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CORRIGENDUM

Page 36, Annexe 5
Delete Table 1.
Insert revised Table 1 as follows:

Table 1

X-ray investigations

Type of examination Sk(xrr:‘g;)se Organ equx:ﬁ;ﬂdazi]) a Category

Chest 2 1.4 Lung < 0.14 1
Whole body < 0.05

Chest? 2.8 Whole body ~ 0.05 1

Boneinlimb ' 4 Total bone <« 1.7 I

Abdomen 12 Gonads < 0.22 |

Pelvis 33 Gonads ~ 0.3 1l

Whole skeleton 25 Bone marrow ~1.1 1l
Whole body ~ 0.5

Mammography 150 Breast (mean) ~ 5.0 1]

Prolonged cardlac 2000 © Lung (mean) ~ 40 Other

catheterization

% Using normal jow-dose techniques.
® Using high-dose techniques without collimation.
¢ Mean skin dose given in reference 75 as 47 rad ; occasional cases will exceed the mean dose

by a factor of 4.
4 To obtain values in mSv multiply the dose-equivalent figures by 10.
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USE OF IONIZING RADIATION

" “AND RADIONUCLIDES ON HUMAN BEINGS

FOR MEDICAL RESEARCH, TRAINING,
AND NONMEDICAL PURPOSES

Report of a WHO Expert Committee

A WHO Expert Committee on the Use of Ionizing Radiation and
Radionuclides on Human Beings for Medical Research, Training, and
Nonmedical Purposes met in Geneva from 1 to 8 March 1977. Dr L.
Bernard, Assistant Director-General, opened the meeting and wel-
comed the participants on behalf of the Director-General. The task of
the Expert Committee was to consider all deliberate irradiation of human
beings, particularly in the course of medical research, to evaluate the
health risks involved, and to recommend measures for keeping such
irradiation under proper control, taking into account the ethical prin-
ciples laid down by the World Medical Assembly in Helsinki in 1964
and amended in Tokyo in 1975.

The report that follows does not attempt to prescribe exactly which
decisions should be taken in specific cases nor what kind of legisiation
may be desirable to ensure appropriate control over the deliberate irradi-
ation of human beings. It is intended rather to provide some ideas and
guidelines that will be helpful for decision-makers, who in any case will
have to take into account local conditions and the structure of legisla-
tion in the country concerned. Some of the recommendations may not
be applicable in all countries ; others may not need to be applied.

1. INTRODUCTION

1.1 Ionizing radiation : benefits and risks

Great benefits to human health have resulted from the use of radio-
logical procedures in medical diagnosis and treatment and more recently
in nuclear medicine. Valuable contributions have also been made by
types of medical research involving the exposure of human beings to
radiation in the course of similar procedures, and it is considered to be
of the greatest importance that such research should continue.



At the same time, however, it must be recognized that exposure to
large doses of radiation is harmful, and that even exposure to the small -
doses usually involved in medical diagnosis and research may carry a
correspondingly small risk of harmful effects.

1.2 Sources of radiation

All human beings are inevitably and continuously exposed to ionizing
radiation from a variety of natural sources : the radioactivity of rocks
and of the soil, cosmic radiation reaching the body from space, and
naturally radioactive nuclides which become incorporated in the body.
To the natural level of ionizing radiation, exposure from man-made
sources has now been added. Such sources form an integral part of
processes associated with industrial development, which in itself enables
considerable contributions to be made to the improvement of human
health. However, in order to prevent avoidable harm to human beings
any exposure of human subjects to ionizing radiation should be kept as
low as practicable.

1.3 Scope of the report

This report deals only with the relatlvely small proportlon of radia-
tion to which people are exposed in the course of medical research, in
medical teaching, and in various procedures not directly related to their
health needs. It does not deal with deliberate applications of radiation
for purposes of diagnosis or treatment (“ clinical ” exposure), or with
occupational exposure to radiation or any other type of exposure
occurring incidentally in the use of radiation sources but not planned
deliberately. These categories of exposure have been dealt with in detail
in a number of reports to which reference should be made—e.g., on
clinical exposure (10, 11, 15, 22), on occupational exposure (2, 4, 7,
12, 14, 15), on env1ronmental and 1n01dental exposures (15, 19), and on
public health aspects (20, 21).

1.4 Previous work

A consultation was held by WHO and ITAEA in November 1972 on
the use of ionizing radiation on human beings for medical research and
training, including the use of radioactive materials. The report of this
consultation (unpublished) was sent to a number of different experts for
comment. The report and the comments have been taken into account
in preparing the present report. The Committee has, however, also
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included a review of matters that were not dealt with by the 1972 consult-

.ation, so as to cover the whole subject of the deliberate exposure of

human beings apart from diagnostic and therapeutic procedures. Until
now, few international or national recommendations have been made in
regard to such exposure. Its increasing occurrence, particularly in
pharmaceutical investigations with radioactively labelled drugs and in
the evaluation of new radiological methods, makes it essential to have
internationally accepted guidelines on the subject.

In this report, references to medical uses of radiation are intended to
cover dental uses also, where appropriate.

2. BIOLOGICAL EFFECTS OF IONIZING RADIATION
AND RELATED RISKS

2.1 Damage from energy deposition

The biological effects of ionizing radiation depend essentially upon
the energy deposited in body tissues by the ionizing action of such
radiation and the changes in biologically important molecular structures
that may be caused when this energy is delivered to them. Such damage
may be induced whether the radiation reaches the body tissues from
sources outside the body or from radioactive materials that have become
incorporated within the tissues themselves.

Thus, in the case of radiological procedures, the tissues are subjected
to ““ external radiation ” from diagnostic X-rays and in most forms of
radiotherapy, but to “ internal radiation ” following the diagnostic or
therapeutic administration of radionuclides in nuclear medicine.

2.2 The dose equivalent

Under most circumstances, the frequency with which harmful effects
will result from a given exposure depends upon the amount of energy
imparted to the tissues by radiation regardless of whether it comes from
external or internal sources, and regardless of the type of source or of
radioactive material from which it is derived. For this reason, risks of
radiation exposure can be expressed in terms of the frequency of harmful
effects per unit of energy deposition in the tissues. Traditionally, different
levels of *“ dose equivalent * of radiation have been expressed in rem (see
Annex 1). The rem is a unit that not only depends upon the amount of
energy from ionization deposited in the tissues but also reflects the rather
greater frequency of harmful effects (in some cases greater by a factor
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of 10) resulting from exposure to certain types of radiation (e.g., from
neutrons). \ ,

In 1975 the Conférence générale des Poids et Mesures (CGPM)
adopted, at the request of the International Commission on Radiation -
Units and Measurements (ICRU), the gray (Gy) as a special name for
the joule per kilogram for the measurement of absorbed dose. The gray
is therefore an SI unit and is used for absorbed dose in. this report,
although equivalent values in rads are also given within parentheses.
ICRU made no request regarding a unit for the measurement of dose
equivalent. Recently, however, it has been proposed that the sievert (Sv)
be used as a special name for the joule per kilogram for this purpose.
Since the sievert has not been approved by CGPM, it is not an SI unit
and does not have the same status as the gray. For this reason the rem
is used for dose equivalent in this report, although equivalent values in
sieverts are given within parentheses in the text.

In general, the frequency of harm from a given dose equivalent
depends on the tissues irradiated and other factors, but not on the
source of radiation involved. '

The harmful effects of radiation may manifest themselves either in
the individual exposed or in his or her descendants as a result of changes
induced in the germ cells at the time of exposure. There is extensive
literature on the subject (e.g., I, 3, 6, 8, 16). '

2.3 Somatic effects

In the individual, two types of effect are recognized. First, there are
the so-called * stochastic ” effects, whose frequency depends upon the
level of radiation exposure, but whose severity does not. These include
the induction of malignant changes that may follow the exposure of
certain body tissues, but are typically not detectable until many years
after exposure. The other type—* non-stochastic > effects—occurs only
after high exposures, and their severity then depends on the dose equi-
valent received in tissues sensitive to them. Such effects are in general
unlikely to occur at the levels of exposure considered in this report (see
Annex 2). : »

Special problems arise, however, in connexion with exposures of the
embryo or fetus during pregnancy, since, for example, effects may
occur at relatively low levels of exposure early in pregnancy, when
damage to a single cell or group of cells may prevent either the normal
implantation of the conceptus in the uterine wall or the development
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of a part of the body during stages of organogenesis. For this.reason,
. radiation exposure during pregnancy demands special precautions.

2.4 Genetic effects

Radiation may also cause damage to the germ cells, leading to
abnormalities in children conceived after the irradiation or in members
of later generations whose inherited characteristics are derived from the
germ cells originally damaged. It follows that inherited abnormalities
of this type contribute to the total harm caused by radiation exposure,
though to a rapidly decreasing extent in respect of exposures of persons
aged 40 and over (particularly females) as the rate of child expectancy
declines.

Estimates are available of the frequency with which serious somatic
and genetic effects are likely to follow relatively high exposures to radi-
ation ; and inferences can be made of the probable frequency, or the
maximum likely frequency, with which such effects may follow the
much lower exposures with which this report is mainly concerned (see
Annex 2). The different categories are suggested below (see section 5.5)
in the light of the degrees of risk that might result from exposure at the
dose equivalents specified.

3. ETHICAL ASPECTS

3.1 A statement of principles

General ethical principles for research involving human subjects were
stated by the Eighteenth World Medical Assembly in Helsinki in 1964
(Helsinki Declaration) and revised by the Twenty-Ninth World Medical
Assembly in Tokyo in 1975 While these internationally accepted
principles were formulated for biomedical research on human subjects,
the Committee considers some of them to be applicable over a wider
field of radiation use.

3.2 Ethical considerations in medical research

3.2.1 The principles

Medical progress demands that in research the * benefit of the
patient ” should not be interpreted in a narrow sense, since this could

1 The full revised text of the declaration was reproduced in: WHO Chronicle,
30 : 360-362 (1976).
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hamper progress and deprive future patients of benefits. When a research

project is of direct diagnostic or therapeutic relevance to the individual .-

patient, the ethical problems involved tend to be simple ones. When,
however, a research project is intended to extend medical and scientific
knowledge in general, without specific benefit to the subject, the situ-
ation is different and the principles of medical ethics need to be applied
in a broad sense, in relation to the benefit expected to accrue in the
future to patients or human beings in general. A recent WHO report
contains a particularly helpful analysis of the matter (3). The Inter-
national Covenant on Civil and Political Rights (13) includes the pro-
vision that “ no-one shall be subjected without his consent to medical
or scientific experimentation .

It is important for medical progress that research workers should
have considerable freedom in selecting and carrying out their projects.
When research involves human subjects, however, the project must be
planned so as to gain the maximum medical and scientific knowledge
compatible with the minimum inconvenience and risk to the subject.

3.2.2 The responsibility of the investigator

After laying down relevant criteria, the investigator is responsible
for selecting the particular patients or volunteers who are to take part
in the project. When a patient receiving medical care is involved and
it is at any time clear that his interests would be best served if he were
withdrawn from the project in order, for example, to undergo a parti-
cular form of treatment, the investigator is unquestionably under the
obligation to see that this is done. The investigator is responsible for
using the most suitable and effective methods and equipment, and for
ensuring that all those associated with the project are adequately trained
and experienced in the methods used, including the application of
ionizing radiation where relevant. He is also responsible for seeing that
each subject involved fully understands enough of the project to enable
him to give free consent and that he is exposed to the minimum risk and
inconvenience.

3.2.3 The status of the subject

It is generally accepted that an individual should not be the subject
in an experimental investigation without his knowledge and consent.
The details should be explained to him in advance in such a way and
to such an extent that he can give his free consent. He has the right to
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accept the risk voluntarily, and he has also the right to refuse to accept.

- By free consent is meant genuine consent, freely given, with a proper

understanding of the nature and consequence of what is proposed,
obtained from adults who are of sound mind. This makes it difficult to
carry out any experiments on children or those who are mentally ill or
defective, as they cannot give free consent in this sense, and it is doubtful
to what extent it can be given by others on their behalf. When such
experiments are likely to benefit children or mental defectives in the
future and the risks are sufficiently small, those responsible for such
individuals might be able to agree to their participation. However, in
some countries legal considerations may dominate the situation.

A difficult situation arises when the subject is in a position of obli-
gation towards the investigators, e.g., in the case of a patient and his
physician, or a student and his teacher. A somewhat similar situation
occurs when the subject expects to obtain some benefit, e.g., promotion
for a soldier or special privileges for a prisoner. It is particularly import-
ant in such circumstances that consent should not be influenced unduly
and should be given as freely as possible. Whether the consent is oral
or written matters less than that it is given freely in full foreknowledge
of the relevant circumstances.

The Committee is aware that monetary payment is sometimes made
to research subjects and considers this acceptable if it consists of com-
pensation for out-of-pocket expenses such as fares, or for inconvenience
suffered, rather than for the supposed radiation risks involved, which
should not be on a scale or of a nature to require compensation.

3.2.4 The ethical committee

Research projects involving human subjects should normally be
reviewed by a committee from the ethical standpoint before they are
undertaken. This is, however, not the situation is most countries. The
Committee understands that the Council for International Organizations
of Medical Sciences (CIOMS) is undertaking a full study of this question.
The Committee recommends reviews by ethical committees as a means
of ensuring the proper surveillance of research, including projects
involving the irradiation of human beings.

Ethical committees can be formed at the local, regional, or national
level, depending on the specific conditions prevailing in a region or
country. They should be composed of persons not engaged in the
research project under question and should be independent of the
investigators. It is suggested that they should include people to whom
the investigators are known and also people able to assess the medical
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and nonmedical aspects of the project. These committees should have

the duty of reviewing each project as a whole and should be able to -

advise research teams on the best ways of fulfilling their ethical responsi-
bilities. They should be able to review projects that are in course of
implementation if the ethical considerations change. If the members
of an ethical committee lack the technical expertise necessary to assess
a proposed project properly, an appropriate expert should be asked to
advise it. :

3.3 Medical teaching and the demonstration of radiological
procedures

In teaching, radiological procedures or results will normally be
demonstrated on patients irradiated for clinical reasons. When this is
done, no specific ethical problems arise, as any radiological risk incurred
is to be set against the medical benefits obtained. On the other hand,
when additional films are taken, or prolonged fluoroscopy is under-
taken for teaching purposes, it is future doctors and patients who will
benefit, and such additional irradiation should clearly be reduced to the
minimom. Whatever the dose level involved, it is quite impracticable
for permission to be sought for the irradiation of specific patients if
only because teachers must be able to- decide rapidly which patients are
appropriate for teaching purposes. It would be more practicable to seek
general permission for a particular type of teaching using subjects within
defined groups, and the Committee recommends a system of “ review by
peers ” (see section 4.1.3) for the purpose.

3.4 Irradiation for nonmedical purposes

Where irradiation is unrelated to health and there are no medical
benefits, there may nevertheless be other benefits—for example, econo-
mic ones. In the opinion of the Committee a radiation risk may be set
against the economic benefit for the same individual only if other
methods of achieving the same result with a lower risk are unavailable,
and if any radiation used is restricted to the minimum practicable. At
present, somebody refusing radiography in, for instance, applying for
an insurance policy may be refused cover or accepted only at an increased
premium. In the view of the Committee this is an excessive penalty to
pay ; whenever possible, alternative methods of examination should be
available and the individual concerned be given an opportunity to
choose. This matter is considered further in section 7.3.7.
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4. METHODS FOR THE SURVEILLANCE
OF THE IRRADIATION OF HUMAN SUBJECTS

4.1 Methods available

4.1.1 The definition of radiation limits

Limits can be set which must not be exceeded for any one application.
Such limits may depend on the type and purpose of the irradiation, the
radiosensitivity of the tissues irradiated, and possibly the number of
people involved in the particular application. They can be issued as
professional recommendations, as codes of practice, or as state regulations
having the force of law. This mode of control could, in its most extreme
form, constitute a total prohibition of particular uses of radiation.

4.1.2 Licensing of persons responsible for particular practices

Legislation may specify that radiation may only be used for a parti-
cular purpose under licence. The efficacy of this method depends on the
knowledge and responsibility of the licensee, and it will be appropriate
for some applications. It will not necessarily, however, exclude occa-
sional misuse of the licence.

4.1.3 Review by peers

In some situations it is possible to set up a review system whereby
the person responsible for a project has to justify it convincingly to a
group of his colleagues. This is known as “ review by peers .

4.1.4 Project review

The Helsinki Declaration, as amended in Tokyo in 1975, recommends
that the review of each project for medical research involving human
beings should be mandatory, and it is clearly appropriate that the rele-
vant ethical committee should take the radiation aspect into account in
arriving at its decisions.

4.1.5 No formal restrictions

For some applications of radiation to human beings, e.g., in clinical
radiology, decisions regarding the necessary amount of radiation
exposure may have to be taken in the light of the individual circumstances
of each patient, and formalized control limits are likely to be inappro-
priate. Reliance must be placed on the education and training of those
responsible. This can be achieved by laying down specific criteria for
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such education and training, or by issuing guidelines or codes of practice

to guide doctors on ways of reducing radiation exposure without reduc- ..

ing the quality of medical care (9, 10).

4.2 Recommended methods

4.2.1 For medical research

In the case of medical research, the Committee recommends surveil-
lance based on a review by an ethical committee (see section 3.2.4). In
the case of a proposal for research that would entail the exposure of
human subjects to radiation, relatively complex questions of tissue dosi-
metry and risk evaluation may be involved ; these may be relevant to the
potential level of risk and thus to the ethical implications. It should be
the responsibility of the investigator to prepare a document for the
ethical committee setting out the protocol for the project in some detail,
including estimates of the radiation doses expected to be delivered to
particular parts of the body. It may be found valuable to establish
national or regional committees dealing with radiation dosimetry and
radiation effects to offer advice to local ethical committees when necessary
or to act in a more regulatory capacity, approving research proposals
according to the category of whole-body or organ exposure involved.

4.2.2 For medical teaching

The Committee recommends that the various suggestions in section 6
be brought to the attention of all teachers concerned. In addition, a
system of review by peers should be used in the case of proposals relating
to the types and number of patients to whom additional irradiation could
be administered for teaching purposes.

4.2.3 For irradiation for nonmedical purposes

In view of the variety of applications coming under this heading, the
reader is referred to section 7 (page 23). However, since that section
is not comprehensive, there are bound to be other instances of irradiation
of a similar kind, and it is hoped that the report provides sufficient
general guidance on the principles to be applied in dealing with them.

5. THE USE OF IONIZING RADIATION
IN MEDICAL RESEARCH

5.1 Introduction

In general, it is accepted that the advantages of the medical uses of
ionizing radiation greatly outweigh the risks. It is recognized that
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irradiation in medical research can present certain calculable risks to

-~ mankind and his environment, but when it is used at the lowest readily

achievable levels, it carries a smaller risk to the health of man than many
chemicals, pharmaceuticals, and other agents in common use.

While appreciable radiation exposure may be unavoidable in some
forms of medical research, the total exposure of people to radiation for
research purposes is certain to be considerably smaller than that from
the regular use of radiological procedures in the diagnosis and therapy
of disease.

5.2 Types of research

5.2.1 Research involving radiopharmaceuticals

This may involve the use of radioactively labelled drugs to evaluate
their modes of action, metabolic pathways, etc., or a radioactive material
may have to be used separately from the drug in order to measure its
effect. Radiography of the patient may be necessary to assess the action
of the drug, particularly where drugs affecting bone metabolism are
concerned.

5.2.2 Research into and development of new diagnostic applications
of ionizing radiation

Much of this work will be incidental to the irradiation of patients in
the course of their diagnosis and treatment, but it will sometimes be
necessary to evaluate normal subjects as well. The establishment, in any
geographical area, of medical and biological reference values based on
an adequate selection of known normal subjects provides standards
against which abnormalities can be judged. In circumstances where there
are difficulties in using such subjects, the relevant reference values may
sometimes be deduced provisionally from the results of routine clinical
examinations of subjects for suspected disease, which they are sub-
sequently shown not to have ; this method, however, is often of doubtful
validity.

5.2.3 Other research involving the deliberate irradiation
of human beings

This heading covers studies in physiology, pathology, and anthro-
pology, including nutritional studies using radioactive labels to investi-
gate, for instance, iron absorption and the fate of food additives swallowed
or pesticides inhaled or swallowed ; it also covers research into diseases
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of epidemiological importance (such as tuberculosis) in which radiation- '
is used (see also section 7.3.3). It does not cover research on the inci- ..
dental ingestion or inhalation by humans of labelled compounds used \
for purposes other than medical research, e.g., studies on the distribution

of water supplies or on the movement of dust clouds in different meteoro-
logical conditions.

5.3 Types of irradiation

It must be stated again that the types of research considered involve
both external and internal irradiation. In some countries, checks have
been organized to ensure that medical research involving radioactive
materials is conducted with due attention to the possible risks involved.
. As far as is known, few countries have established similar checks on the
use of external diagnostic X-radiation in medical research. In some
countries, therefore, control is exercised over the very small doses that
frequently result from radioisotope research, but not over doses result-
ing from the use of diagnostic X-rays in research, which could in some
cases be several orders of magnitude greater. Mention must be made of
the fact that, in some countries, patients are subjected to diagnostic
X-ray procedures without the surveillance of a radiologist. For example,
research may be conducted on the basis of radiographs taken by dentists,
by cardiologists, by chest physicians, or by orthopaedic surgeons, in
their respective clinics. Radiotherapeutic research, especially with acceler-
ated particles, has been of importance in recent times, and valuable data
may be obtained from a study of radiotherapeutic results. In addition,
in vivo neutron activation analysis can be valuable in clinical medicine
as it offers a direct method for measuring the total content of specific
elements such as sodium, calcium, nitrogen, phosphorus, chlorine,
etc. in the whole body or in particular organs. A selected list of medical
research projects involving the irradiation of people is given in Annex 3.

5.4 Procedure in medical research

It is desirable first to carry out such experimental tests as are appro-
priate, including in vitro and animal tests, before embarking on human
experiments.

5.4.1 Number of individuals involved

Although it is desirable that the number of human beings exposed
to radiation for medical research purposes should be kept under constant
review, it is difficult to arrive at an annual estimate. Only a small per-
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centage of the population that enters hospitals each year receives radia-
- tion in the course of medical research. As the number of outpatients
irradiated in the process of medical research will presumably be much
smaller, it follows that the annual figure for the proportion of the popu-
lation participating in medical research involving the use of radiation is
very small indeed.

5.4.2 Proposed guidelines

(a) Research projects involving radiation

In the recommended guidelines, the different projects involving the
irradiation of subjects are classified according to the amount of radiation
administered to the subject in each project. Here, a project means a
scheme of research that is intended to achieve a particular purpose and,
in order to do so, commits the subject to receiving a certain amount of
radiation. Whether this is external or internal radiation, the dose level
is the amount of radiation to which a subject will be exposed during the
entire project.

(b) Selection of subjects

In considering the selection of subjects for a research project involv-
ing radiation, the following general principles should be applied, where
appropriate :

(i) Age. The age of the subjects available must be considered. Partly
because of the possibility of genetic effects and partly because of
the long latent period associated with certain somatic effects of
radiation, subjects should, where practicable, be aged over 40 years,
preferably over 50.

(ii) Number of individuals. The number of individuals participating in
a research project should be restricted to the minimum necessary
to acquire the information needed with sufficient accuracy, especially
when individuals of reproductive age must be used.

(iii) Special groups. Projects should not involve pregnant women except
when problems specific to pregnancy are under investigation. When
the irradiation of pregnant women is unavoidable, special consider-
ation should be given to the high radiosensitivity of the embryo or
fetus. The possibility of early pregnancy should always be borne
in mind in connexion with the use of women of reproductive age
as experimental subjects. Subjects under 18 years old should not
be used except when problems specific to their age are under
investigation.
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5.5 Categories of research project mvolvmg irradiation
of human beings

For convenience, the different kinds of project have been divided
into categories depending on the amount of total body radiation to be
received by the subject in each project, each category of project -differ-
ing from the next by one order of magnitude of dose equivalent (see also
Annex 4). This division into categories is justified by the differences in
the associated risks and makes it possible to plan a reasonably flexible
system of assessment. Some examples of clinical procedures involving
irradiation of human beings and the categories into which they would
fall are given in Annex 5.

(@) Category I. The total body radiation permitted to the sub]ect in
experiments of this category—in the region of 10 mrem (0.1 mSv)—
would be within the variations of natural background radiation received
by the subject during a period of one year. The additional amount of
radiation is similar to that to which the subject might be exposed within
one year if, for instance, he moved from a house built of one material
to one built of another (17). Itis, at any rate, less than the actual annual
amount of radiation received from natural sources. The Committee
therefore felt that, in projects in this category, no particular radiation
protection or radiobiological problems arise and any resultant risk would
be negligible.

® Category II. The total permissible body radiation of a subJect taking
part in a prOJect in this category would be in the region of 10® mrem
(1 mSv), i.e., of the same order of magnitude as the annual exposure
from natural sources. This falls within the individual dosage limits
recommended by the International Commission of Radiological Pro-
tection (ICRP) for small groups of members of the public. -

© Category III. The total permissible body radiation of a subject
taking part in a project in this category—in the region of 10° mrem
(10 mSv)—is of the same order of magnitude as the annual dosage
limits recommended by ICRP for occupatlonally exposed persons.

(d) Others. Pro]ects at higher doses should be acceptable only in
- special instances, e.g., in radiotherapy. It would need to be shown that
the information desired was important enough to justify the risks involved
and could not be obtained at lower dose levels. The radiation permitted
in this category would be comparable with, or higher than, the ICRP
“ planned special exposures ” for those occupationally exposed.
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5.5.1 Single organs

When body organs are selectively irradiated, as is usually the case
when radiopharmaceuticals are administered, the risks are less than
those from irradiation of the whole body at the same dose level. ICRP
(12) has published “ weighting factors > for the various organs, corres-
ponding to the expected risk of somatic or genetic harm attributable to
the selective irradiation of each organ, relative to the risk of whole body
irradiation at the same dose level (Table 1). In investigations that

Table 1
Single organ weighting factors @

Tissue Weighting factor
Gonads 0.25
Breast 0.15
Red bone marrow 0,12
Lung 0,12
Thyroid 0.03
Bone 0.03
Any other organ 0.06
Whole body 1.00

* Source : see reference 12.

involve selective irradiation of single organs only, therefore, the mean
doses in these organs that would correspond to the categories given
above would be higher—by factors of 4 or more according to the organ
involved—than those given for irradiation of the whole body. Where,
as commonly occurs, several organs are selectively irradiated through the
administration of a radiopharmaceutical, the same weighting factors can
be used, taking account of the organs involved and the irradiation of
each. For organs not specifically listed in Table 1, a weighting factor of
0.06 would apply. Thus, for example, if thyroid and liver were equally
irradiated, the dose permitted in each in any given category would be
1/(0.03 + 0.06) = 11 times that which would apply if the whole body
were uniformly exposed. (Data are in course of publication by ICRP
indicating the levels of intake of various radiopharmaceuticals correspond-
ing to the same level of risk, taking into account the organs they irradiate
and the estimated somatic or genetic harm from the irradiation of each
organ.)
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5.6 Radiation limitation

An appropriate body. should be set up at the local, regional, or .-
national level for the technical review of research projects and the assess-
ment of the risks and ethical problems involved, the aim being to ensure
the judicious use of research procedures for the benefit of mankind.

Thus it has been found valuable to establish small ethical committees
within hospitals or other institutions to review any proposals for investi-
gations on human beings, approving or rejecting these proposals or sug-
gesting modifications.

5.7 Repeated irradiation of the same subject

In general, it is undesirable that an individual should repeatedly take
part in research projects involving substantial radiation exposures. T he
investigators should therefore invariably obtain and review the avail-
able data on previous irradiations of the proposed participants, so that
their total exposure will not exceed the annual permissible limits laid
down by relevant international or national bodies. The first three
categories given in section 5.5 are specified in terms of the dose levels
applicable to single investigations in any one year. If, however, several
such investigations were to be made within one year, the category of
exposure might clearly be raised to a level requiring correspondingly
greater justification. If, in the interests of the individual or the commun-
ity, repeated investigations appear justified (as in the study of patients
with rare metabolic disorders that cannot be investigated in other ways),
repeated investigations involving a higher dose category may seem
permissible. ' ' '

6. THE USE OF IONIZING RADIATION ¢
IN EDUCATION AND TRAINING

The increasing use and practical value of ionizing radiation in the
prevention and cure of human diseases demand that all categories of
health personnel should be given sufficient basic knowledge of radiation
effects by personnel qualified in this field. This will contribute to the
appropriate utilization of ionizing radiation as well as allaying unwar-
ranted fears. While training may be aimed primarily at medical, para-
medical, pharmaceutical, and dental practitioners, consideration should:
also be given to the special training needs of those who operate radiation
generating equipment, e.g., radiologists, radiographers, dental assistants,
and radiological technicians, and of physicians and dentists who may
use radiation for diagnostic and therapeutic purposes as well as research.
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During teaching, the exposure of students and instructors to radiation
. should be kept to the barest minimum. This also applies to the education
and training of persons in industry on the use of ionizing radiation
procedures. Any illustrative demonstrations to the public should avoid
deliberate exposure of any individuals.

In order to avoid the unnecessary exposure of human beings, includ-
ing patients, to further ionizing radiation in the course of education and
training, educational material should be taken as far as possible from
available routine clinical investigations and therapeutic applications. The
maximum utilization of available audiovisual and other teaching aids
as well could further reduce the radiation exposure of humans. Students,
trainees, teachers, and other volunteers should not normally be accepted
as subjects solely for the procurement of educational material.

Methods of surveillance are dealt with in section 4 of this report.

7. IRRADIATION FOR NONCLINICAL PURPOSES
7.1 Introduction

The Committee reviewed some examples of situations in which indivi-
duals receive radiation, deliberately administered, for purposes unrelated
to health. In certain cases the irradiation is related in some way to
medical objectives, and there are instances in which medical benefit may
follow the irradiation. The purpose of irradiation in these situations,
however, is not a medical one and the medical history of the individual
is normally not given consideration.

7.2 Specific ethical considerations

In the context of clinical exposure, it is acceptable to set the small
risk from radiation against the medical benefits. While the general
principles set out in section 3.4 are applicable, an individual may some-
times be obliged to undergo irradiation for the benefit of the community,
e.g., a chest radiograph for tuberculosis. In such circumstances, the
interest of the community may well be of more importance in relation to
particular national policies or programmes than that of the individual.
Particular instances are discussed in section 7.3.3.

7.3 Examples of such irradiation

7.3.1 Compensation claims

(a) Compensation claims for injury. The type of irradiation referred to
here is that involved when an individual claims that he has sustained
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injury as a result of another’s actions and is. required to produce radio-
logical evidence to support his claim. In most cases the irradiation will
be from diagnostic X-rays, and any part of the body may be involved, -
the skeleton being more often exposed than the soft tissue. The subjects
involved may be of any age, and the somatic risk seems likely to be more
important than the genetic risk. ‘Benefits, if any, will be economic and,
in the view of the Expert Committee, irradiation is acceptable in this
situation provided that the person concerned agrees and that other
methods involving a lower risk are inappropriate.

(b) Compensation claims for disability. In cases of this type, the indi-
vidual will already have undergone a period of illness probably involving
radiological examinations. A specific claim for compensation in relation
to any disability may, however, need to be supported by radiological
evidence. Again, the subjects concerned may be of any age, but are
more likely to be adults than children. In the Committee’s view, radia-
tion is acceptable in this situation provided that the individual concerned
agrees, other methods involving lower risk are inappropriate, and previous
films provide an inadequate basis for a decision.

7.3.2 Healthy people seeking insurance cover

Clearly, before providing cover, an insurance company needs to
evaluate the state of health of the individual seeking cover, and there are
circumstances in which radiological examination, particularly of the chest,
is a routine requirement for this purpose. Most of the individuals con-
cerned will be adult men; there will be few children or old people. In the
view of the Expert Committee, their irradiation is unjustified if it is
prompted solely by routine administrative directive. It would, however,
be justified in individual cases if the medical history and a clinical
examination revealed a situation that could be clarified by a radiological
examination, and if other methods involving lower risk were inadequate.

7.3.3 Health screening of population groups

Ionizing radiation may be used to screen population groups for
public health purposes, e.g., in the control of diseases of particular
importance to the community, such as pulmonary tuberculosis, or dis-
eases mainly of importance to the individual, such as carcinoma of the
breast, stomach, or lung and Perthes’ disease. In either situation, the
decision to undertake screening should be based on adequate epidemio-
logical data relating the disease to the particular population or population
group. For example, for tuberculosis, those likely to suffer from, or
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be involved in, the spread of the disease will be screened, whereas, for

.~ carcinoma of the breast, screening will be mainly confined to women in
the Jate reproductive age. In the former case, large numbers of a popu-
lation will be involved and, in the latter, far fewer. In selecting techniques
for screening examinations, those associated with the least exposure to
radiation are preferable, although techniques which avoid exposure to
radiation and yet do not reduce the overall rate of disease detection
should be employed where applicable. For example, skin tests may be
used along with radiology of the chest for tuberculosis, and clinical
examinations may contribute to a better selection of women for radiation
screening for carcinoma of the breast. Repeated screening of selected
groups at risk of,, or likely to spread, a disease, e.g., teachers and nurses
in the case of tuberculosis, needs to be specially justified. In other
instances where repeated examination of a group is dictated, appropri-
ate techniques not involving radiation should be sought.

7.3.4 Repeated health screening of industrial employees

When an industrial process may involve a hazard in certain circum-
stances, the management concerned requires, for economic reasons, to
know as soon as possible whether workers are affected by this hazard.
Circumstances in which dusts are involved, or working conditions might

.lead to an enlarged heart, may require radiological examination of the
chest as part of the screening. This could legitimately be regarded
as medical exposure, except that, for the benefit of a factory manage-
ment, it may in some circumstances be carried out at more frequent inter-
vals than would be justified on medical grounds. In the view of the
Expert Committee, the irradiation of workers should continue to be
dictated by individual health requirements rather than by the require-
ments of the management.

7.3.5 Determination of age by bone radiography

Evidence as to the age or development of a child or adolescent
may be obtained by X-rays, particularly of the limbs, to determine
which of the bone epiphyses have closed. This procedures involve an
appreciable dose to growing tissue, e.g., about 10 mGy (1 rad), and
should not be performed for nonclinical reasons unless absolutely
necessary.

7.3.6 Immigration regulations

Immigration regulations frequently demand chest radiography and
this may, of course, involve subjects of any age. In some circumstances,
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large numbers of people may be involved so that the problem is not a

small one. The Committee suggests that, where practicable, consider- -

ation be given to the use of clinical methods presenting a lower risk than
radiography. Whether radiation is to be used should be determined
partly by the current health needs of the country of entry, but also partly
by the disease pattern in the country of origin of the immigrant.

7.3.7 Irradiation as a routine administrative procedure

Several situations in which irradiation seems to be ordered as a
routine administrative procedure were considered, and four examples
were cited of cases in which—the Committee suggests—irradiation
should be ordered only if justified in the particular individual circum-
stances on medical advice. :

In some instances, the first procedure in a medical examination on
appointment to a post is radiography of the chest, followed only later
by the completion of a personal history form and, presumably, consider-
ation of the details on the form and the radiograph by the medical
officer concerned. The Committee suggests that it would be preferable
for the personal history form to be filled in first and that, only after this
has been considered by the medical officer, should a decision be taken
whether, in the circumstances, a chest radiograph will add useful infor-
mation. The Committee suggests that, when this procedure is impracti-
cable, radiography should, at the very least, be confined to selected groups,
e.g., people within a particular age-range or having suffered from a
particular disease. '

Tt is noted that in onme country no pregnant woman may receive

maternity benefit unless an X-ray examination of the chest is carried out
during the second antenatal examination. In another country, a marriage
certificate cannot be issued unless the couple concerned have each under-
gone a medical examination including * a fluorographic examination of
the lungs, except in the presence of contraindications certified by the
physician . In yet another country, the medical examination required
before marriage includes a radiological examination of the pelvis of the
woman. '
" In many instances such as these, medical advice may have been drawn
upon in framing the administrative or legal requirements, but possibly
many years ago. As far as the irradiation of people is concerned, the
climate of opinion has greatly changed in the last decade or two and the
Committee suggests further review to reduce as far as possible the
number of instances in which people are irradiated for reasons not
justified on clinical grounds. : :
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7.3.8 Irradiation to guard against possible claims for professional
negligence or malpractice

It has become clear in the radiological examination of accident cases
that, in certain circumstances, X-rays are taken not only to detect
fractures suspected on clinical grounds but also to provide a defence
against possible claims for negligence if fractures not suspected on
clinical grounds are in fact found to have occurred. It is obviously
difficult to establish any criterion as to the appropriate range of such
examinations, particularly in the case of the skull, where fractures may
be difficult to exclude on clinical grounds but are of importance if they
have occurred. The Committee, however, strongly emphasizes the
undesirability of radiological examinations that are not judged to be
clinically necessary, and indeed considers that the performance of un-
justified radiological examinations could in itself be regarded as a form
of professional negligence or malpractice.

7.3.9 Irradiation for commercial purposes

An example is the use of fluoroscopy in the fitting and sale of shoes.
Widely used in the past, the relevant equipment delivered appreciable
radiation doses to the foot, even if used properly, and it was impossible
to prevent children (and adults) from treating it as a fascinating toy to
be played with indiscriminately. Moreover, there was no evidence that
in general its use led to the purchase of better-fitting shoes. The Com-
mittee notes that the use of this equipment has been restricted in many
countries and banned completely in others, and it expresses the hope
that such a ban will become universal.

7.3.10 Weapon detection

At some airports, people are X-rayed, usually with extremely sensitive
low-dose equipment, to see if they are concealing weapons. Travellers
making frequent journeys may, however, receive appreciable radiation.
The Committee is aware that the Council of the International Civil
Aviation Organization (ICAO) has agreed that the use of radiological
searching techniques to screen passengers for possession of weapons
should be avoided, and an ICRP recommendation on the subject (8)
Is given in Annex 6. The Committee recommends the use of procedures
presenting a lower risk.

7.3.11 Detection of smugglers

The Committee understands that radiological methods are sometimes
used to detect smugglers and recognizes that in some situations no satis-
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factory alternative may exist, e.g., in checking that workers leaving a
mining compound have not swallowed precious stones or metals. The —
Committee advises in general against the use of methods involving radi-
ation exposure to detect smugglers. It considers, however, that such
methods could be accepted if, and only if, individuals receiving radiation

in excess of that recommended by ICRP as the limit for members of the
public were regarded as occupationally exposed to radiation. This would
mean their being subject to all the requirements of ICRP and national
authorities relating to occupationally exposed persons.

7.4 Cohclusions

Apart from the detailed recommendations made above the Com-
mittee points out that ICRP has suggested that, in the circumstances
considered, the irradiation should be at the lowest level that is readily
achievable. Although radiation hazards will be small in most instances,
the Committee recommends as a general policy that, when people are
to be irradiated for purposes unrelated to health, this should be done
only when no satisfactory alternative methods presenting an even lower
risk exist and the amount of radiation used should be restricted to the
minimum practicable.

8. RECOMMENDATIONS

(1) Surveillance over the use of ionizing radiation on human beings
for non-clinical purposes is required in one form or another.

(2) Irradiation for medical research purposes should be considered
in the widest context, and, as a general policy, any research project
involving human subjects should be reviewed beforehand by an ethical
committee to determine the extent to which the principles of medical
ethics would be observed. Such committees could be local, regional, or
national, but should be so constituted that securing their approval would
not necessitate undue delays or formalities. When dealing with projects
involving radiation, ethical committees would be likely to need advice
on dosimetry and risk estimates from experts available locally or in
national or regional advisory committees.

(3) Medical teachers should take responsibility for restricting
additional irradiation for teaching purposes to the minimum. They
should take the requisite educational material from the results of rou-
tine clinical investigations and therapeutic applications as far as practi-
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" “cable, and they should make full use of techniques that can minimize
—human radiation exposure, such as audiovisual aids and copying facil-
ities.

(4) The deliberate irradiation of human subjects should never be
carried out for commercial purposes, nor simply as part of a routine
administrative procedure. Whenever possible, the irradiation of a human
subject should be carried out only after a decision has been taken that
it is justified in the case of that particular individual.

(5) The free consent of the subject should be obtained not only for
medical research but for almost all deliberate irradiation of human
beings ; the only exceptions should be applications of public health
importance.

(6) Techniques permitting radiation exposure to be minimized should
be applied whenever they can be made available.

(7) Three categories of radiation doses are recommended for group-
ing radiation risks involved (see Annex 4). Doses exceeding the highest
category (III) should not be accepted except for special reasons, e.g., for
research in radiotherapy.

(8) Encouragement should be given to the programme initiated by
CIOMS, under the auspices of WHO and UNESCO, on the role,
function, and effectiveness of ethical review committees in protecting the
rights and welfare of human subjects in biomedical studies. The results
of these studies should be made fully available as soon as possible in
order to assist in the establishment and functioning of ethical review
committees.

(9) Guidelines on the radiation doses involved in typical applications
should be made available to ethical committees, particularly those at
a local level, in order to help them in reviewing projects. It is recog-
nized that WHO should play a leading and coordinating role in this
context as well as in the distribution of relevant information.

(10) WHO should continue and, whenever possible, increase its
efforts to discourage the abuses that still exist in connexion with the
deliberate irradiation of human beings and also to help in overcoming
unjustified public anxiety about radiation risks.
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Annex 1

RADIATION QUANTITIES AND UNITS

In 1975 the Conférence générale des Poids et Mesures (CGPM)
adopted new units of measurement in the field of ionizing radiation that
now form part of the SI system of units. The definition of the quantities
has, however, not been changed and may be briefly explained as follows.

Any biological effect of ionizing radiation is related to the amount
of energy which is absorbed per unit mass of tissue, called “ absorbed
dose ” (symbol : D) and formerly expressed in “ rad > = 100 erg/g. In
the SI system the absorbed dose is expressed in J/kg, for which the
special name * gray ” (symbol : Gy) has been adopted. Thus :

1 Gy = 1 J/kg = 10* erg/g = 100 rad

For the same absorbed dose, radiation in the form of neutrons or
alpha particles is, however, biologically more effective than X-rays, beta
particles, or gamma-rays. In order to make the absorbed dose of
different kinds of radiations biologically comparable and to allow them
to be added up, the value of the absorbed dose is multiplied by a “ quality
factor ”” and possibly other modifying factors without physical dimen-
sions and the resulting quantity called ““ dose equivalent > (symbol : H).
The factors are 1 for X-rays, beta particles, and gamma-rays and, for
example, 10 for alpha particles. The traditional unit for dose equivalent
has been the rem, and for a quality factor of 1 the rem is equal to
the rad.

In a recent publication (72) the International Commission on Radio-
logical Protection (ICRP) introduced the special unit * sievert ** (symbol :
Sv) for the dose equivalent corresponding to the absorbed dose expressed
in * gray ”*, giving the following relationship for radiations with quality
factor 1:

1 Sv = 100 rem = 1 Gy = 100 rad
dose equivalent  absorbed dose

As the sievert is not yet accepted by the CGPM and is therefore not
an SI unit, dose equivalents are expressed in rem in this report, followed
by the value in sieverts in parentheses.

The activity of a radioactive substance is defined by the number of
atoms disintegrating per second. The new SI unit is the “ becquerel
(symbol : Bq) which represents one disintegration per second. The old
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unit * curie  (symbol : Ci) was practically equivalent to one gram of ; ]
radium with 3.7 x 10 disintegrations per second. Hence : —~

1 Ci = 3.7 x 109 Bq

For practical purposes all these units are frequently used with pre-
fixes indicating multiples and submultiples of the unit, e.g., milli-
(symbol : m) = 1/1000, micro- (symbol : p) =1 /1 000 000, kilo- (sym-
bol : k) = 1000 x, mega- (symbol : M) = 1000000 X, etc. Thus:

1 mGy = one thousandth of a Gy
1 MBq = one million Bq

As an indication of the radiation exposure involved in various
circumstances, the dose equivalent received by man annually from
natural radiation sources is ordinarily about 0.1 rem (1 mSv), while
that to issues from diagnostic X-ray applications is about 0.1-1 rem
(1-10 mSv) per radiograph. The maximum recommended as permis-
sible for adult workers involved in work with radiation is 5 rem (50 mSv)
from occupational exposure in any year, while the limit recommended
for any member of the public from all man-made radiation sources
(except in medical examinations or treatment) is 0.5 rem (5 mSv) per
year. Local exposures of body tissues in radiotherapy reach dose
equivalents of some thousands of rem and, in one form of cancer therapy
using radionuclides, some ten thousands of rem.
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Annex 2

ESTIMATES OF RADIATION RISKS

Numerous studies have been made of the frequency with which harm-
ful effects, and particularly various forms of cancer and leukaemia,
develop in human populations during prolonged periods of time—i.e.,
20-30 years—after exposure of the whole body or of particular organs
or parts of the body to known doses of ionizing radiation. From such
epidemiological studies it is possible to estimate the likely frequency
with which malignant disease will develop, in excess of the normal
expectation, after exposure to relatively high doses—1 Gy (100 rad) or
more—of the whole body, or of each of the principal body organs
individually. Corresponding estimates can be made of the risk of the
much lower doses—of some 10 mGy (1 rad), or less—normally involved
in the procedures discussed in this report. It seems likely that the risk of
inducing malignant disease which may ultimately develop and prove
fatal is in the region of 1072 per Gy (10~* per rad) of whole body dose.
When the radiation is absorbed mainly in a single organ, the correspond-
ing risk is lower by a factor of 4 or more, according to the organ con-
cerned.

The risk that any substantial inherited abnormality may follow
irradiation of the reproductive organs is based essentially on experi-
mental work in animals, notably the mouse, and on estimates of the
natural frequency with which such abnormalities occur in man. The
frequency with which such defects are likely to occur in man as a result
of irradiation falls progressively with age, but is estimated also to have
an average value of 1072 per Gy (107 per rad), about half of the ab-
normalities occurring in the first two generations after exposure.
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Anpex 3

SOME TYPES OF RESEARCH INVOLVING IRRADIATION
OF HUMAN SUBJECTS

Projects in radiation medicine

Fractionation in radiotherapy
New imaging techniques in nuclear medicine
- Combination of immunotherapy with radiotherapy
Studies on a medical flash X-ray system
Radiosensitization in radiotherapy
Exploration of new methods of imaging in diagnostic radiology

Other projects in medical research
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Research on kidney function changes in schistosomiasis, using X-ray
and nuclear medicine techniques

Pharmacological research using radioactively labelled drugs
Iron absorption studies in tropical medicine, using radioactive iron

Use of labelled antigené to check the immunological response in
infection :

Research in human reproduction, using pelvic radiography

Studies of iodine metabolism in women and children with endemic
goitre



Annex 4

CATEGORIES OF RESEARCH PROJECT INVOLVING

IRRADIATION OF HUMAN BEINGS

Table 1

The three categories (as recommended in section 5.5)

Category

i

Order of magnitude of total 10 mrem 102 mrem 10° mrem
body dose commitment
Derived range of total body less than 0.05 but less 0.5 but less
dose in one year 0.05 rem than 0.5 rem than 5 rem
Level of risk Within Within dose Within dose limits
variations limits for for persons occu-
of natural members of pationally exposed
background the public to radiation
radiation
Table 2
Organ dose equivalents (rem) for the three categories
Category
Organ Weighting factor
I ll i
Whole body 1.00 < 0.05 0.05-0.5 0.5-5
Gonads 0.25 < 0.20 0.20-2.0 2.0-20
Breast 0.15 <0.33 0.33-3.3 3.3-33
Red bone marrow 0.12 < 0.42 0.42-4.2 4.2-42
Lung 0.12 < 0.42 0.424.2 4,2-42
Thyroid 0.03 <1.7 1.7-17 17-170
Bone 0.03 <17 1.7-17 17-170
Any other organ 0.06 < 0.83 0.83-8.3 8.3-83

{not more than five organs)

Note : To obtain values in mSv multiply the above figures by 10.
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Annex 5

SELECTED CLINICAL TESTS BY PROJECT CATEGORY

A clinical test using radiation can be evaluated to determine the
project category (see Annex 4) into which it falls ; this has been done for
a selected list of tests widely used in medical research. - The accuracy of
the classification, however, depends on the individual characteristics of
the subjects and also on the technique applied, so that the categories
indicated below must be regarded only as those that usually apply to
normal adult subjects and the use of a normal technique. Most of the
data on which the calculations are based have been taken from references
10, 11, and 15.

Table 1 lists selected X-ray procedures, indicating for each the skin
dose to be expected, the dose equivalent to the organ most likely to be
critical in the determination of the category, and the resulting category.

Table 2 lists selected nuclear medicine procedures. For each an
indication is given of the organ or organs that may be most critical in the
determination of the category, together with the activity usually applied
in MBq (uCi), the mean dose per unit activity in mGy/MBq (mrad/pCi)
and the resulting dose equivalents for different organs in rem. The
category number appears against the organ which primarily determines
the category.

Table 1

X-ray investigations

Type of examination equ?vkal?eg’? ?reem) Organ equl\illv(-}a?gn‘tl?f:m) Category

Chest ¢ 1.4 Lung < 0.14 I
Whole body < 0.05

Chest?® 2.8 Whole body ~ 0,05 H

Bone In limb 4 Total bone <17 I

Abdomen 12 Gonads < 0.22 1

Pelvis 33 . Gonads ~ 0.3 1

Whole skeleton 25 Bone marrow ~11 1
Whole body ~ 05

Mammography 150 *  Breast (mean) ~ 5.0 i

Prolonged cardiac 2000°¢ - Lung (mean) ~ 40 Other

catheterization

@ Using normal low-dose techniques.
® Using high-dose techniques without collimation.
¢ Mean skin dose given in reference 75 as 47 rad ; occasional cases will exceed the mean dose

by a factor of 4.
Nofe: To obtain values in mSv multiply the dose-equivalent figures by 10.
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Anpnex 6

STATEMENT BY ICRP ON SECURITY SCREENING
OF AIRLINE PASSENGERS *

The Commission has been asked for its views on an international
proposal to use radiography as part of a system for the security screen-
ing of airline passengers. This envisages that a small proportion of
passengers might be examined radiographically, using specially devel-
oped techniques that would restrict the exposure to 1 milliroentgen or
less in any part of the body, to be used only when other methods have
indicated the presence of unexplained objects on the passenger. Such
passengers would be given the choice between an X-ray examination
and a body search. The Commission has already recommended that the
irradiation of persons for nonmedical purposes, such as in anti-crime
and customs examinations, is generally to be deprecated. However, in
view of the grave risks involved in the seizure of aircraft, the Commission
believes that the proposal, if performed under the conditions already
specified, could be justified in the light of the benefits that might be
expected.

1 See reference I8.
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