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I THE PROBLEM 

The increasingly :iides5read use and numerous applications of ionizing radia- 

tion and radioactive materials in medicine, indusiry and research, and the con- 

temporary developments in atomic energy make it necessary that public health 

authorities be not only fully aware of the health hazards associated with ionizing 

radiation and their responsibilities in this respect, but also fully ppepred to 

meet these resp~nsibili~ies. 

While substantial medical, scientific and industrial benefits are derived 

from the numerous and varied use of ionizing radiation, health authorities must 

insist on adequate controls to protect the public from excessive exposure to 

radiation. 

Ionizing radiation can cause serious damage to living cells. Its penetra- 

tion in tissues is associated with a variety of effects. Those of greatest 

concern from the health point of view are cancer and. genetic changes. Through 

its action on man's genetic make-up and the cumulative nature of these effects, 

radiation exposure may influence the health of individuals - indeed populations - 
of generations yet unborn. 

Radiation protection is, by its own nature, m e  of the aspects of the protec- 

tion of the health of the individuals. 

It is essential, therefore, that national health authorities give due atten- 

tion to their responsibilities for radiation protection and ensure the development 

of an adequate system of control. 

I1 RADIOACl'IVE POLLUTANTS: AN INCREASING PROBLEN (See graph) 

The human race has alwags been exposed to ionizing radiation of cosmic origin 

and from natural sources in the environment and within the body. Today, however, 

radiation from background renresents only one of the many sources to which man is 

exposed. Since the discovery of X-rays anri the radiation from radioactive materials 



at the end of the nineteenth century, aprlications of X-rays and radioactivity 

have increased enormously. 

Until the end of the Second IJorld Irar, the ex2ansion was chiefly in the 

fields of the various applications of X-rays and the medical use of radiations 

from radium. By 1932, however, it had been discovered to be possible to pro- 

duce radioactive elements by artificial methods. This ultimately led to the 

discovery of the phenomenon of nuclear fission, leading in its practical appli- 

cation to the development of nuclear weapons and to the use of controlled nuclear 

reactions. These develooments are largely responsible for the fact that it is 

now possible to obtain radioactive forms of all the elements and many of these 

have found important oractical aoplications. These applications extend today 

into almost every branch of science and technology, and consequently the number 

of persons exposed to ionizing radiation in the course of their duties is now 

very much larger than it was only twenty years ago. 

The development of atomic energy both for weapons and for peaceful purposes 

has also meant that large fraction of the population of a country can be exposed 

to ionizing radiations. Such exposure can result, for example, from fall-out 

or from the consequences of an accident at nuclear power stations and thus place 

whole populations potentially at risk. 

I11 SOURCB OF IONIZING RADIATION 

The sources of ionizing radiation may be classified into two categories: 

1. Natural 

1.1 External sources, mainly cosmic rays and terrestrial radiation from 

natural radioactivity in the ground, air and building construction materials, 

etc. 

1.2 Internal sources, such as the radioisotopes potassium-& and carbon-14 

which are normal body constituents, radium and thorium deposited in bone, 

and radon, thoron and their disintegration products in the blood and tissues. 
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2. Man-made 

At the present time, radiation exposure from man-made sources (excluding 

environmental contamination) arises principally from: 

i, medical uses of X-ray and radioactive materials, 

ii. industrial and research uses of X-rays and radioactive materials, 

iii. nuclear reactors. 

iv. other sources such as luminous dials of watches, television sets, 

static eliminators, shoe fitting fluoroscopes, etc. 

The medical uses of X-rays and radioactive materials are: 

i. diagnostic uses of X-rays, 

ii. uses of X-ray and external radioactive sources for radiotherapy, 

iii. use of radioactive isotopes as internal sources for diagnosis and 

therapy. 

Medical uses of X-rays provide the major source of radiation exposure to 

human populations and the one that can most readily be controlled. It has been 

estimated for example, that in some countries one person out of three, or even 

one person out of two, undergoes a diagnostic X-ray examination each year; in 

other countries the corresponding figure may be as low as one in several hundreds. 

IV I O N I m  RADIATION AS A FUEXJC HEALTH PROBLEM 

The fact that ionizing radiation such as X-rays and the radiation from 

radioactive materials cause biological damage became apparent soon after their 

discovery. There is no need to recall here the lamentable history of the 

uioneers who developed tne practical use of X-rays, so many of whom died of 

malignant disease. 

The biological effects of radiation are called somatic if they become mani- 

fest in the exposed individual and hereditary if they affect his descendants. 

The basic relevant facts regarding the biological effects of ionizing radia- 

tion are as follows: 



=;e first is that our senses do not warri us of irradiation by ionizing radia- 

tions, and so it is possible to be exposed to damaging and lethal doses and yet 

be quite unaware of it. This fact points to the need for adequate instrumenta- 

tion and monitoring and to some system of registration or notification so that 

public health services may be cognizant of establishments where a potential 

public health hazard from ionizing radiatim exists. 

The second is that ionizirig radiations have a deleterious genetic effect. 

Their other effects are in many ways no different from those produced by many 

other toxic substances, and the public health aspects of those effects are 

familiar. But the genetic effect rzises a problem affecting the whole community. 

The injury or ill-health suffered by a worker in his occupation is normally 

of limited effect, confine3 to his own suffering and the social effect on his 

dependants. But if he suffers genetic damage, it may be transmitted to future 

generations through ofrsnring subsequently conceived. It is clearly a hazard 

to the community. The deduction is that irradiation of anybody in the community, 

whether he be a worker or an ordinary member of the public, is a ~ublic health 

problem. 

The third is that many effects of ionizing radiation, specially those 

induced by small doses, are delayed, often for years. There is, at any rate, 

no gross manifestation to give warning of the damage. Late somatic injuries 

include leukaemia and other malignant diseases, cataracts, skin damage, impaired 

fertility, non specific ageing, etc. The emphasis should therefore be on pre- 

vention. 

The fourth.is the dependence of the incidence of somatic and genetic damage 

on dose, particularly at low levels of irradiation. It is not known certainly 

whether there is a threshold dose below which the effect is zero or whether even 

the smallest dose produces some effect. It is assumed for the purpose of ade- 

quate protection that the latter is true, and it follows that any irradiation by 



ionizing radiations is to be considered harmful? irradiation must be kept to 

the minimum practicable. 

The concept of reducing radiation to the minimum practicable stems from 

inadequate knowledge of low-level effects of irradiation and the possibility 

that any irradiation, however small, will produce some deleterious effect. 

But in our ordinary daily tasks, we habitually and in the main readily 

and cheerfully accept deleterious effects and slight risks. When the delete- 

rious effects of a given dose of irradiation is no greater, no less acceptable 

than those we already receive, it may be argued that the given dose is safe for 

all practical purposes. 

In practice, the judgment of what is an acceptable hazard from irradiation 

by ionizing radiations rests on a balancing of the advantages and disadvantages 

of a given use. It may be possible to accept the slight deleterious effect if 

the use is of undoubted advantage; but if the use is frivolous or if the same 

end can be achieved wit~lout the use of ionizing radiations, it may be desirable 

to prohibit that use, 

The fifth is the magnitude of the dose now received by the human and the 

contribution of various sources to this dose. The background, or natural dose 

of ionizing radiation to which we are subject varies from place to place, but 

averages about 0.1 voentgen a year to the whole body including the gonads. 

Merely through existence on this planet, a person living to be 70 years of age 

will have received, on tlie average, an exposure dose of about 9 roentgens whole- 

body radiation from these sources. 

However, the greatest contribution to the genetic and somatic dose received 

by the population arises from the diagnostic use of X-rays. A few types of 

diagnostic examination, including those of the lumbar spine, pelvis, hip and 

femur, as well as bariwn enemas and examinations of the gastrointestinal tract, 

the abdomen and the urinary tract, contribute together about 80$ of the genetic 



dose if only this risk is taken into account. Radiotherapy probably contributes 

between one third and one tenth of the dose contributed by X-ray diagnosis. The 

main emphasis must therefore be on measures to reduce the dose in diagnostic 

radiology. 

The use of radioisotopes for purposes of diagnosis and clinical investigation 

does not so far consti*-~te a general problem from the ooint of view of public 

health. However, because the field is rapidly expanding it has potentially 

wide implications. 

The occupational exposure of workers in atamic energy establishments - in- 
cluding nuclear power ?lants - shows a very satisfactory record. In spite of 

the increased numbers in this form of employment the calculated contribution 

from occupational exposure to the genetically effective dose to the population 

is still about 0.5 per cent of that from the natural background. 

Concern has been expressed about the possible emission from some nuclear 

reactors of radioactive ;narticulate matter, which on inhalation might lodge in 

the lungs and give rise ultimately to cancer. This possible risk is well recog- 

nized and has been effectively dealt with by the use of highly efficient filters 

and automatic stack-effluent monitoring devices which give a warning signal when 

maximum permissible levels of discharge have been reached. 

Similar concern has been felt about the disposal of radioactive wastes. It 

is true that the amounts of radioactive material involved are formidable, but 

by treatment, by long-tern storage to allow for decay, by concentration to rela- 

tively small bulk and subsequent burial in sealed containers or disposal in the 

depths of the ocean, there seems no reason to doubt that this problem can continue 

to be solved. 

The risk associated with fall-out from weapon tests is estimated in terms 

of "dose commitments" for members of the population, that is of the total doses 

that they will ultimately 'have received from the fall-out resultiw from all 



weapon tests that k e n  cai-i-ied out up to tile erxl of 1965. These estimates 

of "dose commitments" refer to the country-wide average for persons living 

throughout the entire period 1954-2000. 

The dose commitments up to the year 2000 are seen to be comparable with the 

doses to the various body tissues received in one year from natural background 

radiation. 

V THE ROLE OF THE PUBLIC HEALTH RADIATION PROTECTION SFRVICFS 

The objectives of radiation protection are to prevent or minimize somatic 

injuries and to minimize the deterioration of the genetic constitution of the 

population. 

1. Medical and Administrative Considerations 

In medical radiology the available personnel, equipment and facilities should 

be so utilized that, when all possible procedures, including non-radiological 

procedures, have been considered, the most relevant information and the greatest 

benefits to the health of the public will be ensured. 

Ideally, the medical use of ionizing radiation should conform to the crinci- 

ple that the greatest value, in terms of relevant diagnostic information or of 

therapeutic effect, should be obtained with the smallest reasonable dose to the 

patient. 

Frequently both imrovement in technique and great reduction in patient dose 

can be achieved with simple methods already at hand and by relatively minor adjust- 

ments to apparatus. Such measures are often cheap and require only some imagina- 

tion and moderate skill to be ~ u t  into effective operation. On the other hand. 

the relatively high cost of radiological equiment calls for considerable thought 

and planning in selecting apqaratus that will give the best results for a given 

outlay and provide the greatest return in diagnostic information with minimal 

radiation dose. 



Radiological work s;;ouid be done only by :personnel specifically trained in 

the use of radiation tecliriqEes. In all cases tne personnel should be conver- 

sant witki radiological -rrotection, specially tllose aspects of it that concern 

the reduction of dose to the patient, as well as those that relate to the pro- 

tection of the onerator and otiiers near the radiation source. 

There should be a clear-cut clinical indication for every radiological 

procedure, supported by information on previous diagnostic examinations or other 

radiation procedures. In diagnostic radiology, the radiologist should be 

supplied with all relevant clinical data as a necessary basis for the planning 

of the radiodiagnostic ~rocedure. 

It is the responsibility of health authorities to institute plans, suited 

to the local circumstances, for avoiding unnecessary exposure of persons to 

ionizing radiation. These plans should include proper integration of the 

different radiological services at their various levels, in order to ensv-re the 

adequacy of wrotective measures. 

2. Consideration of Selected Clinical Problem Concerning Diagnostic Applications 

In the examination of pregnant women, special care should be taken, wherever 

possible, to avoid direct irradiation and minimize indirect irradiation of the 

embryo or foetus. Raeiologlcal examinations that include the lower abdomen and 

pelvis and that are not oi immediate im~ortance for clinical action, should be 

postponed to the second half of the pregnancy or, if possible, until after 

delivery. In non-pregnant women of reproductive age, such examinations should 

grefera'uly be undertaker ',izhin the first ten days after the onset of menstrua- 

tion. In the case of small children, it is particularly important to avoid any 

irradiation that cannot be expected to aid substantially in the medical care of 

the wtient. 

Mass radiological surveys and routine reoetitive examinations for other 

purposes should be undertaken only after careful planning, with an attempt to 
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balance risk against gain for the specific circumstances. If children or preg- 

nant women are examined by photofluorographic methods, special care should be 

taken to limit the beam size and to avoid any possibility of direct irradiation 

of the gonads or the foetus. Ordinary radiographic procedures may be preferable 

to photofluorography. 

Adequate equipment is necessary: it should include a device for reducing 

the beam size when examining children or adults of small stature. 

Fluoroscopy should not be used as a substitute for radiography. Except 

in special circumstances, it should not be used as an expedient to save the cost 

of film and processing facilities. When radiogmphic methods can furnish the 

desired infoxmation with lower doses, they should be employed in preference to 

fluoroscopy, which should be reserved for those situations where its unique 

advantages are relevant. The use of fluoroscopy for survey purposes should, 

wherever possible, be abandoned. 

3 .  Technical Means for Reduction of Radiation Bxposure in Radiodiagnostic 
Procedures 

The following simple practical measures, which are often overlooked, can 

bring about substantial reductions in the dose to the patient in the diagnostic 

use of X-rays. They are given as an example of what can be done and by no 

means exhaust the subject. 

i. Beam limitation. The X-ray beam used in diagnostic radiology should 

be the smallest that will permit the required examination to be carried out. 

It cannot be emphasized too strongly that only that part of the X-ray beam 

which falls on the fllm mthe fluorescent screen can give useful information: 

the rest contributes nothin& to the radiological information - indeed it 
worsens it - but adds inevitably and unnecessarily to the patient's radiation 
dose. 

Although inspection can check the presence of beam limitation devices, 

it cannot ensure that they are used. A concurrent educational programne 

for physicians, dentists and technicians is therefore necessary. 
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ii. Filtration. A filter equivalent to ai; least one mm of aluminium 

should be fitted to all diagnostic X-ray tubes operating up to ahout 70 KVp, 

in addition to the inherent filtration. 'ditli X-ray tubes operated above 

70 KVp, the additional filter should be equivalent to at least 1.5 mm of 

aluminium. 

iii. Film processing. - - Sound radiological nractices should be matched by 

correct dark-room vozedures. 

iv. Radiological techniques. Adequate sunervision of all radiological 

procedures should be regarded as a pre-requisite for safe and effective 

radiology. 

v. Fluoroscopy. When fluoruscopy is indicated, the area of the X-ray 

beam should be as small as possible, ontimal technical factors should be 

chosen, and preset timers, with limitation of t~<be current, should be used 

to avoid inadvertently prolonging examination. Proper dark adaptation of 

the examiner is needed for conventional fluor~sco~y. 

There is no doubt that the greatest reduction in the dose to the patient 

in fluoroscopic examinations is that brought about by the use of image inten- 

sifiers including those employing television techniques although their use 

may be limited by the expense and maintenance. 

vi. Dark-room facilities. The provision of derk-room facilities is essen- 

tial if good-quality radiographs are to be cbtained without the need for 

repeated exposure; this entails complete light-proofing and adequate shielding 

of the dark-room, ?roper processing facilities, and careful ~rocessing 

techniques as indicaLed above. 

vii. Maintenance olx%ij?me~t. Regular maintenance and testing of all radio- 

logical equipment is essential for its safe and reliable use, and the res- 

ponsible authorities should make appropriate arrangements for this work to 

be carried out and suoervised. The special items that should be regularly 
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cnecked include: electrical and mechanical equipment, dark-room facilities, 

fluorescent and intensifying screens, tube shielding, collimating and loca- 

ting apparatus, and - the alignment of the X-ray beam. Portable and mobile 

X-ray machines need particularly careful maintenance. All equipment 

associated with the measurement of radiation should be correctly calibrated 

for the radiations used and regularly tested. 

4. The Measurement of Ex9osures to Individuals 

The most commonly used method of measuring general exposure to the body is 

by making use of the fact thet exposure to ionizing radiation causes blackening 

of a photographic film. It is usual to make use of small specially packed 

photographic film which can conveniently be mounted in a holder and worn at some 

suitable position on the body, usually at chest level. This "film badge1' may 

be worn for any convenient length of time depending on the circumstances and the 

expected radiation exposure; commonly, this takes one or two weeks. In order 

to measure the radiation to which the film has been exposed it is necessary to 

compare the exposed film with a set of test films exposed to different, known 

amounts of radiation. The test films may be used to prepare a calibration 

curve so that the relationship between the blackening of the film and the expo- 

sure to radiation is known. From this calibration curve the exposure received 

by a monitoring film may be determined if the density of the blackening of the 

film has been measured; these measurements are normally made by making use of 

a densitometer. 

The use of photographic film for routinely measuring radiation exnosure of 

radiation workers is a relatively inexpensive prccedure and has a number of 

advantages over other methods. One of the administrative advantages is that 

a central processing department may be set up and films sent to various users 

of ionizing radiation hich are later returned to the processing laboratory for 

measurement and assessment. Such a procedure results in increased efficiency 

and also, because the measurements are made under controlled conditions they are 



likely to be more acccrate than in the casc an individual department attempts to 

set un a film monitoring service. Of caurse, when staff members in a uarticular 

location warrant it, then such a film monitoring service may be conveniently set 

up within an institution. In many csuntries there are film monitoring services 

available to radiation workers either through government agencies or through 

private industry. 

The measurement of the rolltine exoosure of radiation workers by use of 

photographic films is convenient, reliable and, under well controlled conditions, 

quite accurate. It is also particularly suitable for the continuous type of 

recording of exposure ~~hich is envisaged for radiation workers in the recommenda- 

tions of the International Ccmmission on Radiological Protection. 

VI PUBLIC HEALTH RES?OP.'SIBILITIES IN RADIATION PROTECTION 

1. Introduction 

The public health service of every country has a basic responsibility far 

promoting and creating favourable conditions for improving the standards of 

health of its population. This is recognized in tne WHO Constitution. A 

significant part of this general responsibility, which has grown in importance 

in recent years, is radiation nrotecticn. 

Most member states have recognized the importance of this problem, and 

since 1954 the World Health Assembly and the Executive Board have introduced 

a number of resolutions emphasizing the im~ortant role of LlHO in health aspects 

of radiation from all sources and noting that VHO's responsibilities include 

protection from radiation hazards. 

This is further stressed in a resolution of the 1~'orld Health Assembly 

(WHA13.56) which requests the Director-General to assist Member States in extend- 

ing and developing health laboratory competence to 3eal with radiation and radio- 

activity, and to ulace special emohasis upon the teaching and training of techni- 

cal personnel. 



The Sub-Committee ' A '  of the Regional Committge for the Eastern Mediterranean 

adopted, in 1959, a resolution alow similar lines. 

It is essential, therefore'that national health authorities give inmediate 

attention to their responsibilities for radiation protection and ensure the 

development of an adequate system of control. They should be aware, however, 

that while radiation protection has new and challenging facets, the problems of 

radiation control fit naturally into the pattern of public health responsibilities. 

2. Nature and Scope of Public Health Responsibilities in Radiation Protection 

Public health responsibilities in regard to radiation protection comprise 

essentially four elements: 

i. identification and measurement of all sources of radiation exposure of 

the population; 

ii. evaluation and assessment of these exposures in terms of the biological 

hazard to the exposed population groups, including the stimulation and 

conduct of research; 

111. development an8 ap~lication of methods of control; 

iv. conduct of programmes of professional and public infomation and educa- 

tion on health impact of the radiation sources. 

It is important to emphasize that public health agencies should concern 

themselves with all sources of radiation exposure of the population. The effects 

of radiation are to a large extent cumulative and the total impact of radiation 

exposure on a population will be the result of the exposures from all sources. 

It is thus an im2ortant responsibility of the health agency to evaluate all 

exposures and consider the total. 

The establishment of appropriate radiation protection standards require the 

collection and evaluation of scientific data on radiation effects and the prepa- 

ration of guides after due consideration of the social a d  economic factors 

involved. The International Commission on Radiological Protection has developed 



recommended standards which are widely accepted and provide useful guides to 

national health authorities. 

The development and application sf methods of control are likely to require 

the efforts of various agencies and groups involved in the radiation field. The 

long life of some radioactive materials and the large amounts ~roduced in atomic 

energy activities underline the importance of adequate contrcl of pollution of 

the envirsnment. While atomic energy grouns may be directing their attention 

to the development of methods of treatment and diswsal of radioactive waste, 

it is the responsibility 3f health agencies to satisfy themselves as to the 

adequacy of these methods. 

We have discussed under section V.3. the need for obtaining satisfactory 

or even improved diagnostic results with less radiation exposure to the patients 

undergoing X-ray examinations. 

3 .  Basic Elements of a Legal System for Exercising Radiation Control 

In many countries, additional legislatim is necessary if the health autino- 

rities are to have adequate nower to formulate and carry out an effective radia- 

tion control programme. ??'ithuut this, the health authorities may not be able 

to impose the necesszrg requirements of registration or licensing nor to enforce 

its rules on radiation nrotection. It may even lack adequate authority to 

inspect facilities and may only be able to conduct an educational programme. 

In addition, it may have serious difficulty in obtaining adequate funds to 

establish a radiation control unit and employ the necessary inspection personnel. 

However, the mere enactment of a statute specifically vesting responsibility for 

radiation protection in the national health authorities might alert those with 

control over the national budget to the need fsr sufficient funds to operate a 

national programme of radiation health and safety. 

The legislation for radiation protection should be formulated in terms as 

broad and flexible as the national legal system permits. Flexibility is essential 



because of the rapidity with which develowents are occurring in the application 

of radiation sources and in the radiation protection problems associated with 

them. Therefore, the health authorities muet have considerably discretionary 

powers t~ select the necessary forms of control and to develop codes and regula- 

tions. Some sources of radiation may lend themselves to adequate control 

simply by registration and ~ccasional ins~ection; other sources may require 

a system of  re-evaluation through licensing. 

The public health services, in order to discharge their responsibilities, 

should have adequate means to im~lement legislation covering the following: 

i. powers to set basic standards; 

ii. provision for the 9ublic health services to be informed of all premises 

where ionizing radiations are used, e.g. through registration or licen- 

sing; 

iii. powers to camy out inspections and enforce suitable practices and 

preventive measures to avoid misuses and to ensure that ionizing 

radiations are used by competent people; 

iv. powers to prohibit unjustifiable uses of ionizing radiation; 

v. public health services participation in official decisions as to 

whether and under what conditions major uses of atomic energy are 

considered; 

vi. responsibility of the public health services for periodic estimations 

of the overall doses received by the population. 

The functions of public health services should also include the stimulation 

of scientific research, which is the basis of better understanding of radiation 

hazards, and of improved methods of contrcl. 

One of the main functions of the public health services should be to parti- 

cipate in the planning and implementation of projects involving the use of radio- 

active substances, radiodiagnostic and radiotherapy facilities. 
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Appropriate coliab~ration with other bodies on the national and international 

level is important. 

In the Eastern Mediterranean Region only few countries have enacted legis- 

lation on radiation srotectior. 

In the United Arab Republic the Law of 1 March 1960 on the use of ionizing 

radiation and wrotection against its hazards provides for the formation of a 

central authority to function in the Ministry of Health as a higher consulta- 

tive organization. It also states that a Technical Committee on Radiation 

Questions shall be established and entrusted with the licensing, the instal- 

lation of X-ray equipment, accelerators and sealed radioactive materials, the 

use of icnizing radiation in therapy and diagnosis and issuing licences to 

radiologists and health 2hysicists. 

The executing agency is the Radiation Protection Section of the Ministry 

of Public Health which is carrying out a function of inspection and providing 

a film-badge service to med-ical users. 

This Law also stipulates that the Atomic Energy Establishment shall super- 

vise the use of unsealed radioisoto~es, reactors and the issue of relevant 

licences. 

A Radiation Protection Law has been drawn up in Israel with active parti- 

cipation of the Ministry of Health; the draft provides for the establishment 

of a Radiation Control Authority with extensive regulatory powers. 

Iran, Iraq and Palristar operate film-badge services nrovided by their 

respective Atomic Energy Auz:r3rities, but no basic laws on radiation protection 

have been promulgated as yet in these countries. 

Other countries in the Region are making genuine efforts towamis the es- 

tablishment of Radiation Protection services. 



4. Organization of Services Required to Meet Public Health Responsibilities for 
Radiation - protection --- 

A basic problem in determining the administrative structure is whether a 

separate unit should be established within the health ministry or whether the 

radiation protection services should be distributed throughout the appropriate 

existing health deparcnents and sections. 

The advantages of creating a new and separate unit are threefold. First, 

it is ~ossible to plan and carry o ~ t  in a single unit a more effective programme 

including all the public health responsibilities for radiation protection. 

Second, it provides a single focal i;si;.t for the important task of co-ordinating 

the activities relating to ra?iation protection within the health agency between 

the national and local health units, and between the various interested national 

agencies. Third, the creation of a new unit emphasizes the significance of 

this responsibility of the health ministry and may assist in attracting competent 

personnel. 

The health x l n i s t r y  will need to adopt a scheme to ensure co-ordination of 

its radiation protecCion progr,axme wfth the ectivities of other governmental 

agencies in this field. One means of effecting co-ordination would be through 

continuing contacts be~ween the head of the yadiation protection unit of the 

ministry of health and representztives of these other bodies. An alternative 

method would be tl:e est-.blislment of a co-ordinating committee. 

For any p-rticu:.ar p:o3rzzx1e or* re.diation prctection, the choice of staff 

and equipment wi71 c':;,--,i rot onlg upon t h e  ccope of the programe, but also 

upon the availabilitg of personnel with appro~riate training and experience at 

the various techi:lcsl levels. The degree of financial support available is also 

an important consideration. 

The function of the staff will ge~erally fall into three distinct categories: 

i . pr0gram.e placnin: and direction; 



ii. technical supourt; 

iii. inspection and enforcement. 

The most important requirement is to secure the services of a well-qualified -- 
person t;o be the head of the programme. He should have technical training in 

radiation protection an?. also have a uublic health backgrouncl.. 

5. Examole of Programme Components 

It is felt that as a first step towards evolving a nrogramrne on radiation 

protection much can be gained by developix control measures even for a single 

source, such as for instame, the much-needed control of X-ray machines. The 

experience thus gaineVu11 be valuable in the development of a broader programme. 

For a relatively limited programme covering diagnostic equipment only, the 

field staff can make a worthwhile evaluation of X-ray installations by visual 

inspection and interview, supplemented by a few measurements or tests with 

simple instruments. 

It is possible, if resources are limited, to make such tests using only 

photographic film packets and fluorescent screens. It is preferable, however, 

if resources are available, to supply each field man with the following principal 

items of equipment? 

- one portable ionization-type survey instrument; 

- one Geiger-MLiller type survey instrument; 

- one X-ray dose-rate meter or thimble-type ionizati~n instrument for 

measuring X-ray tube radiation output; 

- one self-reading wcket dosimeter. 

A film-badge monitoring programme (see V. 4) is very important in a programme 

of X-ray equiment control. All staff occupationally exposed to radiation 

should be supplied with personnel-monitoring film badges; badges are also useful 

to test the adequacy of structural shielding. X-ray equioment users should 
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employ personnel m'mi'~oririg if there is a likelihood of significant exposure, 

for example when using portable or bedside units or in fluoroscopy. 

At the headquarters of the inspection service, it is important to have 

facilities for the processing and evaluation of personnel-monitorir@ type films. 

This would include ordinary dark-room facilities with temperature controls and 

a photo-electric film cleasitometer. 

A programme for the control sf medical and dental X-ray equipment can 

include not only industrial X-ray machines, but also gamma-ray installations. 

VII SCOPE OF 1JHO's ASSISTANCE IN RADIATION HEALTH 

Fully cognizant of the importance of ~rotecting the health of the public 

against radiation hazards the bJorld Health Organization, since its inception, 

had developed an extensive programme of assistance to member states directed 

along the following lines! 

1. Assistance in making health authorities fully aware of their responsibilities 

for radiation protection. 

A number of meetings, expert committees, technical papers and WHO publica- 

tions dealt with this tosic. (See Annexes I and 11). 

2. Stimulating the national health services to develop procedures and regula- 

tions and to adopt international standards for radiation protection connected 

with the use of X-rays and radioisotopes and for the disnosal of radioactive 

wastes. 

This is done during the visits of the Regional Adviser on Radiation and 

Isotopes, by means of s~ecially appointed consultants (like in Pakistan - where a 
short-term consultant visited the country this Spring to advise the Ministry of 

Health on the organization of Radiation Protection) or by direct participation 

of physicians and scientists from countries of the Region in activities like 

those listed in Annexes I1 and 111. 
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3. Promoting the teaching of Radiation Health to radiation users and to Public 

Health Administrators called upon to supervise X-ray and radioisoto~e installations. 

A number of meetings, seminars and training courses have been crganized and 

two FJHO Technical Rep?rts (Nos. 154 and 155) deal specifically with this subject. 

(See Annex 11). 

Furthermore, the teaching of Radiation Health is a regular feature of the 

WHO-sponsored courses for X-ray technicians and part of the training af all 

fellows studying Radiology, Radiotherapy, and Nuclear Medicine. 

4. Guidance on technical questians. 

This is done through expert advice of consultants, practical work and demon- 

strations like in the Multiple Seminar in Radiological Health or by means of 

wublications . (See Annex I, 11, 12). 

Of particular interest from the technical point of view, is the development 

of the so-called General Purpose X-ray Diagnostic Unit stimulated by WHO. 

For a number of years, ',?I0 has been stimulatin~ manufacturers to develop 

improved X-ray apparatus combining high standards of both technical performance 

and rasiation protection. 

Beginning with mcbile mass chest X-ray units for use in projects assisted 

by UNICEF and IMO, this work has been extended to include general purpose diagnos- 

tic units for use in hospitals. Four different models, designed specially to 

meet requirements for use in developing countries, have been approved and are 

now undergoing field tests. 

Countries of this Region are eligible for the allocation of a limited number 

of such units on a trial basis provided that adequate medical and technical 

supervision as well as suitable premises for its installation are available. 

5. Training of personnel? 
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Practically cvemj ~guntry in the Region has benefited from fellowships for 

training in the fields of radiation protection, radiology, radiotherapy, nuclear 

medicine, or X-ray techniques. 

WHO is also assisting member states by the qrganization of training courses 

either at the inter-regional, regional or national level. (See Annex 11, alineas 

I1 and 111, and Annex 111, alineas I1 and 111). 

6.  Assistance in developing laboratory competence in radiation protection. 

Most of the activities outlined above will ultimately result in developing 

laboratory skill in radiation prctection techniques. 

There are,however,situations in which it would not be fully Justified to 

establish complex laboratory facilities to serve only a few people. A case in 

question is the provision of the film-badge monitoring services to smaller 

countries devoid of such facilities. 

The Regional Office would be ready to prgvide in some special cases a film- 

badge service for monitoring of radiation workers if adequate supervision of the 

personnel wearing the film-badges can be carried out. 

It can also be envisaged to conduct some radiological safety surveys of 

selected diagnostic and therapeutic X-ray installations using relatively simple 

measuring instruments which most countries can afford to have. 

VIII ST-Y 

1. The increasing use sf ionizing radiation and the rapid development of new 

sources of irradiation are associated with growing health problems and are 

causing increasing public health concern. 

2. The balancing sf the advantages and disadvantages of these new uses and the 

decision as to whether they should be oermitted or prohibited, rests in each 

country with the government as a whole, but the administrative arrangements should 

be such as to allow the public health services to study the public health impli- 

cations fully and to express their views before a decision is taken. 
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3 .  It is a striking fac~i tnat the biggest contribution at the present time to 

the irraaiation of the pagulation, in addition to natural radiation, is from 

medical use of ionizing radiations. Consequ@ntl.y, the most effective method 

of immediately reducing the irradiation of the nopulation is to control the 

medical use of ionizing radiation, including dental use. 

4. The development of nuclear energy, des~ite thc care which has so far been 

taken in the establishments where it has been emoloyed, constitutes a potential 

danger because of the enormous quantities of highly radioactive substances 

involved, the transport of such materials, and the accumulation of radioactive 

wastes, for which no method of destruction exists. 

5. Ionizing radiation is only one of many hazards to which populations are 

exposed in the increasingly complex environment in which we live. Alterations 

of the envircnment by ionizing radiation and other agents should be kept to the 

practicable minimum which is ccnsistent with devel~~pments for the welfare and 

econbmic benefit of mankind. Like some others of these agents, ionizing radia- 

tion can produce genetic damage. The irradiation of the population from what- 

ever cause, including occupational exposure, is clearly of public health concern 

because it may provoke, besides the somatic effects, deleterious genetic effects. 

6. Thus, public health services have important responsibilities for radiation 

protection and should be entrusted with the protection of the population from the 

dangers which may resnlt from ionizing radiation. 

Adequate legislatian should be enacted to enable the Ministry of Health to 

discharge the following duties: 

1. To appoint a well-qua]-ified person as a head of tile Radiation Health Unit 

of the Ministry of Health; 

2. To select the technical staff required for registration, inspection, calibra- 

tion and survey of radiation sources and possibly for onerating a film-badge service; 
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3. To establiskqco-ordinate and supervise a film-badge monitoring service for 

radiation users in particular the medical ones; 

4. To establish a system of registraticn and licensine; of X-ray, radioisotope 

teletherapy and unsealed radioisgtope sources and their users (medical, indus- 

trial, research, ete .); 

5. To conduct systematic inspections and radiological surveys - (using adequate 
instmentation) - of all medical, industrial etc., sources and premises, where 
ionizing radiations are used; 

6 .  To conduct an educational programme for medical and paramedical personnel 

aimed at reducing the individual radiation doses from medical or occupational 

exposures; 

7. To disseminate to the public factual information and interpretation on the 

impact of radiation on mankind, so that people have sufficient knowledge to dis- 

pel public anxiety; 

As the development of the medical, industrial and agricultural applications 

of atomic energy warrant it further technical facilities and controls should be 

introduced, 1.e.: 

8. Installation of a whole-body counter and other facilities required for 

measuring radionuclides in excreta and blood for surveillance of personnel 

occupationally or accidentally exposed to radioactive contamination; 

9. Control of the transpcrtation of radioactive substances; 

10. Participation of tile Radiation Health Officers of the Ministry of Health in 

the siting of nuclear reactors and in the ecological survey of the sites. (In 

collaboration with the Atomic Energy Authorities); 

11. Surveillance for radionuclides in the environment (areas of high natural 

radioactivity, grour,d, air, water, foodstuffs, reactor effluents, etc.); 



12. Planning for and dealing with emerkencies created by radiation incidents 

and accidents. 

Most of these activities can imly be carried aut in close co-operation with 

the users of radiation sources and with the other ministerial departments con- 

cerned with the various as~ccts of the use of ionizing radiation, e.@;., Labour, 

Industry, Atomic Energy, Agricv-lture, Civil Defense, Transport, etc. 

However, it is the respcnsibility of the health ministry to provide a single 

focal point for evaluation of the total health impact of all sources of radiation 

and to ensure that adequate measures for health protection are taken. 
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Technical Report Series 

1. Mental Health Aspects of the Peaceful Uses cf Atomic Energy, Wld Hlth Org., 
techn. Rep. Ser., 1 ,  151. 

P~st-Graduate Training in the Public Health Aspects of Nuclear Energy, Wld - 
Hlth Org., techn. Rcp. Ser., 1958, 154. 

3 .  Introduction of Radiation Medicine into the Undergraduate Medical Curriculum, 
Wld Hlth Org., teclul. Ren. Ser., 1958, 155, 

4. Effect of Radiation on Human Heredity: Investigations of Areas of High 
Natural Radiation, 'Jld Hlth Org., techn. Rep. Ser., 1959, 166. 

5. Methods of Radiochemical Analysis, 'Jld Hlth Org., techn. Rep. Ser., 1959, 173. 

6. Medical Supervision in Radiation I'rork, b'ld Hlth Org., techn. Rep. Ser., 
1960, 196. 

7. Radiation Hazards in Perspective, l*lld Hlth Org., techn. Rep. Ser., 1962, 248. 

8. Public Health Resgonsibilities in Radiation protection, 'old Hlth Org., techn. 
Rep. Ser., 1963, 254. 

9. Public Health and the Medical Use of Ionizing Radiation, Frld Hlth Org., 
techn. Rep. Ser., 1965, 706 

10. The Technical Basis for Legislation on Irradiated Food, Wld Hlth Org., techn. 
Rep. Ser., 1966, 316. 

11. Planning of Radiotherapy Facilities, Wid Hlth Org., techn. Rep. Ser., 1966, 
328. 

Public Health Paoers 

12. Ionizing Radiatis? and Health, by Bo Lindell and R. Lowry Dobson, World 
Health Organization, Public Health Papers No. 0 ,  1961. 

Monographs, Occasional Puiobations, etc. 

13. Effect of Radiation on Human Heredity, Report of a Study Group convened by 
WHO together with papers presented by various members of the Group, World 
Health Organization, 1957. 
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14. Diagnosis and Treatment of Acute Radiation Injur~, Proceediws of a Scienti- 
fic Meeting jointl<~<onsored by IAEA and WHO, "'3rld Health Organization, 1961. 

15. Report on the Cmference on the Public Health Aspects 3f Protection against 
Ionizing Radiation convened by Ik'HO, h?IO Regional Office for Europe, 1963. 

16. Protection of the Public In the Event of Radiation Accidents, Proceedings of 
a Seminar jointly spons~red by IAEA, FA0 an1 lJH0, lTorld Health Organization, 
1964. 

17. Pr~tection Aeainst Icnizing Radiations, H Survey of Existing Legislation, - 
liorld Health Organization, 1964. 

18. Report on the European Seminar on Public Health Aspects of Medical Uses of 
Ionizing Radiation convened by "THO Regional Office for Europe, 1965. 

19. Safe Handling of Radioisotopes, (Medical Addengum) UULA/ILOfi?IO, 1965. 

20. Methods of Radiochemical Analysis, Report of a Scientific Meeting convened 
by GJHO, FA0 and IAEA, blorld Health Organization, 1966. 
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A m !  I1 
1hiHO ACTIVITIES IN RADIATION PROTECTION AND DEVELOPMENT 

OF RADIATION PROTECTION SERVICES 

I Expert Committees 

1. Introduction 3f radiation medicine into the undergraduate medical 
curriculum, lQ57. 

2 Post-graduate training in the public health aspects of nuclear energy, 
1957. 

3. FAo~Mo: methods of radiochemical analysis, 1958. 

4. Effect of Rad-iation on Human Heredity: Investigations of Areas of 
High Natural Radiation, 1958. 

5. Medical Supervision in Radiation Clork, 1959. 

+ 6. Radiation Hazards in Perspective, 1961. 

+ 7. Public Health Responsibilities in Radiation Protection, 1962. 

+ 8. Public Health and the Medical Use of Ionizing Radiation, 1964. 

9. The Technical Basis for Legislation on Irradiated Food, 1964. 

I1 Meetings, Conferences and similar Activities 

1. Seminar on the ~ublic health aspects of radioactive waste disposal, 
Saclay, 1959. 

2. WHO/IAW. Scientific meetit?? on the diagnosis and treatment of acute 
radiation injury, Geneva 1960. 

3 .  FAO/IAEA/?HO Seminar 3n agricultural and public health aspects of 
radioactive contamination in normal and emergency situations, 
Scheveningen, 1961. 

+ 4. Conference on public health aspects of protection against ionizing 
radiation, Dusseldorf, 1962. 

5. IAEA/WH0 Scientific meeting on the diagnosis and treatment of radio- 
active poisoning, Vienna, 1962. 

*Activities in which Dersonnel from countries of the Eastern Mediterranean Region 
have participated. 
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* 6. Multiple seminar on radiological health, EN30 and SEARO, 1962. 

7. IAEA/ILD/~o Sym?osium on radiological health and safety in nuclear 
materials mining and milling, Vienna, 1965. 

* 8. Seminar on medical radiation (radiation protection and radiation 
measurerrents in relation to national health laboratory services) 
Athens, 1963. 

9. WHo/FAO/IAEA Seminar 3n urotection of the public in the event of 
radiation accidents, Geneva 1963. 

10. IJHO/ILD/IAEA Symposium on assessment of radioactive body burdens in 
man, Heidelberg, 1964. 

11. IJHO/FAo/IAEA Scientific meeting on methods of radiochemical analysis, 
Geneva, 1964. 

12. Multiple seminar on radiological health, SEAR0 and WPRO, 1964. 

1 .  WO/IAEA Symposium on personnel dosimetry for accidental high-level 
exposure to ex-ternal and internal radiation, Vienna, 1965. 

* 14. WHO Seminar on Pujlic Health Programmes in Radiation Protection, 
Singapore, 1965. 

15. Planning of Fadiotheraphy Facilities, A Joint IAEA~RO Meeting - Genem, 
1964. 

16. Conference on Radiation and the Immune Response, London, (26-28 April 
1965). 

17. Panel on Permissible Bnergency Doses to the Public (with I A ~ )  - Vienna 
(May 1965). 

18. European Seminar on Public Health Aspects of Medical Uses of Ionizin~. 
Radiation - Lund, October 1965. 

19. Dosimetry and Toxicity of Thorotrast, IAEA/%lHO Vienna, October 1965. 

20. IAEA/WHO Meeting of Consultants on an Int . Centre for Training and 
Research in tile Medical Applications of Radioisotopes, Geneva 
(2-5 November 1965). 

*Activities in which personnel from countries of the Eastern Mediterranean Region 
have wrticiuated. 
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21. Meeting on Epidemiological Studies in Human Radiobiology, Washington, 
December 1965. 

22. Meeting on Basic Health Recommendations regarding Exposure to Ionizing 
Radiation, (Geneva - December 1965). 

23. Revision of the Medical Addendum to the IAm Publication "Safe Handling 
of Radioisotopes", 1965. 

24. International Symposium on Radioecological Concentration Processes, 
(Stockholm - April 1966). 

25. Study of the Incidence of Leukaemia in Patients treated with Radiation 
for Cancer of the Cervix Uteri, (Geneva - September 1956). 

I11 Training Courses 

1. Course for heal-th ~hysicists (WHO/Sweden/USAEC), Stockholm, 1955. 

2. Courses on radiation protection (l@lO/Institut des Sciences et Techniques 
nucl&ires/Ecole nationale de la Sant6 publique de France), Saclay, 
1956, 1958 and 1959. 

3 .  Course in health physics (~JHO/Belgium/trSAEC/~entre d'Etudes pour les 
applications de 1 '6nergie nucl&aire), Mol, 1957. 

4. WHO Courses for health physicists, Hamell, 1958 and 1959. 

5. Course on public health aspects of radiation (llrHO/USPW/Puerto Rican 
nuclear centre and University medical school), San Juan, Puerto Rico, 
1958. 

6. Course on health physics (WHO/USAEC/GOV~. of India), Bombay, 1958. 

7. Advanced course on radiation protection (WHO/Institut des Sciences et 
Techniques nucl&aires/Ecole nationale de la Sant6 publique), Saclay, 
1960. 

8. WHO Training course on radiation protection, Hamell, 1961. 

* 9. International course in radiation health and safety (WHO/IAEA/J~~~~), 
Chiba City, Japan, 1961. 

10. Training course in radiation protection ('WHO/India), Bombay, 1961. 

*Activities in which personnel from countries of the Eastern Mediterranean Region 
have participated. 
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11. International training course on surveys for radionuclides in foods 
(VHO/FAO/IAEA), Cincinnati, 1962. 

* 12. International trainin;, course on surveys for radionuclides in foods 
(wHo/FAo/IAEA), Seibersdorf, Austria, 1965. 

1 .  Radiation Protection Courses, Colombo, 1966. 

* 14. International Training Course on Radiological Health Inspections, Rock- 
ville (USA), 1966. 

*Activities in which personnel from countries of the Eastern Mediterranean Region 
have participated. 
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ANNEX I11 

WHO ACTMTIES IN MEDICAL RADIOLOGY 

I Expert Committees 

1. Introduction of radiation medicine into the medical curriculum, 1957. 

2. Public health and the medical use of ioiiizing radiation, 1964. 

I1 Meetings and Seminars,- 

1. Study group on radiological units and radiological protection, Geneva 1956. 

* 2. IAEA/WiO Seminar on medical radioisotope scanning, Vienna, 1959. 

3 .  IAEA/t!Ho Study group on use 3f radioisotopes and supervoltage radiation 
in teletherapy, Vienna, 1959. 

* 4. FAo/IAEA/~~O Conference on the use of radioisotopes in animal biology 
and the medical sciences, Mexico City, 1961. 

5. WHO/IAEA/ICRU Study group on the standardization of radiological dosi- 
metry for radiation beams, Geneva, 1961. 

6. WHO/IAEA Meeting on ~ractical methods of assisting radiotherapy centres 
in less developed areas, Montreal, 1962. 

* 7. Multiple Seminar on radiological health, EMRO and S W O ,  1962. 

8. Multiple Seminar on radiological health, SEAR0 and WPRO, 1964. 

9. F~Ho/IAEA Study group on planning of radiotherapy facilities, Geneva, 1964. 

I11 Training Courses 

1. WHO Course in radiation medicine for teachers in medical schools, London 
1961. 

2. kMO School of radiotherapy, Singapore, established 1963. 

* 3. WHO Training courses for X-ray technicians, Eastern Mediterranean Region 
1963-1968. 

* 4. WHO National Training course for X-ray technicians, Ethiopia, 1963-1967. 

5. WHO Inter-Regional training course in radiation protection for radio- 
graphers, 1965. 

* 
Activities in which personnel from countries of the Eastern Mediterranean Region 
have participated. 
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AhTJEX IV 

WHO RESEAHCH ACTIVITIES IN RADIATION FIEnLTH 

1. Study group on the cf'fect of radiation on human heredity, Copenhagen, 1956. 

2. Expert Committee on the effect of radiation on h~unan heredity: investigations 
of areas of high natural radiation, Geneva, 1958. 

3. Scientific group on the research aspects of the treatment of radiation injury, 
Geneva, 1959. 

4. IAEA/'!mO Study group on the use of radioactive sources for therapy and 
research, Vienna, 1959. 

5. FrHO/ICRU ad hoe committee on radiation quantities and units, Geneva, 1960. 

6. Scientific group on radiobiology, Geneva, 1960. 

7 .  European meeting of investigators: study ol" the incidence of leukaemia in 
patients trezted with radiation for cancer of the cervix utari, Geneva 1960. 

8. UN~JHO Seminar on the use of vital and health statistics for genetic and 
radiation studies, Geneva, 1960. 

9. WHO/IAEA Scientific meeting on diagnosis and treatment of acute radiation 
injury, Geneva, 1960. 

* 10. 1AEA/l>'HO Sym~osium on the use of radioisoto.?es in the study of endemic and 
tro?ical diseases, B-kok, 1960. 

11. WHO/IAEA/ICRU study group on the standardization of radiological dosimetry 
for radiation beams, Geneva, 1961. 

12. FAO/WO/IAE~ technical meeting on evaluation of the wholesomeness of irra- 
diated foods, Brussels, 1961. 

* 13. IAEA/FAo/~&Io Conference on use of radioisotopes in animal biology and the 
medical sciences, Mexico City, 1961. 

14. Meeting of investigators: field of studies in areas of high natural radia- 
tion, Rio de Janeiro. 1961. 

15. IAEA/IPNO Scientific meeting on diagnosis and treatment of radioactive poi- 
soning, Vienna, 1962. 

*Activities in which personnel from countries of the Eastern Mediterranean Region 
have participated. 
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16. Second European meeting of investigators: study of the incidence of 
leukaemia in patients treated with radiation for cancer of the cervix 
uteri, Geneva, 1963. 

17. IAEA/IIO1h'HO Symposium on assessment of radioactive body burdens in man, 
Heidelberg, 1964. 

18. IAFA/bJHO Meeting on Dosimetry and Toxicity of Tnorotrast, Vienna, 1965. 

19. WHO Meeting on Eoiderniological Studies in Human Radiobiology, laashington, 
1965. 

20. Conference on Radiation and the Immune Resuonse, London, A~ril 1965. 

21. International Syrn~osium on Radioecological Concentration Processes, Stockholm, 
April 1966. 

22. Study of the Incidence of Leukaemia in Patients treated wit:? Radiation for 
Cancer of the Cervix Uteri, Geneva, September 1966. 


