the organ can be determined from the 
radioactive and biological half-lives. 

*L 
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(1) Americium 

(2) Californium 
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absorption from GIT - 0.05% 
classification of inhaled material - all 
compounds, class W. 
distribution - 45% bone; 45% liver; 10% excreted. 
biological half-life - lOOy bone; 40y liver. 

241 243 
radioactive half-life - Am 458 y; Am 7950 y. 

absorption from GIT - 0.05% 
classification of inhaled material - oxides and 
hydroxides, Class Y; all others Class W. 
distribution - 45% bone; 45% liver; 10% excreted. 
biological half-life - lOOy bone; 40y liver. 

252 radioactive half-life - Cf 2.6y. 

i\ -
(3) Cerium -

1 

> 
r 

(4) Caesium 

(5) Cobalt 

absorption from GIT - 0.03% 
classification of inhaled material - oxides, 
hydroxides, fluoride, Class Y; all others Class W 
distribution - 60% liver; 20% bone; 5% spleen; 15% 
all other tissues. 
biological half-life - lOy (approx. for all). 

141 144 radioactive half-life - Ce 32d; Ce 284d. 

absorption from GIT - 100% 
classification of inhaled material -all compounds, 
Class D. 
distribution - nearly uniform throughout body. 
biological half-life - HOd. 
radioactive half-life - 1 3 4Cs 2.1y; 1 3 7 C s 30y. 

absorption from GIT - 5% for oxides and 
hydroxides; 30% all other compounds. 
classification of inhaled material - oxides, 
hydroxides, halides and nitrates Class Y; all 
others Class W. 
distribution - 5% liver; 45% all other organs and 
tissues; 50% excreted (with half-time of about 2 
days). 
biological half-life - 70-200 d, but can be much 
longer. 
radioactive half-life - 5 7Co 271d; 5 8Co 71d; 6°Co 
5.25y. 
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(6) Curium -

(7) Iodine 

52 
0.05% 
inhaled material all 

absorption from GIT 
classification of 
compounds, class W. 
distribution - 45% bone; 45% liver; 10% excreted. 

lOOy bone; 40y liver. biological half-life 
iioactive 
*Cm 16.7y. 

radioactive half-life 
244, 

242 243 
Cm 163d; * JCm 32y; 

absorption from GIT - 100% 
classification of inhaled material - all compounds 
and elements, Class D. 
distribution - 30% thyroid; 70% excreted. 
biological half-life - 120d. 

131 radioactive half-life - I 8.0d. 

(8) Phosphorous - absorption from GIT - 80% 
classification of inhaled material - phosphates, 
Class W; all others Class D. 
distribution - 15% intracellular fluid; 40% soft 
tissue; 30% bone; 15% excreted 
biological half-life - 2d intracellular fluid; 19d 
soft tissue; 4y bone. 
radioactive half-life - 3 2 P 14.3d. 

(9) Plutonium absorption from GIT - 0.001% for oxides and 
hydroxides; 0.01% for all others. 
classification of inhaled material PuO<; Class 
Y; all others Class W. 
distribution - 45% bone; 45% liver; 10% excreted. 
biological half-life - lOOy bone; 40y liver. 
radioactive half-life - Pu 86y; Pu 24400y. 

* i 

(10) Polonium - absorption from GIT - 10% 
classification of inhaled material - oxides, 
hydroxides, nitrates, Class W; all others Class D. 
distribution - 10% liver; 10% kidney; 10% spleen; 
70% to all other tissues. 
biological half-life - 50d (approx. for all). 
radioactive half-life - 210 Po 138d. 

jr 

^ 
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(11) Radium absorption from GIT -
classification of 
compounds, Class W. 
distribution - bone, 
biological half-life 
radioactive half-life 

20% 
inhaled material all 

45y. 
- Ra 1600y; " Ra 6.5y. 

(12) Strontium - absorption from GIT - 30% for soluble compounds; 
1% for insoluble compounds such as SrTiOj 
classification of inhaled material - soluble 
compounds, Class D; SrTiC^ Class Y. 
distribution - bone, 
biological half-life - 50y. 

OC OQ QA 

radioactive half-life - Sr 65d; Sr 51d; Sr 
28y. 

(13) Thorium - absorption from GIT - 0.02% 
classification of inhaled material - oxides and 
hydroxides, Class Y; all others Class W. 
distribution - 70% bone; 4% liver; 16% to all 
other organs and tissues; 10% excreted, 
biological half-life - 22y bone; 2y liver; 2y 
others. 

232 10 
radioactive half-life - Th 1.4 x 10 y. 

(14) Uranium absorption from GIT - 5% for water soluble 
inorganic compounds, 0.2% for insoluble compounds. 
classification of inhaled material - soluble 
compounds such as UFg, UO2F2 and U02(N03>2, Class 
D; less soluble compounds, such as UO3, UFA, and 
UCl^, Clas" W; insoluble compounds such as UO2 and 
U 30 8, Class Y. 
distribution - 22% bone; 12% kidneys; 12% to all 
other tissues; 54% excreted. 
biological half-life - 20d for 20% of that in 
bone, 5000d for 2% in bone; 6d kidneys; 6d other 
tissues. 
radioactive half-life - " " r -"^ 
x 108y; 2 3 8 U 4.5 x 109y. 

U 2.5 x 105y; U 7.1 



CHAPTER 6 

THE RESPONSE TO RADIATION ACCIDENTS 

The response to a radiation accident and the care necessary for individuals 
involved in such accidents depends to a large extent on the type of 
accident that has occurred, i.e., whether the individuals have been exposed 
to external sources of radiation or contaminated with radioactive material. 
The same general principles for caring for these individuals apply at the 
scene of the accident as at a hospital, but the detail and extent of care 
involved differ in the two places. 

The responders to a radiation accident must have confidence that, provided 
they follow appropriate procedures, there will be no consequences to them, 
either directly or indirectly, as a result of caring for individuals 
involved in the accident. This confidence must also be apparent to the 
individuals themselves. The responders must be aware that if an individual 
has only been exposed to external sources of radiation, there is no 
radiation threat whatsoever to them and that precautions are not needed to 
prevent spread of radioactive contamination. If an individual is 
contaminated internally only, as a result of inhalation or ingestion of 
radioactive material, then he/she does not present a direct hazard to 
others, unless the intake was extremely large; in that case, responders may 
be subject to external exposure as a result of the contamination inside the 
individual, but such exposure should be very low. If an individual has 
radioactive contamination on the skin (and clothing) and/or in excreta or 
body fluids, special precautions need to be implemented to prevent the 
spread of contamination. If any contamination is transferred to 
responders, premises or equipment, this can be reduced to acceptable 
levels, and in most cases completely removed so that there is no 
significant hazard. The only survivors of a radiation accident who have 
been so badly contaminated as to be a threat to those involved in treating 
them were some of those involved in the accident at Chernobyl. No other 
accident victims, including those at Coiania, Brazil, where gross 
contamination of the victims occurred, have presented any threat to 
responders, due to the precautions and procedures they followed in managing 
those victims. 

The care of individuals who are contaminated with radioactive material 
usually requires the same type of preparation and precautions as those used 
for individuals with other contaminants such as hazardous chemicals. Just 



55 
as the risks associated with dealing with these other contaminants can be 
reduced to very low levels, so can the risks associated with radioactive 
contamination. The latter has the advantage that it can be readily 
detected by instruments when on the skin, whereas other contaminants may 
not be so easily detected - some chemical contaminants may be detected by 
smell or colour (some of which are not always discernible to everyone), or 
by skin reactions or biological monitoring. In general, these other 
contaminants cannot be detected spontaneously and certainty of their 
reduction to satisfactory levels may take some days. With radioactive 
decontamination procedures, the value or otherwise of each step can be 
assessed as the procedure continues. 

A. Response at the Scene of an Accident 

Preparedness Within an Establishment 

There is always a possibility of radiation accidents occurring at 
establishments where radiation sources or radioactive materials are used, 
no matter how careful people are and how many controls are in place. Plans 
should therefore be prepared so that appropriate action can be taken, 
should an accident occur. The plans should be based on all foreseeable 
situations. If an unforeseen situation arises, the various procedures 
given in the plans would still be invoked, but some of the actions may need 
to be modified to suit the situation. After an accident, all the 
procedures and actions taken should be promptly reviewed to evaluate their 
effectiveness and to determine where improvements are needed. 

In some accident situations, radiation exposure or radioactive 
contamination may be incidental to other effects of the accident. This 
does not lessen the concern over radiation effects, but may mean that 
attention has to be directed to these other effects first. In planning, 
the possibility of a variety of hazards may need to be taken into account. 
These include fires, fumes, toxic chemicals, radiation exposure or 
radioactive contamination, electrical hazards, structural damage to 
property, etc. Fires and fumes can cause radioactive materials to become 
airborne, thereby increasing the spread of radioactive contamination. Many 
of the procedures adopted for dealing with radioactive contamination would 
be similar in nature to those for dealing with some other hazardous agents, 
although some, but not all, of the actions taken may differ. 



*4 

A . 

i!5:!r" 

56 

Planning should take into account -

the work activities, radiation sources and radioactive materials 
used in the establishment; 
the personnel involved in managing the situation, i.e., the 
physician at the establishment (if there is one), other persons 
who have had medical training such as nurses and first-aid 
officers, health physicist and rescue team members; 
provision of equipment, i.e., monitors for detecting radiation or 
contamination; equipment, fluids and medicines for 
decontaminating victims etc.; bags for containing biological and 
other samples, contaminated items and radioactive waste; and 
other items such as warning signs, area demarcation barriers, 
protective clothing, etc; 
the need for admission to a hospital - this should be a hospital 
designated to manage radiation accident victims, if such a 
hospital exists in the area; and 
advice to the admitting hospital of the victim's arrival to allow 
for preparation, radiation control authorities and other relevant 
organisations, the victim's family and the media (if need be). 

i -. 

1 
\ I 

I 

Not all accidents are such that the detailed plan needs to be drawn on. In 
many cases, accidents may only involve a spill of radioactive liquid, with 
only part of clothing or intact skin being contaminated. In these cases, 
the contamination can be easily removed under supervision and the 
procedures outlined below are not required. However, accidents cannot 
always be treated as being trivial, as radioactive contamination may be 
absorbed into the body through the skin or, more likely, through small cuts 
or wounds in the skin which are unnoticed. Contaminated areas of the body 
should be checked scrupulously for these. 

It is important that all workers in an establishment know the fundamental 
steps to be taken when accidents involving radiation occur in the 
workplace. They should receive appropriate training for this purpose. In 
many cases, this may simply mean knowing who are the most appropriate 
people to contact. In general, the steps are often the same as for 
hazardous chemicals and they should also be aware of these if used in the 
establishment. In the first place, they should make a quick assessment of 
and report -

•MM *L «Ma 
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any hazards in the area, such as fires, fumes, toxic chemicals, 
continued possibility of radioactive contamination and structural 
damage to property; and 
the need for any life-saving procedures to be implemented for 
cardiac arrests, blocked airways, haemorrhaging, etc. Any 
possibility of spine or neck damage, in particular, or of broken 
bones should be reported. 

Accidents Outside an Establishment 

In the event of an accident occurring outside an establishment, those 
discovering the accident should contact the Police. If possible, they 
should also report any of those things outlined in the above paragraph. 
The Police, in turn, would contact other bodies, such as the ambulance and 
fire brigade, if necessary, and the radiation control authorities so that 
radiological assessments of the area and any victims can be made. 
Reference to the role of some authorities is given in Chapter 14. Any 
information regarding the accident and the radiation source or radioactive 
material involved should be obtained and made available to the hospital 
admitting the victim so that the most effective treatment can be 
implemented (see Notification Requirements below). 

Immediate Care of Victims 

If external exposure is involved in an accident, there is no treatment that 
can be carried out at the scene of the accident. However, the victim 
should be sent to hospital so that early observation and any necessary 
monitoring of the various body systems can be made. A preliminary 
assessment of the radiation dose received by the exposed parts of the body 
should be made as this will give an early indication of the possible 
symptoms and will be helpful in formulating the treatment to be given. 
Detailed dose assessments should be made later (see Chapter 7). 

If a person is contaminated with radioactive material, it may only involve 
small contamination spots on the skin and this can be easily removed at the 
scene of the accident. If it cannot be easily removed, the victim should 
be sent to hospital. For procedures for cleaning the skin, see Chapter 11. 
However, accidents which are much more dangerous happen - ranging from cuts 
with contaminated glassware through to a large inhalation or ingestion of 
radioactive material or to serious injuries that require the implementation 
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of life-saving procedures. These latter injuries would not be caused by 
radiation or radioactive contamination but by oth> r agents or physical 
situations arising in the accident; they may even depend on the victim's 
state of health. Other hazards present, such as fire, fumes, toxic 
chemicals or physical damage to property can complicate rescue procedures 
and may compound treatment procedures normally followed when radioactive 
contamination only is involved. Victims of other than minor accidents 
should always be sent to hospital for treatment. 

Those discovering the accident should seek assistance immediately and 
should not move the victim unless the accident area is extremely hazardous; 
however, if the victim has spinal fracture or life-threatening injuries, 
movement may aggravate his/her condition more than would the hazardous 
situation. Accident victims should not be left on their own, unless it is 
necessary to obtain assistance, as they will need support throughout the 
ordeal. 

Life-saving procedures, control of haemorrhage, fracture stabilization and 
decontamination actions should be carried out, but only by those specially 
trained, as attempts to do these things by others may only complicate 
matters. Once the victim's condition has been stabilized, wounds should be 
dressed or re-dressed with sterile dressings; the old dressings should be 
placed in individual, labelled plastic bags for later analysis. It may 
also be desirable to move the victim to an area of lower contamination 
provided there are no problems such as spinal damage. Arrangements should 
then be made to transfer the victim to hospital. 

If a physician works in an establishment or is in close proximity and 
likely to be readily available, he/she should become familiar with 
treatments to be given for the different radionuclides that may be involved 
in an accident. Where possible, he/she should implement some initial 
treatment before the victim is sent to hospital. This includes simple 
expedients such as oral and nasopharyngeal irrigations and the use of 
blocking agents for certain radionuclides that might have been ingested or 
inhaled so as to reduce the transfer of contaminants within the body (see 
Chapter 11). It may also be useful, particularly if transuranic elements 
are used in an establishment, to have available a first-aid kit of compact 
size which contains a small selection of simple, non-toxic medicines packed 
in individual dose units. These could be administered immediately after an 
accident by an officer who has been specifically trained for the purpose. 
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The use of this kit does not, under any circumstances, excuse the victim 
from reporting to the physician, who will administer any further treatment 
if necessary before the victim is sent to hospital and will make up a fresh 
kit. 

Rescue Team Procedures 

,\ 

In some situations, the presence of radioactive contamination may be of 
much lower concern to the health of individuals than would be the presence 
of other hazards and these other hazards may need to be put under control 
first. Rescuers should be informed of any hazards present, all details of 
the accident and the victim's condition. This information may predicate 
the type of treatment and rescue procedures to be carried out at the scene 
of the accident as well as any subsequent treatment at the hospital. The 
environment should be rendered not immediately hazardous before rescue 
operations start so that the rescuers do not put their own lives at risk 
unnecessarily. 

fc* 

Members of the rescue team should put on protective clothing (including 
gloves, face mask and cap) which is normally used by workers in the area 
when working with radioactive material. It is unlikely they will need 
anything more protective, unless other hazards are present. Where 
necessary, large plastic aprons covering gowns to make them waterproof, 
plastic bags taped over shoes, etc. can be used if the protective clothing 
normally used is seen to be inadequate for accident situations. For the 
implementation of urgent life-saving procedures, it may be necessary to 
forego some of this protection; any subsequent contamination to the 
rescuer will be low and can be effectively removed later. 

V 

] 
! t 
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Control and Preliminary Monitoring of Radioactive Contamination 

Immediately after an accident, a controlled area should be established 
around the accident area to minimize the spread of radioactive 
contamination. The periphery of this area should be located just outside 
the region where contamination can be detected above background levels. 
Only equipment and rescue teams should enter the area and security 
arrangements should be made to prevent unauthorized entry. Checkpoints 
should be established where the victim, rescue team members and equipment 
can be monitored as they leave the controlled area. Protective clothing 
worn by the rescue team should be removed at these points, prior to their 

dfe *L 
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being monitored. Clean-up, decontamination and waste disposal activities 
carried out after removal of the victim should follow good, established 
radiation protection procedures. Sometimes, a buffer zone round the 
controlled area can be helpful, particularly if there are many people 
present in the area. 

Provided time and the victim's condition permit, monitoring of the victim 
for contamination should be made with a suitable radiation monitor after 
stabilization; it may even be possible to do some monitoring during any 
stabilization of the victim provided there is no interference with that 
activity. For monitoring procedures, see Chapter 9. This monitoring will 
indicate areas on the body and clothing which are relatively high. If any 
small areas of intact skin are contaminated, these could possibly be 
cleaned at this stage if the victim is not injured and if the accident 
occurs in a facility where there is a health physicist. Nasal and oral 
cavity swabs should also be taken to obtain an indication if any intake of 
radioactive material was small or large. After initial measurement with 
the monitor, the swabs should be placed in individual, labelled plastic 
bags for later analysis. However, if the victim is injured or ill, he/she 
should be transported to hospital for assessmsnt and treatment. 

Removal of Contaminated Clothing 

In accidents where external radioactive contamination is likely to occur, 
it is possible that as much as 70-80% of this could be on clothing. In 
order to minimize the spread of contamination, the victim's outer clothing 
should be removed at the earliest practicable stage after an accident. 
This should preferably be done at the scene of the accident, but if there 
are problems such as spinal injuries or the victim's condition is 
deteriorating, removal of clothing should be carried out by paramedical 
personnel or deferred until the victim reaches hospital. Removal of outer 
clothing also makes it a lot easier to see the extent of any external 
injuries at an early stage. 

Monitoring would show the extent of contamination on clothing and this may 
reduce the need for removal of all outer clothing. If a monitor is not 
available, however, it should be assumed that all the outer clothing is 
contaminated; in this case, it should all be removed. 
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The inside of clothing is not likely to have very much contain nation on it 
unless the radioactive material was liquid and seeped through the clothing. 
Accordingly, to remove clothing, it should be cut from head to toe and down 
the sleeves, folded back under itself as it is cut, and then rolled up. By 
doing this carefully, the inside of the clothing will come to the outside 
and the possibility of spreading contamination very much reduced. Zippers 
can be undone rather than cut. If possible, ripping of clothing should be 
avoided to prevent dispersion of contaminated fragments, but ripping may be 
necessary at times when implementing life-saving procedures. 

Clothing and personal items should be placed in labelled plastic bags for 
subsequent decontamination and return to the patient. 

The person removing the victim's contaminated clothing must wear protective 
clothing and take care not to touch the outside of the victim's clothing. 

Movement and Transport of Contaminated Victims 

Following removal of contaminated clothing, two sheets (or blankets) should 
be placed one on top of the other and the victim lifted or rolled on to the 
top sheet (subject to there being no injuries to prevent this movement). 
The top sheet (which should be uncontaminated) should then be lifted with 
the victim still on it on to the ambulance stretcher. Following that, it 
should be folded over the victim so that he/she is completely surrounded by 
the sheet and any remaining contamination is contained within the 
"package". The bottom sheet would probably be contaminated underneath and 
should be cleaned or disposed of appropriately. 

Movement of a victim with serious injuries, such as spinal damage or a leg 
in a splint should be made by a qualified first-aid or ambulance officer. 
For this, the victim should be immobilized; there should be only one 
transfer movement of this victim, i.e., from the point of discovery to the 
ambulance backboard. This backboard would, in turn, be transferred to the 
hospital theatre table with the victim still on it. In these 
circumstances, it may not be possible to remove all the contaminated outer 
clothing at the scene of the accident but as much as possible should be 
removed. To remove clothing from the back of the victim, he/she should be 
rolled on to the side with somebody controlling the head and shoulders. 
After removing the clothing on the back, he/she should be rolled back on to 
a backboard which has been positioned on a double layer of clean sheets (or 
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blankets). Then the top sheet should be wrapped round the victim and the 
"package" lifted on to the ambulance stretcher. The bottom sheet should be 
cleaned or disposed of appropriately. 

Notification Requirements 

As soon as possible after an accident, the accident and emergency 
department of the hospital should be advised that one or more victims will 
be sent for treatment; their anticipated arrival time at the hospital and 
whether by ambulance or private car should be given. 

As the preparation for and treatment of an accident victim at a hospital 
depends very much on what happened in an accident, a detailed description 
of the accident and the following information in relation to the accident 
should be made available at the time of notifying the hospital -

(1) for external exposure, the type of radioactive source involved or the 
X-ray energy involved - this will be used to determine whether effects 
are likely to be superficial or to deeper organs and tissues; 

(2) for external exposure, the part(s) of the body exposed and the 
exposure period - these will be used in conjunction with (1) above and 
any physical measurements of exposure to assess the doses delivered; 

(3) for radioactive contamination, the radionuclide and the chemical form 
and particulate size (if known) of the radioactive material involved 
- knowledge of the radionuclide will be used to choose appropriate 
monitoring equipment; 

(4) for radioactive contamination, whether the material is likely to have 
been inhaled, ingested or deposited on the skin - this will be used in 
conjunction with (3) above to determine the tissues and organs at risk 
and the decontamination procedures to be used; 

(5) the number of victims and their conditions and details of any 
monitoring, biological samples collected and treatment carried out; 

(6) the time of the accident - this can be used in conjunction with (1) 
and (2) or (3) and (4) above to indicate the likely time of onset of 
any symptoms, the urgency of implementing treatment or decontamination 
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procedures and the appropriate time to commence any monitoring of 
biological samples; and 

(7) other hazardous materials at the scene of the accident. 

If several radiation physicists are at the scene of the accident, one could 
proceed to the hospital in advance of the victim and advise, if necessary, 
on preparation needed for the victim. This physicist would be able to 
check for contamination at the entry to the hospital upon arrival of the 
victim there, as well as in the ambulance and on the ambulance officers 
before they leave the hospital. 

i ; 

If the accident is one where many people are contaminated, it may be 
desirable for the hospital to send a triage officer to the scene to sort 
out the more serious cases from the others. Some victims with minor 
contamination and no other injuries could be showered and decontaminated at 
a community centre, checked for contamination and, if there are no 
problems, be counselled and sent home. 

t* 

f. 

In certain circumstances, there is a requirement for accidents to be 
reported to the relevant radiation control authorities. Initial reporting 
should be carried out shortly after the accident, as officers in these 
authorities would offer advice on decontamination and waste disposal 
procedures. Follow-up reporting shoulo be made, if required, to the 
authorities with all details relating to the accident. The cause(s) of the 
accident should be thoroughly investigated and action taken to minimize the 
possibility of repeat accidents. 

I 
B. Response at the Hospital 

Advice of Arrival 

! * 

The accident and emergency department of the hospital should always confirm 
the information received about the accident and the victim(s) with those at 
the accident scene and from field medical providers. It should update the 
information on the victim's condition (both medical and psychological) and 
on any treatment, radiation monitoring and decontamination already 
undertaken, as well as on any special handling procedures or precautions 
needed at the scene or during transport of the victim. The hospital should 
advise which entry is to be used for admission of the accident victim. 
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Once advice is received that an accident victim is being sent to the 
hospital, the emergency response team should be alerted so that appropriate 
preparation can be made (see Chapters 10 and 12). 

If there is no warning of arrival of an accident victim, details relating 
to the accident, any injuries, monitoring and treatment should be obtained 
at triage. Sometimes, however, the victim may not be aware that he/she has 
been exposed to radiation or is contaminated. Treatment may be sought 
because of the appearance of unexplained symptoms, perhaps hours, but more 
likely days or weeks after the accident. This invariably means that the 
radiation dose was large or there was a high degree of contamination. Very 
careful questioning may be necessary for it to become obvious that there 
was involvement in a radiation accident. In these situations, details of 
the accident may be somewhat vague or unknown, particularly if the 
individual is a member of the public who knows nothing about radiation or 
radioactive material. 

Assessment of Treatment Priorities 

Immediately after an accident, as well as upon arrival at the hospital, 
assessments should be made to see if there is a need to implement any life-
saving procedures. With radiation exposure or radioactive contamination, 
there is no medical emergency, such as with cardiac arrest, blocked airways 
and haemorrhaging. Therefore, any necessary life-saving procedures must be 
implemented ahead of any other actions related to the radiation aspects of 
the patient's condition even if preparations to minimize spread of 
contamination have not been completed. It is imperative that his/her 
condition be stabilized before implementing any other treatment. 

When radioactive contamination is involved in an accident, radiation 
monitoring should be carried out as soon as possible after the accident and 
again after arrival at the hospital so that an early assessment of 
contamination levels on the patient becomes available. Such monitoring 
includes skin, clothing and body orifices. Records of contamination 
levels, together with location of wounds etc. should be made, preferably on 
a body chart, at the time of this monitoring (see Chapter 9). This 
monitoring is unlikely to detect internal contamination unless a gamma-
emitter is involved. Although this monitoring must not delay life-saving 
procedures, it may be possible to do some of it during these procedures, 
provided it does not interfere with them. More detailed monitoring can be 
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carried out later. 

At triage, details of the accident, any treatment given, etc., as well as 
the usual type of information should be checked. In addition, information 
should be obtained of existing injuries or illnesses, use of medications, 
allergies, time of last meal, etc. All injuries or illnesses present prior 
to the accident or caused by the accident can complicate the patient's 
medical condition and course of treatment and must be taken into account. 
In addition, any injuries or illnesses occurring after the accident up to 
the time that recovery from the accident is deemed to have occurred may 
also affect the treatment and this may have to be modified. Accordingly, 
the patient must be told to report immediately any injuries or illnesses 
incurred after the accident, no matter how trivial they are. 

In addition to obtaining information referred to in the last paragraph, a 
phy.ri :al examination of the patient should be made to assess the types of 
injuries present and their urgency for treatment. If possible, their 
treatment should be deferred until any decontamination procedures have been 
completed. Note should be made of any wounds, skin punctures, etc. which 
could be contaminated, as they will need urgent attention as could some of 

, the body orifices if they are contaminated. It may also be necessary to 
'. collect urine samples (which may not show any signs of radioactive 

ri contamination at that stage) and draw blood samples for complete blood 
I < counts, differential and absolute lymphocyte counts and possibly for later 
lr>\ cytogenic analysis. These samples would give baseline data against which 
(i later samples could be compared (see Chapters 4 and 9) . Triage would take 

into account any symptoms at the time of admission to the hospital, any 
reported prior to admission and the haematological picture as soon as it 
becomes available. 

There is a medical urgency to initiate procedures to remove as much 
internal contamination as possible before it reaches target organs. The 
earlier such removal is tackled, the easier is the process and the better 
will be the outcome. The benefits of implementing procedures for the 

] removal of internal contamination can be something of the order of a two to 
' ' '< • ten times reduction in doses to organs, with a corresponding reduction in 

the risk of long-term effects such as the induction of cancer. In 
. , addition, the early removal of contamination helps considerably in allaying 
_̂ fears held by the patient. These procedures should, therefore, take 

|. precedence over other procedures except life-saving procedures or where it 

* 
i 
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is seen that the patient is in great pain or that his/her condition is 
deteriorating rapidly through other causes. 

A decision will have to be made at triage as to which component of 
contamination should be tackled first; this would be based on the levels 
found at different parts of the body. Probably external contamination on 
intact skin would be last except for large amounts on the hands, face and 
head as the early removal of this contamination is desirable to reduce its 
spread; any in wounds or body orifices would probably be first choice 
unless information shows that the amount inhaled or ingested is very much 
larger than that which could be absorbed through wounds and body orifices. 

Routing of Patients through the Accident and Emergency Department 

After admission to hospital and stabilization of the patient's condition 
and triage, he/she should go through the normal accident and emergency 
department procedures if external exposure only has been involved. If 
radioactive contamination is involved, then he/she should be kept in a 
controlled area until such time as the contamination levels have been 
confirmed. If internal contamination only is involved, which would be 
rare, and no intervention such as lavage is proposed, then the patient can 
go through the normal accident and emergency department procedures. 
However, procedures to control contamination Trom urine, faeces, vomitus, 
or other body fluids should be instituted. If external contamination or 
internal contamination with lavage, etc. is involved, decontamination 
procedures should be instituted with controls to prevent the spread of 
contamination. Once contamination has been reduced to acceptable levels, 
the patient should go through the normal accident and emergency department 
procedures. Chapters 8 and 11 deal with the actual treatment of patients 
who have been involved in radiation accidents and Chapter 10 deals with the 
control of contamination. A suggested flow through the department, 
together with a treatment plan is given in Fig. 6.1. 
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Fig. 6.1 Suggested schematic flow of a pa t ien t through the accident and 
emergency department. Source and permission to use: REAC/TS. 
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Counselling of Patients 

After treatment and possibly even during treatment, depending on 
circumstances, there will be a need for counselling the patient. This 
arises from the general fear of radiation in the community and the fact 
that it is almost impossible to remove one nunc ed per cent of the 
radioactive contaminants from the body. Some counselling of relatives may 
be necessary as well. Follow-up of some patients may also be desirable 
after a period of time to ensure that counselling has been effective and 
that there has been no tissue atrophy or other delayed effects. 



CHAPTER 7 

ASSESSMENT OF DOSES RECEIVED FROM EXTERNAL EXPOSURE 

If an individual is exposed to external sources of radiation, it is 
important to know the doses received by different parts of the body. 
Although treatment given shortly after such an exposure must be based on 
early symptoms, it is helpful to know the dose on the skin and to 
underlying tissues, organs and body systems as any damage to these may 
affect subsequent ability to recover and must be taken into account in 
further treatments. Preliminary estimates can usually be made fairly 
quickly after an accident, but detailed estimates may take some time - days 
or weeks, depending on the circumstances. 

Although the severity and time of onset of early symptoms can give an 
indication of the doses involved, physical measurements and/or calculations 
based on the accident situation should be made. This often involves a re-
enactment of the accident, based on information given by the victim and 
others nearby at the time. These measurements would, in most cases, be 
carried out at the scene of the accident but at some later time. 

In making measurements to determine the doses received, an instrument such 
as a gaseous ionization chamber or scintillation detector is placed at the 
various positions that were occupied by the different skin areas of the 
victim during the accident. The doses to the skin can then be determined 
by converting any exposure measurements to absorbed dose (if need be) and 
allowing for the time the victim spent in each position. From these 
values, the doses to underlying tissues, body systems and organs can be 
calculated. 

For some accident situations, the radiation field may be high and it may 
not be possible to carry out a re-enactment without those doing so 
receiving an unacceptably high dose. To overcome this, measurements can be 
made at positions different to those occupied by the accident victim and 
the doses at occupied positions then determined by calculation. 
Alternatively, use can be made of a manikin with small dosemeters, such as 
thermoluminescent dosemeters (TLDs), attached at strategic points to it; 
the manikin is placed at the position(s) occupied by the victim during the 
accident and the TLDs read out after the re-enactment to give the doses 
received. In other cases, doses car be derived by calculation; this is 
particularly the case when high activity radioactive sources are involved. 
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Assessment of doses, as outlined above, can result in large errors as they 
usually depend on the reconstruction of the accident situation and making 
measurements based on the victim's memory of what happened. In this 
regard, the sequence of events may be well remembered, but the time spent 
in different activities and in different positions can be grossly under or 
overestimated. Accordingly, other dosimetry systems can be useful. 

Analysis of the blood serves as a useful method of monitoring and can be 
used to confirm or, perhaps, obtain a better indication of the dose 
received. If complete blood counts, differential counts and absolute 
lymphocyte counts are made at different times after an external exposure 
(or after intake of radioactive material), then estimates of the dose can 
be made and the degree of medical treatment needed can be assessed. For 
example, decreases in the absolute lymphocyte count, if they occur, will be 

.3 apparent within 24 hours. If the count is greater than 1200 mm at this 
-3 time, clinical support will be minimal; if below 500 mm , a very severe 

course can be anticipated. These counts also assist in monitoring the 
condition of the patient whilst undergoing a course of treatment. 
Reference is made to changes in the various blood counts in Chapter 4. 

Blood samples can also be used in cytogenetic studies, i.e., studies of the 
number and structure of chromosomes. Radiation dose is reflected basically 
in the number of excess acentrics and dicentrics produced after an 
exposure. Three tissues can be used for this - peripheral blood 
lymphocytes, bone marrow cells and fibroblasts. Fibroblasts have not 
proved to be as good a dosemeter as originally anticipated; bone-marrow 
cells are very good to use, but not pleasant to extract from a patient. 
Peripheral blood lymphocytes are easy to obtain and are less traumatic to 
the patient. 

The advantages of lymphocyte culture techniques are -

• they require a very small volume of venous blood; 
• metaphases are available for analysis within 48 hours of the 

culture being initiated; 
• they can be cultured from transported blood samples within 48 

hours of having been drawn, provided the samples have been 
properly heparonized and kept in a cool, but not frozen, 
environment; and 
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T lymphocytes are relatively long-lived and reliable dose 
estimates can be made up to 5 weeks after an acute exposure. 

The use of chromosome aberrations identified in the metaphase nuclei of 
cultured peripheral lymphocytes may be helpful in evaluating individuals 
suspected of being exposed to radiation doses as low as about 100-200 mGy. 
This form of monitoring is very useful when a personal monitor, for 
example, has not been worn or where partial exposure is involved in an area 
not covered by the monitor or when there has been a large intake of 
radioactive material. 

More information on blood counts and cytogenetic studies is available in 
some of the references given in the Bibliography. 
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CHAPTER 8 

INJURIES ARISING FROM EXTERNAL EXPOSURE 
AND THEIR TREATMENTS 

This Chapter is concerned with injuries that are of a deterministic nature 
arising from external exposures in a radiation accident, i.e., with those 
injuries that become manifest within a short period of time (hours, days or 
weeks) after the accident. It is not concerned with the stochastic effects 
- i.e., the induction of genetic effects and of cancer, which may never 
become manifest; if they do, it will be many years after the accident and 
only rarely can they be directly related to the radiation exposure 
occurring in the accident. 

The injuries arising from external exposure depend on -

• the dose received; 
the type of radiation; 

• the position of the source relative to the body; 
the period of time over which the exposure occurred; 
the part(s) of the body exposed; and 

• characteristics of the individual involved. 

It is known that the greater the dose, the more severe will be the injury. 
For the injuries of concern here, there is a threshold dose below which 
injuries are not manifest; if there are no symptoms arising within the 
short term following exposure, there is nothing to be treated. The onset 
of any symptoms will also be earlier with higher doses. 

The type of radiation involved will have considerable bearing on the damage 
to the body - for example, alpha particles will not penetrate the outer 
layer of the skin and there will be no damage; beta particles will only 
penetrate tissue to a depth of a few millimetres and do not cause damage 
beyond this; X-rays and gamma-rays may pass right through the body and 
deliver a dose throughout the exposed part of the body. The LET of the 
radiation is also important in regard to the damage arising for a gi\ en 
dose. Beta particles, X- and gamma-rays all have similar LET values, but 
neutrons and protons have much higher values and if these are involved, the 
damage will be much higher for the same dose; neutrons and protons have 
very rarely been involved in radiation accidents up to the present time. 
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The position of the source relative to the body will affect the dose 
distribution through the exposed part of the body. For sources some 
distance from the body, X- and gamma-ray intensities will decrease steadily 
throughout the exposed part of the body. For sources close to the body, 
very high doses can be delivered within the first centimetre or two, and 
then decrease rapidly through the remainder of the body; the dose to the 
distal parts of the body may, however, still be significant. In addition, 
the irradiated volume of the body may be small compared to that when 
sources are some distance from the body. 

The time over which the exposure occurs can be very important. An acute 
exposure (i.e., one delivered in a short period of time) does not give the 
same ability for cell replacement or tissue recovery to occur as does a 
chronic exposure (i.e., one protracted over a long period of time). Hence, 
for a given dose, damage can be much greater with an acute exposure. A 
fractionated exposure (i.e., one consisting of several short exposures with 
periods of zero exposure in between) allows a period of recovery before 
further damage is done. 

Damage to the body will also be dependent on the parts of the body exposed. 
In some accidents, the whole body or a major part of it, e.g., the head or 
stonach may receive a large dose and body systems may receive doses which 
are high enough to cause systemic symptoms. In other accidents, only small 
parts of the body or of body systems are involved, so that the body as a 
whole can continue to function until full recovery is effected. 

If a major part of the body is exposed to a large dose, that dose may be 
sufficient to cause death in some individuals but not in others. The dose 
that kills 50% of irradiated individuals, assuming there is no medical 
intervention, is referred to as the median lethal dose (LD5Q). LD n , n is 
the median lethal dose that kills half the irradiated individuals within 60 
days. This value depends on the direction of the radiation on the body-
the value for dorsal irradiation is about two-thirds that for ventral 
irradiation. For young children, the value is probably lower than that of 
adults by a factor of two or more; the highest value probably occurs at 
about puberty, with a gradual decrease with age. There has not been shown, 
with any certainty, that there is any difference in the value between males 
and females. 
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There is consider,-„ie information given in the literature correlating 
symptoms with radiaticc. doses received in accidents; there is a lot of 
variation in these, much of which is caused by different responses of 
individuals. However, differences in the information also arise from the 
manner in which the dose has been expressed. It may refer to the dose in 
air at the position occupied by tha individual at the time of the accident, 
the dose on the incident skin or, for whole-body (or near whole-body) 
exposures, the mean dose to the body system involved (e.g., the mean bone 
marrow dose) or the dose to the midline of the body. The most commonly 
quoted dose is probably that in air at the position occupied by the 
individual. Although this is difficult enough to measure and assess in an 
accident situation, it is much easier to determine than are most other ways 
of expressing dose; it also allows easier comparison with other accident 
situations and the resulting effects. It is better to assume dose in air 
at the occupied position unless the literature indicates otherwise. For 
low energy and penetrating radiation, the difference between the dose in 
air and that on the incident skin is not large enough to worry about, but 
for 50-150 keV (effective) photons, the skin dose can be as much as 30-50% 
higher than the dose in air (depending on the area irradiated). For 
penetrating radiation and large exposure areas, the dose at the mid-line of 
an average size adult would be of the order of two-thirds of that in air at 
the incident skin position. 

The treatment of a patient will depend on the symptoms at the time of 
presentation. In turn, these will depend on the type of radiation involved 
and the dose received. The doses delivered to che various tissues should 
be determined, with reasonable certainty, as soon as possible after the 
accident. For this, physical measurements and assessments of the radiation 
levels should be made in conjunction v;ith a reconstruction of the accident 
(see Chapter 7). This may take some time - days or even weeks, but there 
should be no delay in the treatment of a patient while waiting for this 
information. Treatment should be based on the symptoms observed and a 
description of the accident, which in themselves, should give some 
indication of the magnitude of the dose. As information on the doses 
becomes available and as further symptoms develop, the treatment course can 
be modified. 

When accidents involve high external exposures, .-hanges may occur in the 
number of the blood cells of nht .'..ifferenf types p :esent and these should 
be investigated. These changes can be vr^y helpful in indicating the 
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course of treatment and in the assessment of results. If a sufficiently 
large area of the body has been irradiated, even non-uniformly, the results 
can be used in assessing the dose. By starting blood counts as soon as 
possible after an accident, any changes with time can be monitored. The 
first count would then give baseline values of the white blood cell, 
differential, platelet and absolute lymphocyte counts before any detectable 
changes occur (see Chapter 4). 

Blood samples should also be drawn for HLA typing and later cytogenic 
analysis. Chromosome analysis will assist in estimating the dose and 
prognosis, and serves as a very useful adjunct to physical measurements and 
assessments. Chromosome aberrations may be detected in the lymphocytes 
below doses of 0.25 Gy; they can be readily detected above this dose. 
Early samples of blood can be used for preliminary assessments, even though 
a complete analysis may take several days. 

In some cases, the patient may also suffer from some other trauma, e.g., 
physical injury or shock. These may have occurred at the same time as the 
accident or could have occurred either before or after the accident and 
arise from some cause totally unconnected with the accident. Such trauma 
may need to be taken into account in any proposed treatment course. In 
these situations, concern is with a combined injury, i.e., with that 
arising from radiation exposure and that from other causes. 

This Chapter is divided into three parts. Part A deals with large doses to 
the whole body, a major part of the body or to body systems; these can 
give rise to systemic symptoms which are referred to as the acute radiation 
synuiome. Part B deals with local radiation injuries where only relatively 
small volumes of the body receive large doses and Part C deals with 
combined injuries. 

A. The Acute Radiation Syndrome. 

General Description 

The acute radiation syndrome is the clinical manifestation of the responses 
of individual body systems exposed to acute or sub-acute doses of 
radiation. It is primarily due to the loss of cells in the body, 
particularly those cells that develop from stem cells and become functional 
cells in the body. The resulting effects of the exposure are due to an 

-<y.T 
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insufficient number of a particular kind of cell that forms a defined 
structure or performs a certain function in the body. 

The term "acute radiation syndrome" is a collective term and is used to 
refer to one or more of the haematopoietic syndrome, the gastrointestinal 
syndrome, the cardiovascular syndrome and the neurovascular syndrome, 
although slightly different names for these syndromes are used from time to 
time. The syndrome arising depends on the part of the body irradiated, the 
dose and the time over which it is delivered. In general, however, it 
involves delivery of a large radiation dose in a short period of time to 
the whole, or near-whole, body from external sources of penetrating 
radiation such as high energy X-rays or garni:a-rays. The possibility of a 
syndrome arising from internal deposition of radioactive material is 
extremely low, although this occurred in the incident at Goiania, Brazil 
(see Bibliography) and in a few cases arising from the misadministration of 
radiopharmaceuticals to patients. 

The acute radiation syndrome is an illness that follows a roughly 
predictable course over a period ranging from a few hours to several weeks 
after exposure. The initial symptoms may arise within a few minutes or 
hours of exposure, depending on the total dose and the regions of the body 
irradiated. Most of these early symptoms are due to the effects of 
radiation on membranes and the release of vasoactive amines. If the 
radiation dose is not sufficient to kill cells, these membrane effects are 
usually repaired and the effect disappears with time. 

The course of the illness can be divided into four periods -

• the prodromal period, when the initial symptoms appear. These 
generally last up to 48 hours, although they have been known to 
last up to 7 days when the dose was r^:eived orex several days; 

• the latent period, when there are no symptoms In 'Ms periol, 
which may last from a few hours to weeks depending on dose, 
certain cells die and others are not produced tc replace them; 

• the manifest illness period, when the predominant symptoms occur 
as a result of cell damage and loss. For example, there may be 
symptoms of bleeding and/or infection; and 

• either death or the recovery period. If recovery occurs, it 
could be of the order of 5 to 10 weeks after exposure. 
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The length of each period and the severity of the symptoms depend on the 
dose received - the higher the dose, the shorter each period and the more 
severe will be the symptoms. With very high doses, the periods may merge 
into each other and there will be no clear distinction between them. 

Diagnosis and Assessment 

In order to put into effect an appropriate course of treatment for a 
patient exposed to a high radiation dose, a good diagnosis and assessment 
of the condition is needed. This involves an early knowledge of the 
magnitude of the dose and the parts of the body irradiated. In most 
accidents, the whole body will not be uniformly exposed, due to shielding 
provided by nearby objects and some parts of the body shielding other 
parts. As a result, some of the cells in one of the body systems may 
survive and this gives a better chance for recovery of the patient. It is 
important, therefore, in considering a prognosis and a possible course of 
treatment to know the extent to which the body has been exposed. 

In the absence of knowledge of the doses involved, a careful noting of the 
severity and timing of symptoms after the exposure will give some 
indication of the magnitude of the dose received and hence of the treatment 
to be implemented. Table 8.1 gives the expected temporal distribution of a 
number of symptoms following whole-uody exposure and this can be used as a 
guide to the dose likely to have been received. It has been derived from 
studies made on a relatively small number of people. This illustrates how 
the severity and time of onset of symptoms vary between individuals. 

Vomiting is believed to occur because of effects at two sites - the 
chemoreceptor trigger zone and the vomiting centre. Exposure of the head 
and thorax to greater than 1 Gy can cause vomiting, but if the exposure is 
below the level of the stomach, the effect is very much less. Following 
exposure to other parts o£ the body, this effect is absent. It has been 
shown in sub-human animal studies that, by shielding the epigastrium and 
giving a near-lethal dose to the remainder of the body, the animals did not 
show signs of nausea and vomiting. On the other hand, a high dose to only 
the epigastrium resulted in vomiting. Vomiting is believed to be caused by 
a humeral agent, radiolytic in nature, that is carried by the blood stream 
to the vomiting centre in the brain, thereby resulting in the prodromal 
period symptoms. 
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Midline tissue 
dose 

0.5 - 1.0 Gy 

1 - 2 Gy 

3.5 Gy 

3.5 - 5.5 Gy 

5.5 - 7.5 Gy 
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Table 8.1 

Expected Temporal Distribution of Symptoms 
Following Whole-Body Irradiation 

Symptom Percentage of 
Individuals 
affected 

Anorexia 15 - 50 
Nausea 5 - 30 
Vomiting 15 - 20 
Anorexia 50 - 90 
Nausea 30 - 70 
Vomiting 20 - 50 
Fatigue 25 - 60 
Weakness 25 - 50 
Bleeding (mild) 10 
Fever 10 - 60 
Infection 10 - 50 
Death < 5 
Anorexia 90 - 100 
Nausea 70 - 90 
Vomiting 50 - 80 
Diarrhoea 10 
Fatigue (moderate) 60 - 90 
Weakness (moderate) 50 - 80 
Bleeding 10 - 50 
Fever 10 - 80 
Infection 10 - 80 
Ulceration 30 
Death 5 - 50 
Anorexia" 100 
Nausea" 90 - 100 
Vomiting0 80 - 100 
Diarrhoea" 10 
Fatigue 90 - 100 
Weakness 90 - 100 
Headache 50 
Bleeding 50 - 100 
Fever and infection 80 - 100 
Death 50 - 99 
Anorexia 100 
Nausea 100 
Vomiting 100 
Diarrhoea 10 
Fatigue and weakness 
(severe) 

Dizziness and 100 
disorientation 

Headache 80 
Bleeding, fever, 100 
infection, hypotensi on 

Death 100 
a Possibly up to 6 wk. 
b Symptom occurs in 60 - 100% of those exposed at 3 

Time after 
exposure 

3 - 18 h 
3 - 20 h 
4 - 16 h 
1 - 48 h 
4 - 30 h 
6 - 24 h 
3 - 72 h a 

3 - 48 h 
1 - 5 weeks 

2 d - 5 weeks 
1 - 5 weeks 
5 - 6 weeks 
1 - 48 h 
1 - 48 h 
3 - 24 h 
4 - 8 h 

2 h - 6 weeks 
2 h - 6 weeks 
1 - 5 weeks 
1 - 5 weeks 
2 - 5 weeks 
3 - 5 weeks 
4 - 6 weeks 
1 - 72 h 
1 - 72 h 
3 - 24 h 
3 - 8 h 

1 h - 6 weeks 
1 h - 6 weeks 
4 - 24 h 

6 d - 6 weeks 
6 d - 6 weeks 
3 .5 - 6 weeks 
1 - 72 h 
1 - 72 h 
1 - 48 \ 
4 - 6 h 

1 h - 2 weeks 

4 - 48 h 

4 • 30 h 
1 0 • • 14 d 

2 • • 3 weeks 

6 weeks. 

I : 

From Medic.il Effects of Ionizing Radiation, Mettler, F.A. and Moseley, R.D., Eds. 
Grune & Stratton, New York, 1985. Copyright permission given by F.A. Mettler, 

http://Medic.il
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Other symptoms may also occur and these should also be noted. Episodic 
erythema, for example, may appear in the first few days. This may come in 
waves and could be easily missed, particularly as it often occurs in the 
early hours of the morning (between about 2am and 6 am). If the exposure 
is greater than about 15 Gy, erythema could reappear at a later time and 
characteristic changes to the skin colour (bronzing) may be evident at 2-3 
weeks. Hypotension may also occur with very high doses, as may bloody 
diarrhoea, in which case the prognosis is very poor. 

Many of the symptoms occurring in the prodromal period can reappear in the 
manifest illness period, together with others. The symptoms listed in 
Table 8.2 are grouped and listed in increasing order of severity and 
therefore in increasing dose. The corresponding doses have not been listed 
due to the large variation between individuals, but the likely doses can be 
gauged from Table 8.1. Not all symptoms in any one group will appear -
this will depend on the regions of the body exposed. 

Table 8.2 
Signs and Symptoms Found in Different Periods 

Prodromal Period 
Anorexia, nausea, vomiting, weakness and fatigue 
Conjunctivitis, erythema, fever 
Hyperesthesia 
Ataxia, disorientation, shock 
Prostration, diarrhoea, abdominal pain 
Sweating, oliguria 
Paresthesia 
Coma, death 

Manifest Illness Period 
Anorexia, nausea, vomiting, diarrhoea, abdominal pain 
Abdominal distention, conjunctivitis, erythema, jaundice, fever 
Infection, purpura, haemorrhage, scalp pain, epilation 
Sweating, oliguria, weakness and fatigue, prostration, weight loss 
Hyperesthesia, paresthesia, ataxia, disorientation, shock 
Coma, death 

Reprinted with permission from "The Evaluation of Extent of Injury" by 
E.L. Saenger in "Medical Management of Radiation Accidents". Mettler F.A., 
Kelsey, C.A. and Ricks, R.C. Eds. Copyright CRC Press Inc. Boca Raton, FL. 
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The following information is given on the different syndromes -

(1) Haematopoietic syndrome. This occurs at skin doses between about 1 
and 10 Gy and is sometimes referred to as the bone-marrow (suppression) 
syndrome. The prodromal period is characterized by anorexia, nausea and 
vomiting, together with changes in the blood cells. The latent period 
lasts from about 2 to 20 days after exposure, depending on the dose. Even 
if this period is protracted, the period of depression of white b-ood cells 
is much the same. This is because there is a longer period of neutropenia 
with the higher doses, due to the rapid drop in the number of white blood 
cells and platelets and to recovery not commencing until about 30 days 
after exposure, regardless of the dose. There are brief rises in 
neutrophils after an exposure - the first within a day or so after the 
exposure and this is due to a stress response and the second at about 15 
days when it may appear that the patient is recovering but this is due to 
the body's aborted attempt at increasing the number of neutrophils. 

As the lymphocyte count is a sensitive "clinical dosemeter", counts made 
every 6-12 hours in the first 48 hours after exposure will give an 
indication of the dose received. Counts of other cells should be made 
periodically throughout the course of treatment. If the lymphocyte count 
does not decline below 1200 mm"3 within 24 hours, the patient probably will 
not require clinical support; if it falls below 500 mm"3, a severe course 
can be anticipated and if the lymphocytes disappear within 6 hours, the 
dose was fatal (see Chapter 4). 

(2) Castrolntestlnal syndrome. This usually occurs at skin doses to the 
irunk greater than about 10 Gy. The prodromal period is characterized 
primarily by nausea, very severe vomiting and diarrhoea, which may be 
bloody. In the latter case, prognosis is usually death within 2 weeks, 
although, with treatment, individuals have lived for 36 days. If the skin 
dose does not exceed 12 Gy, regeneration of the bowel epithelium is 
possible. 

In the manifest illness period, there will be gastric suppression, which 
means delayed gastric emptying, decreased gastric motility and decreased 
secretion from the gastric mucosa. Loss of fluids through diarrhoea, 
inability to absorb nutrients and infections caused by endogenous organisms 
can occur within a few hours to days following exposures of this magnitude. 
These symptoms are due to (a) radiation effects on endothelial cells with 
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death of cells that cover the villi of the intestines, resulting in damage 
to the epithelial barrier of the intestines, (c) loss of the mucosal 
barrier that covers the intestinal lining and resultant loss of the 
colonization resistant organisms that form the normal flora of the 
intestines and (d) alterations in intestinal motility due to all of the 
above. 

(3) Cardiovascular syndrome. This occurs at doses greater than about 15 
Gy with effects that are quite severe. The primary pathology is leakage of 
fluids into tissues. If there is leakage to the brain, there will be 
neurological symptoms. The cardiovascular and neurovascular syndromes can 
then blend together and the sequence of periods is very short. There would 
be vomiting, fever, hypotension and the skin may show erythema that comes 
in waves and could be easily missed. This latter effect would be caused by 
the breakdown products from the cellular membrane, causing changes in the 
vasculature, such as dilation of capillaries. It is believed to be due to 
the release of chemicals (possibly histamines) to the circulation. 

i : 

^ 

Fever is probably due to the release of chemicals into the blood stream. 
Leakage of fluids from the vasculature would also result in severe 
hypotension or lowering of blood pressure and leads to oedema of the brain, 
with subsequent neurological symptoms. Prognosis from this level of 
exposure is very poor - death occurs usually in less than two weeks. 

(4) Neurovascular syndrome. This can occur at extremely high doses of the 
order of 50 Gy. There would be some temporary incapacitation to function 
within a few mini'ttjs (and certainly in less than 40 minutes). The effect 
is not so much as the killing of cells but an effect on cell membranes - an 
electrochemical inactivation of the cells of the neurological system. 
Fever, prostration, prompt vomiting, with perhaps projectile vomiting would 
ensue. Death would be expected within a few hours - certainly within 48 
hours at the most. There may be a very brief period of lucidity after the 
initial incapacitation, but then there would be other very severe symptoms 
before death. 

Treatment 

! * 

The treatment course for acute radiation syndrome will depend on the 
particular syndrome. Survival from the cardiovascular and neurovascular 
syndromes is not possible; very unlikely from the gastrointestinal 
syndrome for the higher ^oses but possible for the lower doses. Where 
_sury_ival is not possible or very unlikely some alleviation for the symptoms 
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should be given whenever possible; there have been cases where life has 
been prolonged when suitable alleviation has been given. Survival from the 
haematopoietic syndrome and the lower dose gastrointestinal syndrome is 
much more likely and appropriate treatment to this end should be given. 
All treatment should be based on the patient's symptoms and needs and not 
on radiation dose. Reference was made earlier to the need for assessing 
the dose and this is aimed at assessing the syndrome for a patient and the 
regions of the body that are affected most. 

In the early period after an accident when dose estimates are not 
available, treatment will be determined according to the symptoms. 
Patients could be classified in the first place according to the 
following -

No nausea, vomiting or diarrhoea; lymphocyte count above 
1500 mm"3 at 48 hours. 
Probably no life-threatening injury. Observe periodically for 
any change in clinical status. 

• Nausea, mild vomiting; possible diarrhoea, conjunctival redness 
and erythema; lymphocyte count between 800 and 1500 mm"3 at 48 
hours. 
Probably serious injury; plan for therapy. 
Pronounced nausea and vomiting; possible diarrhoea, conjunctival 
redness and erythema; lymphocyte count between 100 and 800 mm"3 

at 48 hours. 
Probably life-threatening injury; plan for maximum therapy. 
Prompt severe vomiting and bloody diarrhoea; erythema and 
hypotension; lymphocyte count below 100 mm"3 at 48 hours. 
Almost certainly lethal; give supportive therapy. 

Treatment can be divided into three components - supportive care, control 
of infection and treatment of the haematopoietic system. 

(1) Supportive care. Alleviation from vomiting is the first thing to be 
managed as this can last for some days. The traditional antiemetics do not 
always work with vomiting caused by radiation exposure, but a search for 
suitable antiemetics is continuing. In using antiemetics, it is desirable 
t%it other functions are not depressed whilst trying to depress nausea and 
vomiting. 
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If the ability of the gastrointestinal tract to retain fluids has been 
lost, and this is particularly the case when diarrhoea ensues, there will 
be a loss of electrolytes and a great caloric requirement. This caloric 
requirement is necessary to assist in recovery. It is important, 
therefore, to ensure that there is an adequate food volume in the body and 
that an ample supply of fluids is available so as to minimize weight loss 
and to help sustain the patient. If necessary, electrolytes should be 
administered and a controlled food diet with added nutrients, selenium and 
vitamins A and E given, together with elemental diets of amino acids, 
glutamines and such like. The latter have also been tried for the 
gastrointestinal syndrome. For this syndrome, there is also the 
possibility of using certain growth factors that act on the epitheleal 
cells lining the gastrointestinal tract and of using non-absorbable 
antibiotics. 

(2) Control of infection. Control of infection is important throughout 
the syndrome period as a reduced number of white cells could be 
insufficient to fight infection. During the latent period, a complete 
physical examination of the body should be made to locate any potential 
sites for infection, e.g., decayed teeth, skin infections, fungal or viral 
infections. The patient should be treated for these and put into optinul 
condition to survive the period. Consideration should also be given to 
sending the patient home during the latent period as this would reduce the 
possibility of infection, and then be brought back into hospital when 
further problems are anticipated. 

Whilst the patient is in hospital, strict isolation procedures should be 
observed at all times - these may involve the use of reverse isolation 
procedures, complete enclosure units or laminar airflow units. The 
following may also be needed -

• antibacterial agents, wherever indicated; 
• antiviral agents, as necessary; they should not be used 

preventatively, unless viral infections are anticipated. In this 
regard, the herpes virus can become activated two or three days 
after exposure and herpes infection in the mouth, nasopharynx and 
skin should be avoided. Acyclovir or similar might be indicated; 

• antifungal agents, as necessary; the mouth and nasopharynx can be 
very much affected by yeast infections - redness, irritation and 
ulcer formation can be reduced by these agents; and 
anthelmintics, as necessary for parasite infections. 
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In managing patient care, the number of invasive procedures, such as 
catheters in the bladder or blood vessels, should be limited to those 
absolutely necessary; by this means, the number of entry pathways for 
bacteria into the body is minimized. 

(3) Treatment of the haematopoietic system. Because there is generally 
non-uniform exposure of the body, there could be a number of stem cells in 
the bone marrow that remain intact; they can repopulate sufficiently for 
the patient's recovery provided adequate supportive care is given. If as 
many as ten percent of the stem cells remain intact, the blood cells will 
repopulate. In general, physicians would us. the same skills they use in 
taking care of a patient who experiences neutropenia, lymphopenia or 
thrombocytopenia. 

Treatments that can be given to survive the period of haematopoietic 
depression include several cytokines and colony stimulating factors that 
increase the number of white cells in the blood. Some of these cytokines, 
such as GMCSF (granulocyte macrophage colony stimulating factor) may cause 
granulocytosis where there is an initial drop followed by an increase in 
white blood cells. There is no acute toxicity associated with this, but 
with some administrations, bone pain has been reported although, so far, 
this has not been severe. GMCSF produces more granulocytes and macrophages 
and also has an effect in making the cells better at killing bacteria and 
performing their functions in the body. Its performance seems, however, to 
be much better for higher than for lower dose patients. 

In the haematopoietic depression period, haemorrhage is likely to occur at 
platelet levels below 30,000 mm'-5 and platelet transfusion is indicated. 
In some cases, multiple transfusions may be required. 

In the event of a high dose of acute uniform exposure to penetrating 
radiation, a significant drop in white blood cells can be prevented by 
carrying out a bone marrow transplant, provided a suitable donor is 
available. In such cases, it is important to recognise that subsequent 
problems may arise; this can occur if the patient has stem cells left in 
the body and the transplant is not a perfect match, giving rise to graft vs 
host disease (GVHD). There is also the possibility of subsequent 
development of radiation pneumonitis, of pulmonary complications associated 
with the transplant and of cytomegalovirus (CMV). 
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There is a set oJ conflicting data on the usefulness of bone marrow 
transplants in this kind of situation and only a few patients have shown 
proven benefits from it. At the present time, it is only used as a last 
resort in the treatment of severe haematopoietic depression except in the 
unusual circumstance of the availability of an HLA identical donor such as 
an identical twin. 

B. Local Radiation Injury 

Body Regions Affected 

Local radiation injury may occur when high radiation doses are delivered to 
small areas of the body in a short period of time. Most accidents have 
involved equipment such as X-ray diffraction units, where operators have 
inadvertently placed their fingers or hands in the direct X-ray beam and 
industrial radiography equipment, where the radioactive sources have become 
detached, picked up (often by a member of the public) and placed in pockets 
and left there for some days. In addition, there have been some 
misadministrations (of doses) to patients undergoing radiotherapy. In most 
cases, very high doses have been delivered to superficial tissues, with a 
rapid drop-off in dose as the radiation penetrates further into the body. 

As only a relatively small volume of tissue is affected in these accidents, 
the normal functions of the body would be expected to continue after the 
exposure; skin changes are the most obvious symptoms arising. Systemic 
changes, if they occur in individuals, are mild in comparison to those of 
the acute radiation syndrome. Symptoms such as nausea and vomiting that 
occur in the prodromal period of the acute radiation syndrome may also 
occur if the local area irradiated is the epigastrium or, in the case of 
the head, doses of the order oi 300-400 Gy are involved. Generally, major 
organs and organ systems are not involved in these injuries, although there 
may be some situations where necrosis of bone, muscle and other internal 
organs occurs. 

As indicated, the skin is the tissue most likely to demonstrate change 
following a high dose to a small area. The severity and time of onset of 
any such changes will depend on the dose received - the higher the dose, 
the greater the severity and the earlier the time of onset. In addition, 
the effect will depend on the skin area involved - the smaller the area, 
the higher must be the dose to result in a particular change. It will also 
depend on the body region involved. For example, the most radiosensitive 
areas of the skin are those that are moist and subject to friction, such as 
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body skin and thj least sensitive areas are the nape of the neck, scalp, 
palms and soles. The variations are mainly due to the different 
thicknesses of the epidermis. In addition, the acute skin reaction is 
fairly independent of skin colour and type and age of patient. 

Types of Early Injury 

The effects likely to arise from acute exposure within a few weeks are -
FT' 

(1) Epilation. The minimum dose for this is about 3 Gy. It appears about 
17-21 days post-exposure and may continue for several days thereafter. For 
single doses above about 7 Gy, loss of hair may be permanent. 

(2) Erythema. The threshold dose for this to appear depends on the 
radiation energy and is ab"ut 3 Gy for 100 keV photons and about 6-10 Gy 
for 1000 keV photons. It may appear within hours or within one or two 
days, remain for a short period of time and then disappear. It also 
appears about 2-3 weeks post-exposure, lasting for about 20-30 days. The 
early erythema may give a sensation of warmth and be present for some time, 
in contrast with the episodic erythema associated with the acute radiation 
syndrome. At 15-20 Gy, the skin may also show hyperpigmentation or 
bronzing. This can be used as a good indicator of dose fall-off below 15 
Gy. 

K 

(3) Dry desquamation. This may occur in the dose range about 10 - 15 Gy. 
It appears about 2 - 4 weeks post-exposure. During this time the basal 
area underneath the area is repaired and the epidermis remains relatively 
intact. 

(4) Wet desquamation. This may occur in the dose range about 20 - 50 Gy. 
This appears about 3 - 4 weeks post-exposure and small blisters may 
coalesce and then rupture. 

1 * (5) Blisters. These can arise in the dose range about 20 - 50 Gy directly 
from exposure, as distinct from those following wet desquamation. They 
appear about three weeks post-exposure, with well defined edges and will 
often remain intact if not interfered with. They are mainly caused by 
small X-ray beams, such as those from X-ray diffraction units. 

\ 

(6) Radlonecrotlc lesions. The threshold dose for these is greater than 
50 Gy, although 100 Gy is often required to produce them. They may appear 
-.^y M-mr, K0t-..,0«>n * P„,., uo.l/e ar.H 3K».,f- f-V,T-«»o p a r e p n c l - . o v p n c n r p hut- fr.t-
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higher doses - 200 or 300 Gy, they may appear in 3 to 7 days post-exposure. 
In the latter case, if the lesions are in areas of body hair, epilation as 
well as sloughing of tissue will occur much earlier than normal. In cases 
of extremely high doses (of the order of lO^Gy), the eschar tissue can 
become extremely hard and difficult to penetrate. The margin round the 
area can break down and slough off and there will then be areas of re-
epitheliation and haemorrhagic islands. 

(7) Other effects. Important organs in the subcutaneous tissues (nerve 
endings, hair follicles, sweat glands) may be damaged and there may be some 
form of tenderness, itching or tingling and a changed sensitivity to heat 
and cold. These may require doses of the order of 70 - 100 Gy and may 
develop very early (hours) post-exposure. In addition, there may be some 
restricted motion or stiffness in irradiated fingers, for example, and 
swelling of tissues (oedema), which may be seen within a few hours up to 20 
days Episodic erythema, as in the acute radiation syndrome, may also 
appear. 

The effects seen are dependent on the type of radiation involved. For 
example, with beta-particle exposures, there is very rapid absorption in 
the first millimetre or two and this can result in dermal necrosis, which 
is not so likely for the same dose as with more penetrating radiation. 
Underlying tissues are not likely to be affected with beta radiation and 
things like oedema and vascular changes are unlikely. However, beta 
particles of low energy may not even reach the dermal plexus and any effect 
would be quite small. A knowledge of the radiation type and energy is 
therefore useful in trying to determine the likely depth of the injury. 

It is important to recognise that some injuries, particularly those 
resulting from high doses, may take months or even years (in the case of 
wet desquamation) before the tissue is stabilized, even with treatment. 

Late Effects 

Late effects which may be expected from local radiation injuries, are those 
resulting from insidious but progressive tissue atrophy, fibrosis and 
chronic radiodermatitis with tissue breakdown. Some of these may be 
attributed to vascular changes resulting from the exposure. The lesions 
may return and the skin may be susceptible to breakdown from minimum 
trauma. There may be some stiffness and tenderness to pressure with the 
hands and fingers exhibiting increased insensitivity to temperature changes 
and to certain roughened or metallic surfaces. There may also be 
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cartilaginous atrophy and other changes of joint spaces and tendon sheaths 
leading to progressive limitation of movement. The development of skin 
cancer must be watched for, although radiation-induced cancer has not been 
observed in the absence of radiodermatitis. In addit ion, the lens of the 
eye, which is a tissue of highly specialized cells, may develop opacities 
(recognized as radiation cataracts) one or more years after an exposure, 
even if the eye itself is injured at the time of the exposure. (Some of 
these are covered in more detail in Chapter 4.) 

Treatment 

Treatment of local radiation injuries can be a "wait and see" procedure. 
In many instances, it may be better not to do anything, but let healing 
take its course. This is particularly the case if the skin is intact and 
there is no pain associated with the injury. This applies mainly to 
epilation, erythema, dry desquamation and intact blisters where there is no 
weeping of fluids round the margins. In these cases, it is important to 
keep the injury clean and free of infection; irritation and damage to the 
skin should be avoided. To this end, there should be no scrubbing of the 
area with soap and detergents, no cauterizing, no use of irritating 
solutions and no exposure to the sun. However, for dry desquamation, 
applying a mild lotion and covering with loose fitting clothes can be 
helpful - generally protective ointments such as zinc and castor o'l are 
preferred to antibiotic or cortisone carrying powders or sprays. 

For other conditions, the treatment will depend on the site, the dose, the 
radiation type and on any resulting pain; pain can be significant, 
particularly if there is infection or broken skin. If areas of delicate 
skin are exposed to high doses, there is often little that can be done 
medically to save the tissue. When doses likely to result in ulceration 
occur, treatment in the acute phase is generally symptomatic and can be 
approached by simply maintaining cleanliness and trying to prevent 
infection with antibiotic ointments. For painful skin conditions, non-
addictive analgesics are recommended. Certain drugs may cause bone marrow 
depression and these should not be used. When restricted motion or 
stiffness occurs in the fingers, for example, immobilization of the hand 
may be necessary to help in the ultimate restoration of functions. 
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Quite often, "burns" resulting from radiation exposure have the same 
appearance as thermal burns, but different treatment may be administered. 
Accordingly, the condition causing burns should be determined. With 
thermal burns, the causative agent is obvious and the effect immediate. 
The same applies to chemical burns. With radiation burns, the causative 
agent is often not recognised immediately and the ensuing damage may not be 
apparent for hours, days or even weeks after the event causing it. 

In some areas, skin grafting may be necessary, even after apparent 
recovery, to relieve pain, cover the area, restore functions and to care 
for severe dermatitis. However, the timing and success of skin grafting is 
dependent on any damage to the underlying vascularity. To assess vascular 
status, useful methods include arteriography, radionuclide perfusion 
studies and thermography. Vascular lesions can be exacerbated by physical 
trauma, histamines, prostaglandins and arachidonic acid derivatives. 
Administration of an antiprostaglandin drug and topical application of a 
thromboxane inhibitor, anticoagulants and antifibrotic drugs have been 
suggested, but the efficacy of such treatments is still in the research 
stage. 

Severe cases may not respond to treatment and gangrene could set in. This 
involves amputation or removal of the offending area. Such action may be 
seen to be necessary in the early stages of the symptoms, but most patients 
who face the possibility of amputation resist application of this procedure 
until such time as ulceration or gangrene become so severe that it is seen 
that there is no likelihood of success of the more conservative methods of 
treatment and amputation is inevitable. 

C. Combined Injury 

Combined injury is defined as a concurrent trauma, whether it is physical 
or thermal injury, and radiation injury occurring in the time prior to 
recovery of any one of the injuries. It increases the probability of death 
from radiation injury or results in a longer recovery period or a less 
successful outcome than would otherwise be the case. Effects arising from 
radiation exposure may become apparent at a much earlier time and be much 
more severe when other injuries are present. 

In determining the history of a radiation accident, it is important to 
determine if there have been any injuries or illnesses in prior months that 
have not completely healed. This information needs to be taken into 
account even if the injury or illness affected different parts of the body 
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to the region exposed in a radiation accident. The patient must be told to 
ensure that he/she reports any injuries or illnesses, no matter how 
trivial, that occur whilst undergoing observation or treatment for a 
radiation accident as these may affect the treatment course. Any treatment 
prescribed for that injury or illness may need to be different to that 
normally prescribed for the condition. 

With combined injury, effects may be manifested earlier than normal and it 
will not be known if the symptoms are due to the radiation exposure or to 
trauma. For example, in the prodromal period of the acute radiation 
syndrome, the symptoms may give a false indication of dose due to early and 
more severe nausea and vomiting, which, in turn, could lead to a different 
prognosis and treatment course. The absolute lymphocyte count may also 
drop because of trauma - burns and serious trauma are known to cause 
lymphopenia and any such drop can lead to false assessments of the 
radiation dose received. 

Both radiation and trauma impede repair of cells, affect the immunological 
system and affect the ability of the body to survive an infection. With 
bleeding, there will be an earlier deficiency of red olood cells and the 
onset of pancytopenia will be hastened. Transfusions given to make up for 
loss of fluids and red blood cells may also affect subsequent treatment. 
There will also be significant increases in the amount of thromboxanes, 
prostaglandins, products of cellular metabolism and break-down products of 
arachidonic acids in the body. Infection and haemorrhage remain the major 
problems - somewhat similar to thermal and physical trauma occurring at the 
same time. 

Controls against infection need to be somewhat more stringent in cases of 
combined injury, particularly as conventional survivable injuries can 
become lethal when combined with radiation injury. In the case of 
transfusions, all blood cells need to be irradiated with doses of the order 
of 15 - 20 Gy to remove any T cells that might be present in the blood; if 
surgery is needed and platelet transfusions given, the platelet count 
should be at least 75,000 mm , somewhat higher than that needed under 
other circumstances. Consultation with haematologists and infection 
control specialists will be necessary in this regard. 



91 

Where surgical procedures on major injuries and life-saving procedures are 
needed, these should be carried out within 36-48 hours, a period when there 
are still some white blood cells present to fight infection. Elective 
surgery should be postponed as long as possible. Any surgery to repair 
defects and for reconstruction should also be left as long as possible, 
possibly 7-8 weeks after exposure. The risks of infection should be at a 
minimum when these surgical procedures are undertaken. If thermal burns 
are involved, early excision of potentially septic tissue may be desirable, 
with early closure of the wounds, preferably by skin grafting. 

As with the acute radiation syndrome, an initial examination of the patient 
should be made to detect sites of possible bacterial, viral, fungal and 
parasite infections. Any organisms present should be suppressed by 
selective decontamination, probably with non-absorbable antibiotics. Good 
oral hygiene of the patient is important - there is frequently a mucositis 
occurring which requires careful procedures for dealing with it; these 
problems are similar to those occurring with granulocytopenic patients. 
Good personal hygiene is also necessary - for example, decontamination 
agents, such as iodine, in the anal and vaginal regions, hair shampooing, 
good cleaning of the feet, toe nai?s, finger nails, umbilicus, etc. It is 
important, however, not to traumatise skin which has been affected by 
radiation. In addition, a knowledge of the predominant microorganisms in 
the hospital itself assists considerably in appropriate decontamination 
procedures. 

Controls to manage gastrointestinal problems can be used in a number of 
ways. Early controlled oral nutrition should be implemsnted, if possible, 
but it may be necessary to use intravenous hyperalimentation to maintain 
the caloric requirements. The sooner enteral nutrition is implemented the 
better, as maintenance of gastric acidity and enteral nutrition are 
important in preventing infectious organisms making their way from the gut 
to the respiratory tract and resulting in death. Administration of 
something like sucralfate to minimize the possibility of stress ulcers 
should be considered. 

Other methods to minimize infection involve food precautions, with fresh 
fruit and vegetables being avoided, and isolation procedures implemented, 
with laminar air flow units being preferred to other techniques. 
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Growth factors can be tried to stimulate cell recovery, but they have not 
yet been proven to have any additional benefit in combined injury compared 
to that in radiation injury so far. Immunomodilators, such as the use of 
glucans and triacidmyaclomates have been suggested, but they are still in 
the research phase. Improved nutrition and clinical support are obviously 
indicated and certain vaccinations might be helpful in the early stages. 

Some long-term problems can occur following recovery. There is still the 
possibility of radiation pneumonitis occurring, which may be confused with 
respiratory distress syndrome. There is also the potential for problems 
with cytomegalovirus. In addition, the possibility for tissue atrophy, 
etc. will be much greater than that for radiation injury alone. 



CHAPTER 9 
MONITORING OF INDIVIDUALS FOR RADIOACTIVE CONTAMINATION 

In order to put into effect appropriate procedures for decontamination of 
individuals, early determination of the extent of the contamination on and 
in their bodies is essential. For this, external contamination is assessed 
by direct monitoring of an individual's skin and clothing and internal 
contamination, usually by monitoring biological samples taken from him/her. 

Some preliminary external monitoring and sample collection and measurement 
should be carried out at the scene of the accident as soon as possible 
after the accident. This makes it possible to undertake preliminary 
decontamination procedures and should indicate an order of priority for 
later procedures. Repeat and more detailed monitoring and biological 
sample analysis would be carried out at the hospital before, during and 
after the procedures; these may indicate modification to the procedures 
already decided upon or set in train. 

The implementation of decontamination procedures should never be delayed 
whilst awaiting results of detailed monitoring as some of these results may 
take a few days to obtain. Early implementation of procedures could remove 
a substantial fraction of the contaminants in the waiting period. 

General Radiation Monitoring Procedures 

Portable contamination monitors, such as proportional, scintillation or 
geiger counters are used to locate contamination deposited externally ov 

the body. The monitor chosen must be able to respond to alpha or beta 
particles, whichever is present, and should have a small enough window 
thickness to reduce particle absorption to a minimum. Where beta and gamma 
emitters are present, measurements should be made with an unshielded window 
so that both beta particles and gamma-rays are counted. The shield can be 
put in place and measurements repeated if discrimination between these is 
necessary. 

Information on the radionucl ide(s) present is necessary for proper 
monitoring and assessment. This should be available at the scene of the 
accident, but if it is not, samples of the contamination will have to be 
measured on more sophisticated equipment. When this information is not 
available, a monitor that responds well to the radionuclides present can be 
used initially for locating contamination or demonstrating effectiveness of 
decontamination, but as radionuclide identification became available, a 
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more appropriate monitor may be necessary, particularly to demonstrate that 
contamination is below a prescribed value. 

Monitors should be checked for proper performance before any measurements 
are made (see Chapter 3). Once this has been established, the most 
sensitive range (xl) should be selected to check the background radiation 
level. Subsequently, measurements should be made using the highest scale 
setting; this setting should be reduced as readings fall below 10 per cent 
of the maximum scale value. 

Measurements of background radiation should always be made before the 
monitoring of individuals commences; if the background levels are high, as 
they could be after an accident, false indications of the contamination on 
individuals could arise. Wherever possible, monitoring of individuals 
should be carried out in areas where, should there be any high background 
levels, they will have least effect on the monitoring results. 

In some cases, it may not be possible to move a victim to an area of lower 
background radiation, particularly if he/she is suffering from an injury or 
illness which precludes his/her movement. Monitoring should then be 
carried out where the victim is at the time, with any shielding available 
being utilized. If the person doing the monitoring stands between the area 
of high background radiation and the victim, this helps shield the monitor 
from the higher levels. However, on no account should monitoring or the 
collection of biological samples impede the implementation of life-saving 
procedures, although in some cases, these activities can be carried out 
concurrently. 

Monitors with large windows of 30-100 cm' area should be used initially, 
followed by others with smaller windows to pin-point regions of 
contamination. This is particularly the case for measurements near the 
eyes, wounds, etc. 

Problems may arise in measuring alpha emitters if small amounts of water, 
perspiration, blood, wound fluid, hair, flakes of skin (including finger 
nails) or small pieces of tissue are present, as these can absorb the alpha 
particles; alpha emitters may then not be detected. Any moist areas 
containing alpha emitters should be dried before measurement. Any material 
used for blotting skin or wounds dry should also be checked for alpha 
contamination. 
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The face of the detector should be kept close to the skin and clothing, but 
not so close that contact is made, thereby contaminating the detector and 
making it useless for further measurements. Placing the detector in a 
plastic bag can be helpful in preventing it being contaminated should it 
contact contaminated areas or be splashed with contaminated blood or 
liquid. The plastic bag can be removed later when detailed contamination 
checks are required. Care must be taken that the plastic does not 
significantly absorb any alpha particles present, and this should be 
checked prior to use. 

Results of all monitoring, together with sites of wounds etc., should be 
carefully recorded in notes or on a body chart and these referred to as 
decontamination proceeds. 

As decontamination proceeds, each area should be monitored carefully to 
evaluate the effectiveness of the procedure. Special attention is needed 
if alpha emitters are present in wounds; a zero monitor reading may not 
mean the procedure has been successful. All material used for blotting dry 
should be monitored as a double check. 

All biological samples collected from the victim, as well as any dressings, 
smear pads, etc. should be placed in individual, labelled plastic bags for 
later measurement and analysis. 

Monitoring of External Contamination 

(1) Skin and clothing. Radioactive contamination may be deposited on the 
skin and clothing as a result of a radiation accident; as much as 70 - 80% 
of this contamination could be on the outer clothing. The most likely 
parts o£ the body contaminated externally would be the hands and face 
(including body orifices), with less likely areas being the head, neck, 
hair, forearms, wrists, legs and torso. If the radioactive material is in 
liquid form, it could penetrate clothing, thereby increasing the 
possibility of contamination being on some of these latter parts of the 
body. 

The levels and positions of contamination on the body and clothing should 
be determined with measurements being made from head to toe, in a slowly 
moving sideways, descending manner. The rate of movement of the detector 
should be slow enough (about 2-3 cm per second) for it to respond to any 
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contamination present. The front and back should be monitored with arms 
outstretched. The arms, hands (both sides), soles of the feet and head 
should also be checked. A diagram showing the movement of a detector over 
a person is shown in Fig. 9.1. In some situations, because of the victim's 
condition, it is not always possible to carry out a complete survey, but 
all accessible parts of the body should be checked. Filter papers, gauzes, 
etc. may also be used to collect smear samples from the skin and these can 
be analysed later. 

The following procedures 
are recommended for 
personnel monitoring: 
(1) Have person stand on a 

step-off pad. 

(2) Instruct the person to 
stand straight, feet 
spread slightly, arms 
extended with palms up 
and fingers straight 
out. 

(3) Monitor both hands and 
forearms to the elbows 
with palms up, then 
repeat with hands and 
arms turned over. 

(4) Starting at the top of 
the head, cover the 
entire front of the 
body, monitoring 
carefully the 
forehand, nose, mouth, 
neck line, torso, 
knees, and ankles. 

(5) Have the subject turn 
around, and repeat the 
survey on the back of 
the body. 

(6) Monitor the soles of 
the feet. 

Fig. 9.1 Procedure for checking external contamination on an individual. 
Source and peunission to use: REAC/TS. 
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(2) Wounds. Uncovered wounds should be monitored for contamination, but 
alpha particles could be absorbed in wound fluid and there could be an 
incorrect indication of the presence of alpha emitters. In these cases, 
sterile gauze could be used to wipe the wound carefully and then dried 
before measurement; wound fluids may also be collected in droppers or 
syringes. Any scabs removed from wounds should be placed in individual, 
labelled plastic bags for later analysis. Most dressings would be best 
left in place, unless removed by a medically trained person. In these 
cases, wounds should be dressed again; If a dressing is not removed it may 
be desirable to cover that dressing with another one so that any 
contamination on it is contained. 

(3) Body orifices. Nasal and oral swabs, taken on moist, clean cotton-
tipped applicators and any sputum and vomitus should be collected at the 
scene of the accident. In addition, any tissues, etc. from nose blows 
should be collected. Quick measurements can be made on these to give an 
early indication as to whether any intake of radioactive material was 
likely to have been large or small. This assists in planning 
decontamination procedures. 

Swabs should be taken within about 10 minutes of the accident as 
radioactive contaminants in the mouth and nose can be taken into the body 
quickly. In the nose, for example, any deposit near the mucocutaneous 
junction can remain there for about 60 minutes or longer, but any 2-3 cm 
above the junction can be cleared and swallowed within about 10-20 minutes. 
It should b^ noted that if only one nostril is contaminated, the 
possibility of inhaled material is reduced; it is more likely that the nose 
has been touched with a contaminated finger. If the swabs show several 
hundred or more counts/minute, there is a possibility of a large inhalation 
but if only tens of counts/minute, the inhalation was probably low, but 
this can never be a guarantee. If alpha-emitting radionuclides are 
involved, the swabs should be dried before measuring them as any fluids 
will absorb the alpha particles, leading to low count rates. 

Other Relevant Action 

After completion of the initial survey of the victim at the scene of the 
accident, his/her contaminated clothing should be removed, if possible. 
This reduces the spread of contamination during transfer to and at the 
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hospital. At times, only part of the clothing can be removed, due to the 
victim's condition. Procedures for removing clothing and handling the 
victim are given in Chapter 6. 

Following removal of clothing, a detailed medical examination for skin 
wounds and other injuries should be made as these will need medical 
attention; detailed monitoring should be made of any wounds which show as 
a result of this examination and any other previously covered parts of the 
body should be checked for contamination. 

Monitoring of Internal Contamination 

Portable contamination monitors can be used to detect some gamma emitters 
within the body (provided sufficient activity is present), but they cannot 
detect alpha or beta emitters. In addition, because of the translocation 
of radioactive material within the body after an intake, particularly in 
the first day or so, these monitors cannot be used to locate the position 
of material with any accuracy at any given time. It should be noted that 
it may not always be possible to differentiate between external and 
internal contamination. 

For location of contaminants within the body, more sophisticated equipment, 
such as gamma cameras, as used in nuclear medicine departments, thyroid 
counters and whole body monitors are required. These cannot be used to 
measure alpha or beta emitters in the body, but in some cases, beta 

90 emitters such as Sr can be measured by whole body monitors by counting 
the Bremstrahlung emitted; for other beta emitters, the gamma-rays emitted 
by daughter products in the decay series can be counted. The number of 
these monitors throughout the world is low, as they are expensive 
equipments and require a very well shielded room to reduce background 
radiation levels to the lowest possible level. Three are in use in 
Australia - at ARL, ANSTO and the Royal Adelaide Hospital. 

Because of their complexity and location relative to the accident and 
emergency departments of hospitals, these equipments cannot be used during 
the decontamination procedures. Their main use is in determining the 
activity of a contaminant left in an organ once the procedures have been 
completed. From this, the dose to an organ can be derived and hence, the 
risk of long-term effects of the material left in the organ can be 
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assessed. A repeat decontamination procedure or alternative procedures 
could be undertaken at that stage, if it was thought desirable. 

An assessment of contaminants remaining in the body can often be derived 
from monitoring of biological samples. These include urine, faeces and 
blood. Monitoring of excreta, however, only indicates what has left the 
body. Modelling can give the quantity left within the body, but this may 
be subject to gross errors due to the physiological variability between 
individuals. Blood samples should be taken from uncontaminated parts of 
the body, if possible. The venous puncture sites should be dressed 
immediately afterwards to prevent the ingress of any contamination. 

With urine and faecal monitoring, the results depend on the intake time of 
the radionuclide, the chemical form and its solubility and, for inhaled 
material, the particle size. In addition, excretion rates may vary from 
one individual to another as does the fraction taken up by the various body 
organs. For example, a total transit time in the gastrointestinal tract of 
2U to 36 hours may occur in an active person who eats a high fibre diet and 
has adequate fluids, whereas a period of 5 days or more may be experienced 
by a less active individual on a low fibre diet with a low fluid intake 
(see Chapter 5). 

Except for radionuclides such as iodine and tritium, there is little point 
in carrying out urine analysis within the first three hours of an accident 
to assess intake. For proper monitoring, it is often safer to ignore the 
first couple of samples after intake as these may be diluted with 
uncontaminated urine already in the bladder, although the first samples may 
be needed to establish base-line values and that the kidneys are 
functioning properly. Following that, the total urine excreted each day 
should be obtained and monitored for at least four days. From the results, 
it is possible to extrapolate backwards to the time of intake and obtain 
the actual intake, after allowance is made for the fraction of the material 
retained in the body. Similarly for faecal monitoring, but a few days may 
need to pass before collection. 

Monitoring of urine and faeces can also be useful for judging the 
effectiveness of various agents used for decontamination of the 
gastrointestinal tract. Once radioactivity levels in samples reach a level 
that does not change significantly with time, then the treatment is not 
achieving any further improvement in decontamination. 
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Changes in the blood counts arising from the intake of radioactive material 
are not likely to be significant in most cases. Only in the case of very 
large intakes are detectable changes likely to occur and these will be 
similar to those for large external exposures (see Chapter 4 ) . 
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CHAPTER 10 

CONTROL OF RADIOACTIVE CONTAMINATION IN A HOSPITAL 

Whenever a radiation accident victim is brought to a hospital and has 
radioactive contamination on the skin, in the body or both, there is the 
possibility of contamination being spread over parts of the hospital and 
pieces of equipment and other items becoming contaminated. In addition, 
people involved in the management of the victim in the hospital, as well as 
those bringing him/her to the hospital may become contaminated. 
Considerable control must therefore be exercised to ensure that such 
contamination is minimized. 

One of the basic principles for reducing the spread of contamination is to 
leave as much of it as possible at the scene of the accident. To this end, 
any contaminated clothing should be removed from the victim and left there, 
if possible. There are times when this cannot be done and greater care is 
then necessary in the hospital to minimize the spread of contamination. 

A radiation accident victim may arrive at the hospital with a considerable 
amount of contamination on him/her. This may be because -

• those at the scene of the accident did not have any equipment for 
monitoring the contamination; 

• decontamination was commenced, but time or deterioration of the 
victim's condition did not allow further removal of 
contamination; 
only partial decontamination or removal of clothing was 
undertaken because movement of the victim was difficult or 
dangerous due to other injuries or trauma; or 

• no attempt was made to remove clothing. 

Accordingly, accident victims who are likely to be contaminated should 
always be considered to be extensively contaminated on arrival at the 
hospital unless those at the scene of the accident advise otherwise or 
outer clothing r.as been removed. 

As it is expected that there would be some forewarning of the arrival of a 
contaminated accident victim, advance preparation should be undertaken at 
the hospital. If a victim arrives without forewarning, a great deal of 
contamination could occur and a greater clean-up effort of areas, equipment 
and people will be necessary, but this can be managed. 
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Controls should be instituted to minimize the spread of contamination. For 
patients with external contamination and those with internal contamination 
and who are tc undergo lavage and such like, the controls are outlined 
below. If internal contamination only is involved, and this will be rare, 
contamination will occur in excreta and body fluids and these should be 
collected, with care being taken not to contaminate staff, outside of 
containers, etc. A number of, but not all, the controls indicated below 
should be followed in these cases. 

Areas 

The area designated for entry, triage and treatment of patients should be 
away from the main traffic area and large enough to cope with the number of 
patients expected. If any patients need the application of life-saving 
procedures, facilities for this should be in the area, or nearby, so that 
they can be treated immediately upon arrival at the hospital, regardless of 
any radioactive contamination on them. 

In the event of contaminated and non-contaminated patients arriving from 
the accident scene, they should all be admitted and triaged in the same 
area, but the non-contaminated patients should be directed through the 
normal accident and emergency department procedures only after thorough 
monitoring has shown them not to be contaminated. 

The entry, triage and treatment areas should be prepared in advance of 
patient arrival and be designated as controlled areas. For this, the 
following should be done -

• cover the entire floor or a large enough area to allow 
comfortable working space for several people and equipment with 
plastic or paper, taping down all edges to prevent tearing and 
tripping. If plastic is used, it should be "non-slip" or covered 
with other material which should also be taped; 

• cover the floor from the ambulance entry to the reception area in 
the same manner (if this distance is large, see under 
"Procedures" for an alternative approach to this); 

• remove from the area any movable items that are not required. 
Cover non-movable items with plastic or paper; 

• cover door knobs, light switches, etc., with pieces of plastic or 
plastic bags and tape; 

• restrict access to the covered areas, ambulance entry, etc. by 
the use of signs, ropes and/or security officers; 
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where necessary, create a buffer zone to separate "clean" and 
"contaminated" areas. This will restrict "onlookers" and allows 
an area for storage of items that may be needed; and 
confine public relations exercises to other parts of the 
hospital, well away from the controlled area. 

Protective Clothing 

Protective clothing should be worn by all persons in the controlled area. 
In general, the normal clothing used in theatres should suffice - surgical 
gowns, masks, caps, gloves and overshoes. Gowns should be waterproof, but 
if not, large plastic aprons worn over them are satisfactory. Lead-plastic 
aprons, as used in X-ray departments are not satisfactory for these 
procedures. Plastic bags can be taped over shoes if waterproof overshoes 
are not available. The cuffs of trousers should be taped and secured to 
the inside of overshoes. Face masks are rarely required to protect against 
airborne contamination; they are mainly to protect the face from being 
touched by contaminated gloved hands, with the consequent risk of inrake of 
contamination into the body. 

Two pairs of gloves should be worn. The inner gloves should be surgical 
gloves taped on to the sleeves of the surgical gown and should remain there 
for the entire procedure unless damaged. The outer gloves may be surgical 
or plastic gloves and are not taped down as they should be changed whenever 
they become contaminated. 

When taping clothing together, always leave a tab on the tape to help its 
removal. 

All team members should be trained in the proper manner of removing 
protective clothing so that they do not contaminate themselves, others or 
equipment in such removal (see "Procedures"). 

As there may be more than the usual treatment team present, some 
identification of personnel on the gowns or caps can be helpful. 

Facilities Required 

Trolley - if used, a plasticized paper sheet or a linen sheet with rubber 
or plastic underlay should be spread over the trolley before the patient is 
moved on to it. 
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Table - a regular treatment table usually suffices. The patient can be 
transferred directly from the trolley on the plasticized paper sheet or on 
the linen sheet (with underlay) to the table; otherwise, the treatment 
table should be covered with these. (Some hospitals use special tables on 
which patients can be hosed dowr. initially, so as to wash off radioactive 
material or chemicals, or if they are suffering from heat shock. The 
design of such tables should allow for run-off water to be collected; they 
should be made of non-met. liic material, in case electrical equipment has 
to be used.) 

Waste receptacles - there should be several of these. They should be 
lined with plastic bags for "soft" contaminated wastes and be solid 
disposable receptacles for hard objects such as glass, syringes, etc. Some 
receptacles will be needed for liquid wastes and possibly for patient's 
excreta (if contaminated). These and irrigating solutions may be measured 
after the procedures. 

Plastic bags - a good supply of these is essential. Large bags should be 
placed in waste receptacles; they can be used for the floor coverings after 
"clean-up", sheets, plastic items, etc.; medium size bags for patient's 
clothing, valuables and personal items, protective clothing, etc. and small 
bags (sandwich size) for collection of samples for subsequent measurement 
and analysis. The latter bags should contain one sample only and be 
carefully identified. 

Survey Instruments - as many as are necessary for staff trained to use them 
and of a type suitable for the radionuclides involved. 

For patient care - drapes, tape, absorbent towels and pads, irrigation 
solutions, long handled forceps and other surgical items, which may need to 
be changed if they become contaminated. 

Others - life saving and investigational equipment - electrocardiogram, 
defilbrator, mobile X-ray unit, etc. (all suitably covered to prevent 
contamination). 

A useful list of items is included in Table 10.1 at the end of this 
Chapter. 
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Procedures to Minimize Contamination and Exposure 

(1) Many of the procedures used are similar to the isolation techniques 
used with other contaminants such as chemicals and bacteria; the same 
principles apply to radioactive contamination. 

(2) All team members should be properly trained in the routine aspects of 
working with radioactive materials, i.e., carrying out procedures 
expeditiously, keeping well away from the patient when not working on 
him/her, using shielding whenever appropriate; using long-handled forceps 
to remove contaminated dressings, etc. 

(3) For long, involved procedures, rotation of personnel is desirable if 
they are suitably qualified and experienced. 

(4) If the distance from the ambulance entry to the triage/treatment areas 
is large, a clean hospital trolley with a sheet on it should be taken to 
the ambulance and the patient lifted on to the sheet together, if 
necessary, with any sheets etc. on which he/she was lying in the ambulance. 
The trolley sheet should then be folded over the patient to contain any 
contamination and the patient taken into the controlled area. If the 
patient is already wrapped in a clean sheet or is on a backboard due to 
injuries, the "package" and backboard (when used) should be lifted onto the 
hospital trolley and subsequently transferred to the decontamination table. 
The ambulance officers should stay at the ambulance until they have 
undergone contamination monitoring, as it is possible that they have 
contamination on them or the soles of their shoec. However, if it is 
necessary for them to go into the hospital, they may need to put on 
overshoes. The ambulance should be checked for contamination before it 
leaves the entry area. 

(5) In triage, ^ l ° v e s should be changed between examining each patient to 
prevent transfer of contamination between patients. 

(6) If patients arrive before monitoring equipment is available, treatment 
should proceed on the basis of the patient's history, using the same 
procedures as used with somebody contaminated with pathogenic bacteria. 
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(7) Monitoring equipment should be checked for proper performance; 
natural background levels in the areas should be measured before the 
arrival of patients. Personal monitors should also be worn. 

(8) Contaminated clothing on patients should be removed by cutting from 
the head to the feet and folding inside out as it is cut so that the inside 
of the clothing is on the outside (the inside is not so likely to be 
contaminated). In extreme emergency, clothing can be ripped, but this 
produces fragments that are likely to disperse in the area (see Chapter 
6). 

(9) As decontamination proceeds, progressive reporting on the treatment 
results should be given so tha; a change in treatment can be made if 
necessary. 

(10) Although contamination rarely becomes airborne during decontamination 
procedures, any draughts that could disperse contaminants should be 
prevented. This may mean alteration to or blocking the ventilation system. 

(11) Any equipment, such as X-ray units and X-ray film cassettes should be 
covered in plastic when entering the controlled area and the plastic 
removed and the items checked on leaving the area. 

(12) All entry to and exit from the controlled area should be strictly 
controlled. 

(13) One member of the team should stand on the clean side of the barrier 
to hand in items as required and to check items and people leaving the area 
for contamination. 

(14) All items leaving the controlled area should be checked for 
contamination. Samples going to pathology or for measurement should be in 
individual bags; these should be identified clearly as to contents, with 
some warning to the recipients on the need for care in handling in case the 
samples are contaminated. Some follow-up tor disposal of the samples may 
be necessary. 

(15) To remove protective clothing after the decontamination procedures 
have been completed, the following order should be observed -
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• outer gloves, mask and cap, aprons (if worn) and gowns, which 
should be folded inside out to avoid contaminating clothing worn 
underneath them. These items should be removed in the controlled 
area and placed in designated bins; ?* 

overshoes, o.-.e at a time, as each foot is placed over the 
controlled area boundary; and 

• inner gloves, whilst leaning over into the controlled area. 
These and the overshoes should be placed in designated bins just 
inside the controlled area boundary. 

(16) All team members, the patient and any others should be checked for 
contamination from head to foot, front and back after removal of protective 
clothing and drapes as they leave the controlled area. 

(17) The ambulance officers and ambulance and equipment should be monitored 
before leaving the hospital and controlled area, as appropriate. 

(18) As waste bins are filled, the plastic bags in them should be removed, 
double-bagged (if not already done) and taken out of the area. 

(19) Upon completion, floor coverings and other coverings should be rolled 
up and placed in plastic bags for disposal. The entire area should then be 
thoroughly monitored. 

(20) Ail waste materials should be disposed of in accordance with 
prescribed procedures. 

Reference was made earlier to the hospital being forewarned of the arrival 
of contaminated patients. This may not always be the case. In these 
cases, normal hospital routine is followed until the presence of 
contamination becomes apparent. At that stage, the above control 
procedures should be activated, even at the expense of delay in treatment 
of an existing injury (unless of a life-threatening nature). A thorough 

i 
check for contamination of all areas and items where the patient has been 
and of every person who has had contact with that patient should be made 
and decontamination procedures instituted. 
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Table 10.1 
Supplies Needed to Prepare the Emergency Department 

for Care of the Contaminated Patient. 

Emergency department preparation 

A. Rolls of 900-1000 nun wide brown wrapping paper (butcher paper) or 
square absorbent padding sufficient to cover the floor from the 
ambulance entrance to the decontamination room, as well as cover 
the entire floor of the decontamination room 

B. Rolls of 50 mm wide masking tape to secure the floor covering, 
tape decontamination team's sleeves and cuffs, cover handles in 
the decontamination room, and make a "control line" at door to 
decontamination room 

C. Rope to delineate route from ambulance entrance to 
decontamination room 

D. "Caution - Radiation Area" signs to place on rope and on door to 
decontamination room 

Decontamination room 

A. Decontamination table with waterproof cover, burn table, or other 
specially designed table 

B. Three 20-litre containers for wash water 

C. Three large waste containers lined with plastic bags 

D. Various sizes of plastic bags for samples, clothes, etc. 

E. Cotton-tipped applicators 

F. Stoppered containers for swabs of contaminated areas 

G. Small lead storage containers for holding radioactive foreign 
bodies removed from wounds - obtain from Nuclear Medicine or 
Radiotherapy Department 

H. Chart with drawing of patient outline, front and back, for 
recording contaminated areas 

1. Solutions or materials for decontamination: 

1. Sterile saline 
2. Sterile water 
3. Sodium hypochlorite or household bleach 
4. Povidone iodine solution or other surgical soap 
5. Abrasive soap 
6. Soft scrub brushes 
7. Mixture of one-half powdered detergent and one-half 

cornmeal, kept sir-tight or refrigerated 
8. 3-percent hydrogen peroxide solution 
9. Shampoo 
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J. All necessary emergency medical supplies and equipment (suction, 
oxygen, airways, intubation, IV solutions, etc.) 

K. Sheets, blankets, towels, and patient gowns 

Decontamination team 

A. Scrub suits 

B. Gowns 

C. Surgical hoods 

D. Masks 

E. Surgical gloves of various sizes 

F. Waterproof shoe covers 

G. Film badges, TLD badges or QFEs 

H. Dosimeters 

I. Rubber or plastic aprons (lightweight, not lead-lined, X-ray 
type) 

J. Masking tape or equivalent 

Radiation Safety Officer 

A. G-M survey meters 

B. Ionization chamber 

C. Alpha detector (optional) 

D. Extra batteries for survey meters 

E. "Radioactive" labels or stickers to mark containers holding 
contaminated specimens or swabs 

F. Wax or felt pens to mark labels 
i 

Source and permission to use: "Hospital emergency department 
management of radiation accidents" by R.C. Ricks. ORAU 
publication 224. 
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CHAPTER 11 

TREATMENT OF CONTAMINATED PATIENTS 

Before treatments for decontamination of a patient are carried out, any 
life-threatening injuries or trauma must be attended to and the patient's 
condition stabilized. Decontamination of the patient then takes precsdence 
over the treatment of other injuries unless the patient is in great pain or 
his/her condition is deteriorating rapidly. 

The priority for carrying out decontamination procedures depends on -

the location and activity levels of the contamination on or in 
the body; 
the radionuclide(s) and the chemical form and particulate size 
(for inhalation) of the radioactive material involved; 

• i/.e time between deposition of the contamination on or in the 
body and when decontamination procedures are to commence; and 

• any treatment carried out prior to admission to hospital. 

Some of the above information may not be immediately available as it could 
be dependent on the results of monitoring and biological sample analysis. 
In those cases, worst-case situations should be assumed in determining the 
type of treatment to be undertaken. Delays should not be allowed whilst 
awaiting complete information. 

Outlines of the procedures for removal of external and internal 
contamination from a patient are given below. 

A. External Contamination 

General Principles Applicable in Decontamination Procedures 

(1) Decontamination of wounds and orifices should be undertaken as a 
matter of priority after other life-saving procedures have been effected. 
In general, decontamination of intact skin should be left until wounds and 
orifices have been decontaminated and wounds dressed or closed up, but 
before treatment of other injuries is undertaken. However, decontamination 
of the hands, face and head may have to be carried out early if the 
contamination levels in these areas are high, so as to reduce the spread 
and intake of contamination. 

P: 

i , 
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(2) The procedures given in Chapter 10 for control of contamination in a 
hospital should be followed. These procedures cover the use of appropriate 
protective clothing, floor and other area covering and controls to prevent 
spread of contamination outside the working area, proper training of 
personnel involved, adequate supply of waste receptacles, etc. The 
procedures given in Chapter 9 for monitoring and collection of biological 
samples, swabs, dressings, etc. for later analysis should be followed. 

(3) Areas surrounding contaminated regions of the body should be draped 
and taped to prevent spread of contamination to them; the drapes should be 
waterproof. Absorbent pads or towels should be used to absorb any traces 
of liquids. For irrigating liquids, runnels should be made in the draping 
material so that the liquids can be collected in trays, buckets, etc. All 
contaminated materials, including liquids, should be placed in waste 
receptacles as they are finished with so that proper disposal can be 
effected. 

(4) Decontamination usually involves several repeat procedures. After 
each procedure, drapes, absorbent pads and towels should be removed and 
placed in waste receptacles and then radiation monitoring of the area 
carried out to assess the success of the procedure. Clean draping, pads 
and towels should be put in place before the next procedure commences. 

(5) Complete decontamination can rarely be achieved. However, repeat 
procedures should be carried out until monitoring shows that no further 
reduction is being achieved by each repeat procedure or until the skin 
shows signs of damage or the condition of a wound is aggravated. 

(6) It is difficult to prescribe contamination levels that are 
"satisfactory" as such levels depend on the actual skin area involved. For 
intact areas of the skin, final decontamination may occur through sloughing 
of the outer skin cells, which could take 2-3 days in many skin areas and 
about 15 days in other areas; for wounds, final decontamination of the 
wound area can also occur when the scab detaches some time after the 
injury. 
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Intact Skin and Hair 

(1) Removal of contamination from intact skin is important, but not as 
urgent as from other areas unless it is extensive and there is a 
considerable risk of it being spread to others and to equipment. There may 
be some loose contamination on the skin and this could become dislodged and 
be easily inhaled, ingested or dispersed elsewhere. Accordingly, any loose 
contamination should be removed early by using a damp gauze pad. 
Radioactive material, if allowed to remain on intact skin for a long time 
may also diffuse through the skin and eventually enter the blood 
capillaries and then be transferred through the body. 

(2) Decontamination of intact skin should be made in the first place by 
washing, rinsing, blotting dry and monitoring for remaining contamination 
and repeating the process three or four times, it need be. For washing, 
luke warm water with a mild soap should be used. If the water is too hot, 
it will cause cutaneous vasodilatation and this increases the absorption of 
contaminants through the skin. If using luke warm water and mild soap is 
not successful, the process should be repeated using a mild detergent and 
subsequently with a stronger detergent such as a dilute solution of sodium 
hypochlorite (household bleach). Gentle cleaning should be attempted at 
first, but becoming more aggressive. Fresh wash cloths or sponges and 
solutions should be used for each process; these may even need to be 
replaced part way through the first process. If the skin becomes damaged 
or red and sore, cleaning should be discontinued. In this situation, it 
may be desirable to rest the skin for 3-4 hours before repeating the 
process to allow the skin to recover. It may even be necessary to cover 
the area with a lanolin-containing cream and an impervious dressing and 
resume the process on the following day. 

(2) Only the contaminated area should be cleaned, with cleaning starting 
at the periphery of the area, working inwards towards the centre. This 
prevents the spread of contaminants to other areas. The surrounding areas 
should be draped and taped with waterproof material to help prevent the 
spread of contaminants. 

(4) Techniques such as scrubbing, using strong soaps or abrasive agents, 
or applying and later removing adhesive tape to remove contaminants should 
not generally be used as they tend to remove the outer dead layers of the 
skin. This reduces the skin's protective ability, thereby resulting in 
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increased absorption of contaminants through the skin. However, for rough 
calloused skin, such as on the knees and hands, a scrubbing brush with a 
cream may be needed and cleaning in these areas can be fairly aggressive. 

(5) Sometimes, occlusion techniques can be helpful in decontamination 
procedures. By placing the patient's hand, for example, inside a plastic 
bag or glove whilst other procedures are being undertaken, the spread of 
contaminants can be avoided. In addition, the outer layers of the skin 
become hydrated and this helps the contaminants to diffuse out of the skin. 
However, the plastic bag or glove can cause sweating which, in turn, allows 
for easy rediffusion back into the skin. Accordingly, a cotton glove or 
pad should be placed over the contaminated area, inside the plastic bag or 
glove, to absorb sweat and prevent rediffusion of contaminants into the 
skin. 

(6) Decontamination of hair can be difficult due to its electrostatic 
charge and oiliness, as these tend to retain contaminants. Hair should be 
shampooed several times, with the head deflected backwards over a basin to 
keep water from the eyes and ears. A hair dryer should be used to dry the 
hair. Clipping the hair short may be necessary, but the head should not be 
shaved, as this can result in small cuts and abrasions which are not easily 
seen and into which contamination can get. Hair clippings should be 
collected in a labelled plastic bag for subsequent analysis. 

(7) If near-whole body contamination occurs, showering several times may 
be desirable using a mild soap, with towel drying and monitoring in 
between. Washing should always start at the hair, working downwards. If 
the patient is in bed, the usual nursing procedures for washing patients 
should be followed. 

Wounds 

(1) These may range from minor skin abrasions to deeper wounds and include 
punctures and lacerations in the skin. Slightly different techniques may 
be applied depending on the type of wound. In general, however, wounds can 
be decontaminated in the same manner as cleaning dirt, bacteria, etc. from 
them. 
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(2) Minor skin abrasions and burns present considerable potential for 
absorption of contamination into the body as the surface is often raw and 
bleeding. These can be cleaned with luke-warm water and gentle washing, 
followed by rinsing and blotting dry. Sterile water or saline solution can 
be used for this. Repeat cleaning following monitoring may be necessary. 
A detergent and, if necessary, a topical anaesthetic, such as lidocaine may 
be used. Any residue of the contamination will probably become 
incorporated in the scab to the wound and this will slough off in due 
course. 

(3) Deeper wounds should be opened up to facilitate cleaning. They can be 
cleaned in the same manner as abrasions, but a preferred method is to 
irrigate them using sterile water or saline solution. Irrigation with a 
little pressure behind the irrigation stream, repeated several times with 
blotting dry and monitoring between each application is usually successful. 
Lacerations may need greater pressure for irrigation. In some instances, 
however, free bleeding of the wound should be encouraged by occluding the 
venous return with a constriction band. 

(4) In the case of highly toxic contaminants such as plutonium or one of 
the long-lived alpha emitters, for which DTPA is an effective chelating 
agent (see Part B of the Chapter), treatment with DTPA should be commenced 
immediately and a DTPA solution used as an irrigating fluid. This will 
chelate the radioactive material and if it enters the blood stream, it will 
be excreted in the urine. For such contaminants, the use of a venous 
constriction band is particularly desirable. 

(5) Deep debridement and excision of a wound may even be necessary but 
only when particles or pieces of highly toxic material have been embedded 
in the tissues. However, this is an extreme action and should only be 
undertaken after full consideration of the long-term risks of not removing 
all the contaminant, the function of the region affected and the 
psychological effects on the patient of changed body appearances. 

(6) Small puncture wounds can be conveniently excised by a skin biopsy 
punch. Whenever any tissue is excised from the body, it should be placed 
in stoppered, labelled containers for later analysis. 
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(7) After cleaning, wounds can be dressed, provided the contamination has 
been effectively removed. They can be closed up at that stage, but this 
could wait if there are ether injuries requiring early attention. 

(8) As a precautionary measure, urine and possibly faecal samples should 
be collected for analysis if wounds are contaminated, to check on any 
uptake of contaminants from the wound into the body. 

Body Orifices 

(1) Body orifices should be cleaned out as for any other contaminant. 
Such decontamination should be carried out quickly to reduce transfer into 
the body. 

(2) Gentle irrigation and suction of the mouth should be started promptly 
to reduce the amount of material reaching the stomach, with the mouth 
turned sideways or down (as the patient's condition allows) so that the 
irrigation solution runs out of the mouth and is not swallowed. Brushing 
of the teeth with toothpaste is also helpful as most toothpastes contain 
chelating agents. There should be frequent rinsing of the mouth using a 
30% hydrogen peroxide solution, care being taken not to swallow any. After 
the mouth has been decontaminated, a nasogastric tube should be inserted 
into the stomach to determine if radioactive material is present. If so, 
treatment to limit uptake should be started and lavage instigated with 
normal saline solution in small aliquots so that the stomach contents are 
not forced through the pyloric sphincter. 

(3) For the nose, nasal douches can be used and for the ears, irrigation 
should suffice provided the T.embranes are intact. There should be frequent 
suction so that radioactive material is not forced deeper into these 
cavities. For these, draping, absorbent pads and towels should be used as 
for wounds. 

(4) Location of contamination around the eyes can be difficult as it may 
be in the eyes, eyebrows, eyelashes, eyelids or adjacent tissues. Normal 
cleaning techniques for these regions should be used, but the eyes 
themselves should be rinsed by directing a stream of water or saline from 
the inner canthus to the outer canthus so that material is not forced into 
the lacrimal duct. Chemicals, detergents, soaps and bleaches should not be 
used near the eyes. Draping, pads and towels should be used as for wounds. 
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B. Internal Contamination 

Internal contamination may arise from inhalation or ingestion of 
radioactive material as well as through absorption of radioactive material 
in wounds or by transfer from body orifices. Decontamination of wounds and 
body orifices is covered in Part A of this Chapter, but the contaminants 
from these regions may move into the blood stream before they can be 
removed. In these cases, the contaminants will be translocated to organs 
and tissues in the same manner as contaminants that are inhaled or 
ingested. Their removal is then the same as for inhaled and ingested 
contaminants. 

Many radionuclides taken into the body have short effective half-lives 
(hours or a day or two) and do not present a significant hazard in regard 
to long-term effects unless the intake was large. In the latter case, and 
for radionuclides which have longer half-lives, there is a medical urgency 
to initiate treatment to reduce the deposition of radioactive contaminants 
in the body and to increase their rate of excretion from the body. The 
most important considerations in treatment are -

• selection of the appropriate technique or drug for the particular 
radioactive material involved and its location in the body; 
and 

• its timely administration after the accident. Some treatments 
may need to be extended over a long period of time - weeks or 
months before they no longer achieve any further reduction of 
contamination in the body. 

For most treatments, the risks and side effects in implementing a treatment 
are quite small, provided the treatment is appropriate for the particular 
radioactive material involved - much smaller than the risks arising by 
delays in implementation of treatment. Lung lavage and some treatments 
with limited drug reactions would be exceptions to this rule. 

Decontamination of the body will be most effective if it can be implemented 
in the first hour or two after intake before contaminants enter the 
systemic circulation; however, in many cases this is not possible. Delays 
should not be allowed to occur because of lack of knowledge of the quantity 
of radioactive material taken into the body. Initial treatment should be 
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implemented even if there is a suspicion of internal contamination and this 
should be based on the history of the accident and take into account any 
monitoring, particularly of body orifices, which might give some indication 
that a large intake could have been involved (see Chapter 9). A second 
treatment may even be desirable whilst waiting for realistic evaluation of 
the activity of material in the body. 

Estimates of the activity of radioactive material taken into the body may 
not become available for some time (hours or days), but the treatment 
course can then be modified if necessary. As treatment proceeds, 
monitoring of biological samples from the patient should be undertaken, as 
this will give useful information on the effectiveness of the treatment and 
also indicate any need for changes. It can be discontinued when 
elimination of material from the body has been reduced to acceptably low 
values and continued treatment is only causing distress or great 
inconvenience to the patient. 

In some instances, treatment must be given following an intake of 
radioactive material, not so much because of its radiotoxicity, but because 
of its chemical toxicity. The best example of this is uranium, where the 
radioactivity is only of concern if the amount in the body is thousands of 
times the prescribed body burden. On the other hand, if it is only several 
body burdens, the chemical toxicity of the uranium can result in a 
diminished function of the kidneys, simply due to the precipitation of 
uranium as a heavy metal in the system. 

Decontamination techniques used will depend on the type of radioactive 
material involved and its location within the body (as well as on any other 
hazardous materials present and the patient's condition). In general, 
contamination in the gastrointestinal tract should be removed as quickly as 
possible. If it becomes absorbed in the gut, the aim is then to minimize 
its further absorption into regional lymph nodes and the general 
circulation. Uptake by the various organs can be reduced by the use of 
blocking ager j, dilution techniques or chelating agents. Other action, 
such as lung lavage might be considered in certain situations. These 
possibilities are discussed below. 
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Clearance of Gastrointestinal Tract 

Early action to remove material from the body may, in many cases, involve 
chemical manipulation in the gastrointestinal tract or hasten the passage V 
of material through the body. Purgatives, such as magnesium sulphate, will 
shorten the intestinal transit time, thereby reducing absorption and 
radiation exposure to the gut wall and nearby tissues. Alkalizing the 
stomach may cause the formation of relatively insoluble hydroxides or will, 
at least, keep the pH high enough to reduce the solubility of some salts. 
Metals such as copper, iron or plutonium are generally more available for 
later absorption after spending some time in the acid milieu of the 
stomach. With chromium, the opposite is true - in this case, acid gastric 
juice reduces hexavalent chromium to the poorly absorbed trivalent ion. 
Aluminium containing antacids can be used for phosphorous, potassium and 
strontium; also, alginates for strontium and Prussian Blue for caesium, 
rubidium and thallium. The majority of things used for these treatments 
are non-prescription medications and are readily available; others, such as 
Prussian Blue may need prior approval. 

Gastric lavage may be used for the evacuation of toxic materials from the 
stomach by means of a gastric or nasogastric tube. It might be used when 
there is a known intake of a large quantity of radioactive materials and 
the materials are still in the stomach. Water is pumped through the tube 
and then siphoned back until such time as the stomach washings are 
relatively free of radioactive material. Emetics to induce vomiting and 
thereby empty the stomach promptly might also be used. They are usually 
most effective when 200-300 ml of water are taken concomitantly, but should 
not be used if the state of consciousness is impaired or after the 
ingestion of corrosive agents or petroleum hydrocarbons. 

Blocking Agents 

A blocking agent is a chemical which saturates a tissue with a non
radioactive element, thereby reducing the uptake of the radionuclide. 
Large quantities of the agent are administered to achieve this, but the 
agents must be in a readily absorbable form. The most common example of 

131 this occurs with intakes of radioiodine where equilibrium between I and 
body fluids is reached in about 30 minutes and approximately 30% of the 
intake is deposited in the thyroid. Administration of stable iodine in the 
form of potassium iodate or potassium iodide tablets will reduce uptake by 
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the thyroid gland by about 90% if given in less than two hours after intake 
and by about 50% if in less than three hours. Stable strontium in the form 
of strontium lactate or strontium gluconate is useful as a blocking agent 
for radiostrontium. 

Dilution Techniques 

One dilution technique is referred to as isotope dilution where the 
administration of large quantities of the stable isotope of the 
radionuclide reduces (on a statistical basis) the opportunity for 
incorporation of atoms of the radionuclide. With this technique, it is 
desirable to get the stable isotope into the system quickly and, when 
possible, in a chemical form that is more easily absorbed and incorporated 
than the radionuclide. Tritium, for example, can be diluted considerably 
by the forced drinking of water (or other suitable fluids) - 3 to 10 litres 
per day for a week will reduce the effective half-life of tritium in the 
body by more than 50%. 

Another dilution technique is referred to as dilution therapy or 
displacement therapy, where a non-radioactive element of a different atomic 
number is used to compete with the radionuclide. Examples of this are the 
use of calcium or phosphate to compete with radiostrontium and stable 
iodine to reduce the uptake of radiotechnetium. 

Chelating Agents 

Chelating agents are used in routine everyday medical care for heavy metal 
poisonings and they have a place for treatment in some cases of intake of 
radioactive materials. Because they tend to find things in the blood or in 
the recycled phase from deposition sites, they can be used well after an 
accident has occurred - days, weeks or even months. Chelators drive 
everything to the kidneys for excretion in the urine. Thus, it is 
important to establish adequate kidney function in patients who are given 
chelation therapy, otherwise the kidneys become another target organ and 
can receive quite a substantial radiation dose. However, they should not 
be used in the case of uranium intake as the kidneys can then be subject to 
uranium overload, with the consequent clinical toxicity. 

Treatment is generally continued until it appears to be no longer achieving 
any results. Daily treatment may continue for a few months and if, after 
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that time, there seems to be no further decrease in radioactivity in the 
urine, the treatment regime can be modified by less frequent administration 
until urinary excretion rates of the radionuclide, with and without 
treatment, are not significantly different; discontinuance of the 
treatment would then seem to be appropriate. The side effects of this type 
of therapy are limited and generally tolerable, but any discomfort to the 
patient must also be taken into account when considering changes to the 
course of treatment. 

Chelators that can be used include -

(1) EDTA (ethylenediamlnetetraacetlc acid). The calcium salt of this is 
the most common form for treating lead poisoning. It can also be used to 
chelate Zn, Cu, Cd, Cr, Mn and Ni and transuranics such as Pu and Am, but 
not Hg, As or Au. It does have side effects; in patients with pre
existing renal disease, it should only be used with extreme caution. 

(2) Ca or Zn DTPA (dlethylenetriamlnepentaacetic acid). This is much more 
powerful than EDTA and is bee*: used for transuranics, some rare earths (Ce, 
Y, La, Pm and Sc) as well as Zr and Ni. There are some indications that 
they might be useful for cobalt and perhaps for uranium contamination. The 
effectiveness is good for soluble salts, but almost nil for insoluble 
compounds. Whilst there have been some side effects with this agent, there 
have been no serious effects reported. Treatment can be given as lg 
intravenously in 250 ml isotonic solution or 5% dextrose in water. It may 
also be administered as an aerosol. If DTPA is not immediately available, 
EDTA can be used. 

(3) Dimercaprol (BAL). This is generally used for heavy metal poisoning 
and forms chelates with Hg, Pb, As, Au, Bi, Cr and Ni. Although seldom the 
agent of first choice, it is usually available in pharmacies, but it is 
toxic and should be used with care. 

(4) Penicillamine. This chelates with Cu, Fe, Hg, Pb, Au and possibly 
other heavy metals. It is preferred to dimercaprol and Ca EDTA for copper. 

(5) Deferoxamine (DFOA). This is normally used for iron storage disease 
and so can be used for iron; it has been found to be very effective for 
plutonium if administered promptly. 
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Much more detailed information is available on the various chelating agents 
and their side effects in the references in the Bibliography and in some of 
the reprinted papers included in the back of this Manual. 

Lung Lavage 

The principle involved in this technique is to remove highly insoluble 
material from the lung before it has time to become solubilized. In its 
insoluble form, the material could stay in the lung for a long period of 
time and result in very high doses to localized areas of the lung. In 
almost all cases, the effectiveness of lung lavage has come from sub-human 
experimentation; in the case of beagle dogs, the reduction due to lung 
lavage nas been substantial. It might be considered appropriate to use it 
when individuals have been contaminated with insoluble material in the 
lung; the lung dose might then be reduced by 25% to 50%. 

Lung lavage requires multiple procedures with sterile saline solution to be 
effective and may require general anaesthesia. The patient is effectively 
half drowned in the removal of material and fluid from the lung and it is 
extremely uncomfortable for him/her. In addition, the risks of general 
anaesthesia are probably higher than the risks from internal deposition. 
Optimally, lung lavage should be undertaken within three hours of an 
accident, but this is not always possible. 

M Lung lavage should only be considered if the particle size and the particle 
size distribution of inhaled material is known, as the distribution of dose 
in the lung is of prime importance. It is only appropriate if the amount 
inhaled is at least of the order of a few times the lung burden and the 
insoluble material is of a finely divided particle size, with small 
particle size distribution. In addition, the patient should be young 
(under the age of 30 years and preferably less than 25) and healthy and 
have a long life expectancy (i.e., one who would otherwise have a high 
probability of late effects). 



CHAPTER 12 

HOSPITAL PLANNING FOR MANAGEMENT OF RADIATION 
ACCIDENT PATIENTS 

Formulation of Plans 

Although the occurrence of radiation accidents is rare, hospitals need to 
give consideration to preparing plans for the management of patients who 
have been involved in them. This applies particularly to any hospitals 
designated to manage such patients. In these days of great public concern 
and fear of radiation and exposure to it, knowledge of the existence of a 
plan for the proper medical management of such patients can be very 
reassuring. The plans may differ in detail according to the type of 
accident, but the general principles applicable are common to patients from 
many types of accident. 

If a radiation accident occurs in the workplace, individuals may or may not 
be immediately aware of it; if not immediately aware, it is highly likely 
they will know of it reasonably soon afterwards due to the implementation 
of controls, monitoring procedures etc. If members of the public are 
involved, it is most unlikely that they would be aware of their involvement 
immediately. They may only become aware if profound ill effects arise 
later and then, they may not attribute those effects to radiation. On the 
other hand, they might suspect they have been affected by radiation or 
radioactive material if, for example, they have been near a damaged 
transport package containing radioactive material. In these cases, 
however, any effects are likely to be minimal and not detectable. 

Accordingly, individuals who have been involved in radiation accidents may 
arrive at a hospital for treatment with or without prior notification. In 
either case, the treatment procedures are the same. If, however, the 
individual arrives without notification and it is not found out for some 
time that radioactive contamination was involved, there could be spread of 
contamination within the hospital. Once contamination is found or 
suspected, the controls used for such a situation should be put in place 
(see Chapter 10). There will then be a need to check the hospital areas, 
equipment and personnel that the individual had been in contact with and 
carry out decontamination if they are found to be contaminated. 
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The plans can be divided into two situations - one would cope for accidents 
involving external exposure and the other radioactive contamination. Both 
situations may arise in an accident, but treatment for radioactive 
contamination would be undertaken first. 

Planning for Externally Exposed Patients 

If exposure to external sources of radiation only was involved and there 
was no possibility of radioactive contamination, patients should proceed 
through the accident and emergency department in the normal manner, after 
any necessary stabilization of their condition. There is no hazard to 
hospital personnel from such patients - they are no different to patients 
who have suffered local or extensive thermal burns in that regard. 
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With most of these patients, there may not be any symptoms or symptoms may 
not arise for a few days or weeks; for others, immediate effects may be 
anorexia, nausea, vomiting, etc., which will require some medication. 
Measures to minimize infection will have to be put in place and some blood 
analyses will be needed as changes in blood counts can indicate an 
appropriate course of treatment and cytogenetic studies may be used to 
assess the doses. These are covered in Chapter 7. There is, therefore, no 
need for the preparation of detailed plans to deal with these patients. 
However, a list should be prepared of specialists who can be contacted to 
give prompt advice on the initial action and subsequent treatment for the 
symptoms arising. 

Planning for Contaminated Patients 

If radioactive contamination occurred in an accident, a situation could 
arise where the contamination might be spread within the hospital and 
personnel and equipment could become contaminated. Accordingly, measures 
have to be adopted to prevent or minimize this and plans must be in place 
within the hospital to cope with such situations. 

The elements of planning for the management of radiation accident patients 
are similar to those for other types of emergencies - i.e., for hazardous 
chemicals, earthquakes, major fires, floods, etc. Many of the precautions 
involved would be similar in principle to those for hazardous chemicals and 
bacteria. If it is thought that planning for the management of 
contaminated patients is unique, then confusion on procedures to be adopted 
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may occur and any problems will be compounded. Provided the planning takes 
into account concepts used in other emergency situations, the hospital 
personnel will be much more comfortable with the procedures to be followed 
and will be less likely to m:?ke mistakes. 

The elements of planning should take into account the following -

• potential accidents in the area served by the hospital; these 
should be based on the various facilities in the area using 
radiation sources and radioactive material and from which 
radiation accident patients might arrive, and on the types of 
accidents they could be involved in. Such facilities include 
nuclear medicine departments, in which beta and gamma emitters of 
relatively short half-life are generally used; scientific 
laboratories where all types of radioactive materials are used, 
mainly in small quantities; nuclear facilities where there is a 
greater possibility of accidents involving transuranic and alpha-
emitting material than in other facilities. Accidents could also 
happen elsewhere, but the treatment procedures and techniques 
used would not differ significantly from those on which plans are 
formulated; 

• the emergency response team - its composition, qualifications, 
experience, responsibilities and duties of members and any 
special training requirements; 

• the hospital facilities, equipment, resources and supplies 
available for each type of situation (much larger quantities of 
resources and supplies will often be required than for other 
emergencies); 

• the need for radiological monitoring and medical examination upon 
arrival of the patient, to allow for early decisions on the 
treatment course; 

• the need for controlling access to and exit from prescribed 
areas; 

• the need for storage areas for contaminated items prior to 
disposal; 

• the provision of emergency power and computer back-up, should 
these fail; 

• the arrival of patients without forewarning; 
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• the need for dealing with a large number of patients, some of 
whom may not be contaminated or injured and some of whom may have 
multiple injuries as well as being contaminated; 
the possibility that initial triage of patients might be better 
carried out at the scene of the accident when a large number is 
involved so that uninjured patients can be managed away from the 
hospital; 
the need for separate entrance and triage areas for large numbers 
of patients who are contaminated and have other injuries; 
arrangements with nearby facilities for showering and 
decontaminating large numbers of contaminated but uninjured 
patients; 

• the need to carry on with the normal routine functions of the 
hospital with minimum interruption (i.e., normal and severe 
injuries, cardiac cases, obstetric cases and so on); 
communication (a) within the hospital, (b) with suppliers to the 
hospital, (c) with ambulance officers and thr.se at the scene of 
the accident, (d) with relatives of the patients and (e) witi. •-he 
media, if need be; 

• the on-going staff training programs; 
• testing of the plans; and 
• agreements and/or arrangements made, or that need to be made, 

with local, national or overseas organizations, as well as with 
other nearby hospitals, in regard to assistance, supplies, 
travel, funding etc. 

The plan should be put into effect as soon as advice is received that a 
radiation accident victim is to be admitted. It should indicate: 

the administrative procedures in place for managing patients 
whilst allowing other hospital procedures to function unimpeded; 

• the names of the emergency response team members (and their 
alternates) and their contact ("beeper") numbers, their 
responsibilities and functions; 

• the person(s) to be informed immediately upon receiving advice of 
an arriving patient; 

• the names of specialists, such as radiotherapists, nuclear 
medicine physicians, haematologists, pathologists and the 
radiation control authorities and of other organisations that can 
be of assistance; 
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• the entry, triage and treatment areas. These may vary, depending 
on the number of patients involved, but must be large enough for 
the hospital staff needed for the situation as well as for 
trolleys, stretchers, etc. They should be away from main traffic 
areas of the hospital, but close enough to diagnostic and life-
saving facilities in case they are needed; 

• the quantities of linen, towels, plastic bags, protective 
clothing (of sizes to fit different team members), drapes, floor 
coverings, body charts, special medical supplies needed per 
patient or for groups of patients; 

• items to be moved out of the treatment areas; 
• monitoring arrangements for patients, ambulance, ambulance 

officers, staff, etc; 
• proper working procedures; 

records to be kept; 
provision of emergency power, computer back-up and telephone 
facilities; 
security arrangements for the areas and for oversight of all 
persons admitted from the accident; and 

• communication proposals, including contact with relatives and the 
media and advising the hospital administration when a patient 
arrives so that they can direct incoming enquiries appropriately 
and consider organizing other hospital activities, if need be. 

The plan should be prepared as a collaborative effort by all members of the 
response team. It should include details of procedures to be followed in a 
clear and concise form so that there are no problems in following it. Each 
team member should be familiar with it and have a readily accessible copy 
of jobs he/she has to do and the resources for which he/she has 
responsibility; these should be given in detail, not in generalities. This 
is particularly important as, in an emergency, the usual routines can be 
upset and certain activities must take priority over others. 

I The plan should be kept up to date with re gat J to staff changes and new 
* i i 

\ ' information on procedures to be followed. 

* 
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The Emergency Response Team 

A suggested emergency response team, together with the responsibilities of 
each member of the team are given in Table 12.1 at the end of this Chapter. 
The need for all persons in a team to be present for a single patient may 
be determined by the particular circumstances when an accident is reported. 
In some cases, whilst team members have responsibilities, some of their 
functions may be undertaken by other members if they are not present at the 
time. Consideration might be given to the team coordinator or team leader 
being somebody other than the emergency physician as he/she will be fully 
devoted to the medical care of the patient(s) and will not have time to 
ensure that all other activities are under control and coordinated. It 
must be remembered that, in these situations, team members have to 
concentrate very much on every step they take so that contamination is not 
unwittingly spread further. The coordinator needs to have a good grasp of 
the procedures necessary and the problems likely to arise and be able to 
make decisions, after consultation with others, which will lead to the best 
outcome of the whole exercise. 

The success of the procedures will depend on the individual team members 
and their collaboration. Each team member, as well as carrying out the 
duties for the particular exercise, has a responsibility to ensure that all 
equipment and supplies relating to his/her own activities are available and 
in place prior to the patient arriving. 

Once the emergency is over, team members should analyse the procedures 
critically to determine how the plan, etc. might be modified in case there 
is another accident. 

Testing of the Plans 

No matter how well plans are drawn up, they are useless unless all members 
of the team and others in the hospital who might be involved in an 
emergency do not practise what is set out in the plan. The complete plan 
should be tested periodically - at lea.it once a year. Often scenarios can 
be devised to test each component of the plan and these tests can be spread 
throughout the year and repeated several times wnere appropriate. Tests 
should be carried out unannounced, as this is the best way of highlighting 
problems that might arise in a real emergency. Periodic tests also result 
in team members having more confidence in managing a situation, should it 
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eventuate. In addition, it enables team members to assist or advise others 
in different locations on various procedures and techniques. 

When carrying out a series of tests, the "emergency" should include 
situations where the "patient" needs life-saving procedures or suffers from 
shock, fractures or wounds as well as being contaminated. This will assist 
all team members to perceive the proper priorities in managing a patient. 
The tests should be used to check whether information is transferred to and 
between team members satisfactorily. They also enable members to become 
familiar with different techniques and equipment that they are not used to. 
For example, a nurse should be able to use a contamination monitor to show 
decreases in contamination levels, but not be expected to assess the 
readings meaningfully. Wearing two pairs of gloves may be difficult in 
some situations and practice helps considerably here. Techniques for 
removing contaminated clothing from "patients" and protective clothing from 
members should also be practised. The tests should also indicate the 
adequacy or otherwise of supplies. 

Testing of the plan is best carried out with people who can act the part of 
patients very well. They need to be uninhibited type individuals, and not 
object to clothing being removed, "medical" treatment and non-invasive 
techniques. They should have a good knowledge of radiation effects and 
medical procedures, as this helps in making the exercise more realistic -
e.g., when to feel nauseated, vomit, etc. for a large radiation dose; how a 
patient exposed to radiation or contamination might react; concern about 
immediate family, etc. Such realism helps the team members manage in a 
more professional manner. 

Radioactive materials, if used, assist in making tests more realistic, but 
caution is required in this regard as exposure of the "patient" or team 
members should be kept minimal. In addition, they should be warned if 
radioactive materials are being used. Quite often, fluorescent material 
with the aid of a black light can be used to practise control and/or 
demonstrate spread of contaminants - this is very helpful when clothing Is 
being removed and folded. Moulages can be made and placed on the 
"patient's" skin to simulate wounds and these can have low activity, short 
half-life material incorporated in them (but radiation levels through the 
back of them should be checked). Alternatively, an inanimate manikin can 
be used and low activity, short half-life material placed on this and its 
clothes for testing decontamination procedures. Team members, in their 
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protective clothing and in their subsequent disrobing, should not get any 
contamination on them in this type of exercise. 

Not only does testing the plan serve as a refresher to team members of the 
procedures involved in an emergency, it serves as a useful training 
experience for new members of the team and of alternates. It is helpful to 
others who might be involved in the hospital because staff turn-over might 
be higher in some of these areas. After each test, whether it is the 
complete plan or components of it, a review and critique should be made to 
determine difficulties and where improvements can be made. This should be 
done shortly after and certainly within 24 hours of each test. 

. \ :• 
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Table 12.1 
Emergency Response Team 

Team Member 
Team leader 

Responsibility 
Lead, advise and coordinate. 

Emergency physician Diagnose, treat and provide emergency medical 
care (can also function as team coordinator 
or triage officer). 

Triage officer Perform triage, based on symptoms, monitoring 
and obtain history of the accident. 

Nurse Assist physician with medical procedures, 
collection of specimens and decontamination 
of the patient; assess patient's needs and 
intervene appropriately. 

Technical recorder Record and document medical and radiological 
data. 

Radiation physicist Radiation monitoring of patient, staff and 
areas, ambulance, etc.; advise on 
contamination and exposure control; maintain 
monitors; manage contaminated wastes and 
other contamination control mechanisms. 

Public information officer Release accident information to public media. 

Administrator Coordinate hospital response; assure normal 
hospital operations. 

Security personnel Secure the controlled and ambulance areas; 
control access to and exit from areas. 

Maintenance personnel Aid in preparation of the controlled areas 
for contamination control; provide various 
supplies. 

Laboratory technician Provide routine clinical analysis of 
biological samples. 

Counsellor Counsel patients and relatives. 

Source and permission to use: "Hospital emergency department management of 
radiation accidents" by R.C. Ricks. ORAU publication No. 224. 



CHAPTER 13 

COUNSELLING AND COMMUNICATION 

People involved in a radiation accident will be concerned for a very long 
time after the accident about the consequences of their exposure to 
radiation or radioactive contamination. This arises from the general fear 
prevailing in the conununity about radiation; this fear is based mainly on 
incorrect perceptions about radiation effects. People are generally aware 
that radiation can induce cancer and that it may not become manifest until 
many years after exposure; however, when they themselves are exposed to 
radiation or contamination, no matter how small, they can become certain 
that they will get cancer or some other severe illness. Later on, if any 
illness eventuates, no matter what the illness, they may blame the 
radiation they received at the time of the accident. 

If an accident results in local radiation injury, there may be considerable 
pain shortly after the accident, as well as a long time afterwards when the 
injury has apparently healed; there may also be concern about possible 
disfigurement of the body. 

If an accident results in radioactive contamination being present in or on 
the body, there can be a sense of isolation because the patient and others 
that he/she comes in contact with feel that radioactive contamination is 
transferable; this can lead to denial, anger, depression, loss of control 
and so on. In addition, there will often be an expectation by the patient 
that all contamination will be removed from the body and there could be 
great psychological problems when he/she finds out that this cannot be 
accomplished. There could be lingering worries about effects arising from 
any contamination left in the body or even from radioactivity that was in 
the body but which had been removed and what damage it may have done. 

After completion of treatment, there can be concerns about procreation, 
whether treatment leads to complete recovery or not and even about the 
possibility of death. Later, hypervigilance may develop on the part of the 
patient regarding any illness arising after the accident and this may also 
result in illnesses that are psychosomatic in nature. 

For the above reasons, counselling of the patient should commence 
immediately after treatment so that the patient can understand the 
consequences of his/her radiation involvement. It is essential that these 
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things be put into proper perspective. Considerable reassurance of the 
patient may also be desirable in the early stages of treatment to assist in 
obtaining good cooperation throughout the treatment. The patient should 
certainly be kept informed during the course of treatment of his/her 
response to the treatment and of the prognosis. 

The patient's relatives may also need counselling as they could be worried 
about the patient's future health, how best to manage him/her and the 
possibility that they might become radioactive. This counselling should 
also commence at an early stage after an accident. 

Some hospital staff may need counselling after an accident. Although they 
may have learnt about radiation effects in their training, their reaction 
may be different when faced with an actual situation. In addition, there 
may be some staff present during a treatment who are not used to working in 
an accident and emergency department; they may be upset at some of the 
things they see. Reaction to these sights may persist for a very long time 
after an accident and this may be worse if a friend or colleague is 
involved. Counselling may therefore be necessary, not from the point of 
view of radiation, but because of the sight of injured patients. This may 
be the case particularly if there are several patients injured in an 
accident. 

When a large scale accident exposes many people to radiation or radioactive 
contamination, good communication is essential and recourse must be made to 
the radio and television networks. Carefully prepared information and 
instructions, if need be, must be given as soon after the accident as 
possible and at frequent intervals. In these accidents, people may need to 
remain in shelter for a limited time or be evacuated. Whilst there is a 
perception that panic occurs in these situations, experience has shown that 
this is not the case. People will naturally be concerned for their 
families and friends and be anxious to be reunited with them (almost 
immediately), but protective action can be carried out in a controlled and 
orderly fashion provided that adequate explanation is given on what is 
happening and any order of priority. Panic is more likely to set in later 
when there has been time for the immediate protective action to be 
completed and people begin to worry about the future and possible health 
effects of radiation exposure. Whilst counselling cannot be carried out en 
masse in these situations, there will be a need for some individual 
counselling to be given; planning for such emergencies should be made. It 



•jn-fpTZL*-' ~w~ "" ' *? "~-'jt£t.i"Gi*T'.sz.:'. <* 

133 

is probably not very different to earthquake, fire and flood situations 
except for the fear of later radiation-induced effects. 

At the time of any emergency which affects a large section of the public, 
hospital staff who must remain on duty will also be concerned about 
relatives and friends who may be at or near the accident area. Their 
ability to respond effectively to patients may be undermined if they are 
not totally absorbed in caring for them. Patients themselves may also be 
worried about relatives and friends. Accordingly, it could be helpful if 
details of the accident and the environment and protective procedures 
adopted could be made available, possibly through the hospital 
intercommunication or paging system. 

In the event of widespread radioactive contamination, there will be concern 
about food, water, playing areas, etc. Tests should indicate the safety or 
otherwise of such things. If food and water are at a safe level for 
consumption, it is important that there be demonstration of this by those 
who proclaim them to be safe, by consuming or using the items. If they are 
not safe, they should be clearly identified as such. A vital part of good 
communication is the setting of examples, as this gives a clear 
demonstration to people that things are safe. 

Fear and anxiety amongst the general public in a major radiation accident 
can be reduced significantly through accurate and helpful media reports. 
To this end, a good liaison with the media should be developed. This, in 
itself, involves an understanding of what the media does and how it 
operates. The media is commonly briefed through the organization 
responsible for controlling the situation but that organization should be 
given the correct information by someone who is familiar with all the 
facts. In many cases, the Police have the responsibility for co
ordinating resources required by combating authorities, activating support 
agencies, controlling movement of people and vehicles and coordinating the 
provision of information to the media and the public. In smaller accident 
situations, media liaison may be through the hospital, radiation control 
authorities or other organisations, depending on the scene and type of 
accident. 

Once an accident happens, reporters will appear seeking information on the 
cause of the accident, its details and the consequences. They will seek 
information from anyone willing to give it; accordingly it is essential 
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that a spokesperson be appointed to be the sole person to deal with the 
media. If more than one person deals with the media, it is possible that 
different and conflicting information could be given, with the result that 
the public could become confused and worried. 

The spokesperson must be a person who is knowledgeable about the topic -
accident scenarios, radiation effects and treatments; he/she should be 
chosen in the stages of planning for management of accident situations and 
patients. He/she must be fluent, at ease in dealing with the media and be 
totally honest in all statements; credibility is a very important factor in 
dealing with the media. It is essential that factual information be given 
in a clear and simple form so that it is easily understood by the public. 
Speaking slowly at interview helps in this regard and enables accurate copy 
to be made and the audience to easily understand the words. Short 
sentences are much more helpful than long, rambling sentences. Short 
sentences can also be used in their entirety and can form separate title 
quotations. The main issue should be identified and the information given 
confined to that issue as much as possible. Technical jargon must be 
avoided, as this only confuses the issue, can lead to misquoting or 
misinterpretation and makes the information less understandable. Although 
the spokesperson is talking directly to a reporter, he/she is ultimately 
talking to the general public and it is not appropriate to go into details 
of technical aspects of accidents. 

Within a hospital, the spokesperson should be located well away from the 
triage and treatment areas so that there is no interruption to the medical 
management of patients. On no account would cameras, for example, be 
allowed into those areas as there would be the risk of them becoming 
contaminated with radioactive material. A separate telephone line for the 
spokesperson would be helpful and the media should be given this number in 
preference to the hospital switchboard number. These actions should assist 
in creating a helpful climate in interactions with the media - interviewing 
them in a busy passage is most unhelpful and likely to lead to incorrect 
information being given out. 

As a general rule, the media needs information immediately as there are 
deadlines to be met - both for newspapers and television. The temptation 
to "ring back" should be avoided. If the deadlines cannot be met, the 
media will go elsewhere for its information, which may be incorrect and it 
might indicate that the spokesperson was unwilling to comment or was not. 
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available. Invariably, the information will be edited to fit into the 
space or time available and this may result in incorrect or misleading 
information being issued. If possible and time permitting, the media 
should be asked to read back to the spokesman the news item to be issued so 
that any corrections can be indicated. 

One of the best methods of informing the public is through radio interviews 
or talk-backs. By going straight to air, simple, clear and unedited 
information can be given to the public. Quite often a news release can 
also be given to the media by the issue of fax messages to all sources. 
These can be prepared carefully and may often be used in their entirety. 
By this means all media sources receive exactly the same information for 
reporting. 

In controversial subjects such as radiation, it can be useful to create 
goodwill with a few experienced journalists by discussing various aspects 
of the subject with them in a "quiet" time so that if news does eventuate, 
some credibility and background information will have already been 
established. 

One other means of communication involves the telephone system when an 
accident or unusual event occurs. It is easy for the switchboard to become 
totally blocked at that time and people cannot communicate either into or 
out of a hospital. The latter, in turn, may make continuation of treatment 
difficult if, for example, an urgent need for supplies arises. 
Consideration should be given to this in planning for the management of 
accidents and patients. Separate telephone lines may be necessary, 
particularly for urgent outgoing calls. Reference was made earlier to a 
separate line for use with the media. As part of their role in 
coordinating information to the public, the Police may set up an emergency 
advice line when an emergency could last some time. This gives out pre
recorded messages, with the contact number being given on radio and 
television. 
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CHAPTER 14 

ROLES OF AUTHORITIES AND INTERNATIONAL GROUPS 

Each State and Territory in Australia has Acts and Regulations covering the 
use, storage and transport of radiation emitting devices and radioactive 
materials. Thus, there are stringent controls in place relating to these 
radiation sources. In the event of an accident occurring where individuals 
are exposed to radiation, there is a requirement that the accident be 
reported to the radiation control authorities in the relevant State or 
Territory if specified values are exceeded. The addresses of the various 
Authorities are given at the end of this Chapter. 

The authority will investigate the accident, and may require changes to be 
made to equipment, protective facilities or work procedures in order to 
reduce the chances of a repetition of the accident. It may even prosecute 
if there has been a breach of regulations. The authority will recommend 
procedures to be followed for any clean-up and disposal of radioactive 
waste and steps to be taken if medical management of any exposed person is 
considered necessary. It will be aware of the hospitals best equipped to 
carry out any treatment or decontamination of patients and can advise on 
any special precautions to be taken within a hospital to minimize 
contamination there. 

When an accident is confined to the premises where a radiation source is 
kept and only a few people are involved in the accident, management of the 
situation is relatively straight-forward. In other situations, an accident 
may result in a large number of people being exposed or contaminated and 
contamination may be spread over a wide area within a State or Territory. 
Such situations may arise from a transport accident involving a package of 
radioactive material, discharge of radioactive material to the environment 
when sources become out of control, etc. In these situations, the 
emergency services in the State or Territory may be called upon, 
particularly if there is damage to property or a need to rescue people, 
control their movement or evacuate them from the area; several authorities 
may be involved in managing these situations. 

In many States of Australia, the Police have the role of coordinating the 
resources of combating authorities, activating support agencies, 
controlling the movement of people and vehicles and coordinating the 
provision of information to the media and public in emergency situations. 
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As far as the radiation aspects of an accident are concerned, the radiation 
control authorities have the prime role of -

• radiation measurement; 
assessment of the radiological implications of the situation; 

• determination of the causes of exposure or contamination; 
recommending or requiring changes to be made to reduce the 
chances of repetition; 
advising the coordinating body on the safety or otherwise of 
areas and the need for controlling access to or evacuating people 
from affected areas; 

• advising on clean-up and waste disposal; and 
• giving advice at the scene of the accident on the management of 

any individuals who have been exposed, contaminated and/or 
injured as a result of the accident. 

It is conceivable, but highly unlikely, that accidents could happen which 
involve two or more States and Territories or a Commonwealth 
responsibility. For example, these would include visits to ports by 
nuclear-powered ships and nuclear-powered satellites which re-enter the 
earth's atmosphere and fall to earth. For such events, the Natural 
Disasters Organisation (NDO) of the Department of Defence has a major role 
to play. It has prepared plans for both scenarios and held discussions 
with the States and Territories on those plans. Those plans can be put 
into effect at short notice. 

For visiting ships, a monitoring program has been in existence for many 
years whereby the Commonwealth provides the equipment and monitoring; 
control is carried out by State or Territory radiation control officers. 
This aims to detect any increase in radioactivity in the environment near 
the ships, thereby enabling timely action to be taken to remove the ships 
to remote areas and minimize exposure of the population should an accident 
to the ship's reactor occur. For space debris, a Commonwealth body is 
activated and the cooperation and coordination of State and Territory 
resources obtained. This makes it possible to provide an adequate 
monitoring and material retrieval facility. 
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NDO has the role of coordinating State and Territory responses to a major 
accident situation and committing Commonwealth departments as required. It 
may also call in assistance from other countries if it sees a need to do 
so. At present, action is being taken to obtain an inventory of radiation 
monitoring equipment in Australia that could be used in national emergency 
situations. 

In 1971, the National Health and Medical Research Council recommended the 
establishment of an Australian Radiation Incidents Registry, to be held by 
the Australian Radiation Laboratory. Information for inclusion in it is 
supplied mainly by the State and Territory radiation control authorities. 
The Registry records accidents and incidents reported to it but it does not 
have a lower dose limit as does the REAC/TS Register. An incident is 
defined as "an occurrence resulting in, or capable of resulting in, an 
exposure of a person to ionizing radiation, microwaves or laser radiation, 
which exposure would not be acceptable by a competent authority as an 
exposure within limits known to be normal for the particular source of 
radiation and for the particular use being made of it". 

Numerous accidents and incidents have been included in the Registry. Most 
of those involving exposure or contamination of people show relatively low 
doses compared with the REAC/TS Register criteria; some identify faulty 
equipment that could have resulted in high doses to individuals. The 
reports in the Registry are used to warn people of potentially dangerous 
equipments and procedures, and are drawn upon in the preparation of 
recommendations, codes of practice, etc. 

In the international arena, the World Health Organization has established a 
number of Collaborating Centres for Radiation Protection and Medical 
Emergency Medical Preparedness and Assistance. These are in Argentina, 
Australia, Brazil, France, Japan, USA (at REAC/TS) and the USSR. 

The functions and titles of the Collaborating Centres vary slightly from 
one country to another. In Australia, the Centre is jointly the Australian 
Radiation Laboratory and the Peter MacCallum Cancer Institute in Melbourne 
and this Centre serves the Western Pacific Region. Its functions with 
respect to radiation exposures and contamination arising from accidents 
include -
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• helping Member States in elaborating their plans for medical 
preparedness; 
promoting training of personnel in developing countries in 
medical preparedness and first aid; 
defining optimal methods for diagnosis or treatment of over
exposure ; and 

• providing medical assistance to exposed persons both on site and 
in specialized clinics, subject to bilateral agreement between 
Australia and the country(s) concerned. 

Most of the other countries have similar charters, except for Japan where 
the Centre is predominantly involved in assessing and follow-up of 
individuals involved in accidents because of the considerable experience 
they have in the follow-up of A-bomb survivors through the Radiation 
Effects Research Foundation. A new Centre is being established in Omensk, 
USSR specifically for health studies and follow-up of the Chernobyl nuclear 
accident. The differences between the charters of the other centres are 
due to slightly different approaches, resources and capabilities. In 
general, they are all prepared to field a team of individuals to provide 
the kind of expertise necessary for a situation. It is quite possible 
that, in an accident situation, a representative based on the type needed 
would come from each of the Centres, depending on the distance involved and 
on what is needed. In addition to the above, opportunities are arising for 
exchange of scientific and technical personnel and information on radiation 
accidents and their management. 

The International Atomic Energy Agency (IAEA) also has two international 
agreements, one dealing with Notification and the other with Assistance in 
regard to radiation accidents. These are more concerned with physical 
aspects rather than medical aspects but WHO and IAEA ara making an effort 
to develop better sources of information on accidents and their management 
through publications and the establishment of an international registry 
system built somewhat along the lines of that held at ORAU; this could 
involve the long-term follow-up of serious accident patients. 
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RADIATION CONTROL AUTHORITIES IN AUSTRALIAN STATES AND TERRITORIES 

In the event of a radiation accident, the following should be contacted as 
soon as possible after the event. 

NSW : The Officer in Charge 
Radiation Health Services 
Department of Health 
P 0 Box 162 
LIDCOMBE NSW 2141 Telephone: (02) 646 0327 

VIC : The Chief Radiation Officer 
Radiation Safety Section 
Health Department of Victoria 
GPO Box 4003 
MELBOURNE VIC 3001 Telephone: (03) 616 7084 

QLD The Director 
Division of Health and Medical Physics 
Department of Health 
450 Gregory Terrace 
FORTITUDE VALLEY QLD 4006 Telephone: (07) 252 5446 

SA The Director 
Radiation Protection Branch 
South Australian Health Commission 
P 0 Box 6 
RUNDLE MALL SA 5000 Telephone: (08) 226 6521 

WA The Physicist-in-Charge 
Radiation Health Section 
Health Department of WA 
GPO Box X2307 
PERTH WA 6001 Telephone: (09) 389 2261 

TAS The Senior Health Physicist 
Department of Health Services 
GPO Box 191B 
HOBART TAS 7001 Telephone: (002) 30 3770 

ACT : The Chief Physicist 
Department of Nuclear Medicine 
Royal Canberra Hospital South 
P 0 Box 11 
GARRAN ACT 2606 Telephone: (06) 244 2528 

NT The Senior Health Physicist 
Occupational ~r.d Environmental Health Branch 
Department of Health and Community Services 
P 0 Box 1701 
DARWIN NT 0801 Telephone: (089) 80 2983 
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GLOSSARY OF TERMS 

For the purposes of this Manual, the following definitions and units are 
given. The definitions may not be scientifically accurate in all details, 
but are sufficient for a proper understanding of the contents of the 
Manual. 

Absorbed dose (D): The energy, in joules, absorbed in a volume element of 
matter divided by the mass, in kilograms, of that volume. 
Unit : gray (symbol Gy) [non-SI unit - rad]. 

Activity (A): The number of nuclear disintegrations occurring in a 
radionuclide per second. 
Unit : becquerel (symbol Bq) [non-SI unit - curie, symbol Ci]. 

Biological half-life: The time taken for one half of a quantity of 
specified material in a living organism to be biologically eliminated. 

Contamination: Undesirable radioactive material in unsealed gaseous, 
liquid or particulate form in air, water or other substances or on 
surfaces. 

Deterministic (or non-stochastic) effect: Health effect arising from 
exposure to radiation for which the severity varies with dose and for which 
there is a threshold dose. 

Effective half-life: The time taken for one half of the activity of a 
radionuclide in a living organism to be reduced through biological 
elimination and radioactive decay. 

Electron volt (eV): A unit of energy used in radiation physics to 
describe the energy of photons and particles. (It is equal to the energy 
acquired by an electron when accelerated by a potential of one volt in a 
vacuum). 

Equivalent dose (Hj), which now replaces the term "Dose equivalent (H)": 
The product of the absorbed dose, averaged over an organ or tissue and the 
radiation weighting factor. (Previously, dose equivalent was defined as 

• " - * - - ~ 
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the product of the absorbed dose at a point in t issue and the qual i ty 
fac tor . ) 
Unit : sievert (symbol Sv) [non-SI unit - rem]. 

Exposure: (1) Being exposed to; being unprotected from. 
(2) The total charge, of one sign, in coulombs, produced by 

photons in unit mass, in kilograms, of air. 
Unit : coulomb/kilogram (symbol C/kg) [non-SI unit - rontgen, symbol R]. 

External exposure: Exposure to ionizing radiation from sources of 
radiation external to the body. 

Half-life: The time taken for one half of a specified radionuclide to 
decay [this is sometimes referred to as the physical or radioactive half-
life to differentiate it from other half-lives]. 

Internal exposure: Exposure to ionizing radiation from radioactive 
material taken into the body. 

Linear energy transfer (LET): The average energy imparted per unit path 
length to matter by ionizing radiation. 

Radiation weighting factor (w^), which now replaces the term "Quality 
factor (Q)": A factor related to the linear energy transfer of a 
particular radiation in tissue equivalent material and used in the 
determination of equivalent dose. 

Relative biological effectiveness (RBE): The ratio of the absorbed dose 
of a reference radiation to that of a particular radiation such that the 
same biological response is achieved in a tissue. 

Sealed (radioactive) source: The radioactive material sealed in a 
container or having a bonded cover, with the container or cover being 
strong enough to prevent contact with an* distersion of the radioactive 
material under the conditions of use and wf .r for which it was designed. 

Stochastic (non-threshold) effect: Health effect arising frciu exposure to 
radiation, the probability of its occurrence being a function of dose, 
without threshold, whilst the severity is independent of dose. 
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CONVERSION TABLES 

Prefixes 

The following prefixes are used to denote multiplying factors for various 
quantities: 

Prefix 
exa 
peta 
tera 
giga 
mega 
kilo 
milli 
micro 
nano 
pico 
femto 
atto 

Symbol Multiplying Factor 
E i o 1 8 

P i o 1 5 

T i o 1 2 

G 10 9 

M 10 6 

k 103 
m ID"3 

n 
io- 6 

io- 9 

P 
f 

io- 1 2 

io- 1 5 

10 18 

Quantities 

Absorbed dose 1 Gy - 100 rad 
1 mGy - 0.1 rad 

Equivalent dose - 1 Sv - 100 rem 
1 mSv - 0.1 rem 

Exposure 

Activity 

1 C/kg •* 3876 R 

1 Bq - 2.7X10'11 Ci 

1 mBq - 27 fCi 
1 Bq - 27 pCi 
1 kBq - 27 nCi 
1 MBq - 27 /iCi 
1 GBq - 27 mCi 
1 TBq ~ 27 Ci 

1 rad 
1 mrad 

1 rem 
1 mrem 

1 R 

1 Ci 

1 pCi 

1 nCi 

1 /iCi 

1 mCi 

1 Ci 

1 kCi 

10 mGy 
10 MGy 

10 mSv 
10 ̂ Sv 

2. 58x10^ ' C/kg 

3. 7xl0 1 0 Bq 

37 mBq 
37 Bq 
37 kBq 
37 MBq 
37 GBq 
37 TBq 



• „ ny^erT^ ~-~j0^j'W-~:''-e'.'Z. »•. 

144 

BIBLIOGRAPHY 

Manual on the early treatment of possible radiation injury. Safety Series No. 
47. International Atomic Energy Agengy, Vienna, 1978. 

What the general practitioner (MD) should know about medical handling of 
overexposed individuals. IAEA-TECDOC-366, IAEA, Vienna, 1986. 

Medical handling of accidentally exposed individuals. Safety Series No. 88. 
IAEA, Vienna, 1988. 

The radiological accident in Goiania. IAEA, Vienna, 1983. 

The radiological accident in San Salvador. IAEA, Vienna, 1990. 

International Commission on Radiological Protection. Principles and general 
methods of providing aid to victims in radiation accidents. ICRP Publication 
28. Pergamon Press, Oxford, 1978. 

ibid. Limits for intakes of radionuclides by workers. ICRP Publication 30. 
Pergamon Press, Oxford, 1979. 

Management of persons accidentally contaminated with radionuclides. NCRP 
Report No. 65. National Council on Radiation Protection and Measurement, 
Washington, 1980. 

Use of bioassay procedures for assessment of internal radionuclide deposition. 
NCRP Report No. 87. NCRP, Washington, 1987. 

American Medical Association. A guide to the hospital management of injuries 
arising from exposure to or involving ionizing radiation. A.M.A., Chicago, 
1984. (Currently only available from REAC/TS, USA) 

Guskova, A.K., Barabanova, R.D. and Moiseev, A.A. Manual on the organization 
of medical assistance in radiation accidents. National Radiation Protection 
Commissi on of the USSR Ministry of Public Health, Moscow, 1989 (Translation 
from Russian). 



145 

Hubner, K.F. and Fry, S.A. (Eds.). The medical basis for radiation accident 
preparedness. Proceedings of REAC/TS International Conference, Oak Ridge, 
1979. Elsevier, New York, 1980. 

Mettler, F.A. Jr., and Moseley, R.D. (Eds.). Medical effects of ionizing 
radiation. Grune and Stratton, New York, 1985. 

Mettler, F.A. Jr., Kelsey, C.A. and Ricks, R.C. (Eds.). Medical management of 
radiation accidents. CRC Press, Florida, 1990. 

Ricks, R.C. and Fry, Shirley A. The medical basis for radiation accident 
preparedness II. Elsevier, New York, 1990. 

Ricks, R.C. Hospital emergency department management of radiation accidents. 
Publication ORAU-224. Oak Ridge Associated Universities, Tennessee 1984 
(accompanied by a video tape of similar title). 

Ricks, R.C. Prehospital management of radiation accidents. Publication ORAU-
233. Oak Ridge Associated Universities, Tennessee, 1984 (accompanied by a 
video tape of similar title). 



j * . - : * * " 

&y 
, f^\ 

HEMATOLOGIC DATA FOR ESTIMATING INJURY IN RADIATION ACCIDENTSt 
G. A. Andrews* 

I 
Biological estimates of injury are of great value in radiation accidents, 
and should outweigh the physical dosimetry in guiding therapy. The present 
report is in part excerpted from previous publications (see references). 
There is some variation among persons in their sensitivity to irradiation 
(although this variability is no greater than in relation to other types of 
injury), and the physician treating a radiation accident victim is more 
interested in the degree of injury than in the magnitude of insult. 
Furthermore, in some situations, accurate physical dosimetry is impossible 
to obtain or slow in becoming available. 

For widespread or total-body exposure, of all biological indicators the 
complete blood count is the single most practical and useful one; it is 
(a) universally available, (b) rapid, (c) quantitative, (d) based on 
changes in the most sensitive organ, the hematopoietic system. 

y. 

m 

As indicators of degree of injury, blood studies are preferable to marrow 
studies: Even if patients would tolerate bone marrow aspirations once or 
twice a day, the information would not be as useful as frequent blood 
counts. The marrow is less amenable to quantitative measurements, and even 
when the irradiation dose is uniform, the marrow shows variability from 
site to site as it does in the normal person. When the radiation exposure 
is nonhomogeneous, it is of course impossible to judge the overall 
hemopoietic status from a marrow specimen. During the first few days after 
an accident, the marrow may look nearly normal (except to very specialized 
observation), and this may cause an underestimate of the degree of injury. 
The main value of serial marrow studies is not to quantitate the injury so 
much as it is to understand some of the mechanisms involved. 

Blood changes - quantitative 
The absolute lymphocyte count falls within a few hours after significant 
exposure, most of the decrease occurring during the first 48 hours. At 48 
hours an absolute lymphocyte count of above 2,000/mm suggests that there 
has been no life-threatening dose; between 1,200 and 2,000 suggests a 

i 

f Prepared for International Workshop on Recent Advances in Medical 
Management in Radiation Accidents; Washington, September 17-19, 1973. 

* Formerly of Medical Sciences Division, 0RAU. Permission to print this 
paper is acknowledged. 
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significant but probably non-lethal dose; less than 1,200, a serious dose; 
below 500, a possibly lethal dose; and below 100, an almost certainly 
lethal dose. After the initial decrease in numbers,the lymphocyte levels 
tend to remain rather stationary, and in nonlethal doses there is a slight 
increase toward normal after about 30 days. 

IM 
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Fig. 1. Schematic relationships between lymphocyte levels and dose. 
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The neutrophil count may rise transiently within a few hours, and very high 
values suggest severe injury. Little information is available on this 
early increase in neutrophils; however, stress-induced release of cells 
already formed must account for it. The more commonly described 
manifestation, leukopenia, begins to be prominent after a few days. At 
sublethal and low-lethal dose levels, there may be a plateau, or even a 
slight temporary rise, in neutrophil values at around ten days to two 
weeks; the most severe leukopenia then develops during the third and 
fourth weeks, to be followed by a fairly rapid return to normal. At higher 
radiation doses the plateau or temporary rise may not be seen and the 
leukocyte count may be very low by the second week; when this happens the 
prognosis is extremely poor. During the fifth or sixth week, spontaneous 
recovery is expected to begin. 

Changes in thrombocyte values tend to be very similar to those in the 
neutrophils, although an early thrombocytosis is not so well documented as 
early neutrophilia. After maximum depression has been passed, the 
regenerative output of thrombocytes (usually starting in the fifth or sixth 
week) may be more striking than that of the granulocytes and may include a 
temporary rise to above normal values. 

^ — • * IMH 
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Early changes in the red cell values of the blood may be caused indirectly 
by dehydration. An anemia due to marrow damage takes some weeks to develop 
and reaches its greatest severity just as leukocyte and platelet values are 
beginning to recover. The anemia is usually mild unless there is 
significant bleeding; however, a decrease in iron utilization immediately 
after exposure indicates a distinct decrease in red cell formation, even 
with rather small doses of total-body irradiation. During the recovery 
phase after a 200 - 300 rad dose there is a definite reticulocyte response, 
reaching its peak between 45 and 50 days after exposure. 

LYMPHOCYTES 8 
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Fig. 2. Typical hematologic response of the human being to a radiation 
dose of 200 rads. Lymphocyte, neutrophil, and platelet values 
should be multiplied by 1000. Hemoglobin values are in grams per 
100 ml. 

Fig. 3. Typical haematological course and clinical stages after sublethal 
(about 300 rad) exposure to total-body irradiation. 
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Fig. 4. Typical hematologic response of the human being to a radiat ion 
dose of 450 rads . Lymphocyte, neutrophil , and p l a t e l e t values 
should be multiplied by 1000. Hemoglobin values are in grams per 
100 ml. 
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Fig. 5. Changes in granulocyte and lymphocyte counts in two pa t ien ts who 
received more than 4,000 rads. Where the open c i r c l e s are 
separate from the small so l id c i r c l e s at the beginning of the 
graph for case K, the former represent granulocytes only and the 
l a t t e r r e p r e s e n t the t o t a l l eukocy te count , inc luding 
lymphocytes. After 6 hours v i r tua l ly a l l c e l l s present were 
granulocytes. (From Fanger and Lushbaugh) 
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Interpreting blood values 
In estimating degree of injury in managing an accident, the physician would 
need to have available the published records of blood values in other 
accidents. He would compare his new case with those that have gone before 
and place it in context. During the first 48 hours the lymphocyte fall 
would be of greatest value. It is not known whether the early granulocyte 
rise can be used to quantitate the degree of injury in the sublethal dose 
range. A very high granulocyte count which continues to rise after 24 
hours suggests a lethal exposure (Fig. 5). In less severely injured 
patients, after the first 4 or 5 days one can assume that the greater the 
fall in granulocytes the more serious is the injury, and failure to show a 
plateau or rising value around days 10 to 16 is an ominous sign. Once the 
severe marrow depression sets in at two to three weeks after exposure, the 
physician watches the degree of granulocyte and platelet depression and 
begins to count the days until day 30, soon after which spontaneous 
recovery can be expected to become manifest. Meanwhile, various 
therapeutic measures have been taken in view of the blood data and the 
other indices of injury. 

Qualitative blood cell changes -
Interesting alterations in blood cells are seen after irradiation. These 
comments are based on studies in patients who received doses in the 
neighborhood of 200 rad, but are also seen to some degree at lower doses. 
Immediately after exposure there may be degenerating cells of various 
types, many of them apparently granulocytes. Within a few days we see 
monocytes that are immature and that have increased granules. Young 
lymphocytes with dark blue cytoplasm appear and are seen for some weeks. 
Occasional lymphocytes have fissured nuclei and some have peculiar large, 
solitary cytoplasmic bodies. Binucleated lymphocytes, which have been 
described as a quantitative indicator of irradiation injury (especially 
chronic) are, in our experience, so rare that it is impractical to try to 
count them without special methods. 

One of the most interesting cell types is the giant granulocyte. In 
addition to being very large, some of these granulocytes have 
hypersegmented nuclei, and some show small nuclear projections. These 
cells begin to appear within three or four days and are seen in all the 
patients about the end of the first week. Within a few days they become 
less plentiful and they are rare after the first five weeks. During the 
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recovery phase, toxic granulation of the neutrophils is prominent and an 
occasional nucleated red cell is seen. 

Bone marrow changes -
Serial studies on bone marrow were done after the Y-12 accident in Oak 
Ridge. During the first five days there was a mild decrease in 
cellularity, with a distinct decrease in red cell precursors. There were 
many "mitotically-connected" cellular abnormalities including chromosomal 
bridges and chromosomal fragments. There were nuclear fragments in the 
cytoplasm of many cells, especially red cell precursors, binucleated and 
multinucleated cells,and giant forms. On the 9th day there was further 
loss in cellularity; megakaryocytes were decreased in number with abnormal 
forms. On day 24 the marrows were very hypocellular with red cell 
precursors now twice as plentiful as granulocyte precursors. Strangely 
enough, many of the nucleated cells present appeared to be lymphocytes. On 
day 39 the marrows were still hypocellular but by the 54th day recovery had 
led to a hypercellular state. 

Comments on other clinical groups -
The preceding discussion is all based on adult persons, previously normal, 
who were exposed to irradiation during a short time interval. The 
uniformity of timing of their responses is quite remarkable, however, these 
results cannot be extrapolated to other groups. Patients given total-body 
irradiation for kidney transplantation had a somewhat different hematologic 
pattern, and children with acute leukemia in whom a remission was elicited 
by a dose of about 300 R showed a decidedly earlier normal regeneration 
response, because of the preexisting leukemic state, because of their age, 
or for some other reason. 

Persons exposed over a period of weeks or months are in an entirely 
different category as shown in the Mexican accident reported by Martinez, 
et al. Important differences are: 

1. A greater dose can be tolerated without death and 

2. The marrow depression produced is much more prolonged and no 
distinct upsurge of normal hematopoiesis can be expected at any 
particular time interval. 

3. When the dose rate is quite low and the exposure quite prolonged, 
variable hematologic responses are seen. 
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Late hematologic effects -
We have incomplete information on this. The increased incidence of 
leukemia to be expected is not large enough so that one would expect to be 
able to detect it in the relatively small number of acute radiation 
accident cases that have been followed. One leukemia is known to have 
occurred in such a patient in the United States. Most have maintained 
normal blood values after the acute injury phase, possibly with some mild 
persistent lymphopenia. 
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The prompt use of blocking agents, isotopic dilution or 
chelating agents can reduce or prevent the uptake 
of radionuclides following internal contamination. A table of 
radionuclide contaminants and medications useful 
in preventing their uptake is provided. 

Importance of initial management of persons 
internally contaminated with radionuclides 
T. A. LINCOLN, M.D. 
HoM.eld National Laboratory. Oak Ridge, Tennessee 37830 

The first one or two hours after a radiation 
accident during which a radionuclide has been 
inhaled, ingested, or injected, may be the 
crucial time for effective treatment. First aid 
following internal contamination, just like first 
aid following a traumatic injury, may determine 
the prospects for success in a total treatment 
program. If no action is taken by plant health 
personnel and referral has to be made to a 
distant medical center, many hours may be lost 
and a golden opportunity missed. 

Following internal contamination there is 
usually a period of time before the radionu
clide has been absorbed, transported and taken 
up by tissue cells The absorption from the 
lung, gut, or wound, can sometimes be reduced 
by chemical manipulation in the GI tract, or 
by hastening the passage of the material through 
the body. Alkali/ing the stomach may cause 
the formation of relatively insoluble hydrox
ides' or will at least keep the pH high enough 
to reduce solubility of some metal salts. Metals 
such as copper,2 iron,3 or plutonium are 
generally more available for later absorption 
after spending some lime in the acid milieu of 

the stomach. With chromium, the opposite is 
true. Acid gastric juice reduces hexavalent 
chromium to the poorly absorbed trivalent 
ion.4 The administration of a cathartic such 
as magnesium sulfate will shorten the intestinal 
transit time, thereby reducing absorption and 
radiation exposure to the gut wall and nearby 
tissues. Once absorbed, uptake can be reduced 
by the use of blocking agents, isotopic dilution, 
or chelating agents. 

A blocking agent is a chemical which 
saturates a tissue with a nonradioactive ele
ment, thereby reducing the uptake of the radi
onuclide. Isotopic dilution refers to the 
administration of l?rge quantities of the stable 
isotope of the radionuclide so that on a statis
tical basis alone, the opportunity for incorpo
ration of atoms of the radionuclide is lessened. 
With isotopic dilution, it is desirable to get the 
stable isotope into the system quickly, and 
when possible, in a chemical form thai is more 
easily absorbed and incorporated than the 
radioisotope. A special form of dilution ther
apy, sometimes called displacement therapy, 
refers to the use of a non-radioactive element 
of a different atomic number to compete with 
the radionuclide. An example would be the 
use of calcium to compete with radiostrontinum 
or stable iodine to reduce the thyroidal uptake 
of radiotcchnetium. Chelating agents bind 
metals into complexes, preventing tissue uptake 
and allowing urinary excretion 
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permission. 
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Highly selective uptake of any radionu
clide, for example " ' I , into the thyroid gland 
or n q P u into the hone and liver, should be 
avoided if possible. Accidental inhalations or 
injections of l 3 l I may occur following a nuclear 
reactor accident since it is a prominent early 
fission product, or during the manufacture or 
misadministration of the radiopharmaceutical. 
Inhaled iodine reaches equilibrium with body 
fluids in about Vi hour and approximately 30 
percent of the uptake is deposited in the thy
roid. One hundred mg of stable iodine, if 
given within two hours or less after exposure, 
will reduce the uptake by the thyroid gland by 
about 90 percent.5 Stable iodine given as late 
as 24 hours will shorten the biological half-
life. 

If given promptly, dielhylcnetriamine-
pentaaccticacid (DTPA) will greatly reduce 
the uptake of absorbed ? 3 9 Pu into the skeleton. 
Smith1, has shown that in pigs, whose metabo
lism of Pu is similar to humans, the skeletal 
retention of plutonium was reduced by a factor 
of 10 over controls as a consequence of DTPA 
treatment one hour following injection of 25 
jxCi of 2 3 9 Pu citrate. Eighty-three percent of 
the plutonium was harmlessly excreted in the 
urine. 

The uptake of some of the actinides is 
remarkably rapid. One hour after injection of 
soluble - '"Am or : 4 : C m only three to ten per
cent of the dose was still circulating and 
deposition in bone was 76 pert. :nt complete.' 
DPTA, to be maximally effective, has to be 
administered within the first 15-45 minutes 
after inhalation or injection of a soluble actinide 
compound. 

Once uptake of a radionuclide has oc
curred, there is is often little one can do but 
patiently wait for metabolism and excretion 
as wil l as physical decay to occur, Chelating 
agents such as HDTA, DTPA, BAL , penicil
lamine, or deferoxamine arc sometimes useful 
after uptake has occurred, but their effective
ness is greatly reduced 

Table I below contains a list of some 
commonly used radionuclides and medications 
useful in preventing their uptake. The reported 
effectiveness of the treatment is also included 
when known In addition to these medications, 
there may be other chemical or dietary man
ipulations which could be useful. A list of a 

few possibilities appears in Table I I . The 
agents in Table I or I I must be administered 
by a physician familiar with possible contra
indications or adverse reactions. With further 
study, effectiveness and safety of the agents in 
Table I I could be determined in animal systems 
and their possible application to human acci
dent cases could be determined. 

In the management of internal contami
nation, medical action, even though of only 
modest effectiveness, has an additional psycho
therapeutic effect. The physician who knows 
something about the absorption and metabo
lism of a radionuclide and is able to prescribe 
a prompt course of action inspires confidence. 
I f he seems helpless and covers his ignorance 
by vague reassurements, he may only increase 
anxiety. Mis therapy, of course, must do no 
harm and should have some reasonable prom
ise of benefit. 

In reviewing both Tables I and I I , the 
need for preplanning for an accident should be 
obvious. In locations where only a small 
number of radionuclides are used, there should 
be no problem in stocking an appropriate 
supply in the medical department or pharmacy. 
In research laboratories and hospitals, where 
a wide variety of radionuclides may be used, 
keeping ail possibly useful items on hand may 
be difficult Regardless, careful preplanning 
should lead to better preparedness. Too few 
users of radionuclides think an accident wil l 
ever happen. I f and when it does, however, 
they will expect the occupational medical de
partment (o be completely prepared. 

Summary 
The first one to three hours following a radia
tion accident during which internal contamina
tion occurs provide the best and perhaps the 
only opportunity for preventing uptake of 
radionuclides. By using chemical manipulation 
in the G| tract or by hastening the material 
through the body, absorption can be reduced. 
Once absorbed, uptake in specific tissues can 
often be prevented by blocking agents, isotopic 
diluiion or chelating agents In order to supply 
prompt ticatment, the medical department 
must have a well-defined action plan based on 
knowledge of the plant or l i b ratory opera
tions, the radionuclides used, and medications 
required. 

4<rer,can IndustnJl H^ iene A ' / o : Jt on ]o , i in ; l 17 
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RADIO-
NUCLIDE 

TABLE I 
Medications Useful in Preventing Uptake of Radionuclides 

ROUTE or 
ENTRY 

Inhalation* 
Injection 

MEDICATION 
"DTPA" 

DOSE* EFFECTIVENESS COMMENTS 
1 gm IV in 250 ml isotonic 
saline or 5% dextrose In 
water. 
May alto be given at 
aerosol.'* 

In human*. 50% of body burden Ref. 8, 9 
removed, even when therapy long 
delayed. In ratt. DTPA I day after 
administration of '"Am reduced 
bone content to 50% of control 
value. 

Inhalation 
Ingestion 
Injection 

1 gm IV in 250 ml isotonic 
saline or 5% dextrose in 
water. 
May alto be given as 
aerosol.1" 

Early aerotol chelation with DPT A Ref. I I 
of ettimated 20 30 nCi and cathar
sis with Fleet's Photpo Sode$ 
reduced uptake to below detect
able level in 75 days. 

>"Ce and Inhalation 
Rare Earths Ingestion 
to Lutetium Injection 

"Cs Inhalation 
Ingestion 

DTPA 

Prussian Blue" 

Bio Ren 40tg> 

1 gm IV in 250 ml isotonic 
saline or 5% dextrose In 
water. 
May also be given as 
aerosol.'* 
Irrigate wound with 1 gm 
solution as needed. 

When rare earths promptly com Ref 12 
plexed with DTPA they are almost 
entirely excreted. 

"Cm Inhalation DTPA 

1 gm initially. .5 gm at 4 
hrs & .5 gm al 0 hours. 

Not determined yet for 
humans. 

I gm IV in 250 ml itotomc 
talme or 5% dextrote in 
water. 
May alto be given as 
aerotol.'* 

Ref 13 

Ref 14 

If given within 10 minutes, re
duces absorption from gut by 
40%. 
As effective as Prussian Blue in 
rats. Resin should be nontoxic 
in humans since insoluble in 
water and dilute HCI. 
Appeared to have prevented up- Ref. 15 
take following Inhalation exposure 

Beneficial when given promptly. 
Not effective after fixed in tissue. 

Inhalation 
Ingestion 
Injection 

12 liters initially, continue to 
force fluidt (5 10 liters/day) 
for 7 14 days. 

12 I liters per day. 

'H rapidly incorporated into body 
water. Isotoplc dilution. Excretion 
of 'H can be Increased 10-20 
timet by prompt treetmenl. 
Half time of body water reduced 
from 11.5 days to 2 4 days. 

Inhalation 
Ingestion 
Iniection 

Potassium iodide 
(Lugol's Solution) 

100 mg 
2 3 drops m glass of 
water 

Reduces uptake by thyroid by 
90% if given within 2 hours 

Ref. 16 

" R e T ' l T 

Ref IS 

"RerTvTr 

i»L» Inhalation 
Injection 

DTPA 1 gm IV in 250 ml Isotonic 
saline or 5% dextrose In 
water. 
May also be given as 
aerosol.'* 

10 times more effective than 
EOTA. If given Immediately might 
Increase excretion from < 2 % to 

Ref. 20 

rn-Pb 

"Kg 

•«»Pu, 
S » p u 

" P o 

Inhalation 
Ingestion 
Injection 

Ingestion 
Injection 

Inhalation 
Ingestion 

Calcium disodium 
EOTA 
(Verseneteig.Riker) 
Penicillamine 
(Cuprimine£. 
Merck, Sharp t 
Dohme) 
Penicillamine 
(Cupnminejt. 
Merck. Sharp & 
Dohme) 
Phosphorus 
(Neutraphovg. 
W.llcn) 

1 gm IV in 250-500 ml iso
tonic saline or 5% dextrose 
In water. 
See directions on pkg. 500 
mg/24 hrs, Give on empty 
stomach. 

See directions on pkg. 500 
mg/24 hrs Give on empty 
stomach. 

Principal ute in nonradioactive 
lead poitomng. 

Ref. 21 

Ref 22 

2 capsules in glass water. 

Inhalation DTPA 

Inhalation 
Ingestion 
Injection 

Iniection 

• R b Inhalation 
Ingestion 

1 gm IV in 250 ml itotonic 
talina or 5% dextrose In 
water 
May alto be given at 
aerotol.'" 

Dimercaproi (BALI 2.5 mg/kg IM 4 times a day 
for 2 days; 2 timet/day on 
third day, then once daily 
for 10 dayt at needed. 

6 T P A 1 gm IV in 250 ml isotonic -

saline or 5% dextrose In 
water. 
May el&o be given as 
aerosol.'" 

~"ChTothalidone 50 m | oraily per day. 
(Hygrotorxly, U.S.V.) 

Reported lor rait only Half timet Ref. 22 
of both components of excretion 
curves significantly shortened by 
50 mg dose 
Isotopic dilution 4 captulet 
tupply 1 gm of phosphorus. 

Reduced uptake by factor-oTTb"~ Ref 6 
when given in first hour. 

Dote rate to spleen in rait from Ref. 23 
oxathiol, a clotely related com. 
pound, wat 6 5 11 6% of dote 
rate in untreated animalt. 
When DTPA given withm'30 m7n Ref. 24 
utet. body content reduced to 
14% control. 

More than doubled excretion. Ref 26 

* 
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TABLE I—continued 
Inhalation 
Injection 

DTPA ! gm IV in 250 ml isotonic 
saline or 5% d«atrote In 
wfter. 
May alio ba given ea 
aerosol.>a 

Increases urinary atcretion 
20 30 times. 

Ref. 26 

Inhalation 
Ingestion 

Sodium alginate 10 grams 

15gm 

(GavlsconoJ. Marlon Chew 5 10 tabs Stat, 2 4 
Labs) every 2 4 hours lor 24 hours 

Decrease* absorption from gut Ref, 27, 2 f 
by e factor of 6 10 
Decrease* absorption from gut 
by a factor of 2. 
Not reported. Dose based on 
eitrepolatlon from sodium al ' 
glnate e>perlence. See 
reference*. 

Ingestion 
Inhalation 

Aluminum phos
phate gel (Ptios-
ohaiek*;. Wyeth) 

100 ml slat 
40 ml every 1-2 hour* 
depending on route of entry. 

Reduces absorption from gut by Ref. 29 
B7% 

Ingestion 
Inhalation 

Ingestion 
Inhalation 

Aluminum hydros-
Ide (AmpholeH, 
Susp. Wyath) 
Calcium carbonate 

65 ml stat 
40 ml every 1 2 hour* 
depending on route cf entry. 

Reduces absorption from gtit Ref. 30 
by 50%. 

Chew 2. 600 mg tabs every 
hour depending on route of 
entry. 

Less effe:t-ve than other 
methods. 

Inhalation 
Ingestion 
injection 
Inhalation 
Injection 

Potassium iodide 
(Lugol's Solution) 

100 mg 
2-3 drops in glass of water. 

Reduces uptake by thyroid. 

) gm IV in 2!>0 ml Isotonic 
saline O' 5% dexrose In 
water. 
May also be given at 
aerosol.1* 

Increases urinary excretion from 
5% in 24 hours to 48% in 24 

hours. 

* 7 n Inhalation 
Ingestion 
Injection 

OTPA 1 gm IV in 250 ml Isotonic 
saline or 5% dextrose In 
water. 
May also be given ea 
aerosol." 

Increases urinary excretion 30 
times over non-treated. 

Ref. 31 

•Oral administration unless otherwise Indicated. 
"Inhatation of soluble or insoluble material! has an treeition component due to mucociliary clearance. 

' " N o t absorbed from I U I Acs si eschange resin Made by tnlalng 0 5 molar solution of FeCl, and K, [Ft (CN) J solutions In 
the ratio 4 J. removmi KC1 by »»uiini prec.pliatt. See Reference 13. 

TABLE II 
Manipulation* Possible Useful In Preventing Uptake of Radionuclides 

MEDICATION ON 
RADIONUCLIDE ROUTE OF ENTRY DIETARY MANIPULATION MECHANISM COMMENTS 
"Cr Inhalation 

Ingestion 
Avoid antacid. Hciavalent chromium n better 

absorbed than inva'ent Cr. 
Gastnc acid reduce* hexavalant 

Re* 4 

Cr to tnvalent Cr. 
•Co 11] Vitamin B 12 Isotypic dilution. 

••Cu Inhalation 
Ingestion 

CaCOtf and FtS Increases pH in stomach and 
forma CuS whi ,h it not absorbed. 

Ref. 32 

Zinc and molybdenum Depresses copper absorption. Ref. 33 
*»fe Inaction Ra<se pH of stomach with vigor Inorganic Fe forms complete* Ref. 3 

Ingestion 
Inhalation 

ous antacid therapy with normal gastric juice at low 
pH which remain soluble in 
higher pH of duodenum where 
Iron absorbed. 

Phyiates Reduce ebsorbtion Ref 34 
DTPA Chelating agent. Ref 35 
Defcoiamine mesylate Chelating agent Ref 36 
£«,«,* Decrease absorption Volh causes 

porlein binding »nd rrduced ab
sorption. 

Ref. 37 

Ascorbic acid Increases absorption- -should be 
avoided. 

"Mo Inhalation MgSO, or Na f SO | Sulfate limits retention by re fief. 38 
Ingestion 
Injection 

Cabbage rich in sulfate ducing absorption and Increas
ing urinary excretion. 

"Sa Injection 2% sodium sulfate in diet Increases Se excrelion Ref. 39 
Ingestion 
fn halation Copper interferes with 

threefold 
Proven in animals. «Zn 

Ingestion 
fn halation Copper interferes with 

threefold 
Proven in animals. Ref. 40 

Ingestion unc uptake. 
Ifjrr Hon Phylates reduce u.-'.ufce Proven in animals. Ref 41 

American Industrial Hygiene »iiotn'>on Journal 19 
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Current Approaches to the Management 
of Internally Contaminated Persons 

George L. Voelz 
Los Alamos Scientific Laboratory, Los Alamos, New Mexico. 
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The use of radionuclides in industry, research, nuclear power, and 
medicine is increasing. As a result, there may also be increased possibility 
of human exposure to internal depositions of radionuclides. Preventative 
measures should continue to reduce the number of these exposures, but 
it is important that the physician-in-charge uses the available techniques 
and drugs to reduce these internal depositions. This paper summarizes 
important considerations in the management of these cases and outlines 
some available major therapeutic regimens. 

Basis for Treatment 
The need for treatment in an individual exposure case should be based 
on an understanding of the consequences or risk of late effects on the 
health of the individual. If discomfort, side effects, or risk accompany 
the therapy, it is especially important to understand the need and basis 
for treatment. Our understanding of the dose-effect relationship due to 
radiation is limited, especially at lower doses and at the dose rates often 
associated with internal despositions. I know of few data which demon
strate that current treatment regimens for internal radionuclides are 
effective in reducing health effects. The benefits of treatment are assumed 
to be present, based on a reduction in the amount of radionuclide present 
in an organ. The benefit of therapy is, therefore, understood no better 
than our imperfect understanding of radiation risk at low dose and dose 
rates. The basis for treatment is thus based on "as low as readily 
achievable" dose. On this basis, at some point therapy will yield a 
diminished return. 

With proper application of currently available treatments, it is possible 
to '•educe the internal dose by a factor of about 2 to 10 for some of the 
radionuclides. To be sure, the goal of reducing dose is a worthy objective 
Thai health effects do result from radiations caused by internal radio
nuclides has been amply demonstrated in radium dial painters, uranium 
miners, thoratrast-injected persons, and the Marshallcse Islanders ex
posed to radioactive iodine in fallout. In all these cases the exposures 
were orders of magnitude above those permitted by the regulatory 
guidelines applied to the radiation worker. 

Reprinted with permission. Published in "The Medical 
Basis for Radiation Accident Preparedness". Elsevier/ 
North-Holland, 1980. 
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The value of treatment of cases with smaller exposures, for example, 
below the so-called permissible guidelines, is not known. Currently, the 
decision for treatment in such cases is based on the perception of risk by 
the physician responsible for the case and his patient. The physician 
must make a judgment concerning the ultimate benefit versus the poten
tial harm or side effects of the therapy, a judgment common to all medical 
practice. 

Ail treatments for internal radionuclides are most effective if applied 
within minutes to a few hours after exposure, a period when limited 
information upon which to base a treatment decision is available. The 
earliest information after the accident will consist perhaps of some scanty 
information on the accident, probable identification of the major radio
nuclides by history or early spectrometric data, a few radiological 
measurements (contamination surveys, air concentrations, and nasal 
smears), and no clinical symptoms or signs except possible trauma from 
an accident. The absence of clinical features places the physician at a 
great disadvantage in trying to determine the need for immediate treat
ment. Fortunately, the treatment procedures to be considered early have 
essentially no risk, and so errors of therapy omission are likely to be 
more serious than those of commission. 

The cessation of treatment is another decision that is dependent on the 
experience and judgment of the physician-in-charge. This decision is 
based on the relative risks and effec':vcness of the particular treatment. 
This question arises primarily in connection with possible continuing use 
of mobilizing or chelating agents. This decision is not as crucial as the 
decision to initiate treatment and can be made after due deliberation on 
the results and after consultation. 

Therapeutic Treatments 
For the past several years, Committee 37 of the National Council on 
Radiation Protection and Measurements (NCRP) has been studying the 
subject of the management of persons accidentally contaminated with 
radionuclides. The committee members include George L. Voelz, chair
man; Thomas A. Lincoln; Herta Spencer; Niel Wald; H. David Bruner; 
and Victor Smith. A comprehensive report1" of their study will be 
published in NCRP Report 65 in early 1980. The therapeutic measures 
described below are discussed in more detail in that report. 

Reduction of internally deposited radionuclides can be accomplished 
by the use of two general processes: (i) reduction of absorption and 
internal deposition and (ii) enhanced elimination or excretion of absorbed 
nuclides. Both are achieved more effectively when therapy is begun at 
the earliest time after exposure. 

Treatment is most effective if the absorption of contaminants into the 
systemic circulation is prevented although the administration of diluting 
and blocking agents is nearly equally effective in some instances because 
it enhances the elimination rates of the radionuclide or reduces the 
quantity of radionuclide incorporated in tissue. Therapeutic measures 
that use mobilizing agents or chelating drugs are less effective when the 
radionuclide has already moved into the tissue cells. 

Wound Irrigation and Excision 
After emergency first aid to control hemorrhage and treat shock, any 
potential radioactive contamination in wounds must be located. Weak 
beta- and alpha-emitters present special problems unless special instru
mentation is available. An example of such equipment is the thin, 
unshielded NaKTI) detector'2' used to measure plutonium in wounds at 
the l.os Alamos Scientific Laboratory. It will detect as little as 0.07 
nanocurie of lv'\\\ with a single 500-sec count. This screening instrument, 
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unfortunately, cannot be used easily to evaluate wounds with complicated 
geometry or mixtures of radionuclides. All such wounds and those with 
more than 2 nanocuries of plutonium activity are measured with a Si(Li) 
detector. Longer analysis times are necessary, but the X-ray and gamma-
ray lines of interest are easily resolved, identified, and quantified. 

Irrigation of the wound with sterile water or saline, free bleeding, and 
occluding venous return with a tourniquet have been advocated for 
immediate action.'3' A pulsating water jet lavage has been used with 
some additional success.14' 

After thorough wound irrigation, long-lived radionuclides, such as 
plutonium and americium, may be removed by excision of the wound 
area. A block excision of a small wound area is often more effective than 
lesser wound debridements. Primary closure of the wound is performed 
after the results of a check for residual activity are satisfactory. Use of 
a skin biopsy punch is a convenient way to excise small puncture 
wounds. All removed tissue, gauze sponges, and irrigation water, if 
possible, should be retained for radiochemical analysis. 

Reduction of Gastrointestinal Absorption 
Gastrointestinal absorption can be reduced either by washing out or by 
the use of medications selected for specific elements. These medications 
combine with the radionuclides so that they arc less available for 
absorption and are then eliminated in the stool. Such treatments are 
summarized below. 

Use of a nasogastric or gastric tube to empty the stomach (stomach 
lavage) would generally be used in the highly unusual circumstance 
where the known intake of a large quantity of radionuclides will pose a 
significant threat to the present or future health and where it has occurred 
recently enough that the material is in the stomach. 

In most cases, stomach lavage would be the procedure of choice but 
may not always be successful. Emetics act by stimulating the gastric 
mucosa, by stimulating the vomiting center in the brain (medulla), or by 
a combination of the two. Their use is contraindicated if the state of 
consciousness is impaired or after the ingestion of corrosive agents. 
Apomorphine hydrochloride and ipecac are the most likely drugs to 
consider for this use. 

Selection of a purgative to speed the elimination of the contents of the 
intestinal tract should include the consideration of the speed of action. 
Of particular concern is the effect of relatively insoluble radionuclides 
that may remain for many hours in the colon and rectum. These portions 
of the gastrointestinal tract will receive the largest radiation doses but 
the damage can be reduced by prompt removal of the radionuclides from 
the intestinal tract. Some purgatives may have special advantages be
cause they produce a less soluble compound of the radionuclide. Mag
nesium sulfate, for example, is a saline cathartic that can produce 
relatively insoluble sulfates with some radionuclides, for example, rad
ium, and thus reduce absorption. Use of enemas will empty the colon in 
a few minutes and may also be a consideration in some cases. Purgative 
drugs taken orally, such as biscodyl, castor oil, or phenolphthalcin, 
require several hours before taking effect, but these have faster action 
than others. 

The basis for oral administration of strong cation- or anion exchange 
resins to aid in the removal and reduced absorption of radionuclides from 
the gastrointestinal tract has weakened because of increasing evidence 
of toxic side effects. Activated charcoal would seem to be a potentially 
useful substitute. 

Ferric fcrrocyanide (Prussian blue) has been found effective in accel
erating the removal of cesium, thallium, and rubidium by the fecal route 
in animals.'5 *' Prussian blue is essentially nonabsorbed from the gas-
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trointestinal tract and has low toxicity. One gm of Prussian blue given 
three times per day from several days up to 3 weeks is well tolerated in 
man.110' The compound has been used in man to remove cesium.<""- , 2> It 
reduces the biological half-time of m C s to a third of the usual value. 

Aluminum-containing antacids are effective in reducing intestinal up
take of radioactive strontium. A single oral dose of 100 ml of aluminum 
phosphate gel given immediately after exposure will decrease the intes
tinal absorption of radioactive strontium by about 85%.' , 3 _ lls5' A single 
dose of aluminum hydroxide gel, 60 to 100 ml, given immediately after 
exposure will reduce the uptake by about 50%. Both drugs .re nontoxic 
and well tolerated. A mixture of aluminum and magnesium hydroxide 
can also be considered as a possible agent to reduce gastrointestinal 
absorption. 

Alginates, salts of alginic acid, are jelly-like substances obtained from 
the brown algae known as kelps. These substances inhibit the intestinal 
absorption of radioactive strontium by 80 to 90%.'"" The principal 
disadvantage to their use is the viscosity of the material which makes it 
difficult to swallow. 

Barium sulfate is a highly insoluble salt used as a contrast medium for 
roentgenographic examination of the gastrointestinal tract. Except for 
constipation, no adverse effects have been observed. The principal 
indication for barium sulfate in this application is as an immediate 
antidote for ingested strontium and radium. Formation of insoluble 
sulfates of these elements will markedly decrease their intestinal absorp
tion. 

Significant amounts of phytates are found in grains and grain cereals, 
particularly in oats and soya bean products. Phytates contain phosphorus, 
as phytic acid phosphorus, which combines with calcium, magnesium, 
zinc, and iron to form insoluble salts. Absorption of these elements from 
the intestinal tract may be reduced by the administration of phytates. 

Blocking and Diluting Agents 
A blocking agent saturates a specific tissue with the stable element, 
thereby reducing the uptake of the radionuclide. Isotopic dilution is 
achieved by the administration of large quantities of the stable element 
or compound so that, on a statistical basis alone, the opportunity for 
incorporation and exposure of the radionuclide is lessened. Displacement 
therapy is a special form of dilution therapy in which a nonradioactive 
element of a different atomic number successfully competes with the 
radionuclide for uptake sites. 

The use of a stable iodide to prevent the uptake of radioactivity in the 
thyroid is an example of an effective blocking agent. A dose of 300 mg 
of potassium or sodium iodide achieves maximal blocking and will stop 
further uptake of radioiodine by the thyroid. Six drops of a saturated 
solution of potassium iodide in a glass of water is a convenient form of 
administration also. The iodide should be administered as soon after 
exposure as possible because, once iodine is in the gland, its turnover is 
slow. The biological half time in the gland is about 120 days."" Only 
about 50/7?. of the uptake is blocked if the iodide administration is 
delayed 6 hours, anil lillle effect can be achieved if administration is 
delayed more than 12 hours.""1 II stable iodide has been given promptly, 
it should be continued at about 30 mg/day for a week or two to prevent 
the small amount of radioiodinc that leaves the gland from being recy
cled."" 

Stable strontium is useful as a diluting agent for radiostronlium. It is 
available as tablets (strontium lactate, 300 mg, to be given two to five 
times a day) or intravenous solutions (strontium gluconate, 600 mg of 
strontium per day infused with 500 ml of 5% glucose in water over 4 hr), 
The tablets arc well tolerated if given with meals and are nontoxic at this 
dose. This agent can be given daily for several weeks. 
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Phosphate can be used to decrease the intestinal absorption of radio
active strontium. It may also be useful as a diluting agent in case of 
medical misadministration of 3 2 P. Oral phosphates can be given in 
inorganic (sodium or potassium phosphate) and organic forms (sodium 
glycerophosphate). Vomiting, diarrhea, or both, may occur from phos
phate administration in doses exceeding 2 gm per day. Phosphate is used 
as a saline cathartic. Intravenous phosphate infusion is an unlikely drug 
candidate for use in treating radionuclide uptakes. Rapid intravenous 
administration can cause severe hypotension, renal failure, and myocar
dial infarction. Serum calcium and electrocardiograms must be monitored 
during such infusion. 

In cases of exposure to tritium, a high level of fluid uptake by mouth 
will increase tritium excretion. Fluid forcing should be continued for at 
least 1 week or until further reduction in dose is limited. The half-time 
of tritium in the body can be reduced from the normal 10 to 12 days to 
5 days or less by forcing at least 3 to 4 liters of fluid per day. The 
radiation dose may thus be reduced by a factor of 2 or more by careful 
management. 

Orally and intravenously administered calcium increases the urinary 
excretion of radioactive strontium and calcium in man. Zinc administered 
orally can be used for isotopic dilution in cases of exposure to 8 5Zn. 

Mobilizing Agents 
Mobilizing agents are compounds that increase a natural turnover proc
ess, thereby inducing a release of some forms of radioisotopes from body 
tissues. This results in an enhanced rate of elimination of these radioiso
topes. These agents are more effective if they are given soon after 
exposure, but some still produce an effect if given within about 2 weeks. 

When radioactive iodine has already been taken up by the thyroid, 
treatment with stable iodine is not effective. Antithyroid drugs may be 
considered in these cases if the radioactive dose is high enough to justify 
the use of these drugs with their potentially dangerous side effects. 
Propylthiouracil and methimazole directly interfere with the oxidation of 
the iodide ion and block the formation of thyroid hormone. These drugs 
are absorbed from the gastrointestinal tract within 20 to 30 minutes; their 
blocking action on thyroid hormone formation, however, lasts only about 
6 to 8 hours. Administration of the drug every 8 hours would probably 
be required for maximum effectiveness. In three human volunteers, 40 
mg of methimazole given daily starting several days after m I administra
tion reduced the biological half-time about 50% and the effective half-
time about 25%.'2 0' If the thyroid already has an ample supply of stable 
iodine, the response of the thyroid to these drugs is greatly reduced.'1" 

Ammonium chloride, given orally (1 to 2 gm four times a day), is 
effective in mobilizing radiostrontium deposited in the body. Its effec
tiveness can be enhanced by simultaneous use of intravenous calcium 
gluconate, 500 mg of calcium in 500 ml of 5% glucose in water over 4 
hours, on 3 to 6 consecutive days.1'"' An estimated reduction in the body 
burden of radiosirontium between 40 and 75% may be obtained if 
treatment is started soon after exposure. Ammonium chloride frequently 
causes gastric irritation, nauscii, and vomiting and should not be used in 
persons with severe liver disease. 

Diuretics are untested for the treatment of internal radionuclide dep
osition. Enhanced excretion of sodium, chloride, potassium bicarbonate, 
magnesium, and water in the urine occurs with induced diuresis. Some 
corresponding radionuclides that could be associated with radiation 
accidents are "Na, "Na, '"CI, , 2K, and :'H. 

Studies on the effect of expectorants and inhalants on inhaled radio
active particles have been disappointing.12" None provides effective 
action that would be dependable or particularly useful in treating persons 
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after the inhalation of radioactive particles. There is need for further 
scientific study to confirm the initial studies with animals; for this purpose 
the use of some of these agents, such as oral ammonium chloride or 
inhaled sodium chloride solution aerosol, can be justified for a therapeutic 
trial. 

Injections of parathyroid extract promote the urinary excretion of 
calcium and phosphorus. Removal of radioactive strontium from the 
body can be induced as a result of the increased excretion of calcium 
and strontium which results from bone breakdown caused by parathyroid 
extract. Parathyroid hormone has been used effectively to treat an 
accidental overdose of radiophosphorus, a z P, in man.'"' 

Chelating Agents 
A number of chemical compounds enhance the elimination of metals 
from the body by chelation, a process by which organic compounds 
(ligands) exchange less firmly bonded ions for other inorganic ions to 
form a relatively stable nonionized ring complex. This soluble complex 
can be excreted readily by the kidney. A properly selected and admin
istered chelating drug will enhance the excretion of some radioactive 
elements and thus reduce their residence times in the body. Therapy with 
a chelating agent is most effective when it is begun immediately after 
exposure while the metallic ions are still in circulation and before they 
have been incorporated into cells. 

The calcium salt of ethylenediaminetetraacetic acid (calcium edetate, 
CaNa^EDTA or CaEDTA) is the most common form of chelator used in 
man, primarily to treat lead poisoning. It can also be used to chelate 
zinc, copper, cadmium, chromium, manganese, and nickel. It has some 
effectiveness for the transuranium metals, such as plutonium and amer-
icium, but CaNa2DTPA (described next) has been found to be more 
effective by an order of magnitude for those radionuclides. 

The edetates are nephrotoxic and must be used with extreme caution 
in patients with preexisting renal disease. Transient bone marrow depres
sion, mucocutaneous lesions, chills, fever, muscle cramps, and hista-
mine-like reactions (sneezing, nasal congestion, and lacrimation) have 
also been described. 

In the treatment of lead poisoning, CaDTPA is usually administered by 
intravenous injection in 250 to 500 ml of 5% glucose in water or isotonic 
saline. The maximal dose is 75 mg/kg of body weight daily given in two 
divided doses, up to a maximal dose of 375 mg/kg weekly. The maximal 
dose for a total regimen normally should not exceed 550 mg/kg. Doses of 
about one-half of those listed above may be effective for radioactive 
metals. The infusion time should be about 1 hour for each 1 gm of 
EDTA. Urine should be tested for albumin before and after EDTA 
administration. Treatment should be discontinued if albuminuria occurs. 

The powerful chelating agent diethylcnctriamincpentaacetic acid (pen-
lathamil, DTI'A) is generally more effective in removing heavy-metal, 
multivalent radionuclides than CaEDTA. It is effective for the transur
anium metals (plutonium, americium, curium, californium, and neptun
ium), the rare earths (cerium, yttrium, lanthanum, promcthium, and 
scandium), and some transition metals (zirconium and niobium). 

CaDTPA also binds trace metals present in the body, such as zinc and 
manganese. It is the reduction in these two trace metals that probably 
accounts for the toxicity to high doses in animal experiments. Doses 
over 2000 ^mol/kg (the clinical human dose range is 10 to 30 /xmol/kg) 
can produce severe lesions of the kidneys, intestinal mucosa, and liver, 
and may be lethal.'"' Increased toxicity from fractionated dose schedules 
has been demonstrated in experiments with beagle dogs in which injec
tions at the human dose levels, 5.8 ^mol/kg of CaDTPA given every 5 
hours, were fatal as early as 4 days after the onset of treatment.12"' The 
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most significant injury occurs in the intestinal epithelium. No untoward 
effects in rats was noted wi th doses of 100 /xmol/kg given twice weekly 
over a 44-week per iod . ' " ' Teratogenicity and fetal death have occurred 
in mice given five daily injections of 720 to 2880 /xmofkg given throughout 
gestat ion. ' " • " ' Daily doses of 360 / imol /kg in mice, about ten times the 
human daily dose, produced no harmful ef fects. < I " 

The zinc salt o f DTPA is less toxic than CaDTPA and therefore is 
advantageous to use for longer-term treatments and especially for frac
tionated treatments. 1 2"' ZnDTPA also did not cause teratogenicity or fetal 
death in experiments with mice. 

No serious toxicity in man has been reported as a result o f CaDTPA 
administration in lecommended doses. Long-term, low-dose administra
tions in man, I gm per week, showed no adverse effects after 4 years. 1 2 9 ' 

CaDTPA is more effective than ZnDTPA in rats when given promptly 
after exposure to 2 3 8 P u , 2 5 2 Cf , or " ' A m . 1 3 0 3 1 ' This finding led to the 
general recommendation that CaDTPA be used during the first 24 to 48 
hours after exposure and then that ZnDTPA be used for continuing 
treatments. 

The effectiveness o f DTPA in enhancing the excretion o f plutonium is 
markedly affected by the chemical fo rm of the plutonium. For both 
wounds and inhaled particles, the absorption of relatively insoluble 
plutonium compounds, such as plutonium oxide, into the circulation 
occurs over many days and weeks. DTPA is not effective in these cases 
because of the small amount of plutonium present soon after exposure in 
the blood or intracellular fluids. Soluble compounds, such as plutonium 
ni trate, have relat ively rapid uptake and translocat ion, and so the 
plutonium is more available early after exposure for chelation. Data from 
persons treated with CaDTPA soon after exposure (on the first day) 
indicate that about 60 to 70% of the soluble forms of plutonium is 
removed as compared to cases without CaDTPA treatment. 1 3 2 ' 

Both CaDTPA and ZnDTPA are available as an investigational new 
drug in the United States and can be obtained through the Radiation 
Emergency Assistance Center and Training Site, Oak Ridge, Tennessee. 
These drugs have been administered by both intravenous injection and 
aerosol inhalation. The intravenous form consists typically o f 1 gm of 
CaDTPA or ZnDTPA in 250 ml of normal saline or 5% glucose in water 
given over 1 hour in a single daily dose. The dose may be repeated on 5 
to 6 successive days. The aeoso l form usually consists of I gml of 
CaDTPA or ZnDTPA placed in a nebulizer. The entire volume is usually 
inhaled in 15 to 30 minutes. Administrations by inhalation can also be 
repeated daily. I t is prudent not to use the inhalation route in persons 
with preexisting pulmonary disease. The drug is contraindicated if 
significant leukopenia, thrombocytopenia, or kidney dysfunction exists. 
Urinalysis should be normal prior to each treatment. Mall et a l . ' 3 2 ' have 
developed a model for plutonium excretion after DTPA treatment that 
suggests an optimal dosage schedule is provided with treatments on days 
I, 2, 4 , 7, and 15 after exposure. 

Pimercaprol (DAL ) forms stable chelates wi th mercury, lead, arsenic, 
gold, bismuth, chromium, and nickel. Although seldom the agent of first 
choice, dimcrciiprol should be useful in accelerating removal of ionic 
metals that are attracted to sulfur. 

Unfortunately, dimeicaprol is toxic; approximately 50% of subjects 
receiving 5 mg/kg intramuscularly wil l experience toxic i ty. ' 3 3 ' There is 
frequently increased blood pressure and tachycardia. Other unpleasant 
but not dangerous reactions aic nausea, vomiting, headache, a burning 
sensation in the mouth, conjunct iv i t is, chest pain, and a feeling of 
anxiety. Sterile abscesses occasionally develop at the site of injection. 

The diug is given by intramuscular injection. The doses for stable 
arsenic and gold intoxication are 2.5 mg/kg or less administered at 4-
hour intervals during the first 2 days, twice on day 3, and once daily for 
5 to 10 d a y s " " 
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Penicillamine, an amino acid derived from the degradation of penicillin, 
chelates with copper, iron, mercury, lead, gold, and possibly other heavy 
metals. It is superior to dimercaproi and CaEDTA for the removal of 
copper. The incidence of adverse effects with penicillamine is low. The 
most common and serious are hypersensitivity reactions manifested by 
a maculopapular or erythematous rash. One fatal case of granulocyto
penia has been reported. 

Penicillamine is given by mouth, 250 mg four times a day, on an empty 
stomach between meals and at bedtime. The dose may be increased to 
4 or 5 gm daily in divided dose. If the person has a penicillin sensitivity, 
the drug should be given cautiously. If adverse reaction occurs, discon
tinue. Blood cell counts should be taken and urinalysis should be done 
every 3 days during the first 2 weeks of therapy and at least every 10 
days thereafter. 

Deferoxamine (DFOA) has been used effectively in the treatment of 
iron storage diseases and acute iron poisoning. If given promptly, DFOA 
surpasses CaDTPA in the enhancement of excretion of plutonium (IV) 
compounds. ' 1 0 3 4 1 H I Its effectiveness declines rapidly, which makes its 
clinical use for this purpose questionable. I 3 9 ' The combination of DFOA 
and CaDTPA yields better results than either drug separately.' 1 0 ' 

DFOA is given by intramuscular injection, 1 gm initially, followed by 
500 mg every 4 hours for two doses. Then 500 mg can be given every 4 
to 12 hours to a maximal total dosage of 6 gm in 24 hours. Intravenous 
administration (the same dosage) should never exceed 15 mg/kg of body 
weight per hour. Toxic reactions, usually manifested as a generalized 
erythema, Hushing, tachycardia, urticaria, or sudden hypotension, are 
serious enough to contraindicate use of DFOA in the treatment of mild 
iron poisoning. Its use for radionuclides should be considered only under 
circumstances of serious exposure. 

Lung Lavage 
Deposition of radioactive particles in the lung is one of the more common 
types of accidental exposure of humans to radionuclides. Insoluble 
particles, once inhaled into the lung, may be mobilized and translocated 
to other organs at a low rate over many months or years. 

Lavage of the tracheobronchial tree has shown promise as a treatment 
technique for individuals who have inhaled relatively insoluble radionu
clides. 1 4 0 , 4 " The procedure requires placement of an endotracheal tube 
into the trachea and major bronchi while the patient is under general 
anesthesia so that the lungs can be lavaged with isotonic saline. 

Dogs treated alter inhaling insoluble radioactive particles have shown 
reductions in their lung burdens from about 25 to 50% (average, 44% in 
eight dogs) after five lavages of each lung.' 4 1 4 " Radiation pneumonitis 
and early deaths were prevented in 75% of the treated dogs in contrast 
to the untreated dogs. 1 4 " The same regimen of ten lavages removed 35 to 
W/r of '""I'll and " H P u , polydisperse aerosols of different chemical 
characteristics. I 4 4 1 Sixty to 90% of the lung burdens of plutonium oxide 
in baboons were removed by treatment with ten pulmonary lavages.14*' 

In onr case in which a person had inhaled a l : , : 'Pu aerosol, three lavages 
at K, 12, and 17 days removed about 13% of the estimated initial lung 
burden. 1 4 9 1 The aerosol proved to be more soluble than was assumed 
initially and this may have reduced the efficacy of lavage therapy. 

Possible use of this experimental technique in man requires a careful 
risk-benelil assessment. The risk lies primarily in the administration of 
a general anesthetic. The overall mortality risk may be 0.2 to 0.5%- for 
each procedure. Thus, this procedure should be considered only in high 
exposures in which a reduction 25 to 50% of the dose could be expected 
to prevent acute or subacute effects, such as radiation pneumonitis or 
fibiosis. The risk from the piocedtuc is immediate, whereas late effects 
ol radiation exposure to the lung nmv occur many years later. 
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Therapy for Selected Radionuclides 
1 he treatments listed above summarize the available therapy for inter
nally deposited radionuclides. Examples of their use for some of the 
more common radionuclides that may be encountered are given in 
Table 1. 

t Table 1. Therapy for Selected Elements 

I 

Nuclides Therapy Comment 

Transuranium element*: 
amcriciiim, californium, 
curium, neptunium, 
plutonium 

CaDTPA or CaEDTA may he used if DTPA is not 
znDTPA immediately available, but it is less 

effective. Dl'OA may be considered 
for high plutonium exposures if 
DTPA is not available. Excise 
contaminated wounds. 

Rare earths: CaDTPA or CaF.DTA may be used if DTPA is not 
cerium, lantl anum. ZnDTPA immediately available. Consider need 
promethium scandium, for stomach lavage and purgatives 
yttrium 

Cesium Prussian blue Consider need for lavage and purgatives. 

Cobalt Penicillamine Therapeutic trial of penicillamine is 
useful. Consider need for stomach 
lavage and purgatives. 

Iodine K lor Nal. or SSKI Success depends on early administration 
alter exposure. 

Phosphorus Aluminum hydroxide Consider stomach lavage. Severe 

Radium 

Strontium 

Trilium 

Magnesium sulfate 
Alginates 
Ammonium chloride 
Calcium 

Aluminum phosphate 
gel 

Strontium or 
calcium 

Ammonium chloride 

forced fluids 

overdosage may be treated wild 
parathyroid extract and oral 
phosphorus. 

No effective therapy after absorption 
Consider stomach lavage early. 

Barium sulfate and alginates arc 
alternatives lo block 01 uptake. 
Consider stomach lavage early. 

1 
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Every emergency department faces the potential problem of handling one or 
more victims o: a radiation accident. While emergency departments near 
nuclear power plants or Isotope production laboratories probably have a 
detailed protocol for such emergencies, a similar protocol is needed for the 
emergency department that may have to handle an isolated event, such as a 
vehicular accident that spills radioactive material and contaminates 
passengers or bystanders. This communication attempts to answer that 
need, presenting a step-by-step protocol for decontamination of a radiation 
victim, the rationale on which each step is based, a list of needed supplies, 
and a short summary of decorporatlon procedures that should be started in 
the emergency department. Leonard RB. Ricks RC: Emergency department 
radiation accident protocol. Ann cmerg Med 9:462-470. September 1980. 
disaster management, radiation accident; emergency department protocol, ra
diation accidents; radiation accident, emergency department protocol 

INTRODUCTION 
The recent event at Three Mile Island in Harrisburg, Pennsylvania, made 

all emergency physicians acutely aware of their need to be prepared to handle 
contaminated victims of radiation accidents. Because very few people in emer
gency departments have had actual experience with such problems, il may be 
difficult for the departments to prepare a detailed protocol. Emergency depart
ments near a nuclear power plant or isotope production plant probably have 
such a protocol. However, even those not so located must be ready for isolated 
events, such as vehicular accidents spilling radioactive material, or accidents in 
chemistry laboratories or in nuclear medicine departments. Thus, every emer
gency department should have a protocol for handling victims of a radiation 
accident. 

In 1963, the Journal of the American Medical Association published an arti
cle by Sacnger,1 which discussed hospital planning for radiation accidents. We 
expand the data in Saenger's presentation by means of a detailed outline* that 
can be adapted easily by any emergency department. Ob 'ously, for '-hat adapta
tion, specific names and beeper numbers would be inc; ided, aa would specifc 
rooms or areas in which the specific actions would be carried out Emergency 
departments near a nuclear power plant or isotope production plint woulr1 

include the safety personnel and available equipment of that plant as part of the 
protocol. 

• Derived from course 'Handling of Radiation Accidents by Emergency Personr t\," Radi
ation Emergency Assistance Center/Training Site, Oak Ridge, Tennesaee. 

From the Seciion on Emergency Medical Services. Department of Surgery, Bowm. n Gray 
Scnooi ol Medicine ol Wake Foresi University. Wmsion-Saiem, Norm Carolina.' and tne Ra
diation Emer jency Assistance Center/Training Site. Oak Ridge Associated Universities. Oak 
Ridge. Tennessee ' 

Address tor reprmis Raipn B Leonard, MD. Section on Emergency Medical Services. Bow-
mm Gray Scnooi ol Medicine, 300 Soutn Hawthorne Road, Wmston-Saiem Noun Carolina 
27103 
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RADIATION PHYSICS 
While it is not our purpose to 

discuss radiation physics in detail, a 
few basic concepts are needed to ex
plain the steps taken in this protocol. 
A detailed discussion of radiation 
physics can he obtained from any col
lege physics textbook, ard an expla
nation of the various counters used 
in measuring radioactivity from any 
introductory nuclear medicine text
book.1'1 For this discussion, the term 
"radioactivity" refers to the loss of 
either particles (alpha or beta) or 
energy (gamma rays) from a spon
taneously decaying unstable atom. 

Alpha particles are composed of 
two protons and two neutrons (the 
nucleus of a helium atom) and are 
heavy particles with a plus two elec
tronic charge. They have a range of a 
few centimeters in air. In tissue, they 
have a range of only a few microme
ters and, consequently, cannot pene
trate skin Thus alpha-emitting con
tamination is not a hazard to intact 
skin, but it is a hazard to open 
wounds or when inhaled or ingested. 

Beta particles are emitted from 
the nucleus and are similar to elec
trons They have a range of several 
meters in air and a few millimeters 
in tissue, consequently, they pose a 
biological threat both internally and 
externally. 

Gamma rays are electromagnet
ic energy ilike x-rays) emitted from 
the nucleus They have a range of 
many meters in air and many cen
timeters in tissue and, like beta par
ticles, constitute a biological hazard 
boih internally and externally. 

Beta and gamma emitters are 
most likely to be encountered by 
emergency medicine personnel. 
Alpha emitters are primarily trans-
uranic isotopes and are generally 
found in nucleur chemistry laborato
ries and isotope production facilities. 
When checking a patient for radioac
tivity, however, one must monitor for 
alpha as well as beta and gamma ra
diation. 

The ndiation counter mo<t 
commonly used by Civil Defense per
sonnel and in emergency depart
ments is the CDV-700 Geiger-
Mueller (GM) counter This is an ex
cellent device for detecting beta and 
gamma radiation, but it must con
tain a special window for detecting 
alpha radiation because of the low 
penetrating power of alpha particles 
The alpha window must be held close 
to the surface being monitored, but 
must not touch that surface or it will 
be contaminated. 

Wher. monitoring a possibly con
taminated patient, one is primarily 
interested in determining whether 
the patient is contaminated and, if 
so, where. Secondarily, one needs a 
rough estimate of the amount of con
tamination. Because the flux of par
ticles falls off as the inverse square 
of the distance of the probe from the 
radioactivity, the probe must be held 
at a constant distance from the sur
faces being monitored. 

All emergency physicians and 
those (other than the radiation safely 
officer) assigned in the protocol to 
monitor a contaminated patient 
should discuss the details of monitor
ing with the radiation safety officer or 
health physicists at their institutions 
in order to be familiar with both the 
equipment and the procedures before 
a radiation accident occurs. 
Types of Accidents 

In considering the medical prob
lems of a victim of a radiation acci
dent, one must keep in mind three 
situations. The first is contamina
tion, in which a radioactive material, 
in the form of dust, solid particles or 
liquid, becomes physically attached 
to the victim's skin or clothes. This 
can be detected by proper monitoring 
of the patient and may consist of 
alpha, beta- or gamma emitters, 
depending on the type of isotope in 
the contaminant. This type of acci
dent requires physical decontamina
tion iu. outlined in the protocol (Ap
pendix 1). 

The second situation is incorpo
ration, in which a radioactive mate
rial, in the form of dust, solid parti
cles, or liquid, is inhaled or ingested 
or contaminates an open wound. This 
is a true emergency because the ra
dioactive material will be able to ir
radiate internal tissues, causing 
much more extensive cellular dam
age. Many radioactive elements be
come biologically and essentially per
manently incorporated into the body's 
molecules. In addition, elements such 
as uranium pose a toxic threat, as do 
nonradioactive heavy metals Such a 
situation demands immediate de-
corporation (Appendix 2). 

The third situation is irradia
tion, in which the patient has been 
subjected to a high flux of gamma 
rays or x-rays As such, he is nut ra
dioactive and no radiation will be 
delected on his body or his clothes. 
Any tissue damage hi has sustained 
happened instantaneously and will 
manifest itself in time. The irradia
tion may be local, such 33 exposure of 
a hand, or total body. The latter 

situation may give rise to the "radia
tion syndrome."4"1 4 Although the 
details of the "radiation syndrome" 
are not relevant to emergency de
partment care, emergency depart
ment personnel should be familiar 
with the early symptoms and note 
them on the patient's chart. 

The gastrointestinal system rep
resents a handy and reliable "do
simeter" which allows the emergency 
physician to gauge the dose of radia
tion received by the patient.1 Low 
levels of radiation will produce 
anorexia and nausea. Vomiting, if it 
occurs, may be delayed for five or 
more hours. If vomiting begins with
in one to five hours, it is usually a 
sign of significant irradiation, with 
possible serious sequelae If vomiting 
begins within one hour, it is indica
tive of a near lethal irradiation dose: 
if it begins within minutes of exposure, 
it is probably a sign of a lethal dose. 
Thus information on gastrointestinal 
sig.*s and symptoms — from feelings 
of anorexia and nausea to vomiting — 
should be noted on the chart along 
with the time each began. 

The lymphocyte count is a more 
sensitive "clinical dosimeter" wher
ever round-the-clock laboratory 
facilities are available. Consequently 
a complete blood cell and differential 
count should be obtained as soon as 
possible so that subsequent changes 
can be monitored.* Decreases in the 
absolute lymphocyte count, if they 
are to occur, are apparent within U 
hr. If the count does not decline 
below 1,200/cu mm within 24 hr, the 
patient will require no clinical sup
port; if it falls below 500 cu mm. a 
severe course can be anticipated; if 
the lymphocytes disappear within six 
hours, the dose of radiation was fatal. 

RADIATION ACCIDENT PROTOCOL 
We present an emergency de

partment radiation accident protocol 
for the handling of patients believed 
to be contaminated externally or in
ternally by radioactive materials (Ap
pendix 1). It should go without say
ing that the steps in the protocol 
must be practiced before a radiation 
emergency occurs, and that eoch per
son on the emergency staff should 
know his responsibilities and how 
to carry them out. All necessary 
equipment (Appendix 3) should be 
available before an accident occurs or 
be obtainable between the time the 
emergency department receives noti
fication that a possibly contaminated 
victim is on the way and the time 
that victim arrives. 
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Notification 
When the emergency depart

ment receive* notification that a ra
diation accident has occurred und 
lh.it a possibly contaminated victim 
is enroute. there must be an orderly 
routine for the notification of essen
tial personnel. The director of the 
emergency department (or the person 
in charge at that time) must decide 
whether lo activate the radiation ac
cident plan. If he activates the plan, 
he is responsible for seeing that 
other essential people are notified. 
He then decides whether he or some 
other person is to be in charge of the 
victim. If he is not familior with ra
diation physics, he may decide to 
have the radiation safety officer in 
charge of all decisions concerning 
decontamination, while he remains 
in charge only of the patient's medi
cal problems. 

He notifies the director of nurs
ing because additional nursing staff 
will probably be needed. Both he and 
the director of nursing must be sure 
that no pregnant or possibly preg
nant women take part in the con
taminated patient's care. 

He notifies the radiation safety 
officer as soon as possible so that he 
can assemble and check the radiation 
monitoring equipment. The radia
tion safety officer is responsible for 
monitoring the patient, emergency 
department personnel, and any sam
ples taken from the patient. He is also 
responsible for supervising prepara
tion of the decontamination room and 
for cleaning the decontamination 
room after the patient leaves. Finally 
he is responsible for monitoring and 
decontaminating the ambulance and 
ambulance attendants. 

The emergency department di
rector notifies security personnel 
because they will be needed lo keep 
all nonessential persons out of the 
emergency department and to be 
sure that no one goes into or out of 
the area designated "radioactive" 
without being monitored for radia
tion contamination. 

Any incident involving radiation 
will arouse much public interest. 
Consequently the "information of
ficer' is notified so thai he can deal 
wiih all requests for information. 
This is an immensely important task 
because false, misleading, or sensa
tional reports can cause panic. The 
information officer must strive for 
honest, calm, and consistent report
ing A special effort should be made 
to relay information to the victim'i 
family. The names ol the victim and 

his family should not be released to 
the public at any time unless the 
family agrees. 

Obtain On-Slte Information 
On receipt of information that a 

victim of a radiation accident will ar
rive at the emergency department, 
the director or a designated person 
should keep in constant communica
tion with the on-site emergency per
sonnel to obtain as much advance in
formation as possible. 

If monitoring has been done at 
the accident site, the number of con
taminated and noncontaminated 
victims is probably known. If the ac
cident occurs in a laboratory or nu
clear power facility, the type of 
isotope involved may be known. All 
trucks carrying radioactive materia! 
must by law, also carry papers de
scribing the type of radioactive ma
teria) being carried. Such informa
tion is important for, as an example, 
partially processed uranium ore 
poses much less of a radioactive 
hazard than fission product waste 
with its high level of radioactivity. 

Finally information should be 
obtained about whether the accident 
involved only exposure to high level 
gamma rays or x-rays rather than 
potential contamination with ra
dioactive materials If the former is 
the case, the emergency department 
need not prepare to receive contami
nated patients: \r any doubt exists, 
however, the radiation accident 
protocol should be activated and the 
following preparatory steps taken. 

Emergency Department 
Preparation 

Evacuation of Emergency De
partment - Any victim of a radiation 
accident must be considered to be 
contaminated until proved otherwise. 
Consequently one must assume that 
the route from the ambulance en
trance to the decontamination room 
may also become contaminated, and 
all persons along that route should 
be removed from the crea by security 
personnel. In addition, all pregnant 
or possibly pregnant women should 
be kept away from the area of c c 
lamination 

Ideally one should have avail
able rolls of plastic or paper three to 
four feet wide which can be unrolled 
to make a path from the ambulance 
entrance to the decontamination 
room If not available, ordinary 
sheets can be used. Whatever the 
floor covenng, it should be taped se-
curelv to the floor. This route should 
then be roped off and marked "ra

dioactive" (or kept clear cf traffic by 
security personnel) until it has been 
checked for contamination by the ra
diation safely officer. 

Preparation for Arrival of Vic-
ttmis) - A separate room should be 
designated as a decontamination 
room. It should be large enough to 
hold mor.. than one victim and the 
necessary medical personnel. If it 
does not have a separate ventilating 
system, the ventilation should be 
turned off by the hospital engineer
ing department, even if that means 
temporary loss of ventilation to a 
wide area, because airborne con
tamination throughout the system 
would be difficult to remove. The ra
diation safety officer should know 
the room's ventilation system and, as 
soon as he is notified that a victim is 
on the way, should call the hospital 
engineer if needed. 

The floor covering in the decon
tamination room should be taped se
curely, and a wide strip of yellow 
tape placed on the floor at the en
trance of the room should be marked 
clearly lo differentiate the "contami
nated" from the "clean" side. This 
demarcated area is usually referred 
to as a control point. Once the pa
tient is in the decontamination room, 
no person or equipment should cross 
that strip without being monitored 
for contamination. It is the responsi
bility of the radiation safety officer to 
designate a person to perform that 
monitoring 

Once all nonessential equipment 
in the room is remuved or covered, 
the cabinet, door handles, and light 
switches should be covered with tape 
because most contamination is 
spread by the hands. Removal of the 
tape after the patient and personnel 
leave the mom decontaminates those 
areas. 

Because personnel within the 
decontamination room cannot leave 
without being monitved, a person 
should stand at the dour on the clean 
side to hind in supplies and to re
ceive medical specimens. 

Every emergency department 
should have a decontamination tray 
to place on top of a stretcher where it 
ca i he used to wash the contami
nated patient. The tray may be made 
of galvanized steel: it should be ap
proximately seven feet long and two 
and one-half feet wide, and should 
have six-inch-high sides. It should 
have a hole at one end with a pipe 
attached to allow contaminated wash 
water to dram into a collecting con
tainer. Ifguch a tray is not available, 
a satisfactory decontamination table 
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can be made with two sheets and 
• plastic sheet es described (Ap
pendix 1). 

In either event, several large 
containers are necessary for collec
tion of the contaminated wash water. 
Most conumination can be removed 
by surprisingly small amounts of 
water, and three five-gallon contain
ers should be adequate. In addition, 
several plastic-lined, lidded contain
ers are needed for other contami
nated materials, such as gauze and 
gloves. 

Decontamination Taam 

The physician designated as 
being in charge must be familiar in 
advance with the protocol and all 
procedures. 

The nurse assigned to the decon
tamination rocm is responsible for 
collecting all specimens and measur
ing vital signs, as well as for assist
ing the physician. 

The radiation safety officer will 
monitor the patient to determine 
whether he is contaminated and, if 
so, to determine where he is con
taminated and at what level of activ
ity He is also responsible for analy
sis of all swabs of radioactive areas. 

A circulating nurse helps label 
specimens, receives equipment or 
supplies from the person standing 
outside the decontamination room, 
and records data on the patient's con
tamination and vital signs. 

Decontamination Team Preparation 

The decontamination team 
should be outfitted with protective 
clothes as outlined in the protocol 
However, if the patient arrives be
fore that is possible and has life-
threatening injuries that must be at
tended to immediately, the team can 
treat him us soon as they have put on 
surgical gloves, gowns, and masks. 
Rarely is a patient so contaminated 
that the level of radioactivity is a 
threat 10 the medicol team The muin 
goals of precautions taken during 
decontamination arc to prevent the 
radioactive material from internally 
contaminating the patient through 
oral ingestion, inhalation, or open 
wounds, and to prevent spread of 
contamination throughout the emer
gency department and the hospital. 

When time and the patient 's 
condition permit it, the decontamina
tion team should prepare as follows: 

They should make use of rest-
room facilities, since they will not be 
allowed to leave the decontamination 
room once the patient arrives. 

r+ 
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A film badge with the team 
member's name on it should be at
tached to the member's street clothes 
or uniform. Because the protective 
clothing goes on over street clothes, 
large or extra-large sires of surgical 
trousers and pullover shirts should 
be available. Water-proof shoe covers 
should be put on and the cuff's of the 
trousers taped securely to them. A 
tab left at the end of the tape will 
make its removal easier. A surgical 
gown is then put on, followed by a 
pair of surgical gloves which are 
taped to the sleeves of the gown. A 
surgical hood and mask are adequate 
to protect the head, hair, and face 
from contamination; the decontami
nation procedure should never be so 
sloppy that goggles are necessary. 
The second pair of surgical gloves is 
not taped down because they must be 
changed during decontamination if 
they are torn or if the radiation 
safety officer finds they are badly 
contaminated. 

Finally, a dosimeter with the 
wearer's name on it should be at
tached to the outside gown at the 
neck where it can be read easily but 
is not likely to be contaminated. 

Patient Arrival 
The emergency physician in 

charge and the radiation safety of
ficer should meet the ambulance at 
the entrance to the emergency suite. 
The physician's primary task at this 
point is to determine whether the 
victim has injuries other than poten
tial radiation injuries and, if he is so 
injured, how critical those injuries 
are. While the physician is doing 
that, the radiation safety officer can 
determine whether the victim is con
taminated. The ambulance attend
ants should have removed the 
victim's clothes and left them at the 
accident site, for n major portion of 
the contamination is usually found 
on them If that was not done, and 
th<> victim is contaminated, the phy
sician must decide if the victim's 
condition permits removal of the 
clothes inside the ambulance because 
it, presumably, is already connmi-
natcd. If the victim needs immediate 
medical attention, he is taken, 
clothed, directly to the decontamina
tion room When a choice rriu?' be 
made, the care of life-threatening 
conditions must always take priority 
over containment of contamination 

While those decisions are being 
made, other members of the decon
tamination team should bring the 
prepared stretcher to the ambuiance 
door. From this point or,, we will as-

• £ > • * ••-::JLZ.' 

sume thet one victim only is in
volved, and that he is contaminated. 
He now becomes "the patient." He is 
transferred to the stretcher and 
taken to the decontamination room 
along the specially prepared route. 
The ambulance attendants are to 
remain with the ambulance until 
checked for contamination by a per
son designated by the radiation 
safety officer. If the attendants or the 
ambulance or both are contaminated, 
their decontamination is the respon
sibility of the radiation safety officer 
and his assistants. 

Decontamination ol Patlant 
It is essential that care of serious 

medical problems take precedence 
over any attempts to decontaminate 
the patient. The physician and nurse 
must do a complete physical exam
ination and attend immediately to 
the basics of resuscitation and pre
liminary studies. Only when the pa
tient's condition is stable should they 
turn to decontamination. 

If the patient is still clothed, his 
clothes should be removed and sealed 
in a plastic bag. While the radiation 
safety officer begins to monitor the 
patient, team members use cotton-
tipped applicators to swab the ear 
canals, nares, and oral cavity These 
swabs should be placed :n a glaxs 
tube, and the lube labeled (qtien:'s 
name, the time, and the sue), stop
pered, and placed in a lead container 
(obtained from the Nuclear Medicine 
Department) for later monitoring 
and analysis The circulating nurse 
records on a diagram of the boJy the 
areas found by the radiacon safety 
officer to be contaminated, along 
with the meter readings from each 
site. The patient must be turned to 
that his back is monitored also. All 
contaminated areas should be 
sw-ibbea with cotton-tipped ap
plicators which are then stored as 
indicated. 

The first priority in the decon
tamination procedure should b« con-
laminated open wounds, for such 
areas ;illow for rapid incorporation of 
radioisotopes Decorporation proce
dures should be started (s«e Appen
dix 2), and irrigation of the wound 
should begin with copious amounts of 
normal sa ins for at lenst three min
uted If monitoring shows persistent 
contamination, irrigation can be con
tinued with normal saline, although 
substitution of 3T hydrogen peroxid* 
may be more helpful. If repeated 
monitoring ihows that contamina
tion persists, gentle surgical de
bridement of the surface tissue of the 
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wound should be done It need not be 
too radical, as most of the contami
nants will adhere to the outer sur
face of the wound. Deep debridement 
md excision should be necessary 
jnly when particles or pieces of ra
dioactive material have been implod
ed into the t issues. Any t issue re
moved should be placed in a stop
pered container which is then placed 
in a lead container for later analysis 

If radiation material is found in 
the eyes, gentle irrigation should be 
undertaken with the stream dive; ted 
away from the medial c a n t h u s so 
that it does not force material into 
the lacrimal duct. 

C o n t a m i n a t e d na res and ear 
canals should be gently i r r iga t ed 
with frequent suction so tha t radio
active material is not forced deeper 
into those cavities. Radioactive ma
terial found in the oral cavity consti
tutes a medical emergency because, 
if it reaches the stomach, internal 
contamination and incorporation will 
occur Gentle irrigation and suction 
should be started promptly with the 
mouth turned sideways or down (as 
the patient 's condition aliowsl so that 
the irrigation solution runs out of the 
mouth and is nr,t swallowed. Alter 
the mouth has been decontaminated, 
i na^gas tv ic tube should be insetted 
,rto the stomach in order to deter
mine whether radioactive material is 
present. If so. decorpuration should 
ee stjirted see Appendix 2), and lav
age should be instigated with normal 
saline in small aliquots so that the 
s tomach con ten t s are not forced 
through the pyloric sphincter. 

Tne skin is na 'ura i ly the rr.osl 
common area of the hody to be cor,-
tamipa tcd However, gentle scrub
bing with soap and te^id water is 
usually a!! that is nepded to remove 
the contamination Km water should 
not be u_.ed became it causes cutane
ous v,.-.oUil.itjtion, jnd ihis increases 
the chances of incorporation For the 
same reason, a Mtiff brush should no', 
be used and the area should not be 
scrubhed to vigorously If contamina 
lion persist*, after two or three wash-
.ngs Lava k soao or a mixture of half 
Tide * and half cornmeal Tan he used 
as a ccni le abrasive in place of the 
soa;i Clorox *, either full strength fur 
smal l a r e a s or d i lu ted for larger 
areas, can then be u^ed if the con-
lamination persists 

Hair can usually be decontami
nated with repea led shampoo ing 
w,th soap and tepid water. If con
tamination persists, the h a i r can be 
removed with clipper*, but the scalp 
should not be shaved, for any brepk-
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ing of the skin will allow incorpora
tion 

Removal of Patient from 
Decontamination Room 

After the patient has been medi
cally treated and decontaminated, he 
should be discharged home or admit
ted to the hospital, depending on his 
clinical condition. 

T h e p a t i e n t ' s body shou ld be 
dned thoroughly and all previously 
c o n t a m i n a t e d a r e a s should be re-
swabbed with cotton-tipped applica
tors, which are then marked "post-
d e c o n t a m i n a t i o n " and s to red for 
later analysis. If the radiation safety 
officer finds no contamination when 
he remomtors the patient, new floor 
coverings are placed from the clean 
line at the door to the stretcher on 
which the pat ient lies (and from the 
door to a clean stretcher outside the 
room un les s the a r e a outs ide the 
room has a l ready been decontami
n a t e d ) . The c lean s t r e t c h e r is 
brought in; the pat ient is transferred 
to it by new a t t e n d a n t s (those in
volved in thp decontamination proce
dure may now be contaminated/, and 
the s t r e t c h e r and p a t i e n t a r e 
wheeled to the door. After the radia
t ion safety officer m a k e s a final 
check of the patient and the stretcher 
(especially the wheels), the patient is 
wheeled from the rovim. 

Each member of the decontami
nation team then goes to the clean 
line and begins to remove his protec
tive clothes in the manner described 
(Appendix I) 

Radiation Safety Officer 

The radiation safety rfficer and 
his a s s i s t a n t s are responsib le for 
momto'-ing, and decontaminating if 
needed, the ambulance and attend
ants , the route from the ambulance 
e n t r a n c e to the d e c o n t a m i n a t i o n 
room, and the decontamination room. 
He should s»>t up procedures and 
choose an appropriate area in which 
the a t t e n d a n t s can be decontami
nated If only their hands are con
taminated, fdi example, they could 
i n t e r the decontamination room and 
wash their hands thi're Where pos
sible, ttie radiation safety officer's 
a s s i s t a n t s should be car ry ing out 
those decon tamina t ion procedures 
wh-le the pa t ien t is being decon
taminated 

The radiation safety officer over 
sees the disposal of any clothing, 
sheeting, refuse, and water found to 
be contaminated. 

Filially, he must analyze or have 
analyzed all medical specimens and 

swabs in order to determine which 
r a d i o a c t i v e isotopes a re p r e s e n t . 
Such information is essential for the 
future medical care of the pat ient . 
He should also let the decontamina
tion team know the results of analy
sis of their film badges and dosimeter 
readings. 

24-Hr Advice and Assistance 
Each s t a t e radiological hea l th 

depar tment has qualified staffpersons 
and should be contacted for assistance 
regarding radiation accidents. Also, 
t he United States Department of En
ergy mainta ins regional offices, each 
with a radiological assistance plan to 
aid emergency service personnel dur
ing radiation accidents. Finally, the 
R a d i a t i o n E m e r g e n c y A s s i s t a n c e 
Center/Training Site (REACTS) pro
vides a 24-hour consultation service to 
any person requesting advice in han
dling radiation accidents. R E A C T S 
can provide telephone advice, send a 
team of experts to assist at an accident 
s i te , or accept a badly contaminated/ 
irradiated pat ient for transfer to its 
facilities after the on-site emergency 
team has provided initial t rea tment 
and decontamination. REACTS can 
be contacted 1) by calling (615) 576-
3131 Monday through Friday ( 8 0 0 
a m to 430 pml, 2) by calling (615) 
482-2441 (beeper 241), a 24-hour 
telephone that rings a t the switch
board of the Oak Ridge Hospital: or 3) 
by writing REACTS. Box 117. Oak 
Ridge. Tennessee 37830 REACTS is 
also a major source of information on 
t h e biological effects of rad ia t ion , 
since it ma in t a in s a computerized 
data bank of world-wide reports on ac
cidental, diagnostic, and therapeutic 
irradiation. 
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Appendix 1. Radiation accident protocol for emergency departments. 

I. Notification 
A. Director of emergency department 

1. Decides whether to implement radiation 
accident plan 
Notifies others (BE) 
Takes charge of vietimls) or designates per
son to do so 

Director of nursing 
Radiation safety officer 
Security 
Informational services 

2. 
3. 

B 
C 
D. 
E. 

II Obtain On Site Information 
A. Number and condition of victims — uncon-

laminated 
B. Number and condition of victims — contami

nated 
C. Type of radioactive isotopes involved 
D. Type of radiation accident 

1. Irradiation 
2. Contamination 
3. Incorporation 

HI. Emergency Department Preparation 
A. Evacuation of emergency Jepertment 

1. All patients or others near route from am
bulance entrance to decontamination room 
to be moved to other areas 

a. Patients with noncritical problems to 
waiting rooms or other suitable areas 

b Patients with critical problems to an
other section of emergency department 
with continued medical supervision and 
care 

c. All pregnant *t possibly pregnant 
women to areas fret of possible contami
nation 

B. Preparation for arrival of victimls) 
1. Floor 

a. Rom* from ambulance entrance to de
contamination room to be covered with 
roll of plastic or paper or with sheets, the 
covering secured to floor with tape 

b. Above route to be marked ofT with ropes 
and marked "radioactive" until cleared 
by radiation safety officer 

2. Decontamination room 
a. Room should have separate ventila'ion 

system; if not. turn off ventilation (call 
hoepiisl engineer) 

b. Floor to be covered smoothly with plastic 
or paper floor covering (or eheetsl se
cured to floor with tape 

c. Strip of Upe on floor at entrance to de
contamination room to delineate con
taminated side from noncontaminated 
side 

d. Radiation safetv officer to designate per
se i with counter to stay at entrance to 
monitor all personnel, equipment, and 
samples leaving decontamination room 

e. Nonessential equipment to be removed 
from room or covered with plastic 

f. Light switches and handles on cabinets 
and doors to be covered with tspe 

g Charge nurse to designate person to 
stand outside to obtain supplies for med
ical and decontamination teams 

h. Place contamination tray on stretcher or 
make trough on decontamination labia 
as follows: 
i. Roll two sheets lengthwise ar.d place 

along tdge and head of table 
ii. Place plastic sheeting over rolled 

sheets, tucking it under the sides 
and head 

iii. Form enda of plastic sheet at the foot 
of table into a trough that empties 
into a large plastic container or 
wastebasket lined with a heavy piss-
lie bag 

iv. Elevate head of table or stretcher so 
that all water runs into container 

i. Provide large plastic or metal containers 
with plsstic bags to receive discarded 
contaminated clothes, gauss, supplies, 
etc 

Decontamination team 
1. Physician 

a. Takes chsrge of medical problems of pa
tient 

b. Directs decontamination procedure 
2. Nurse 

a. Assists physician 
b. Is responsible for collecting all specimens 

i. Laboratory (blood for complete blood 
cell count, typing and cross-ranch
ing; urine for analy»i», etc) 

ii. Swabs of contaminated ar'aa tsee be
low) 

c. Monitors vital signs and records data 
3. Rsdiation safety officer 

a. Monitors patient and decontamination 
team during care of patient 

b. Responsible for analysis of all swsbs of 
contaminated areas of patient 

4 Circulating nurse 
a. Assists tesm ss needed 
b Labels all specimens 
c. Obtains sll needed supplies from outside 

decontamination room from persons 
stationed at door 
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d Records on chart areas and levels of con
tamination as measured by radiation 
safety officer 

D Decontamination team preparation 
1. Use rest •oom 
2 Attach film badge to clothes — should be 

labeled with name 
3. Don full surgical dreaa: 

a. Surgical trousers and pull-over shirt 
b. Surgical hood 
c. Waterproof shoe covers 
d Surgical gown 
• Surgical gloves — tape gloves to aleeves 

and cuds to shoe covers 
f Second pair of surgical gloves 

i. Do not tape 
ii. Change as needed if turn or con

taminated 
g. Surgical mask 

4. Attach outside dosimeter 
a. Attach at neck so it will not become con

taminated easily 
b. Read at intervals during decontamina

tion; report readings to radiation safety 
officer 

IV. Patient Arrival 
A. Physician and radiation safety officer to exam

ine patient in ambulance on arrival 
1. Physicnn determines if patient is critically 

injured 
a. If patient is critically injured, he goes 

directly to deconumination room wheth
er or not his clothes have been removed 

b. If patient is not critically injured, his 
clothes axe removed in the ambulance 

2. Radiation safety officer determines if pa
tient is contaminated 

a. If patient is contaminated and is not crit
ically i l l , he goes to decontamination 
room after his clothes are removed in 
ambulance 

b. If patient is not contaminated, he goes, 
still dressed, to regular trauma section of 
emergency department 

B. Stretcher with decontamination tray or im
provised trough is brought to the ambulancs to 
receive contaminated patient 
1. Patient is transferred to stretcher 
2. Patient is covered with plastic or cloth 

aheet 
C Ambulance attendants stay by the ambulance 

until they and the ambulance are monitored 
for contamination 
1 If noncontamin'.led, released for duty 
2 If contaminated, follow radiation safety of

ficers instructions for decontamination 

V Decontamination of Patient 
A Airway, breathing, and cardiovascular status 

must be attended to first 
1. Physical domination done by physician 
2. Required laboratory material, electrocardio

grams, and radiographs obtained as required 
by patient's condition 

3 Procedures, fluid and drug administration 
done as required to stabilize patient's con
dition 

B Patient evaluation 
1. Remove patient's clothes if not done in am

bulance, place in plastic bag and teal 
2. Cotton swab samples of ear canals, nares, 

and mouth 

a Place each in glass container labeled 
with patient's name, the site, and the 
time 

b. Stopper glass container and place in lead 
container for later analysis 

3. Radiation safety officei monitors entire pa
tient, including back 

4. Circulating nurse notes in record areas and 
amounts of contamination 

5. Cotton swab samples of all contaminated 
areas axe obtained and stored as above 

C. Physical decontamination of radioactive areas 
1. Contaminated open wounds (theae have 

first priority) 
a. Begin decorporation (see Appendix 2) 
b. Wash with normal saline for three min 
c. Monitor — repeat step 6 as needed 
d. If contamination persists 

i. Wash with 3*% hydrogen peroxide 
ii. Consider surgical debridement 

iii. Save and monitor all tissue removed 
e. After wounds are decontaminated, cover 

them if other areas need to be decon
taminated 

2. Contaminated eyes 
a. Rinse with water; stream should go in 

nose-to-temple direction, away from me
dial canthus 

b. Monitor and repeat step a as needed 
3. Contaminated ear canals 

a. Rinse gently with small amount of 
water; suction frequently 

b. Monitor and repeat step a as needed 
4. Contaminated nares or mouth 

a. Turn head to side or down, as patient's 
condition permits 

b. Rinse gently with small amounts of 
water; suction frequently 

c. Prevent water from entering stomach as 
much as possible 

d. Insert nasogastric tube into stomach; 
suction and monitor contents If contents 
axe contaminated 

i. Lavage with small amounts of nor
mal saline until contents are clear of 
contamination 

ii. Begin dtcorporation (sat Appendix 
2) 

5. Contaminated intact skin 
a. Wash with sap and tepid water, gently 

scrubbing with soft brush for three min
utes 

b. Monitor and repeat step a as needed 
c. Do not redden or irritate skin with hot 

water or harsh scrubbing 
d. If contamination persists: 

i. Use Lava "soap or 
ii. Use mixture of Vi Tide* and '4 corn-

meal 
iii. If those fail to remove contamina

tion, use Clorox* either full strength 
for small areas or diluted for '.arge 
areas 

6 Contaminated hair 
a Shampoo with mild soap for three mm 

and rinse 
b Monitor and repeal step a as needed 
c. If contamination persists: 

i. Clip hair off 
ii. Do not shsve scalp 

VI Removal of Patient from Decontamination Room 
A. Dry patient thoroughly 
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B Re-swab all previously contaminated areas 
1. Label swabs with site, time, and "post-

decontamination" 
2. Cive swabs to radiation safely officer for fu

ture analysis 
C. Radiation safely officer monitors patient's en

tire body 
D New covering is placed on floor from door to 

patient and, if needed, from door to clean 
stretcher outside decontamination room 
1. Clean stretcher is brought in 
2. Patient is transferred to new stretcher by 

patient attendants not involved in (he de
contamination procedure 

3. Radiation safety officer monitors stretcher 
and wheels as it leaves decontamination 
room 

VII. Exit of Decontamination Team 
A. Each team member goes to clean line at door 

and removes protective clothing (placing all of 
it in a plastic container marked "contami
nated") 
1. Remove outer gloves first, turning them 

inside-out as they are pulled off 
2. Give dosimeter to radittion safely officer 
3. Remove all tape at trouser cuffs and sleeves 
4. Remove Outer surgical gown, turning it in-

aide-out: avoid shaking 

B. 
C 

5. Remove surgical shirt 
6 Remove head cover 
7 Pull surgical trousers off over shoe covers 
8. Remove shoe cover from one foot and let 

radiation safety officer monitor shoe: if shoe 
is clean, step over clean line, then remove 
other shoe cover and have other shoe 
monitored 

9. Take off inner gloves 
Have feet and hands monitored for final lime 
Take shower 

VI fj. Radiation Safety Officer's Responsibilities 
A. Monitoring 

1. Ambulance and attendants 
2. Route from ambulance entrance to decon

tamination room 
3. Decontamination room, patient, and per

sonnel 
B. Decontamination of areas if found in A above 
C. Analysis of all specimens taken of potentially 

contaminated areas 
D. Proper disposal of any contaminated items or 

water 
E. Examination of all film badges and dosimeters 

and proper follow-up if indicated 
IX. For 24-hr Assistance in Dealing with Radiation 

Accidents: Call REACTS 

Appendix 2. Dtcorporation. 

A true medical emergency exists when a victim of 
a radiation accident inhales or ingests radioactive ma
terial or has contaminated open wounds. The sensitive 
internal tissues become irradiated as the material 
passes through the body, and some of the material 
becomes incorporated biochemically, which results in 
permanent radioactivity within body tissues There
fore, whenever it is possible that radiouctue material 
has entered the body, decorporation should be started 
within on* or two hours of the accident. 

In most cases, emergency department personnel 
will not know the exact-isotopes involved, and isotope 
identification may take days. Thus certain steps 
should be taken routinely in «r attempt to remove the 
most commonly encountered radioactive isotopes Lin
coln1 has prepared detailed charts and references for 
this purpose, and thoie should be available to emer
gency department personnel Further infoimalion pub
lished by the International Atomic Energy Agency' 
csn be obtained from UNIPL'B. 345 Park Avenue 
South, New York. New York 10010. Finkel and 
Hathaway1 discuss the principles of dealing with open 
wounds contaminated with radioactive material 

The rudinactive actinide isotopes can by chelated 
effectively and subsequently excreted by the use of 
DTPA fdieihylenetnaminepcntaacelic acidl, which is 
available only through REACTS Becouse to he effec
tive it must be administered wuhin one hour of inter
nal contamination, it should *>c ordered from REAC/TS 
before a radiation accident occurs Any emergency 
department that has reason to expect that DTPA may 
be needed because of nearby nuclear reactors, isotope 
production facilities, nuclear chemistry laboratories, 
etc, should have on hand both the chemicnl und 
instructions on its use 

If DTPA is not available, several procedures can 
be used to decrease incorporation of common radioiso
topes. They should be started as quickly as possible 

Because radioactive iodine is taken up by the 
thyroid, its uptake can be blocked to a great e.\.ent by 
having the patient swallow two or three drops of satu
rated solution of potassium iodide in a glass of water 
after gastric lavage has been completed Antacids will 
precipitate many metals in the stomach as insoluble 
hydroxides, and cathartics will subsequently shorten 
their internal transit time. Aluminum phosphate gel 
iPhosphajel *l reduces by 61rb the intestinal absorption 
of radioactive strontium. Barium lullale (to be ob
tained from the rodiolony department! will precipitate 
radium Again, these should be given as soon as gas
tric lavage n completed 

Thus emergency department personnel have 
available J number of agents that lessen the biological 
incorporation of radioactive isotopes. Once these 
isotopes have been incorporated, there is little anyone 
can do except wait for metabolism and excretion, as 
well an rudioaelive decay, to occur. 
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Append.i 3. Supplit! nttdid to prtpart tht tmtrgincy dtpartmtnt for o contaminated patient. 

I For Emergency Department Preparation 
A Rolls or 4-foot-wide plastic sufficient to 

I. Cover floor from ambulance entrance to de
contamination room (rolls of paper or 
iheeU can be substituted) 

2 Cover the floor of the decontamination 
room (rolls of paper or sheets can be substi
tuted) 

3 Prepare several stretchers for contaminated 
patients 

B Rolls of 2-inch-wide masking tape to 
1. Secure floor covering 
2. Tape decontamination team's sleeves and 

cuffs 
3. Cover handles in decontamination room 
4. Make "clean line'' at door to decontamina

tion room 
C Rope to delineate contaminated route from 

ambulance entrance to decontamination room 
D "Radioactive" signs to place on rope and on 

door to decontamination room 
II. For Decontamination Room 

A Decontamination tray, or 
B Plastic and cotton sheets to make decontami

nation trough on stretcher 
C Three 5 gallon containers for wash water 
D Three large waste containers 
E Plastic bags (o line waste containers 
F Cotton-tipped applicators 
G Stoppered glass containers for swabs of con

taminated areas 

H 

J. 
K. 
L. 
M. 

N. 

Lead storage containers for stoppered glass 
containers — obtain from Nuclear Medicine 
Department 
Chart with drawing of patient outline (front 
and back) for recording of contaminated areas 
Clorox* 
Lava*soap 
Soft scrub brushes 
Mixture of vi Tide*, Vi corn meal (keep airtight 
or refrigerate) 
3% hydrogen peroxide 

ID. For Decontamination Team 
A. irge and extra-large surgical scrub suitj 
B. surgical gowns (waterproof) 
C Surgical hoods 
D Surgical masks 
E. Surgical gloves (various sizesl 
F. Waterproof shoe covers 
G Film badges 
H. Dosimeters 

IV. For Radiation Safety Officer 
A Beta-gamma detector 
B Alpha detector 
C. Extra batteries for detectors 
0. "Radioactive" tape-labels to mark containers 

holding contaminated specimens or swabs 
E. "Post decontamination" tape-labels to mark 

containers holding relevant swaba 
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