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RADIATION PROTECTION AND CONTROL MEASURES IN MEMBER STATES

The Thirteenth World Health Assembly passed a resolution (WHA13.56) on

19 May 1960 requesting the Director -General "to report to the Fourteenth World

Health Assembly on the progress being made by Member countries in developing and

staffing radiation control programmes, with particular reference to the responsi-

bility of national health authorities and of WHO in this field ".

This document has been prepared to meet this request; it is presented in

three parts:

(i) a historical review of the evolution of thought on radiation control

measures;

(ii) a survey based on the information received in due time in answer to a

circular letter of the Director -General to all Member States;

(iii) a description of some of the WHO activities which have sought to promote

progress in the field of radiation protection and control.

I. EVOLUTION OF THOUGHT ON RADIATION CONTROL MEASURES

Early phase

Rontgen discovered x -rays in 1895 and radium was discovered soon afterwards;

moreover, it was very soon found that ionizing radiations could be harmful.

However, the number of people involved was small and nearly all were technically

qualified. In the 1920's and 1930's, it was considered that the problems could

be solved largely by recommendations of national radiation protection committees.

Also at the international level a series of recommendations were made by the

International Commission on Radiological Protection from 1928 onwards. In many
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countries these recommendations were brought home to the user by advice, on request,

from laboratories specializing in these problems, In 1925, Sievert in Sweden, for

instance, offered the services of the Institute of Radiophysics as a laboratory to

help in protection measures and eventually, in 1941, an act was passed in Sweden

requiring the licensing and inspection of all radiation installations; much of the

responsibility for this was delegated to the Institute of Radiophysics. Many other

countries had similar radiation control programmes but on a voluntary basis.

Another type of hazard appeared after the First World War when a great deal of

radium- containing paint was used for making luminous dials.. This gave rise to

legislation to control luminizing work considered as an industrial problen

The introduction of atomic energy

During and after World War II, atomic energy installations began to function,

often under conditions of secrecy, and in some countries this led to atomic energy

commissions being given certain very specific responsibilities relating to prevention

of harm to health as a consequence of their operations. With the advent; of atomic

energy, the radiation protection situation became very much more complex. Whereas,

in the past, five or ten curies of radium had been the maximum in any one unit,

atomic reactors contained hundreds of thousands of curies of activity or more, even

though these were enclosed in heavy shielding. Also, the neutron, which previously

was an uncommon particle in a few nuclear physics laboratories, became recognized as

a hazard with an efficiency for biological damage which is usually considerably

higher than that of x- or gamma- radiation for equivalent eñergy absorption; some of

these were fission products resulting from fission of uranium or plutonium, others

were new artificial elements heavier than uranium, others were radioisotopes

produced by cyclotrons or by irradiation in atomic reactors. The International

Commission on Radiological Protectipn now recommends maximum permissible concentra-

tions for over 240 different radioisotopes.
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The sudden introduction of so many new isotopes and particles stimulated a

great deal of radiobiological research. Although radiobiology was already a

relatively flourishing subject, the majority of the work had been performed in

relation to radiotherapeutic levels of doses; now an attempt was made to discover

effects at, or not much above, maximum permissible levels. This research work had

a considerable effect in refining our knowledge of radiation hazard and in lowering

maximum permissible levels,

Since atomic energy organizations were in most countries governmental agencies,

little legislation was at first felt to be required; apart from the legislation

establishing the atomic energy organization itself. Nevertheless, as a by- product

of this activity in atomic energy, a growing number of radioisotopes were sold on

the open market. One of the first health problems felt outside atomic energy

organizations was that associated with the medical use of radioisotopes. Above a

certain level the use of these radioisotopes could be harmful, as could also be

their therapeutic use in unsuitable cases of disease, In many countries, this

problem was solved more or less successfully by making an informal agreement with

the relatively few sources of supply that radioisotopes should be supplied to

doctors only through a medical committee of experts.. In other countries, e.g.

Australia, the situation was controlled by legislation..

Radioisotopes were also becoming employed more and more in general factories

outside atomic energy organizations. Comparatively large sources were often used

for taking radiographs of metal to show welding or other faults while small sources

were used for such devices as thickness gauges or static eliminators. Investiga-

tions into these sources also highlighted the increased use of conventional x -rays

in industry and its dangers or potential dangers,. Factory legislation on radiation

protection is beginning to be introduced, particularly for enclosed sources of

radiation; also, the mcre difficult regulations are being drafted for open sources,

i.e. those which might produce a radioactive inhalation hazard. At the inter-

national level, the International Labour Office and the International Atomic Energy

Agency have both produced model codes of regulations relevant to their respective

fields.
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Transport of isotopes was and still is carried on a great deal by air; the

International Air Transport Association was a pioneer in the introduction of inter

national recommendations on this subject. As larger and larger sources are being

transported by road or rail, governments appear also to be considering legislation

on transport by this means, The International Atomic Energy Agency, with WHO

representation, has recently developed a code on the transport of radioisotopes in

general.

A new development is the operation of reactors by nationalized or private

industry; this has been felt in most countries to necessitate legislation insti-

tuting e. system of reactor i5.1ensing; such licences are granted when the responslble

authority is satisfied that t he site chosen is suitable and that operating conditions

will meet certain specific criteria of health and safety.

Control of radioactive waste has always been a source of worry for public health

authorities, involving as it does large atomic energy installations, factories,

mines, small laboratories and recently, nuclear- powered shipping.l Moreover, such

waste may affect the land, the sea, fresh waters or the air. In every situation

the various food chains leading to human consumption may cause a concentration

factor which requires to be worked out in each individual set of circumst,nces,.

Legislation is now being introduced in scme countries on this subject, which may also

include the registration of sources of production of waste. Control of waste is

dependent on facilities for radioactive measurement and some public health authori-

ties have themselves set up facilities for this purpose. Gross counting of radio-

activity from a mixture of isotoes is seldom completely adequate for this purpose,

since different radioisotopes have very different maximum permissible concentrations.

Therefore, laboratories where radioactive isotopes can be separated by radiochemistry

1 For a discussion of the particular health hazards set by nuclear- powered
merchant shipping, see the document entitled "Health hazards from nuclear -powered
merchant shipping" which has also been prepared for the Fourteenth World Health
Assembly.
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and counted individually may be necessary. Such methods are described in the

WHO/FAO Expert Committee Report on "Methods of Radiochemical Analysis" (WHO Technical

Report Series No. 173).

Nuclear weapon fall -out has stimulated some countries to undertake analyses of

foods and waters to discover their content of radioactive material and to estimate

the total intake into the body of the longer lived isotopes, strontium -90 and

caesium -137. A large number of radiochemical estimations have been necessary to

carry out this research, and estimation of one source only, e.g. water, sheds very

little light upon the whole picture. These estimates have been checked by analysing

human bones, obtained at post -mortem examinations, for strontium -90. Such estimates

have been discussed internationally at the United Nations Scientific Committee on

the Effects of Atomic Radiation at which WHO is represented, and also at FAO.

In the stress laid on scientific education, simple experiments using radio-

isotopes are often performed in schools, and some form of control may be introduced

to enable such experiments to be performed safely. Even toys occasionally have

luminous paint applied to them and may have to be controlled in some way. Another

potential hazard which may be relevant to the exposure of children is the use of

x -ray sets in shoe shops to assist in shoe fitting. The operator of these sets, in

the past at least, may also have received a considerable dose. Some countries have

forbidden the use of such sets, while others have exerted some form of control

regarding the degree of shielding and other necessary measures.

Phase of increased interest in the medical use of x -rays

Committees of inquiry into radiation hazards appear to have been somewhat

surprised to discover that by far the highest contribution to the average population

dose of radiation is through the medical use of x -rays, particularly in diagnostic

radiology. This applied particularly, of course, to those countries with well

developed medical services. The genetic risk has been perhaps particularly in the

mind of investigating committees and doses from x -rays in this connexion are usually

expressed as average dose to the gonads of a national population as a whole.
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It is interesting to trace the history of thought on the genetic risk of

radiation,-for Muller discovered this effect on insects in 1927, but it was not

until large -scale atomic energy research was able to demonstrate that the effect was

considerably greater in mammals (mice) that much attention was paid to such a risk.

It was_ also not realized at first how extensively the use of diagnostic radiation

had spread in many countries with the elaboration of health services. It was only

when these two. facts were taken in.conjunction that it was seen that there might be

an appreciable genetic hazard to the population. as a wholes It is not, however,

possible to translate this risk into terms of human hereditary disease with any

degree of accuracy until more, is learnt about human genetics. It has been WHO'S

aim to stimulate, research in this subject.

Another entirely different way of expressing the average dose of x-radiation to

a population is by'estimating thé mean dose to the red marrow (i.e. the haemopoietic

tissue). This is calculated on the assumption that x -ray doses may have signifi-

cance in the production of leukaemia (even though positive statistics have only been

obtained at much higher levels than that pertaining to the normal diagnostic use of

radiation).

Much can be done to reduce the total'dose and the gonad dose from the diagnostic

use'of x -rays; adequate filtration, proper coning procedures and the improvement of

techniques through the-use of higher kilovoltage and lower milliamperage are all

measures to be recommended in this context.

From the point of view of protection of radiographers or radiologists, there

has been a remarkable spread of the use of film badges to measure individual doses

of radiation over the last few years. It is always found that when an individual's

dose is known, then he Cr she takes pride in reducing the dose; it can therefore be

said that measurement leads to much more care in protection. A few countries have

set up committees to re- appraise the Use of radiotherapy and mass radiography in

medical care in the light of the new knowledge about radiation hazards attained in

the last few years.
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Organization of radiation protection measures and control by legislation

It may be pertinent here to consider various general features in the organization

and control of radiation hazards; such general features, as seen by one country, are

discussed in the United States National Bureau of Standards Handbook 61, entitled

"Regulation of Radiation Exposure by Legislative Means ". In several countries the

law requires the licensing or control of all sources of ionizing radiation including

medical x -ray sets; much of this legislation dates back many years as can be seen

41
from roneographed document WHO/RAD /1 dated 1955 and entitled "National Laws and

Regulations on Radiation Protection ". A further list of laws and regulations

issued in the International Digest of Health Legislation between 1955 and 1959

appears in roneographed document MHO /AD/9.59.

Various factors must be taken into account when comparing administrative methods

of legislation in different countries. A government with many federated states will

choose different methods from a country in which the government is centralized, as

will be seen in the second part of this paper. The size of the country may also be

important; for instance, one laboratory can serve the whole country in some states

whereas in others, as in France, regional laboratories become necessary. The

degree of industrialization and development of medical care must also be taken into

account.

One of the most useful radiation control methods still appears to be an advisory

laboratory where film badges may be processed and where experts may be centred, and

where, if necessary, mire advanced facilities such as radiochemical analysis and

whole body counters may be situated. Such an institution may be exemplified by thu

Radiological Protection Service in the United Kingdom, or on a more regional basis,

by the sanitary and epidemiological stations of the USSR. It must be stressed that

even film -badge services require well qualified technicians to set up the processes

and interpret the results. It is also common practice to have an advisory body of

senior radiation experts culled from all parts of the country to advise the central

health authority on problems as they arise. Many countries have established
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governmentally sponsored codes of practice for detailed radiation protection measures

in particular sets of ,circumstances; examples of these are the series of National

Bureau of Standards Handbooks of the United States. of America and the USSR Ministry

of Health publication, entitled "Measures for the protection of persons engaged in

work with radioactive substances ". Another example is the United Kingdom "Code of

Practice for the protection of persons exposed to ionizing radiation ".

As regards legislation, certain general points may be made. One of the first

difficulties in many countries is the shortage of trained personnel. It is of

little avail to enact elaborate legislation if there are inadequate'inspeotors to

enforce the law, and poorly trained inspectors can quickly bring the law into dis-

repute. WHO has always emphasized the importance of training in its programmes,

and has organized a variety of different types of radiation protection courses as

well as awarding individual fellowships. The starting point of legislation as

suggested in Handbook 61, referred to above, may be registration of radiation sources,

although the more complicated system of licensing may be applicable in some countries.

It is often convenient to have a general act on radiation protection which does not

go into detail and more specific regulations containing the technical detail. Thus,

the act can be implemented gradually as technical personnel become available. More-

over, radiation protection standards are still in a fluid stage and may be changed

as more research work is carried out. Thus, technical details in regulations under

a main act may be more easily revised to operate under new maximum permissible levels

or with new types of measuring apparatus. It is often convenient to distinguish

between minor and major sources of radiation so that legislation will not concentrate

to much on minor sources and leave major sources relatively free from interference,

through lack of attention. This leads often to a list of exemptions from the full

procedure established for major sources.

The very wide variety of solutions which have been adopted by Member States to

the problem of controlling health hazards from ionizing radiation will emerge clearly

from the second part of this document. It will-be seen that the language of

official texts on the subjects has sometimes been precatory, sometimes mandatory,
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that the implementation of the laws at times falls to a body constituted specially

for this purpose, at times to a single already existing government department, such

as the Ministry of Health, at times to several distinct authorities.

Finally, it may be added that when control of the medical uses of radiation is

undertaken or general legislation is being enacted, great care must be taken to

avoid interference with medical practice. The same principle should also be applied

to other desirable uses of radiation in order not to hamper technological progress

and the benefits to be derived from it.

II. RADIATION PROTECTION MEASURES IN THE MEMBER STATES

In July 1960, a circular letter was sent to all Member States and Associate

Members of the World Health Organization requesting information on the progress made

by these countries in developing and staffing radiation control programmes.

To date, the following replies have been received:

1. Five countries have stated that they have no radiation control programme:

Cyprus, Honduras, Kuwait, Laos and Togo.

2. Three countries have no programme at present, but are elaborating plans for the

future. Malaya has no programme owing to shortage of staff and equipment, but is

drafting a "Radioactive Substances Act"; Turkey is planning to organize a depart-

ment of radiation protection when a doctor, who has been sent to the United States

for training, returns; in the Philippines, the Division of Environmental Sanitation

has certain projects, and there is a proposal to form a radiation protection

committee.

3. The following thirty -six Member States have sent particulars of their programmes

for radiation control and protection.' Australia, Argentina, Belgium, Burma, Canada,

Central African Republic, Ceylon, Chile, China, Czechoslovakia, Denmark, Ethiopia,

Finland, France, Guatemala, Haiti, Iceland, India, Iran, Ireland, Israel, Jordan,
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Korea, Mexico, Niger, Poland, Rhodesia and Nyasaland, Spain, Sweden, Switzerland,

Thailand, Union of South.Africa, United Kingdom, United States of America, Viet Nam,

and Yugoslavia.

A summary of the information contained in these replies follows. No attempt

has been made to standardize the terminology employed: for instance, where the

original answer referred to "health physicist ", "radiation physicist ", "radiologist -

physicist", etc., those terms have been used in this document. The information

supplied has only been supplemented by reference to documents other than the answers

to the Director- General's circular letter when this was required for an understanding

of the subject matter.

4. It is regretted that the answers from three Member States, Bulgaria, Netherlands

and Romania, arrived too late for inclusion.

AUSTRALIA

Australia is a Federal State and the constitutional responsibility for the

regulatory control of radiation rests with the States. However, the Commonwealth

Government mainly through its Department of Health has co- ordinated state activities

and provided advisory services and special laboratory facilities.

Federal Advisory Services

(a) The National Radiation Advisory Committee advises the Commonwealth Government

on any matter concerning the effects of ionizing radiation on the Australian

community.

(b) The National Health and Medical Research Council advises the Federal Minister

of Health on public health matters; it has appointed four committees.

(i) The Committee on Industrial Hygiene prepared a Model Radioactive Substances

Act and. Regulations which the State Governments were requested to implement on

a uniform basis. Steps to implement it have been taken by all States. This

Model Act and Regulations calls for the licensing of the users of radioactive
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substances and of irradiating apparatus in medicine, research and industry; it

lays down radiological standards and _practices including those for the transport

of radioactive substance7.

(ii) The Medical Radiation Committee was established by the Council to make

recommendations regarding the radiation exposure of patients undergoing radio-

logical investigations. The Committee prepared a document summarizing the

means by which exposure may be minimized which was circulated to all members of

the medical and dental profession in Australia.

(iii) The Radiotherapy Advisory Committee deals with standards of radiation dose,

protection of patients during radiotherapy, codes of practice for nurses likely

to be exposed during radiotherapy, etc.

(iv) The Radioisotopes Committee has the responsibility of approving all appli-

cations of radioisotopes for diagnostic and therapeutic purposes. It functions

' through small therapeutic Trials Committees in the several States. These

Committees carry cut on- the -spot inquiries of particular requests and make

recommendations to the Radioisotopes Committee.

Federal Control of the import of radioisotopes

The import of all radioactive elements is subject to a clearance by the Common-

wealth Director -General of Health.. Permission is given after investigation of the

l0 particular application and facilities for safe handling, storing, etc., in the same

way as the use of radioisotopes for diagnostic or therapeutic purposes is investi-

gated by the Radioisotopes Committee.

State Control

The Public Health Authorities in the several States administer the Acts and

Regulations which have been drafted following the recommendations of the Federal

Advisory Services. Under these State Acts, Radiological Advisory Councils are set

up to consider applications for licences to use radioactive substances and irradiating

apparatus. The States have established their own inspection services to assist in

the administration of the Acts.
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The transport of radioactive substances comes within the legislative control of

these Acts, but also within the regulatory control of the Department of Civil

Aviation, of Shipping and Transport and of the Postmaster -General. Moreover, in

some States, the Departments of Railways have their own regulations.

In its report of July 1959 to the Prime Minister, the National Radiation

Advisory Committee recommendeî; that the Commonwealth Government should take steps to

accept full responsibility at the earliest possible date for the legislative control

of all uses of ionizing radiation throughout Australia. The need for uniformity of

practice throughout the Commonwealth was stressed_

Facilities and services

1. The Commonwealth x -ray and Radium Laboratory, established in 1929, provides

advisory services on questions of radiological protection and is available to carry

out design of radiation protection facilities and to perform monitoring surveys.

It provides a film -badge service available to all radiation workers at no charge.

2. Similar facilities are provided by State services in some States.

3. Other services operated by Commonwealth or State institutions include:

:) environmental surveys of fall -out levels including extensive sampling of

food and biological materials;

(ii) low -level radiochemical facilities to measure samples for radioactivity

and to set up equipment for use under emergency conditions;

(iii) supervision of the health of persons engaged in the mining of radioactive

ores;

(iv) whole -body monitoring equipment and facilities.

Training

There is a shortage in Australia of experienced radiological health physicists.

The gap is being bridged by practical training in established laboratories.
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The National Health and Medical Research Council has requested the various

medical and dental schools to place greater emphasis in their undergraduate and post-

graduate courses on basic principles of radiation protection. Courses for

radiologists, radiographers and nurses already include radiation protection in the

syllabus.

The Commonwealth x -ray and Radium Laboratory has also begun to conduct such

courses for industrial medical officers and future courses are planned for medical

graduates and for scientific officers in industry and research. In several of the

universities, short post - graduate courses on radioisotopes are available and

invariably include a discussion of radiation protection problems.

ARGENTINA

By decree of 24 January 1958, responsibility for inspection of methods of

radiation protection is vested in the National Commission for Atomic Energy, through

its Division of Health Physics. A new law is in preparation.

The NCAE issues the authorization required for the import, use or distribution

of radioisotopes. The conditions in which they are to be used are checked prior to

the granting of the authorization. So far, this has not been a very large task

since little use is made in Argentina of radioisotopes.

It has been more difficult for the NCAE to check medical and dental radiology

equipment. Shortage of staff has limited this service to those establishments

which request it specifically. Even so, the recommendations made by the investi-

gating team, which consists of students in their latter years of medical or

engineering school, directed by a qualified person, are not mandatory since the law

is not clear on this point.

Other services

1. The NCAE provides a film -badge service, free to those centres which are

affiliated.
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2. The radioactive content of air and rainwater and the strontium content in food

and human and animal bones are measured regularly. The results are communicated to

the United Nations Scientific Committee on the Effects of Atomic Radiation.

3. In NCAE establishments for nuclear research, there is constant monitoring,

checking of air pollution and a regular medical check -up of personnel.

Training

. The Ministry of Health, in conjunction with the NCAE, is planning courses to

train personnel in radiation protection and advanced courses in dosimetry for vers

in radiotherapy. It has, moreover, required the inclusion of health physics in the

course for medical officers of health.

BELGIUM

Legislation

Further to the law of 29 March 1958 on the protection of the population from

hazards due to ionizing radiation, new regulations employing standards elaborated by

Euratom will soon be issued.,

Research

Public health laboratories in Belgium are actively studying the effects of

ionizing radiation on the health of the population, and one team in particular is

working on gonad doses received by patients from medical radiology equipment.

BURMA

Diagnostic radiology

No control programme has yet been instituted, but it is planned to conform to

the protection measures recommended by the International Commission on Radiological

Protection.
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At present no monitoring is done because of the lack of necessary equipment;

there are no regulations regarding the use of x-ray sets by unqualified personnel

nor specifying the working hours and holidays for radiation workers No training

on radiation protection is given to the personnel operating x-ray sets. Compulsory

blood checks are only done at one hospital.

Therapeutic radio'_ogq

In the radiotherapy department of the Rangoon General Hospital, the sets are

housed in rooms which conform to the manufacturers's specifications; the rooms have

been Chocked by the department's physicist and by the UM consultant and found

adequate. The usual protection measures for radium are adopted and proper handling

is taught to the staff. Classes on the physical and protective aspect of ionizing

radiation are given periodically to the entire staff. Because the number of pocket

dosimeters is insufficient only the most exposed members of the staff are issued

with them. All the staff have periodic blood counts and clinical examinations,.

WADA

At present, the use of radioisotopes is controlled federally through the Atomic

Energy Control Board, which is advised by the Radiation Protection Division of the

Department of National Health and Welfare., A technical review is made of all

applications for a radioisotope licence; the competence of the user is ir.ve: t-i gate':.,

the isotope and quantity applied for, the use to which it is to be put, the facilities

available for safe handling, the proposals for radiation monitoring and the method of

waste disposal. In additions when radioisotopes are used clinically, the application

is further reviewed by the Department's Advisory CoTrrtttee on the Clinical Use of

Radioisotopes. Subsequent to licensing, a system.: of regular inspection of facilities

is set up.

Provincial draft regulations governing the safe use 9f all sources of ionizing

radiation are being prepared in four of the ten provinces. These will supplement

the Atomic Energy Control Regulations in so far as radioisotopes are concerned but

may also cover the use of x -ray apparatus. Members of the Provincial Departments of
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Health also conduct field surveys and inspections of facilities of licensed users.

Copies of reports are exchanged with the Radiation Protection Division to prevent

unnecessary duplication. Copies cf film monitoring reports issued by the Radiation

Protection Division are sent to all provincial departments of health.

Other services

1. The Radiation Protection Division make available a film monitoring service to

everyone working with x -rays or gamma -ray sources.

2. Levels of radioactive fall -out in various components of the food chain and their .

relation to the incorporation of certain fission products in man are determined.

Samples of rainfall soil, air, food and human bcnes are analysed on a systematic

basis from all parts of Canada.

Canada has indicated, at the General Assembly of the United Nations, its

willingness to analyse such samples from twenty to twenty -five foreign stations

should a study of the effects on min of atomic radiation be promoted internationally.

3. A whole-body gamma -ray monitoring facility is currently under construction and

will be available for the measurement of the caesium -137 level in humans.

Research

Studies are being carried out in conjunction with other governmental bodies, the

National Research Council and the universities. Typical problems under study are:

(a) patient dose from medical x- rays;

(b) incidence of leukaemia amongst offspring of women irradiated during

pregnancy;

(c) analysis by age, sex and occupation of radiation exposure -data obtained

from film monitoring service;

(d) analysis of e :c.perimental data concerning x -ray beam uniformity and suita-

bility of different types of films for monitoring purposes;
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(e) analysis of counter data from radioactive fall -out studies with a view to

establishing quality control charts;

(f) surveys of radioactivity in mines;

(g) fundamental research on the uptake and distribution of radioactive

substances in man;

(X) a special study of the gonad dose from mobile chest x -ray units has been

conducted and recommendations made to lower the dose without interfering with

the diagnostic quality c. the film.

CENTRAL AFRICAN REPUBLIC

Diagnostic radiology

There are twelve x-ray sets used for diagnostic purposes in the Central African

Republic; three of them are at the Bangui Hospital which alone has a specialized

team of operators; this team only works one month in three with the equipment.

Exposure to radiation is checlred monthly by the film monitoring service, and the

staff are given bi-annual clinical examinations.

All diagnostic x -ray sets in the Central African Republic are provided with

lead shielding.

CEYLON

The Government has under consideration measures for the development of atomic

energy for peaceful purposes. The Central Authority which it is proposed to set up

will be responsible for measures of protection and control of radiation from all

sources Meanwhile, a Radiation Protection Service for hospital personnel is to be

started in 1961 by a radiation physicist from IAEA in collaboration with a health

physicist from Ceylon who has trained in the United Kingdom.
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Diagnostic radiology

Certain protective measures have been taken in the x -ray departments of X11

hospitals. Improvements to the existing buildings have been suggested and plans

for new installations will have to be approved by the health physicist and radiologist.

Therapeutic radiology

Personnel working with radium or radioisotopes are only allowed to work with

them one month in six. There is weekly monitoring of such personnel by pocket

dosimeters and health record files are kept for each of them.

CHILE

The National Health Service has been concerned for a number of years with the

organization of a control service for the protection of persons exposed to ionizing

radiations. It has recently received from the IAEA a fellowship for a radiologist -

physicist and equipment for a laboratory. Two further fellowships have been

requested.

CHINA

The National Radiation Protection Service of the Chinese Atomic Energy Council

was established in September 1960; it is at present planning a survey of the users

of radioisotopes and of all forms of radiation producing apparatus and preparing

regulations governing the use of all forms of radiation producing substances and

apparatus. Its future plans include the provision of a film -badge service, the

sponsoring of lectures and courses on the use and handling of radioisotopes, the

standardization of instrumentation, giving consultation on all problems of protec-

tion waste disposal, etc., seeing that the regulations governing the use of sources

of radiation are implemented. These regulations will cover medical and industrial

installations and will require the registration of the users; maximum permissible

dose -levels and concentrations will be defined.
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Other facilities and services

The activities of the health physics group of the Institute of Nuclear Science,

National Tsing -Hua University include:

(a) a film -badge service for the personnel of the Institute exposed to

radiation, and pocket dosimeters for those liable to greater exposure;

(b) regular fall -out measurements on samples of rainwater, air and dust;

(c) an environment survey, prior to the operation of, the nuclear reactor;

samples of soil, fluid and vegetable matter are regularly analyses within and

around the Institute;

(d) the elaboration of regulations on radiation protection and isotope

handling;

(e) constant survey of all laboratories and areas associated with radiation

hazards.

It is hoped to expand these activities in the future and to establish a healtn

physics research programme.

Training

The Institute offered, in July 1960, a first short training course on health

physics to industrial and other users of isotopes. There were twenty -nine partici-

pants from fifteen different organizations.

A group of more than 100 participants were also given lectures on the technique

of using radioisotopes, in August 1960, in a programme sponsored by the Chinese

Atomic Energy Council. The IAEA mobile laboratory unit was used for that programme.

It is hoped to expand the training programme in co- operation with other insti-

tutions and industries.
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CZECHOSLOVAKIA

In 1952, the Sanitary Epidemiological Service was created; it has the responsi-

bility, inter alia, for the technical measures necessary to protect employees and the

general public from the effects of ionizing radiation. The granting of a licence

for the use of radioactive substances depends upon the approval of the Sanitary

Epidemiological Service which ascertains that the establishment making the demand is

adequately equipped and staffed.

The Service is also responsible for suggesting solutions to problems of work

hygiene and safety. The responsibility for protection measures within an establish-

ment rests with the head of the establishment through specialized technicians; the

implementation of the protection measures is a matter of concern also to the

appropriate trade -union and to the local health centre.

The legislation in force covers maximum permissible doses and concentrations;

the use of open and sealed sources of radiation in industry; the use of radiation

sources in medicine and biological research; the operation of nuclear reactors and

of accelerators; establishments where radiochemical work is done; the transport of

radioactive materials; the disposal of radioactive waste. The Ministry of Health

has also issued a guide on hygienic conditions in work with fluorescent radioactive

colours.

Periodic health examinations of workers exposed to radiation are provided for

by law and carried out by the factories' health services with the assistance of the

regional health institutes. A centre is being established for the treatment of

accidents due to ionizing radiation.

Research

Research in radiation hygiene and in basic questions in radiobiology is carried

out at a number of institutes and is planned partly by the Academy of Sciences, and

partly by the Scientific Council of the Minister of Health and the Ministry of

Education. A special Institute has been created for the prevention of occupational

diseases arising out of the extraction and processing of radioactive minerals.



A IMF /P &B /k

page 21

Training

The instruction of medical personnel in radiation protection is given in the

curricula of the Faculties of Medicine and in a number of specialized short -term

courses. Post - graduate training is available in a number of training posts at the

Institute of Occupational Hygiene.

DENMARK

As a rule, to which there are certain exceptions, radioactive substances of any

type cannot be manufactured, imported or owned without the permission of the National

Health Service. The conse!t of the National Health Service is also necessary for

the installation and use of x -ray apparatus, of which the functioning is also super-

vised by the National Health Service.

Detailed regulations are laid down regarding protection against radiation, blood

examinations, working hours and holidays of personnel exposed to radiation from x -ray

apparatus.

It is decreed in an Order of the Ministry of the Interior that safety precautions

during the use of radioactive substances should conform with the recommendations of

the International Commission on Radiological Protection. The Order also contains

detailed provisions concerning the import, storage and keeping, production, prepara-

10 tion and use, packing, shielding, labelling, shipping and receiving of such substances.

Provisions for disposal of radioactive contaminated packing, waste products, etc., are

not described in this Order since they are stipulated by the National Health Service

in every single case. The Order also provides for continued inspection of establish-

ments in which radioactive substances are used.

A special security plan exists for the Danish reactor research plant; moreover,

a Bill is envisaged regarding specific security precautions for nuclear plants in

general.
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ETHIOPIA

The sources of ionizing radiation are limited to apparatus for medical radiology

of a predominantly diagnostic nature (130 x -ray sets). The 60 milligrams of radium

stored are at present in transport léaden containers, but a special'container is to

be installed in the near future.

Radiation protection rules for personnel working in radiation installations

have been drafted and are under consideration.

FINLAND.

Authority

The Advisory Board on Radiation Protection was constituted by the 1957 Law and

Decree on Radiation Protection. Its duties are principally the preliminary examina -

tion of matters relating to the prevention of the harmful effects of radiation and

the giving of advice on the granting of licences without which the production,

utilization, transport, exportation and importation, and possession of radioactive

substances and trade in radioactive substances and the use of apparatus and installa-

tions producing radiations are forbidden.

The Ministry of the Interior grants licences for medical installations and the

Ministry of Trade and Industry licences for other uses.

Facilities

The Institute of Radiation Physics has three departments with the following

duties:

1. Radioactivity control: samples of Air, soil and waters are sent to it for

analysis from a network of observation stations covering the whole country.

2. Control of radiation producing equipment in medicine and industry.

7 Health examinations of personnel exposed to radiation in their work.
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FRANCE

The principal responsible authority in France for measures of radiation

protection and control is the Ministry of Health, through its Central Office for

'Protection against Ionizing Radiation (SCPRI) and through its Regional Directors of

Public Health. In case of emergency. the Ministry of the Interior would intervene

along with the SCPRI.

Services

1. The SCPRI consists of seven moups, totalling 50 persons:

(a) Physical dosimetry: control of diagnostic and therapeutic radiology

apparatus and of similar industrial installations.

(b) Open sources: control of medical and industrial radioisotopes, decontami-

nation, luminous paints, radioactive waste disposal.

(c) Low intensity measurements: measurements of rainwater, drinking water,

streams, sea water; of the food chain, milk, grass and animal bones; of air.

_samples_ara collected at eight land stations and 25 maritime stations.

(d) Control of human radioactivity whele.-bod:1-JaJmwatAr measurements, radio -

toxinology; blood and urine tests:

--(e) Laboratory lorry; envirorîental radioactivity; intervention in case of

. nuclear accident.

(f) Information? reference files of documentation on radiation protection;

information on protection given to users cf radioactive sources.

(g) Action team four equipped vehicles permitting a rapid intervention in

case of emergency,

Regional Directors of Public Health and the Sanitary Inspectors are responsible

for checking the following points and for asking if necessary the help of the SCPRI.

(a) Supervision of all x -ray and radioactive substances used in medical

establishments; health examinations of personnel.
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(b) Supervision of air and water pollution, and disposal of radioactive waste.

(c) Organization of joint action between local civilian protection authorities

and the SCPRI in case of emergency.

3. The Atomic Energy Commission is responsible for protection and control measures

in its own establishments. Its own groups, in conjunction with certain national

agencies, check the health of the personnel, the conditions on the sites and atmos-

pheric pollution.

4. Other Ministries: The responsibility for inspection of more specific points,

such as conditions in factories, falls to several departments in the Ministries of

Agriculture, of Labour, of Industry, of the Interior. Moreover, the Ministry of the

Interior collects fall -out measurements made in regional stations or in the depart-

ments of other Ministries.

Research

Fundamental research is undertaken by SCPRI in conjunction with the Atomic

Energy Commission.

GUATEMALA

The shortage of qualified personnel has so far precluded the establishment of a

formal programme of radiation protection and control. The National Commission for

Atomic Energy is at present drawing up tentative regulations, and the IAEA Preliminary

Assistance Mission which visited Guatemala in November 1960 has recommended assistance

to a radiation protection programme.

HAITI

There is as yet no industrial use of radioactive substances or of radiation -

producing equipment. The Government adopts the usual protective measures for

doctors and laboratory technicians.
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ICELAND

An act on radiation control is now in preparation and will, among other subjects,

deal with the safety measures to be adopted in handling and using radioactive

substances.

INDIA

The Department of Atomic Energy is at present considering draft legislation

which covers all phases of the use of radioactive sources (including x -ray machines

and open and sealed radioactive sources).

IRAN

The Physics Laboratory of the Teheran School of Medicine uses certain protective

devices; this is also the case for the laboratory of atomic physics which possesses

instruments for the measurement of radiation.

Research is precluded by the shortage of equipment and, in particular, of

technically qualified staff.

IRELAND

Diagnostic and therapeutic radiology

A film -badge service is available and periodic surveys of apparatus are made.

Fall -out measurements

For the last six months, representative samples of milk have been sent to

England for analysis. In different localities, there is weekly or monthly sampling

of tap- water, rainwater, settled dust and air.
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ISRAEL

Only recently has the Ministry of Health been enabled to act effectively on a

statutory basis as far as the regulation of the use and disposal of radioactive

isotopes is concerned.

A draft for a Radiation Protection Law has been drawn up which makes provision

for a Radiation Control Authority to be set up with extensive regulatory powers.

The present activities of the Ministry of Health are based on the voluntary

co- operation of the different bodies involved in the use of radioactive materials.

Services and facilities

The Health Physics Unit of the Israel Atomic Energy Commission provides:

1. a film -badge service for almost all institutions in the country;

2. the main consultant service in this field.

Research

A few research projects are under way; they include studies of the population

exposure to radiation from diagnostic and therapeutic sources, and a survey :of radio-

isotopes in milk.

Training

At the Weizmann Institute of Science, six staff members of the Ministry (three

sanitary engineers, one food sanitation technologist, one milk sanitarian and one

medical officer) have taken radiation courses. Furthermore, two sanitary engineers

and two physicians participated in courses at Harwell and Saclay, and one sanitary

engineer is engaged in full academic training in the United States.

JORDAN

There are no laboratories equipped to deal with hazards from ionizing radiation.

Measures on a small scale are taken to protect personnel working in x-ray departments.
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KOREA

Both the Ministry of Health and Social Affairs and the Office of Atomic Energy

may take legislative measures on radiation control and protection in Korea. The

Office of Atomic Energy is drafting a regulation on protection from radioactive

substances, and the Ministry of Health and Social Affairs is studying a regulation

on the medical use of x -rays. At present, the law stipulates that x -ray units

should be equipped with adequate facilities to avoid any possible danger resulting

from the use of these units.

A small quantity of radioisotopes are kept for research purposes and a nuclear

reactor is being built.

Of the 149 medical x -ray departments operated under the Ministry of Health and

Social Affairs, 115 have no radiation protection facilities, 23 have imperfect pro -

tection facilities, and ll are entirely satisfactory.

It has not been possible to find a person qualified to take charge of a

radiation protection service.

Services

Fall -out measurements in water, snow and measurements of background radiation

are carried out by the National Chemistry Laboratories and by the Ministry of

National Defence.

Research

Research is carried out by the National Institute for Public Health, the Office

of Atomic Energy and the Ministry of National Defence. The Ministry of Commerce

and Industry is making a geological survey of Korea which includes the detection of

radioactive minerals in the soil.

Training

Training in radiation protection measures is being given at the National

Institute for Public Health Training to an x -ray technician and to a public health

officer.
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MEXICO

Two bodies are active in promoting a radiation protection and control programme:

the Occupational Health Division of the Secretariat for Health and Welfare, and the

- National Commission for Nuclear - Energy.' Close liaison.has been established through

periodib meetings.

ooeupational Health Division of the Secretariat for Health and Welfare

1. It has, been collecting and disseminating information on the problem of ionizing

.radiations.

2. It is engaged in a survey, by means of questionnaires, of private and govern-

mental installations for medical radiology. It is desired to get some idea of the

number of installations and of the type of personnel using them, of the extent to

which the installations are used, of their condition, etc. The results of the

survey will help in the formulation of standards and regulations. A survey is

simultaneously being made by the Division of Radiation -producing Installations in the

Secretariat's medical establishments; this will be extended to cover social security

and national railway installations.

National Commission for Nuclear Energy

Its radiation protection programme consists in:

1. keeping a register of all importers, users and distributors of radioactive

substances, and a register of the technicians responsible;

2. disseminating information, including organizing specialized courses in universi-

ties;

3. providing a consultant service;

4. providing laboratory services, which it is hoped to extend by building

provincial laboratories. These services include blood and urine analyses, and a

film -badge service which is available free to government establishments or by con-

tract to private firms employing radioactive sources. Individual records are kept

and personnel liable to greater exposure are given dosimeters (visual and accoustic).
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Research is being carried out on patients receiving radiotherapy: haemato-

logical changes are studied in relation to length, intensity and area of exposure.

Levels of radioactivity are measured in premises where radioactive substances

are used, and routine measurements of radioactive fall -out are made from samples of

water, milk and human bones. The radioactivity is measured in the neighbourhood of

the research plant of the National Commission for Nuclear Energy. Fall -out measure-

ments in samples of rainfall from twelve sub -stations are collected.

Two other laboratories are engaged in measuring the radiation produced by

diagnostic and therapeutic x -ray equipment, etc., and in radiological research, in

particular the study of maximum permissible doses.

5. It is planned to establish a 2$- hour -a -day emergency service for accidents due

to ionizing radiation.

Training

Degree courses are available in therapeutic radiology andin radiation medicine;

a similar course in radiation physics is planned for next year.

NIGER

Personnel exposed to ionizing radiation are provided with dosimeters and given

medical examinations.

POLAND

By decrees of 1954 and 1957, radiation protection measures are the responsi-

bility of the Ministry of Health, which has a network of laboratories in sanitary

epidemiological stations, and of the General Commissioner for Atomic Energy, who

disposes of the central laboratory for radiation protection.

The regional laboratories are responsible for approving plans for new labora-

tories or establishments usin radioactive sources, keeping a register of laboratories

using isotopes, checking work conditions in laboratories, medical research and

industrial establishments, taking fall -out measurements and providing a film -badge

service.

A large amount of assistance in these tasks is given by the central laboratory.
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Research

The Institute of Occupational Medicine at Lodz has a department of radiological

protection and is particularly concerned with the radiation exposure of persons

working with unsealed sources. The Institute also acts as consultant to the

Ministry of Health.

Training

Post- graduate courses in radiation protection are organized by the Institute.

The main difficulties which arise in carrying out radiation protection measures

are due to the scarcity of good standardized measuring apparatus, and of satisfac-

torily trained physicists and public health workers.

RHODESIA AND NYASALAND

The central control of radiation protection is provisionally in the hands of the

Ministry of Power. Regulations will, in due course, be adopted more or less along

the lines of those obtaining in the Union of South Africa, with which the Federation

of Rhodesia and Nyasaland shares a common transport system.

The medical use of radiation is almost entirely confined to hospitals and to the

premises of a few diagnostic radiologists. The staff exposed has been brought under

cover of a film -badge service run so far without fee by the Ministry of Health.

SPAIN

Spanish public health work on radiation protection began in 1954 and 1955 when

two courses were held on the subject at the National School of Health. A nucleus of

expert staff were trained at the courses held by the WHO European Office on protection

against ionizing radiation.

By Government orders of 1959 and 1960, specific regulations, based on the

recommendations of the International Commission on Radiological Protection, were

formulated governing maximum permissible doses for radiation workers, the kind of



A1k /P&B /4

page 31

person who could be employed for this work, maximum permissible concentrations of

radioactive isotopes in drinking water and air, provisions for monitoring of.:

controlled areas, regular medical examination of staff, etc.

By the same orders, a Committee on Protection against Ionizing Radiation was

established in which representatives of the Ministry of Industry, the Nuclear Power

Board, the Institute of Occupational Medicine and Work Hygiene, the National School

of Health, the General Health Directorate and the Society of Spanish Radiologists

are included. The chairman of the Committee is the Director-General of Health and

its secretary is a doctor belonging to the National Health Services.

In the General Health Directorate, a Section for Protection against Ionizing

Radiation has been created to start up the work of the Service. A plan has been

drawn up for a Centre of Radiological Protection and Training, and a census of users

of x -ray apparatus and radioisotopes is being initiated. The Section has produced

a manual of radiological protection for the benefit_of all users of radioactive

sources; this manual is now in the press.

SWEDEN

The Radiation Protection Act of 1958 is intended to provide protection to any

individual who might be exposed to radioactivity. The responsible authority is the

Radiation Protection Committee of the National Board of Health. The permission of

the Committee is required for all kinds of work in which radioactive sources are

used, and for the possession or import, etc., of any such sources, including x -ray

apparatus.

The Committee is instructed by the Act to be the central co- ordinating agency

for the different radiation protection matters. It is to devote constant attention

to hazards from ionizing radiation, and, when necessary, initiate courses in radiation

protection techniques for different categories of personnel. It administrates the

departments of the Institute of Radiophysics in Stockholm which do not come under the

administration of the Karolinska Institute. The Committee consists of the Director
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of the Institute of Radiophysics and six members appointed by the Government; they

include a physician and a radiobiologist, an expert on labour protection and a

nuclear physicist or a nuclear chemist.

Institute of Radiophysics

The Institute of Radiophysics is a teaching and research institution in the

fields of radiophysics and radiobiology. It also gives physical treatment. It

supervises the application of the law on radiation protection and inspects all

centres working with ionizing radiation or where radioactive substances are stored.

It is responsible for the medical control of all workers exposed to radiation

hazards. It measures the radioactive fall -out through 38 stations all over Sweden.

SWITZERLAND

The federal law on the peaceful uses of atomic energy and on radiation protec-

tion came into force in July 1960. A technical commission is at present drafting

the specific regulations which will probably be ready in the second half of 1961.

Until this administrative order comes into force, a code of practice, established in

1955 by the Federal Department of Public Health, may be adopted by the establish-

ments concerned. Thus, the university institutes of radiology and certain firms

have already taken certain protective measures, and their personnel are regularly

examined medically and carry either film- badges or dosimeters.

The co- ordinating centre for all protection measures against ionizing radiation

will be the Radiation Protection Section, created -in 1958 -,--of

of Public Health.

e . 11-.

Imports and exports of radioactive substances are subject to a customs check

and are reported to the Federal Department of Public Health.

Other services

1. The Federal Institute for Reactor Research has its own Health Physics Section,

with a staff of twenty -five.
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2. The Federal Bureau of Occupational Health and the National Insurance Scheme

supervise industrial measures of protection, but only have one health physicist on

their staff.

3. Fall -out measurements in air, water and rainfall samples are done routinely by

a staff of four, under a committee responsible to the Federal Department of Public

Health,

THAILAND

Following the report of the WHO consultant on protection against ionizing

radiations, a number of protective measures have been introduced in the Department

of Radiology of the Dhonburi School of Medicine. Rooms and x -ray tubes are checked

for leakage periodically. There are two sets of nurses who take turns at working

in the radium theatre... A short course on radiology is given to nurses and medical

technicians but no true course for x -ray technicians is available..

UNION OF SOUTH AFRICA

Atomic Energy Board

The Atomic Energy Board exercises control, inter alfa, over the possession, use

and disposal of any radioactive. substance. This excludes control of radiation

originating from x -ray equipment, particle accelerators, etc. The Board's inspect -

ing physicist carries out periodic inspections of all institutions where radioactive

isotopes are used; moreover, permission to use these isotopes must be obtained from

the Board who is the sole importer.

Regulations governing the acquisition, holding, transport and use of radioactive

isotopes for both medical and non -medical application have been drawn up and will

soon be promulgated.
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National Physical Research Laboratory

The National Physical Research Laboratory of the South African Council for

Scientific and Industrial Research began in 1948 a film -badge service for its own

personnel which has since expanded considerably to cover medical personnel and other

users. Since 1958, the routine work has been performed by the South African Bureau

of Standards.

The National Physical Research Laboratory advises on safe handling and installa-

tion of all forms of radiation sources. It is available for surveying existing

facilities.

Fall -out sampling began in 1956 and has been extended to seven sampling stations;

the uptake of strontium -90 through the food chain has been investigated and intensive

monitoring of background radioactivity has recently started.

Commission of Inquiry into ionizing radiation

A Commission of Inquiry has been appointed by the South African Government to

investigate and report upon the danger to the health of persons exposed to x -rays or

any other ionizing radiation not yet controlled by legislation. It is to make

recommendations upon the necessity for statutory control of x -ray installations and

upon the need for training or research in this particular field.

Training

Training courses on the use of radioisotopes are held at intervals by various

institutions, including the Council for Scientific and Industrial Research and certain

major hospitals.

UNITED KINGDOM

Protection against the effects of ionizing radiations is achieved in the United

Kingdom by a system of legislation, regulations having the force of law, and a series

of administrative Codes of Practice. Each Government department is responsible for

control measures in its own sphere, but arrangements exist to ensure that all the

various fields in which ionizing radiations are used are kept under constant review,
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and that appropriate action is initiated at an early stage when fresh measures are

necessary. These arrangements, which take the form of an Interdepartmental

Committee of administrative officials and a Radioactive Substances Advisory Committee

of medical men, scientists, other experts and representatives of the United Kingdom

Atomic Energy Authority, industry and the trade unions, also ensure that uniform

standards and methods are applied as far as possible.

United Kingdom Atomic Energy Authority

The United Kingdom Atomic Energy Authority has both statutory and common law

responsibilities for health and safety; it is obliged to ensure that no one is

. injured as the result of its negligence and must provide safe methods and places of

work. Each major establishment has its own health and safety organization. These

organizations advise each establishment head on the health and safety aspects of the

work of the establishment, co- operate with others in the formulation of authority

policy, provide the necessary services and carry out research in the health and

safety field.

The Authority Committee on Health and Safety, assisted by three sub -committees,

is responsible for policy on, and general supervision of all, matters of health and

safety within the Authority's establishments and the protection of the public against

hazards arising from the Authority's activities; it also gives general guidance to

governmental and industrial organizations on safety matters.

The Authority Health and Safety Branch has three main functions; to advise the

Authority on policy and to disseminate this policy for application in the several

establishments, to inspect according to this policy reactors and plants, including

laboratories, to provide the focal point from which the Authority's external

relations in the health and safety field will be conducted. The Branch has close

relations with the health and safety staffs in the establishments and there is a

constant two -way traffic of inquiry, advice and information.
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The Branch comprises two divisions; the Safeguards Division is concerned

primarily with the evaluation of the safety of nuclear reactors and chemical and

process plants, and the study of related problems. In this field, the Division

carries out work also for other Ministries. The Radiological Protection Division

is concerned with radiological and other hazards affecting Authority employees and

neighbouring populations. It collects relevant scientific data, maintains tech-

nical liaison with research organizations, co- ordinates and reviews information on

the control of radiological hazards and prepares relevant health and safety codes.

Agricultural Research Council

The Agricultural Research Council is responsible for monitoring radioactivity

from world -wide fall -out in biological materials generally (milk, vegetables,

cereals, meat, eggs, cheese, soil, herbage, animal dung, etc.), with the exception

of human tissue which is dealt with by the Medical Research Council. The data are

available to the Medical and Agricultural Research Councils which are responsible

for advising the Government on their significance.

Ministry of Agriculture, Fisheries and Food

The Ministry is principally concerned in preventing contamination of food.

Jointly with the local Government authorities, it issued the authorizations required

to discharge radioactive wastes into rivers or into the sea, and it prescribes

levels of discharge. Scientific officers of the Ministry make regular visits to

nuclear installations and inspect records of discharge and results of analyses

which the operators of these installations are required by the terms of the authori-

zations to carry out, The Ministry's Central Veterinary Laboratory and its

Fisheries Radiobiological Laboratory also carry out analyses and measurements to

provide a constant check.

Emergency schemes have been prepared to protect the public and the agricultural

and fisheries industries from the results of any accident at a nuclear installation.
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Ministry of Health

In 1957, a comprehensive manual on the protection of staff engaged' in radio-

logical work was made available to all medical establishments, The standards used

are those recommended by the International Commission. en Radiological Protection.

The manual is being revised and will be extended to provide for the protection of

patients as well as staff.

A Radiological Protection Service has been set up jointly by the Ministry of

Health and the Medical Research Council; it is equipped to carry out all the

necessary tests of personnel and equipment. In certain circumstances it may send

experts to survey radiological departments. It also provides advisóry and monitoring

services to other Government departments and to industry.

A Committee has been created to review present practices in diagnostic and

therapeutic radiology; its final report will appear shortly.

Ministry of Housing and Local Government

Until now, control over the discharge of radioactive wastes has been exercised

by lócal Government authorities and by the Ministry of Agriculture, Fisheries and

Food. When the Radioactive Substances Act, 1960, comes into force, users of radio-

active substances will be required to register with the Secretary of State for

Scotland or the Minister of Housing and Local Government, and to obtain an authori-

zation before disposing of any radioactive waste. The Ministry of Agriculture,

Fisheries and Food will continue to be associated with this control.

Ministry of Labour

The Factories (Luminizing) Special Regulations, 194-7, govern the use of radio-

active luminizing compounds. Two further sets of regulations are in preparation

and concern the use of sealed and unsealed sources of ionizing radiation. A panel

of experts is at present considering the health and safety of persons working in

research establishments which, in general, are not covered by the Factories Acts.
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Ministry of Power

By law, no person may construct or operate a nuclear reactor without a licence

to which the Minister may attach any conditions he considers desirable; by regu-

lations, this control may be extended to other installations liable to create a

substantial radiological hazard.

A nuclear inspectorate is being staffed and is at present at about half the

presently approved strength; it is expected that the complement will be filled by

the end of 1961.

Ministries of Transport and Aviation

A code of practice dealing with the carriage of radioactive substances in ships

lays down acceptable levels of radiation at the surface of the package, etc. A

similar code of practice is in preparation for the safe handling of radioactive

materials in ports, docks and harbours. Regulations, which will conform with the

recommendations of the International Atomic Energy Agency, are being prepared for

the transport by rail and road of radioactive materials. The carriage of radio -

active substances by air over the United Kingdom must conform to the provisions of

the International Air Transport Association.

Training

A wide variety of courses of training in radiation safety are available in the

United Kingdom, ranging from post - graduate research degrees to short courses for

those requiring only a background knowledge of the subject. 1958, the United

Kingdom Atomic Energy Authority appointed a committee to inquire into training in

radiological health and safety; a number of the committee's recommendations have

been implemented or are in process of implementation.
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UNITED STATES

The United States Public Health Service

Under the constitution, the ultimate responsibility in the United States for

most aspects of health protection - including radiological health is vested in

the States. The major roles of the United States Public Health Service are to

conduct investigations axed; to'assist thé States. It co- operates in radiological

health matters with other federal agencies,: especially the Atomic Energy Commission

and the Department of Defense; with universities and voluntary organizations; and

with international organizations.

The Public Health Service Aét gives broad authority to the Surgeon -General to

conduct research in all fields of health; he may detail officers to States, school,

research and other institutions to prosecute programmes in the field. This has

been the principal operational mechanism to initiate new prorainmes with broad State

implications,. The National Advisory Committee on Radiation was formed in 1958 to

provide guidance to the Surgeon -General in matters pertaining to the control of

radiation hazards.

Two special laws, provided as supplements to the Public Health Service Act,

permit special activities in the radiological health field. One is the Federal

11
Assistance

Pollution Control Act, the other the Air Pollution Research and Technical

Assistance Act; under the former, the National Water Quality Network was established

in 1957 in co- operation with State and local health agencies. There are at present

75 sampling stations and ultimately a total of 250 to 300 stations will be operated.

Among other analyses, radioactivity determinations are made on samples taken weekly.

The Public Health Service Radiation Surveillance Network was established in 1956 in

co- operation with the. Atomic Energy Commission and takes measurements of gross beta

radioactivity in air at 45 stations.

The Public Health Milk Monitoring Program has been expanded to include about

60 sampling stations.
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Apart from making officers available to the States for technical consultation,

the Public Health Service pursues an active programme of help to the States and to

medical and dental groups for better control of radiation exposure in medical and

dental radiology. This has stimulated several States to conduct extensive programmes

of inspection of medical and dental x -ray machines, The existence of an estimated

200 000 x -ray machines throughout the United States shows the magnitude of the

problem of inspecting the machines, whether on a voluntary or a compulsory basis.

To facilitate the training of the necessary personnel, the Public Health Service has

expanded its radiological activities at its laboratory in Cincinnati and in colleges

and universities.

The radiological health programmes of 40 States have been inventoried through

site visits, and plans are made for recording and evaluating the programmes of all

50 States. These inventories will be kept up to date, and a major goal will be the

establishment by all the States of records of all radiation sources within their

boundaries. The recent trend towards placing more responsibility for radiation

protection measures on the States requires that the Division of Radiological Health

maintain accurate knowledge of the legislative and administrative situation in each

State.

The principal factor limiting development of flore active programmes within most

States is lack of funds4 Another limiting factor affecting all States and cities,

and the Federal programme as well, is the serious shortage of trained personnel.

VIJia' NAM

A nuclear research institute is to be built very soon and the personnel will

include five health physicists, three of which will be sent to the United States for

training, and three radiochemists. A number of technicians will be trained at the

Institute itself.
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The co-ordinating authority is the Federal Commission for Nuclear Energy.

Seven radiation protection centres exist, three of which are attached to nuclear

research establishments and deal only with protection measures in these establish-

ments. The others cater for industry, Government institutions and the general

public). They provide a film -badge service, monitor premises where radioactive

substances are employed, determine the levels of exposure to ionizing radiation of

workers, verify the accuracy of dosimeters, check protective devices, provide a

medical check -up for radiation workers, give technical assistance to medical radiology

units and provide consultant services. They also measure radioactive fall -out in

air, water, food and human and animal bones. It is hoped to establish this latter

service, as well as the film -badge service, on a regular basis from 1 January 1961.

Measurements of radioactivity in food and bones have been hampered by shortage of

trained personnel.

A new centre will soon be opened to study radioactivity in sea water and in

reservoirs.

The Federal Commission for Nuclear Energy has also established a centre for the

treatment of persons receiving excessive doses of radiation but it still lacks a

certain amount of equipment and personnel.

Training

A training course has been held in Belgrade, but it came up against great

difficulties in borrowing the required instruments. Regular courses for auxiliary

personnel are envisaged at present, as well as two -year post- graduate courses for

professional staff. A number of fellowships have been given by the International

Atomic Energy Agency.
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III. WHO ACTIVITIES IN THE FIELD OF RADIATION PROTECTION

The WHO activities in the field of radiation protection and Control which are

described in this section have been directed mainly at providing training for

personnel and at giving technical advice through consultants. A list of training

courses follows and the list: of fellowships awarded in 1959 in this field and ,a

short description of consultant assignments are given.

These are hot; however, the only WHO activities ` iwhich'seék -to enócursge progress

in this field 'Tn April 1959', the European Offie &`t1d 3n' C penh gen e meeting of

consultants on`the médical and public health aspects of radiation protection, and in

September /October 1959 the Expert Committee on' Radiation considered the question of

medical supervision in radiation work. It is planned to hold in 1961 a study group

oh-the standardization of radiological dosimetry for radiation beams (to be 'jointly

sponsored by WHO, IAEA and the ICRU), a seminar on the public health aspects of

radiation accidents, and an expert committee on radiation hazards.. In 1962, it is

proposed to hold a multiple seminar on radiological, health, a symposium on current

radiation health programmes, and a seminar on methods and techniques in radiation

health. It is also proposed to convene in 1962 an expert committee on radiation

health; the European Office plans a conference for 1962 on public health aspects of

protection against ionizing radiation.

It is also planned to continue in 1961 and 1962 contractual arrangements begun

in 1960 with the International Co4m .ssion on Radiological Protection for assistance

in developing fundamental data on radiation exposure and exposure to radionuclides

necessary for the establishment at recommendations on maximum permissible exposure

levels or other measures of protection, and with the International Commission on

Radiological Units and Measurements for the development of standards and units for

the measurement of ionizing radiation.



1. Training courses in-the field of radiation protection

Stockholm

Saclay

14 November - 16 December 19 >5

Course for Health Physicists

Designed for those who will serve as
supervisors and instructors in radiation
protection.. Purpose: to extend their
knowledge and acquaint them with the
latest teQrniques

Participants from Belgium, Denmark, France,
redera1 Republi of Germany, Iceland,
Italy, Netherlands, Norway, Sweden,
Switzerland.,

19 November - 15 December 1956
3 -28 March 1958

2 -20 March 1959

Courses on Radiation Protection

Designed primarily for public health
officers and industrial medical officers.
Planned to meet growing need for personnel
trained in radiation protection.

Participants from Austria, Belgium, former
Belgian Congo, Bulgaria, Czechoslovakia,
Denmark, Federal Republic of Germany, France
Israel, Italy, Lebanon, Luxembourg, Norway,
Poland, Portugal, Spain, Switzerland, Turkey,
United Kingdom, Union of Soviet Socialist
Republics, Yugoslavia.

7 March - 15 April 1960
Advanced Course on Radiation Protection

Designed for medical officers of health,
industrial medical officers, industrial and
sanitary engine_rs, hospital physicists,
health physicists, and biostatisticians.
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WHO /Government of Sweden/
United States
Atomic Energy Commission

WHO- URb/Institut des
Sciences et Techniques
nuoléairess/Eeole nationale
de la Santé publique de
France

Participants from Austria, Belgium, Bulgaria,
Czechoslovakia, France, Italy, Poland, Portugal,
Spain, Turkey.
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Mol 30 September - 31 October 1957
Similar to 1955 Stockholm Course

Harwell

Instruction in general principles of health
physics, supervision at reactors and
radiochemical laboratories, monitoring
methods and dosimetry. Safety factors in
uranium and plutonium factories, environ-
mental hazards and reactor site selection,
waste disposal, and safety factors in
laboratory design.

Participants from Austria, Belgium, Bulgaria,
Egypt, Prance, Federal Republic of Germany,
Greece, Iran, Iraq, Italy, Lebanon, Nether-
lands, Poland, Portugal, Switzerland, Turkey,
Union of Soviet Socialist Republics, Yugo-
slavia,,

6 -17 January 1958
'6-24 July 1959
Courses for Health Physicists

WHO /Government of Belgium/
United States
Atomic Energy Commission/
Centre. d'Etudes pour les

applications de l'Energie
nucléaire

WHO -EURO

On public health aspects of radiation pro-
tection. On introductory lines, with special
emphasis on public health aspects such as
radioactive waste disposal. Designed to aid
public health administrators, engineers and
industrial health officers to acquire basic
knowledge of protection against ionizing
radiation.

Participants from Austria, Belgium, Czechoslo-
vakia, Denmark, Finland, Federal Republic of
Germany, France, Greece, Iceland, Iraq,
Ireland, Israel, Italy, Jordan, Netherlands,
Norway, Poland, Spain, Sweden, Switzerland,
Turkey, United Arab Republic, United_tingdom,
Union of Soviet publics,
Yugoslavia.



Puerto Rico 7 -18 October 1958
Course on Public Health Aspects of
Radiation

Bombay

Further plans

Main purpose: to give officials of the
national health administrations, particu-
larly medical personnel who have or will
have responsibility for making decisions
re radiological health problems, a general
concept of public health implications of
radiation.
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WHO- AMRO/Únited States
Public Health Service/
Puerto Rico Nuclear Center
and Medical School of the
University

Participants from Argentina, Bolivia, Brazil,
Chile, Colombia, Ecuador, Guatemala,
Honduras, Mexico, Paraguay, Peru, Puerto Rico,
Uruguay, Venezuela.,

17 November - 19 December 1958
Course on Health Physics

Similar to course in Mol 1957. Designed
for physicists who will serve as supervisors
and instructors in radiation protection.

WH0/United States
Atomic Energy Commission/
Government of India

7 -28 November 1960 WHO -SEARO /Government of

Course on Radiation Protection India

Designed to provide theoretical and practical
instruction on hazards associated with x -ray
installations in hospitals and other medical
institutions and on measures necessary for
individual and public protection.

March - April 1961

During 1961

Training Course in Radiation Protection,
Japan, to be sponsored by WHO in co- operation
with the Government of Japan.

WHO -EURO Advanced Course in Radiation
Protection at Harwell.
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2. Fellowships for studies related to ionizing radiation - 1959

Country of
origin

Number of
fellowships

Subject of study
Country and

length of study

Belgian Congo 1 Radioisotopes France, Belgium
(6 months)

Union of
South Africa

1 Radiation medicine France, Switzerland, UK,
Sweden, Denmark, Germany

(4 months)

Portuguese
Territories

2 (i) Radioisotopes
(ii) Radiobiology

France, UK (4 months)
France (12 months)

India 1 Radiation medicine UK (12 months)

Austria 9 (i) Radioactivity
(ii) Radiation protection

(iii) 7 - Radiation protection

UK, Germany (2 months'.
UK (3 months)
Germany (3 -1/2 weeks)

Belgium 1 High voltage and cols-..it

therapy
USA (4 months)

Czechoslovakia 3 (i) Radiation effects pn
immunity and_ trans-
plantation

(ii) Isotopes in medicine and
medical biochemistry

(iii) Hygiene of radiation

UK (3 months)

Sweden (1 -1/2 months)

UK (1 month)

Finland 3 (i) 2 - Radiation biology

(ii) Radioisotopes in medical
work.

(i) UK, Germany,
Czechoslovakia,
Italy (3 months)

(ii) UK (12 months)
UK, Germany (2 months)

Italy 3 (i) Treatment with radio-
isotopes

(ii) Radiation protection
(iii) Application of ionizing

radiation for preser-
vation of foodstuff

Sweden, Germany, UK
(4 months)

France (1 -1/2 months)

UK (2 months)

Luxembourg 1 Radiation protection France (1/2 month)
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Country of
origin

Number of
fellowships

Subject of study
Country and

length of study

Netherlands 1 Measurement of r iio-
activity in the body

UK (1 month)

Noway 1 i Radiation protection UK (3 months)

Poland 1 Radiation protection France (1 week)

R:; *pia 2 (i) Treatment of cancer by
radiation

USSR, France,, Belgium

(5 months)
(ii) Application of radio-

isotopes in bio-
chemistry for cancer
diagnosis

USSR; France; Belgium
(5 months)

USSR 1 Radiobiology Sweden (4 months)

Yugoslavia
J

4 (i) Isotopes D.rance (6 months)

(ii) Application of radio -
isotopes in internal
medicine

UK, Sweden, Denmark
(4 months)

(iii) Radiation protection UK (6 months)
(iv) Air pollution and radio - UK, Sweden (9 months)

1

active radiation

Radiation Protection Course UK (3 weeks) -1
tCzechoslovakia

Denmark 1 n 11

Finland 1 11 If

Germany 1 n n

Greece 1 n II

Ireland 1 11 n

Netherlands 1 n F°

Norway 1 It
n

Sweden 1 n Il

UK 1 11 H

USSR 1 it it

Yugoslavia 1 i1 11

Egypt 1 11

It

Iraq 1 n n

Tm'ael 1
11 11

Jordan 1 s1 If
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Country of
origin

Number of
fellowships

Subject of study
Country and

length of study

Belgium 1 Radiation Protection Course France (3 weeks)
Bulgaria 1 " tt

Czechoslovakia 1 " tt

Luxembourg 1 " tt

Poland 2 II It

Romania 1 It
tt

Spain 1
it If

Switzerland 1 "
It

Turkey 1 ti t`

Israel 1 'r
tt

Lebanon 1 It

"

Iraq 1 Radioisotopes Lebanon (1 month)
Japan 1 Radiation Protection France (2 weeks)

65
fellowships

3. WHO consultants in the field of radiation protection

In 1957, ü consultant visited various radiological centres in India and one in

Ceylon to lecture to radiologists and other clinical staff, research workers and

public health administrators, on the general background of radiation protection and

on its practical aspects applied to hospitals. At the invitation of individual

radiologists or hospital physicists, he also visited their departments and gave tech-

nical advice, as required, on radiation protection measures and on all aspects of

hospital physics.

In 1959, a consultant in radiation protection visited radiological installations

and hospitals in Bur.:ia and Thailand to assist in making evaluations and recommendations

with regard to radiation safety and protection in diagnostic and therapeutic x -ray

work, and to present lectures and be of assistance to health administrations, medical

colleges and hospitals in this field. He examined x -ray installations and hospitals

and reported on conditions with special reference to radiation safety, and advised on

modifications necessary in plant and equipment or in the administration and organiza-

tion of radiology departments to minimize radiation hazards.
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Also in 1959, a consultant visited betatron laboratories in France, Western

Germany, Switzerland and Yugoslavia, and carried out intercomparisons on instruments

for the measurement of high energy radiation. The purpose of this visit was to

standardize measuring chambers in various European centres with a chamber constructed

by the National Bureau of Standards in the United States, as a contribution to the

international standardization of ionizing radiation measurements. It is hoped that

similar intercomparisons will be carried out in the future in other countries.

The Organization has been giving attention to radiation safety features of

medical x -ray apparatus, and during the past year WHO consultants have inspected

from the radiation safety point of view x -ray units which are to be used in WHO -

assisted projects, and have made recommendations for improvements in the design of

such apparatus. Because medical radiation is one of the principal sources of man's

exposure to radiation, attention is being given to the possibilities of reducing

this exposure without interfering with the value of medical radiological procedures..
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ORIGINAL: ENGLISH

HEALTH HAZARDS.FROM NUCLEAR - POWERED MERCHANT SHIPS

At the twenty -sixth session of the Executive Board, at the time of the adoption

of the agenda for the Fourteenth World Health Assembly, a member of the Board drew

the attention of the Director -General to the importance of the problem of

potential health hazards from nuclear- powered merchant ships. He suggested that

the Director - General might find it possible to give some information on the

subject when submitting to the Assembly the document requested by resolution

WHA13.56 on radiation protection and control measures in Member States. It was

agreed that the Director -General would, as far as possible, comply with this

request, and the following information has been compiled accordingly.

Introduction

A number of countries have recently embarked on programmes of development of

nuclear - powered shipping; in fact, almost all nations with a major shipbuilding

industry have made design studies for nuclear merchant ships. A Russian atomic

powered ice -breaker, the "Lenin ", was reported in a recent symposiumá to be in

operation and the U.S.A. merchant ship N.S. "Savannah" will shortly become

operational also.1-3 The principal economic advantages of nuclear -propulsion in

ships are greatly increased range without refuelling and ultimately perhaps

greater cargo -carrying capacity. These advantages are offset, at present, by the

high cost of construction and operation of nuclear- propelled vessels, but it seems

likely that in time nuclear -propulsion will become economically competitive.

The possibility of radioactive hazard from nuclear ships has been much

discussed in recent years and several extensive studies have been undertaken to

define these hazards more closely. The problem may be resolved into three parts;

first the possible hazards of normal radioactive waste disposal into the sea from

nuclear merchant ships must be considered; secondly standards of safety of

construction require to be laid down to prevent nuclear ships becoming a public

á
IAEA /IMCO Symposium on nuclear ship propulsion with special reference to

nuclear safety, Taormina, Italy, 14 -18 November 1960.
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health hazard in the event of an accident; thirdly possible hazards to crew and

maintenance worker-. need to be examined. Only the first two problems will be

discussed in this note, since radiation protection measures for the crews of nuclear

merchant ships will be very similar to those for land-based atomic energy installa-

tions. It should be said however, that at the 41st (Maritime) Session of the

International Labour Conference, in 1958, a resolution was passed requesting the

International Labour Office to study this problem in relation to ships' crews,

The United Nations family of organisations has been active as a whole in these fields

and their work and that of other bodies is described below. First, however, it may

be worth while to summarize very briefly the method of operation of nuclear-powered

ships and the manner in which they produce radioactive waste.

In a nuclear - powered ship the reactor replaces the conventional boilers fired by

oil or coal; the primary coolant of the reactor, usually water under pressure, heats

water in a secondary non -radioactive system by means of a heat exchanger; in this

way steam is raised which drives turbines in the usual way. It must be realized

that the vast bulk of the radioactive fission products formed inside the reactors of

nuclear ships are removed with the spent fuel elements and processed on land in the

country of origin. These fission products are then dealt with in the customary

manner for the disposal of such wastes in the country concerned i.e. mainly by

storage in stainless steel tanks. There are, however, relatively small sources of

radioactive waste which may be produced during normal operation of a nuclear ship

and it might be possible to discharge some or all of these wastes into the sea under

suitable conditions. In some cases this waste may be stored temporarily in tanks

on the ship. These possible sources are stated to be as follows: (a) from the

expansion volume of primary coolant during warm -up of a pressurized water reactors

(b) from operational leakage from various components of the primary and auxiliary

systems, and wastes from the laboratory, from sampling, from equipment decontami-

nation: and shower and laundry wastes associated with the reactor plant; (c) from

ion exchange resins which remove corrosion products from the primary coolant; and

(d) possibly from contaminated solid materials.
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Liquid effluent may contain low concentrations of radioactive corrosion products

together with low concentrations of fission products. The iota exchange resins will

contain considerably higher activities of these same materials. From consideration

of the diluting powers of the ocean and the processes which concentrate radioisotopes

in the sea such as in fish,and other marine organisms which may be eaten by man, the

United States National Academy of Sciences4 made certain recommendations which are

appended as Annex 1.

Radioactive waste dis sal into the sea

The disposal of radioactive waste into the sea is a general question of which the

disposal of waste from nuclear ships is only a part. Some years ago this general

question was discussed in a preliminary way by the United Nations Scientific Committee

on the Effect of Atomic Radiation; UNESCO, WHO and FAO contributed a roneographed

combined paper on the subject. The Committee reported for the first time in 1958

and stated "The Committee has not given any detailed consideration to the technical

aspects of the problem, but from information available it is clear that there is no

general population hazard from this cause at the present time ". No specific mention

was made of nuclear ships.

In 1958 a United Nations Conference on the Law of the Sea was held and a

recommendation was made " . . . that the International Atomic Energy Agency, in

consultation with existing groups and established organs having acknowledged

competence in the field of radiological protection should pursue whatever studies

and take whatever action necessary to assist States in controlling the discharge or

release of radioactive materials to the sea, promulgating standards, and in drawing

up internationally acceptable regulations to prevent pollution of the sea by radio

active materials in amounts which would adversely affect man and his marine resources ".

The International Atomic Energy Agency, therefore, convened in October 1958 an

ad hoc panel on "Radioactive Waste Disposal into the Sea" under the chairmanship of

Mr H. Brynielsson of Sweden, at which WHO was represented by an observer. The panel's

report is in some detail and includes a section on radioactive waste disposal from

nuclear ships, The IAEA and UNESCO, with the co- operation of FAO, sponsored a
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Scientific Conference in Monaco in 1959 on the Disposal of Radioactive Waste which

discussed the problem as a wholes and at which WHO was represented. WHO has

included radioactive waste disposal as a general subject in several radiological

protection courses and in a specific course held last year at Saclay near Paris.

Very recently the IAEA and the Inter- Governmental Maritime Consultative Organisation

held a Symposium at Taormina in Sicily on nuclear ship propulsion with special

reference to nuclear safety. The symposium was attended by a WHO representáti to

the discussion was concerned With engineering matters more than with radiation -erects

onthw
Standards of safety for nuclear-powered ships

It may be said that basically the problem of controlling hazard from land -based

and ship reactors is the same - that of preventing really hazardous levels of

release of fission products, and it should be stated in this connexion that the

safety record of the nuclear industry as a whole has been very good, However there

are additional problems in ship reactors due to the marine environment and due to the

possibilities of collision, burning, sinking or running aground.

In 1958 a subcommittee of the International Standards Organization's Technical

Committee on Nuclear Energy commenced work on standardization in the field of reactor

safety as a whole but as yet this has not included the subject of nuclear ships.

In 1960 the Inter - Governmental Maritime Consultative Organisation (IMCO)

convened an International Conference on Safety of Life at Sea. This Conference

amended the International Convention for the Safety of Life at Sea which for the first

time included regulations concerning nuclear ships. (Annex 2). The Conference had

"avoided putting into the Convention technical requirements which might hamper the

development of such a new tyZ;e of ship", The Conference also made some non -mandatory

recommendations applicable to nuclear ships which are appended (Annex 3); they are

intended to provide guidance for governments in the application of the regulations

included in the Convention itself and to draw attention to the main problems which in

the present stage of technical development require attention. WHO was represented

at this Conference by an observer.,
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The IAEA and the Government of Belgium are acting as joint sponsors of the

question of the liability of operators of nuclear ships at the Diplomatic Conference

on Maritime Law which is to be held in Brussels in April 1961. The report of the

panel of experts who were invited by IAEA to consider the problems involved and to

formulate conclusions and recommendations has been published as a working document6

for the Conference. Most Panel members agreed to emphasize to the Director -General

of IAEA the need for continuing scientific study of the difficult technical questions

encountered in the discussion of the legal issues of liability,

Conclusion

As a summary, it would seem fair to say that the question of health hazards

from nuclear - powered ships is one which has received considerable recognitión from

international bodies; however, the problem is a very recent one, highly complex,

and presenting many variables of which our understanding is incomplete at present,.

To quote the U.S. National Academy of Sciences?

"Greater research efforts are needed, both at sea and in the laboratory.

At sea, studies should be made of extramarine and coastal environments,

of circulation and mixing in the deep ocean, and of the physical and

biological processes by which materials introduced into deep water may

be transferred to the surface layers or removed by sedimentation. The

biological half -lives of radioisotopes in marine organisms, the pathways

of accumulation through the food chain, and sedimentary exchange

processes need to be studied, both in the laboratory and at sea. It

is obvious that these studies are of more than local or national

concern, and especially those concerned with the open ocean should

be undertaken jointly by all maritime nations ".
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Recommendation 1
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ANNEX 1

No solid radioactive wastes or spent ion exchange resins should be discharged

into harbours or estuaries, or into coastal waters within two miles of the shoreline

from nuclear - powered ships.

Recommendation 2

Nuclear powered surface ships should be equipped with tanks capable of containing

any liquid wastes which accumulate during the time such ships are in harbours,

estuaries and other inshore waters, and such wastes should not be discharged until

the ship has reached the open waters of the eontineatal shelf (restrictions on

discharges in this latter environment are treated later in this summary). Other -

means of restricting the introduction of such wastes into the inshore environment

would also be allowable.

Recommendation 3

For certain special types of nuclear- powered ships, other than surface ships,

for which Recommendation 2 would result in significant operational disadvantages,

the requirements :.f that recommendation may be relaxed providing that:

(a) Detailed evaluation of each specific major port of call and harbour base

for such vessels he carried out using the general approach outlined in this report,

such evaluation serving to establish the permissible activity and frequency of

discharge. Actual discharges should be maintained well below the maximum permissible

number and activity until the results of detailed environmental monitoring are

available, and in any case should be maintained as much below the maximum permissible

as is technically feasible,.

rxtracL from report entitled 7Considera..tons on the Disposal of Radioactive
Wastes from Nuclear -Powered Ships into the Marine Environment' (National Academy
of Sciences - National Research Council, Washington D.C. 1959)
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Annex 1

(b) A detailed monitoring programme be maintained, on a continuing basis, in the

vicinity of each nuclear ship base and major port of call. (See also Recommendation il).

Recommendation 4

Spent ion exchange. resins should not be discharged from nuclear- powered ships

into the waters of the coastal area, between 2 and 12 miles offshore. Except under

very exceptional circumstances there should be no discharge of packaged solid wastes

from nuclear -powered ships into these waters, and any such exceptional discharge should

conform to recommendations contained in the National Academy of Science's report

"Radioactive Waste Disposal in the Atlantic and Gulf Coast" (NAS -NRC Pub. 655, 1959).

Recommendation 5

Low level liquid effluent may be discharged into the waters of the coastal area,

between 2 and 12 miles from shore, providing that the total activity contained in any

single discharge does not exceed 5 x 10
-1

curies resulting from isotopes with half -lives

of more than six hours.

Recommendation 6

No discharge of spent ion exchange resins from nuclear- powered ships should be

made into known fishing areas of the outer continental shelf, from 12 miles offshore

to the 200 fathom contour line. Except under very exceptional circumstances there

should be no discharge of packaged solid wastes from nuclear- powered ships into these

waters, and any such exceptional discharge should conform to recommendations contained

in the National Academy of Science's report "Radioactive Waste Disposal in the Atlantic

and Gulf Coast" (NAS -NRC Pub. 655, 1959).

Recommendation 7

If denser than-sea water, spent ion exchange resins from.:nuclearrpowered ships

may be discharged into non-fishing areas of the outer continental shelf, from 12 miles

offshore to the 200 fathom contour, provided that the activity in any single discharge
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shall not exceed 50 curies, and also provided that such discharges be restricted to

ships which could not, without appreciable loss in efficiency, limit such discharges

to waters of the open sea having depths exceeding 200 fathoms. Thus ships inbound

from an ocean passage should schedule discharges, which might actually become due

during transit of the continental shelf, while still in waters exceeding 200 fathoms

in depth. Ships outbound for an ocean passage should delay discharges, where

practical, until after having passed into waters of over 200 fathoms in depth.

Discharge may be made only when the ship is under way and more than three miles from

a neighbouring vessel.

Recommendation 8

No restriction need be placed on the discharge of low level liquid effluent

from nuclear- powered ships into waters of the outer continental shelf, provided that

the composition and amount of activity in such wastes are of the same general

character as that predicted for the primary coolant of the SAVANNAH or observed for

the primary coolant of the NAUTILUS.

Recommendation 9

Spent ion exchange resins from nuclear- powered ships may be discharged into the

waters of the open sea at distances of more than 12 miles from shore and in depths

greater than 200 fathoms provided that the gross activity of a single such discharge

does not exceed 500 curies, that the frequency of such discharges from a single ship

does not exceed one per month, and finally, that no such releases be made into the

major designated oceanic fishing areas. Discharge may be made only when the ship

is under way and. is more than three miles from any neighbouring vessel.

Recommendation 10

The Bureau of Commercial Fisheries of the Fish and Wildlife Service should

prepare a chart of the world oceans, showing those areas of the continental shelf

and open sea which should be considered as commercial fishing areas. This chart

should be issued by the Coast and Geodetic Survey and by the Hydrographie Office, and
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should be utilized by officers of nuclear- powered ships in carrying out the recommen-

dations pertaining to the outer continental shelf and to the open sea given above.

Recommendation 11

Immediate steps should be taken to initiate the proposals contained in the

section of this report entitled "Monitoring and Record Keeping ".
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INTERNATIONAL CONVENTION FOR THE SAFETY OF Liar; AT SEA (1960)

Regulation 1

Application

This Chapter applies to all nuclear ships except ships of war.

Regulation 2

Application of other Chapters

The Regulations contained in the other Chapters of the present Convention apply

to- nuclear ships except as modified by this Chapter.

Regulation. 3

Exemptions

A nuclear ship shall not, in any circumstances, be exempted from compliance with

any Regulations of this Convention.

Regulation 4

Approval of reactor installation

The design, construction and standards of inspection and assembly of the reactor

I/ installation shall be subject to the approval and satisfaction of the Administration

and shall take account of the limitations which will be imposed on surveys by the

presence of radiation.

Regulation 5

Suitability of reactor installation for service onboard ship

The reactor installation shall be designed having regard to the special conditions

of service on board ship both in normal and exceptional circumstances of navigation.

From the Final Act of the International Conference on the Safety of Life at
Sea, 1960 - Published for the Intergovernmental Maritime Consultative Organisation,
Chancery House, Chancery Lane, London W.C.2
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Regulation 6

Radiation safety

The Administration shall take measures to ensure that there are no unreasonable

radiation or other nuclear hazards, at sea or in port, to the crew, passengers or

public, or to the waterways or food or water resources.

Regulation 7

Safety Assessment

(a) A Safety Assessment shall be prepared to permit evaluation of the nuclear

power plant and safety of the ship to ensure that there are no unreasonable radiation

or other hazards, at sea or in port, to the crew, passengers or public, or to the

waterways or food or water resources. The Administration, when satisfied, shall

approve such Safety Assessment which shall always be kept up to date.

(b) The Safety Assessment shall be made available sufficiently in advance to

the Contracting Governments of the countries which a nuclear ship intends to visit

so that they may evaluate the safety of the ship.

Regulation 8

Operating Manual

A fully detailed Operating Manual shall be prepared for the information and

guidance of the operating personnel in their duties on all matters relating to the

operation of the nuclear power plant and having an important bearing on safety.

The Administration, when satisfied, shall approve such Operating Manual and a copy

shall be kept on board the ship. The Operating Manual shall always be kept up to

date.

Regulation 9

Surveys

Survey of nuclear ships shall include the applicable requirements of Regulation 7

of Chapter I, or of Regulations 8, 9 and 10 of Chapter:I, except in so far as

surveys are limited by the presence of radiation. In addition, the surveys
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shall include any special requirements of the Safety Assessment. They shall in all

cases, notwithstanding the provisions of Regulations 8 and 10 of Chapter I, be

carried out not less frequently than once a year.

Regulation 10

Certificates

(a) The provisions of paragraph (a) of Regulation 12 of Chapter I and of

Regulation 14 of Chapter I shall not apply to nuclear ships.

(b) A Certificate called a Nuclear Passenger Ship Safety Certificate shall be

issued after inspection and survey to a nuclear passenger ship which complies with

the requirements of Chapters II, III, IV and VIII, and any other relevant requirements

of the present Regulations.

(e) A Certificate, called a Nuclear Cargo Ship Safety Certificate shall be

issued after inspection and survey to a nuclear cargo ship which satisfied the

regtiireients for cargo ships on survey set out in Regulation 10 of Chapter I, and

complies with the requirements of Chapters II, III, IV and VIII, and any other

relevant requirements of the present Regulations.

(d) Nuclear Passenger Ship Safety Certificates and Nuclear Cargo Ship Safety

Certificates shall state: "That the ship, being a nuclear ship, complied with all

requirements of Chapter VIII of the Convention and conformed to the Safety Assessment

approved for the ship."

(e) Nuclear Passenger Ship Safety Certificates and Nuclear Cargo Ship Safety

Certificates shall be valid for a period of not more than 12 months.

(f) Nuclear Passenger Ship Safety Certificates and Nuclear Cargo Ship Safety

Certificates shall be issued either by the Administration or by any person or

organization duly authorized by it. In every case, that Administration assumes full

responsibility for the certificate.
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Regulation 11

Special control

In addition to the control established by Regulation 19 of Chapter I, nuclear

ships shall be subject to special control before entering the ports and in the ports

of Contracting Governments, directed towards verifying that there is on board a valid

Nuclear Ship Safety Certificate and that there are no unreasonable radiation or other

hazards at sea or in port, to the crew, passengers or public, or to the waterways or

food or water resources.

Regulation 12

Casualties

In the event of any accident likely td lead to an environmental hazard the

master of a nuclear ship shall immediately inform the Administration. The master

shall also immediately inform the competent governmental authority of the country

in whose waters the ship may be, or whose waters the ship approaches in a damaged

condition.
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RECOMMENDATIONS APPLICABLE TO NUCLEAR SHIPS
(being Annex C attached to the Intern -;tonal Convention

-.or the Safety of Life at Sea 1960)

Throughout the following Recommendations, "the present Convention" means the

"International Convention for the Safety of Life at Sea 1960",

Attention is drawn to the Regulations concerning nuclear ships in Chapter VIII

of the present Convention.

1. General safety of nuclear ships

(a) Since a casualty involving the non-nuclear features of a nuclear ship,

such as a steering gear failure, fire or collision, and so forth, could endanger the

nuclear power plant, it is desirable that these features should provide for the

maximum practicable safety. A nuclear ship should comply with the relevant require-

ments of the present Convention, the Administat ion and a recognized C:.ssifioation

Society. Ccmr -'tents and systems such as water-tight subdivision, fire protection,

bilge pumping arrangements, fire- t'xtingiish5.ng ar - ngemerts, electrical installations,

steering gear, astern power, stability and navigational aids, should receive special

consideration to ensure that adequate protection is given to the ship to minimize the

hazards peculiar to the nuclear power plant. Consideration should be given to the

results of past marine casualties involving similar size ships with the intent of

preventing the dangerous uncontrolled release of radioactive or toxic materials in

the event of similar casu- lties,

(b) Special attention should be given to general structural strength of nuclear

ships and to the local strength of structures in and around the reactor compartment.

(c) A nuclear ship should remain afloat and have sufficient stability when not

less than any two adjacent main watertight compartments are flooded, in all

anticipated conditions of loading.

(d) Fire protection systems and the watertight integrity should be at least

equivalent to the highest standards of the present Convention.
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2. General requirements of nuclear power plant

(a) It should be demonstrated by calculation and experiment that the properties

of the plant and the nature of the enclosure provide the maximum practicable

protection against accidents or failures resulting in unreasonable radiation at sea

or in port, to the crew, passengers or public, or to the waterways, or food or water

resources.

(b) The reactor installation should be designed to prevent an uncontrolled

chain reaction under all foreseeable operational and accident conditions including

sinking of the ship.

(c) A nuclear ship equipped with a single - reactor nuclear power plant, the

dependability of which has not been proven, should be provided with an emergency

propulsion plant capable of propelling the ship at a navigable speed. Such

emergency propulsion plant should be in a state of readiness whenever the ship is

navigating in territorial waters.

(d) The nuclear power plant should be such as to ensure manoeuvrability

equivalent to that of a similar conventional ship.

(e) Requirements for standby emergency components for the conventional

portions of the nuclear power plant should be in accordance with those for a similar

conventional ship. Standby and emergency nuclear components should be considered

and developed in relation to the type of nuclear power plant used.

(f) Where standby systems are essential to the safe operation of the reactor

installation, they should be so separated from the main systems as to give maximum

protection in the event of an accident.

(g) An emergency source of power should be provided which is capable of

furnishing power to the components necessary for safely shutting down the reactor

installation and retaining it in a safe condition.

(h) The reactor compartment should contain no inflammable materials other than

those necessary for use in the reactor installation.
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(i) Reactor materials which are chemically reactive with air or water to a

dangerous degree should not be used unless it can be shown that adequate safeguards

are incorporated in the particular system.

(j) The machinery and reactor installation should be designed to operate

satisfactorily under seagoing conditions having regard to the ship's attitude,

accelerations and vibrations.

(k) Reactor cooling systems should provide for the safe removal of decay heat

from the reactor and should prevent excessive temperature conditions under all

foreseeable operational and accident conditions at angles of heel and list within the

stability range. Failure of decay heat removal facilities should not result in the

release of hazardous amounts of radioactive or toxic materials from the enclosure of

the reactor installation,

(1) Adequate reactor controls, protective devices and instrumentation should

be provided.

(m) Necessary controls and instrumentation should be arranged to permit control

of the reactor installation from outside its enclosure.

3. Protection and enclosure of reactor installation

(a) The reactor installation should be so arranged, protected and securely

fastened as to minimiza the probability of its damage in the event of a ship accident.

(b) The reactor installation should be provided with enclosures, systems, or

arrangements which in the event of damage to its components will prevent the release

of hazardous amounts of radioactive or toxic materials into service and accommodation

spaces and the ship's environment. These outer enclosures, systems, or arrangements

should be subjected to suitable tests to demonstrate satisfactory performance under

all foreseeable conditions of accident,

(c) The enclosures, systems or arrangements should be located in such a manner

as to minimize damage in the event of collision or grounding. In construction,



t.14 /P &B /4 Add,1

page 18

An. ex 3

arrangements should be made, if practicable, to facilitate the possible salvage of

the reactor or of its essential parts from the vessel in the event of shipwreck,

without adversely affecting the safety of the reactor installation under normal

conditions -.

(d) Facilities should be provided to ensure that fires within and without the

reactor installation do not impair the integrity of the enclosures, systems, or

4rrangements provided,: or the arrangements provided for safely shutting down the

re,-:actor installation and, retaining it in a safe condition.

4. Shielding and radiation safety

(a) A nuclear power plant should be provided with reliable biological shielding

to protect persons on board ship or within the immediate vicinity of the ship against

hazardous effect of radiation under normal and accident conditions. Maximum

permissible levels of radiation in accommodation and service spaces should be in

accordance with international levels when established.

(b) Maintenance and operation instructions in regard to appropriate radiation

protection should be worked out for every nuclear ship. Knowledge of these

instructions by the nuclear power plant personnel should be periodically checked by

the Administration.,

(c) Radiation monitoring instruments should be installed at appropriate

locations. These should give warning in the event of any radiation exceeding a

predetermined safe level.,

5. Radioactive wastes

(a) Special arrangements should be provided for the safe temporary storage,

where necessary, and for the safe disposal of solid, liquid and gaseous radioactive

wastes.

(b) Monitoring devices should be provided for these waste disposal systems.

These should give warning and, if necessary, take action in the event of any

radiation exceeding a predetermined safe level.
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(c) The maximum permissible levels of radiation for waste disposal on the high

seas should be in accordance with international levels when established.

6. Fuelling and maintenance

(a) Reactor fuelling should be carried out exclusively at locations suitably

equipped for this purpose.

(b) Arrangements should be provided to ensure that de- fuelling, re- fuelling,

servicing and maintenance can be carried out without unacceptable exposure of.

personnel to radiation and without hazardous release of radioactive or toxic

materials to the environment.

7. Manning

The master, officers and members of the crew of a nuclear ship should possess

qualifications and have undergone proper training appropriate to their responsibili-

ties and duties in accordance with arrangements provided by the Administration.

Such personnel should also be instructed as to the precautions to be taken in the

matter of radiological protection.

8. Operating Manual

The Operating Manual should provide detailed operating procedures for the

various equipment and systems under normal and accident conditions, as well as

provide for the maintenance of adequate records of operation, radiation levels,

waste disposal, and tests and inspections pertinent to the safety of the reactor

installations

9, Safety Assessment

(a) The Safety Assessment should include sufficiently detailed information

to permit qualified personnel to assess the safety of the ship and its power plant,

including standards and procedures followed, and to determine whether initial and

continued performance will be safe. T-pical items which the safety assessment

should include are a description of the ship; propulsion and reactor systems; a

discussion of the operation under normal sea, port and emergency conditions; a
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description of reactor control; protection and enclosure; radiation protection;

radioactive waste disposal; fuelling; standby and emergency components; teat

procedures; manning and training requirements; and an evaluation of credible

accidents which indicates that the hazards are minimized. The Safety Assessment

should indicate that the reactor installation does not constitute an undue hazard,

to the crew, passengers or the public, or to the waterways, or food or water resources.

(b) The content of the Safety Assessment should not be considered limited to the

information suggested herein, and such additional specific data as necessary should be

made available. The complete Safety Assessment should be prepared for the first

installation of a reactor type in a ship type. For second and following generation

reactor and ship types where performance and safety have been demonstrated, acceptance

may be based on an analysis of deviations from the previous design.

10. Publications of requirements

The Contracting Governments should publish any special requirements which they

make regarding the approach, entry into, or stay in their ports of a nuclear ship.

11. Special control

After the safety of the nuclear ship and its nuclear power plant has been

properly established, the following actions should, in general, be adequate to

determine their safe operational conditions:

(a) Examination of the daily log of the behaviour of the nuclear power plant

and equipment, covering a reasonable period of between one week to one month

including the stay in the last port.

(b) Determination that the nuclear power plant is properly certified and

that any periodic checks required by the Operating Manual have been complied

with.

(c) Determination that radiation levels in areas within the ship and in the

vicinity of the ship which are accessible to shore personnel are not in
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excess of maximum permissible levels specified by the Operating Manual

to be determined by examination of the ship's records or by independent

measurement'.

(d) Determination of the quantity and activity of radioactive waste

stored aboard the ship by examination of the ship's records or by

independent measurement, and of the procedures and programme for any

disposal.

(e) Determination that the reactor installation protection and enclosure

is intact, and that any programme involving a breach of its integrity

complies with the requirements of the Operating Manual.

(f) Determination that conventional and emergency arrangements and

equipment, the reliability of which is essential when navigating in

narrow waters, are in efficient operating condition.


