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progress and its price 

Civilization depends largely on man's ability to change and control his natural 
environment — and thus on the energy at his disposal. Until the industrial revolution man 
depended mainly on his own hands and his domestic animals, but in the last two 
centuries the tempo of man-made environmental change has constantly quickened. 

For almost every new benefit of technology, some price has had to be paid in terms 
of environmental side effects. In the first century of the industrial revolution, smoke and 
grime poured from the chimneys of the new foundries, factories and gas works. Industrial 
progress has helped to clear the air of some of these pollutants, but has also brought new 
ones in their stead. 

If man's standard of living is to go on rising and if the rapidly growing population 
of the world is to be properly fed, housed and clothed, the tempo of environmental 
change will increase even further. The "green revolution" that now brings record crops 
depends on the use of artificial fertilizers, but when these are washed away into rivers 
and the sea they may upset the balance of nature. Chemical insecticides like D D T are 
indispensable for protecting crops and for combating diseases, but their harmful side 
effects are causing growing concern. Detergents ease the burden of labour, but their 
cumulative effect is the pollution of rivers into which they are eventually drained. There 
are now about 200 000 000 motor cars on the road: on average each one discharges 
almost a ton of noxious exhaust gases each year (more than 700 kg of carbon monoigfc|, 
100 kg of hydrocarbons and 35 kg of oxides of nitrogen). The burning of foss i l^Kl 
by industry and automobiles is steadily adding carbon dioxide to the atmosphere and 
causing fears of a gradual change in the earth's temperature which could have drastic 
climatic consequences. We have come to depend on oil for power and gasoline and 
kerosine for transport, but we have also seen the damage that can be done to the sea 
and its wild-life when super tankers founder or when oil wells leak. 

Until quite recently, most countries were relatively heedless of the long-term damage 
that new industry and technology might be doing to the environment. The cost of mini
mizing harmful side effects was a price that society was unwilling, and perhaps often 
unable, to pay. The findings of science itself have made us all much more aware of the 
environmental consequences of material progress and of our responsibility to preserve not 
only our particular national heritage, but the entire planet as a place to live in for future 
generations. For several years international bodies such as the World Health Organization 
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(WHO), the United Nations Educational, Scientific and Cultural Organization (UNESCO) , 
the Economic Commission for Europe (ECE), and the Council of Europe, as well as 
public and private national bodies, have been calling attention to the problem. World
wide concern has led the United Nations to convene the first major international confer
ence on the human environment in Stockholm in 197 2. 

Nuclear energy 

Cheap and plentiful energy lead to industrial progress and better living standards. 
The per capita consumption of electricity has proven one of the best indices of the degree 
of technical development in a country. In the next thirty years man will use as much 
energy as he has since he appeared on earth. Energy consumption in the year 2000 will 
be about four times as high as in 1970. In most countries electricity production for the 
home and farm, as well as the factory, doubles every ten years; in many the doubling 
period is even shorter. Yet, even now, two billion out of the world's three billion people 
have no electricity; Asia, with half the world's population, produces only one tenth of its 
electric power. 

For many reasons nuclear power will be called upon to help meet man's energy 
needs. Firstly, the reserves of fossil fuels (oil, coal, gas) are not unlimited. They also 
i ^kesen t valuable raw materials for future generations and should not be burned up 
ftWdlessly. Uranium resources in the world, if used as fuel in advanced reactor types, 
contain more energy than presently known reserves of fossil fuels. Controlled nuclear 
fusion, if it is achieved, would meet the world's energy requirements for an indefinite 
future. 

The release of smoke, soot and corrosive gases from fossil-fuelled plants has 
become a serious problem in highly developed urban areas. A large coal-fired power 
station of 350 MW(e) emits about 75 tons of sulphur dioxide, 16 tons of nitrogen oxide 
and 5 tons of ash particles each day. Nuclear power provides a relatively clean alternative. 
By 1980 nuclear energy is expected to provide 13% of the world's electric generating 
capacity; by the year 2000 about 50%. Nuclear energy is also used to treat, diagnose 
and prevent disease, to lower the cost and improve the quality of a widening variety of 
manufactured goods, and to increase production as well as reduce wastage of food. In 
time, nuclear energy may be used to de-salt water by the use of large reactors or to ex-
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pand our natural resources by the use of nuclear explosives. If its price falls far enough 
it may begin to supplant coal and coke in the steel and other metallurgical industries. 

Like most other technologies, nuclear power has certain environmental side effects. 
The wastes of nuclear energy plants are chiefly radioactive products, some of which are 
valuable and can be used, for instance, for sterilization purposes. The rest of the wastes 
must be managed through storage or controlled disposal. Some radioactive wastes are 
long-lived and have to be isolated for long periods of time. Operation of all the plants 
associated with nuclear power results in discharge of radioactivity, but the dose to the 
public is trivial. 

All steam-generating plants also release unused heat to the environment. Nuclear 
plants are no exception. Concern for public welfare requires that before any new major 
industrial plant is put up, its potential effects on the environment and on human health 
must be carefully assessed. The benefit it offers to society must, in other words, be 
weighed against any possible risk. 

This booklet attempts to put the benefits and problems of nuclear energy into 
perspective and to outline some of the work being done by nations individually and 
collectively to help ensure that radiation, radioactive materials and nuclear power make 
their needed contribution to economic and social progress with the least possible harmful 
effect on the environment. ^^ 

The scene is Paris but it could be any large town. In a journey of 1000 kilometres each car uses as 
much oxygen as a human being does in a year. There are more than 200 000 000 automobiles in use. 
Photo: UNESCO/Barbara Nagelsmith • 
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where does radiation 
come from? 

Natural sources 

Man has always been subjected to natural radiation; his body contains natural radio
activity and when two men meet they are in effect irradiating each other. Indeed natural 
radiation induces mutations, one of the main factors that causes the evolution of living 
species. But excessive radiation injures human tissue, can cause cancers and genetic 
damage. 

Natural radiation includes cosmic radiation; there are also naturally occurring radio
nuclides in the ground, air, sea, plants and animals, as well as in the human body. The 
levels of natural background radiation differ greatly in various parts of the world. Figure II 
shows the natural doses of radiation received in various natural backgrounds. The doses 
received from the ground differ considerably from place to place depending on the compo
sition of the soil. 

Man-made sources 

In addition to natural sources of radiation man is exposed to sources of radiation 
he himself has created. Man-made sources of radiation include the fall-out from nuclear 
bomb testing, radioactivity released in the course of nuclear power production, and ion
izing radiation used for various medical and industrial purposes. 

Nuclear weapons testing is the major source of man-made radioactive c o n t a m i n a ^ ^ 
of the environment (besides adding psychologically to the anxiety of many people about 
other applications of the a tom). The United Nations Scientific Committee on the Effects 
of Atomic Radiation (UNSCEAR) periodically produces and up-dates reports on the 
levels of radioactive contamination throughout the world and the contribution that fall
out makes to such contamination. Since the conclusion of the partial Test-Ban Treaty in 
1963, these levels have been decreasing. 

Medical sources 

Ionizing radiation is now one of the most valuable tools for research, diagnosis 
and treatment. The table below indicates that medical exposures, although many times 
larger than exposures resulting from all other peaceful uses of nuclear energy put together, 
are still only a quarter of the amounts received from natural radioactivity. 
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Average yearly d o s e t o t h e p o p u l a t i o n (information taken from the Report of UNSCEAR, 1962) 

Genetically 
significant dose 

(mrem) 

Natural radiation 125 

Medical exposure: 
Diagnostic 30 
Therapeutic 5 

Occupational and miscellaneous exposure including all 2 
peaceful uses of atomic energy except medical 

One mrem is one-thousandth of a rem, the unit of ionizing radiation giving the same biological effect as 
that due to one roentgen of X-rays (thus Roentgen Equivalent, Man) 

The International Commission on Radiation Protection ( ICRP) has set a recom
mendation for the genetic dose to the population as a whole over a period of thirty years 
with respect to exposures other than by natural radiation and by medical treatment. This 
must not exceed 5000 mrem over the period. Generally this means that all exposures 

cept those from natural background and medical applications should not contribute on 
"rage more than 170 mrem per year. Present exposure is only about one per cent of 

this figure. 

The ICRP has also recommended dose limits for the individual members of the 
public to guard against harmful effects. Whether the individual dose limit or the 
genetic dose is overriding depends on many factors which are beyond the scope 
of this discussion and it is enough to say that the number of people exposed is a 
very significant factor. However, the highest degree of exposure to people living in the 
vicinity of a reactors is only a few tenths of a per cent to a few per cent of the dose 
limits permitted. 

Public interest has recently focused on nuclear power and its influence on the en
vironment. In order to understand this problem it is necessary to explain what happens 
to the fuel in the reactor, as well as before and after reaching the reactor. A schematic 
diagram of the nuclear fuel cycle is shown in Fig. I. 
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Nuclear power plants use uranium in one form or another as their fuel. After 
mining, uranium passes through several processes of concentration, refinement and con
version before it can be used in a reactor. For the modern plants at present in most 
common use, though not for natural uranium/heavy water reactors, it is also necessary 
to "enrich" the natural uranium slightly, that is to say increase the ratio between the 
fissionable isotope (uranium 235) and the 140 times more plentiful isotope (uranium 238) 
Today this enrichment is performed in a few vast and complex gaseous diffusion plants 
in five countries. Normally, the enriched uranium produced by these plants is 
then chemically processed into oxide powder and fabricated into fuel elements, 
i.e. sintered, pressed into pellets and "clad" in a gas-tight metal tubing. A number of 
fuel elements are combined into an assembly for loading into the power reactor. 

In the reactor, as a result of nuclear fission, heat is produced, and used to turn 
water into steam for driving the turbines which produce electricity. 

Recycling the fuel 

After the power reactor has been in operation for a certain time the fuel element 
contains various radioactive fission products and plutonium as well as uranium 238 and 
uranium 235. All these fission products and the other constituents are of course 
essentially retained within the protective cladding during exposure of the fuel e l e m ^ t 
in the reactor. The fuel element is then taken to a special plant where the r ema ins !^ 
uranium 235 together with the plutonium and the uranium 238, are purified and re
covered by "reprocessing". They can then be used in new fuel elements. For this purpose 
they are usually returned to a fuel element fabrication plant. The plutonium produced 
from the initial uranium fuel can be used as new fuel for present power reactors and 
also for future fast power reactors. 

Managing the wastes 

Radioactive waste is produced and some is released at most stages in the fuel cycle: 
Mining and refining operations; 
Fuel fabrication plants; 
Nuclear power plants; 

l U Reprocessing plants. 
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For technical reasons the main waste products to be dealt with in refining uranium 
ore are radium and radon. 

In fuel fabrication most of the waste consists of shavings and particles of natural or 
enriched uranium. These are valuable and are usually collected and put back into the 
fabrication process. 

Although the new radioactive products are created during the reactor's operation, 
the amounts which reach the environment are so limited that they cannot cause any 
hazards, even through accumulation in living organisms. More than 99.9% of the radio
active products are separated at the following stage in the reprocessing plant, as solids, 
liquids or gases. It is therefore at this stage that the main task of radioactive waste 
management begins. 

The objective is to keep these potentially dangerous wastes isolated from man and 
his environment. The first step is to store the waste, nearly all of which is in liquid 
form, for a long period during which it loses most of its radioactivity. A gas that has a 
long radioactive half-life — krypton 85 — is released in reprocessing plants, but in the 
present scale of nuclear programmes causes no health or genetic hazards. Eventually it 
may be necessary to separate and store this gas for radioactive decay. 

After initial storage, these liquid wastes are chemically or physically treated often 

«(Solidifying them so that they may be safely stored in underground or other inaccessible 
ations (for instance, in guarded caves, disused mines or the deep ocean). 

11 





•^ At the Institute 
of Applied Sciences, 
University of Mexico, 
students under the direction 
of a UNESCO expert 
have produced 
a device for purifying 
the discharges 
from factory chimneys. 
Photo: UNESCO/P.Almasy 

The main object in choosing the site of a plant is to ensure that the amount of 
radioactivity that can reach the environment will remain well below the levels that have 
been set and accepted internationally by the most eminent experts in this field. Basic 
data provided by the International Commission on Radiological Protection (ICRP), which 
is the authoritative body, are used in deriving such levels. As experience has been gained 
over the last 20 years the procedures followed in selecting the sites for nuclear power 
plants have become more and more comprehensive. Relevant factors that are taken into 
account include: safety, engineering, economics, social factors such as population densities 
and effects upon recreational areas and ecological factors such as effects upon wild life 
and on the balance of nature in general. Special local circumstances must also be con
sidered, for instance seismic and geological factors in earthquake zones and special climatic 
conditions such as local proneness to hurricanes or floods. 

Thermal effects 

Even with the latest technology, approximately 60% of the heat produced by any 
thermal engine — whether the fuel is coal, oil, gas or uranium — must be taken back 
into the environment by cooling water or exhaust gas. A simple illustration is the fan 
and radiator of a motor car engine. 

^ B For economic reasons, the usual means of disposing of this "waste" heat from an 
electric power plant is to pump river, lake or sea water through the parts of the plant 
concerned. 

At present certain types of nuclear power plants use their heat as efficiently as 
"conventional" (that is coal, gas or oil-fired) plants of the same size. Others release about 
fifty per cent more heat to the environment. It is expected that by the later 1970's and 
early 1980's all nuclear plants will have thermal efficiencies similar to those of fossil 
fuelled stations. 

In practice, this means that the plant must be able to draw upon a source 
of cooling water which is large enough, which flows quickly enough, or is cold enough, 
not to be seriously affected by the return of warmed up water from the power station. 
Where this is not possible, it may be necessary to build relatively expensive cooling towers 
so that the heat is released to the air rather than to a local body of water. 

choosing 
the 

sites 



General view from Bradwell-on-sea, UK, of one of the first large commercial power stations, in use since 
1961. Photo: UKAEA 
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^ At all nuclear installations careful monitoring 
records radioactivity in surrounding areas 
to check that there is no significant 
increase to the natural levels. 
Statistics help continuous research to 
ascertain whether any living things are 
harmed or pollution caused to air, 
water or land. 
The Yankee power station in Connecticut, USA, 
shown here has been in use since 1967 
and serves eleven electric utilities. 
Photo: Connecticut 
Yankee Atomic Power Company 
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At the time it was completed in 1967 this nuclear power station (Oldbury) was the second largest operat
ing, but others with much greater output are under construction. Photo: UKAEA 
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Towards the future. This large fast reactor is being built as a prototype for the type which is expected 
to make the most efficient use of the potential energy in uranium. Photo: UKAEA • 

At Shippingport, USA, the first entirely commercial nuclear power station has been operating since 1957. 
Photo: Westinghouse Atomic Power Division Tf 
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the drawings on the following pages are designed to show: 

figure I: the processes through which uranium passes before and after use as nuclear fuel, and the 
stages at which waste material or heat occur either for discharge or storage —the nuclear fuel cycle 

figure II: the varying sources from which natural radiation is received now, as it has been throughout 
history, and the differences in intensity according to location. It represents averages and does not include 

exceptional parts of the world such as one where the natural background received by the inhabitants 
is more than five times the "normal" I / 



figure I 
the nuclear fuel cycle 

fabrication plant 

^ f l • • ^ w a s t e 

fission product waste storage condenser 
waste heat 

fuel fabrication fuel elements fast reactor (future) 



figure II natural radiation 
Information from "The Effects of Atomic Radiation 

on Oceanography and Fisheries" NAS-NRC Pub 551/1957 

COSMIC RAYS 

RAYS FROM 
INTERNAL POTASSIUM 

RAYS FROM LOCAL 
EXTERNAL SOURCES 

A-Z 

DEEP SEA SEDIMENT / ^ 

TOTAL NATURAL DOSES (mrad/year ) 

Man over 
g r a n i t e 

Man over 
sedimentary rock 

Man over 
sea 

Large fish 
in sea 

Micro-organism 
in sea 

10.000 

207 

m.s.l. at surf. 

142 75 52 64 

100m at su rf. 

30 39 

100m 

A mrad is one thousandth of a rod, the unit for indicating absorbed energy in tissues. 



legislating for safety 

It is essential that any country deciding to use nuclear energy for industrial 
purposes should pass laws for its safe control, should issue detailed regulations under 
these laws and should give the competent authority the power to enforce them. The need 
for such regulation arose long before the nuclear industry existed — when X-rays and 
other radiation devices began to be widely used by the medical profession. For this 
reason, a private international body, the ICRP, was established as early as 1928 to set 
the maximum doses to which doctors, patients and other persons could safely be exposed. 
More recently its recommendations have been applied to the general public. They form 
the basis of the more practical regulations and recommendations that the IAEA, WHO 
and the International Labour Organisation (ILO) have established and are incorporated in 
the legislation of almost all industrial and many developing countries. (AnnexII gives a 
list of these recommendations.) 

International concern about the effects of radioactive fall-out from the testing of 
nuclear weapons led the United Nations General Assembly in 1955 to establish 
UNSCEAR. The IAEA, as well as its sister agencies, WHO and the Food and Agriculture 
Organization of the United Nations (FAO) work closely with UNSCEAR in making 
surveys on radioactivity in the diets of populations of certain countries and in setting 
up a world-wide system of reliable radioactivity measurements. 

•
Nuclear power plants are now operating or being built in more than twenty 

untries. Nearly all of them have set up a national licensing system which requires noti
fication, registration or prior authorization before a station can be built or operated. The 
excellent safety record of nuclear energy is due primarily to the fact that the Governments 
and authorities responsible for its development were willing to spend — from the outset — 
funds for research and development of safety criteria and procedures. The licencing 
authorities must assure themselves that the design of the plant is inherently safe, that it 
is built according to the specifications previously approved, that qualified staff including 
safety staff will operate it and that the prescribed and very detailed health and safety 
procedures will be followed in running the plant. 

Radioactive waste management and disposal raise international problems, particu
larly to the extent that rivers and seas are used -for this purpose. 

21 
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Plant at Riso, 
Denmark for treatment 

of liquid 
radioactive wastes. 

Solids remaining 
after treatment 

are stored 
in concrete-lined drums. 

Photo: Danish AEC 
T 
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Control panel at Casaccia, Italy in the area for treatment of liquid radioactive wastes. 
Photo: ENI, Belgium 

Storage for radioactive materials at Jiilich, Federal Republic of Germany. Photo: KFA 
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helping to control pollution 

Some nuclear techniques offer a means of helping to investigate and ultimately to 
reduce the pollution caused by other industrial operations, by sewage and by the use of 
insecticides. 

In the Air and Water 

New radioisotope tracer techniques are used to measure the concentration of 
particulate or gaseous pollutants in the atmosphere. Radioactive tracers are also used to 
follow the movement of sewage when it is discharged into rivers, harbours etc., and to 
see how it is affected by different methods of discharge, by the weather conditions, and 
currents. 

In Foodstuffs 

Minute amounts of mercury, arsenic and cadmium are sometimes used as food 
additives. They may also be used as preservatives in the manufacture of fibrous products 
(paper, wood panel) and then discharged with waste water into streams, absorbed by 
fish and other marine life and eventually passed on to humans in concentrated and 
potentially harmful quantities. ^ ^ 

By the technique of "activation analysis" — irradiating samples so as to i n d a w 
radioactivity in certain elements — these minute quantities can be detected and measured 
and thus their potential public health hazard can be determined. 

Insect control without residues 

The health hazard caused to human beings by the vast and growing use of chemical 
insecticides is already a matter of concern in many countries. The "sterile-male" technique 
offers an alternative method of controlling and eradicating insects without leaving any 
harmful chemical residues. Successful field tests have been made of this technique, where
by large quantities of male insects are sterilized by irradiation and then released amongst 
the "wild" insect population to mate without off-spring and thus reduce the next genera
tion. Further investigations will be necessary on many aspects of genetic control. 
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Sewage treatment 

Experiments are being carried out on the treatment of sewage by radiation to facili
tate the settling of sludge and, through its effect on micro-organisms, to obtain useful 
by-products. 

At Cadarache, France, mutations to improve chrysanthemum blooms are induced by radiation, a technique 
which has already contributed to many better strains of food plants. Photo: Pierre Jahan ^ 

25 
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Part of equipment 
using isotopes to control 

thickness 
of plastic materials 
at a Paris factory. 
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Radiation unit 
in use 
at a Greek Hospital. 
Photo: 
IAEA/Moir 
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preparing for the future 

The radioactivity to which man is exposed as a result of the development of nuclear 
industry, including its major branch, nuclear power, is a minute proportion of the total 
that he receives from nature and from other artificial sources. 

The world's needs for energy will quadruple in the next thirty years and for com
pelling reasons a growing share of the total will be provided by nuclear energy. 

The rapid growth in nuclear power production will inevitably augment the amount 
of radioactive wastes that must be managed in a way which avoids environmental pol
lution. The technology of waste management is already well developed and it is reason
able to predict that the spread of nuclear power will not be accompanied by any significant 
radiation exposure of the public. 

Nuclear energy, far from being a major contributor to the pollution of the environ
ment, will in fact diminish pollution as it replaces other sources of electric power such as 
coal and oil. 

Nevertheless, particular attention must be and is being given to a number of 
problems such as the thermal effects of nuclear power plants; the improvement of the 
technology and economics of containment techniques for radioactive wastes; die behaviour 
of radioactive materials in the sea and in marine organisms in order to find the appropri
ate solutions to safe disposal into coastal waters or oceans. 

The techniques developed to ensure the safety of the nuclear industry may profitaJjK 
be studied by other industries. Thus, the experience gained in monitoring r a d i o a c t i ^ ^ 
could be adapted to the monitoring of "conventional" pollutants, be applied to other 
hazardous goods. The controls set up by atomic energy authorities and industry could 
serve as an example — and in fact are beginning to do so — in the licencing, authorization, 
management and control of other plants. 

The main burden of future research and development must be carried by national 
Governments, particularly those introducing nuclear power on a vast scale. International 
co-operation is, however, essential to ensure the widest possible exchange of information, 
to encourage research, to promote uniformity of rules and regulations based on recognized 
standards and to help the developing countries, as they introduce and expand nuclear 
technology to make the best use of die experience of industrial nations. 

In this co-operation, die organizations of the United Nations family have a role to 
2 8 play. The IAEA is bound by Statute to seek to enlarge the contribution of atomic energy 
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to health, as well as to peace and prosperity throughout the world, and to formulate 
international standards of safety for the protection of health and minimize all danger to 
life and property. (Annex I describes the relevant Agency programmes.) WHO has an 
overall responsibility for health problems, FAO for promoting nutritional standards and 
ILO for assuring the welfare of workers. The work of these organizations is concerted 
by the joint preparation of recommendations and by the pooling of resources. 

The convergence of international interest in this subject reflected in IAEA's sym
posium on environmental aspects of nuclear power stations in 1970; in WHO's European 
conference on water pollution in 1971 and particularly the United Nations conference 
on the human environment in 1972, will help to identify the major problems to be faced 
in environmental control, to place them in a rational and balanced perspective and to 
indicate the steps that must be taken for their solution at the international, as well as 
the national, level. It is hoped that this booklet may be of use in preparatory work for 
these conferences. 

29 



annex I 

activities of the 
international atomic energy 
agency 

Statutory Mandate 

The IAEA 
— shall seek to accelerate and enlarge the contribution of atomic energy to peace, 

health and prosperity throughout the world (Art. I I ) . 
The IAEA is therefore authorized 

to encourage and assist research on, and development and practical application of, 
atomic energy for peaceful uses and to perform any operation or service useful in 
this field (Art. I I I .A . l ) . 

— to foster the exchange of scientific and technical information on peaceful uses of 
atomic energy (Art. III .A.3). 

— to establish or adopt standards of safety for protection of health and minimization 
of danger to life and property (Art. III .A.6). 

IAEA Safety Standards 

The IAEA has drawn up a wide range of internationally approved health and safety 
rules comprising standards and recommendations (see Annex II) . The IAEA Statute 
requires the standards to be applied to its own and to any project that it assists. 

The rules cover almost every type of activity in which nuclear energy is used J a t 
peaceful purposes — from the safe handling of radioisotopes in small laboratories to iBP 
safe operation of large nuclear power plants. Each set of rules is revised periodically to 
take into account new technological developments, scientific knowledge and practical 
experience. 

It is important that international rules should reflect not only the expertise of the 
IAEA and national atomic energy authorities but that they should also embody the widest 
possible support of international health and labour authorities and, in certain cases, the 
international bodies responsible for nutrition, for safety of life at sea, for air safety, and 
for the safety of postal packages. In drawing up these rules therefore die IAEA has always 
sought the help of its sister United Nations agencies and of expert regional bodies. 

As one consequence, the World Health Organization has adopted many of the 
IAEA's safety publications for recommendation to national health authorities. Increasingly 

3 0 the rules are issued under the joint authority of WHO and die IAEA. 
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Two important sets of rules may be singled out. The first is IAEA's basic safety 
standards which are the foundation for all other rules, and which serve as the basis for 
the national legislation of many countries. 

The second is IAEA's regulations for the safe transport of radioactive materials. 
These have been incorporated into the rules of nearly all international transport bodies, 
such as the Intergovernmental Maritime Consultative Organization, the International 
Aviation Transport Association, and the Railway Road and Inland Waterway Organizations 
of Europe and elsewhere. These regulations are now undergoing review through a series 
of international meetings with a view to ensuring the widest participation of interested 
Governments and experts. The review will be completed in 1972. 

International regulatory activities cannot stand alone. They must take into full 
account the latest scientific and technical information and operational experience. IAEA's 
programme to encourage the international exchange of information plays therefore an 
important part in promoting the safety of nuclear energy. 

The health and safety programme is also backed up by research activities. With the 
support of the Monegasque authorities, UNESCO and FAO, IAEA operates an inter
national laboratory at Monaco. This deals with the problems arising in regard to radio
active waste disposal into the sea. Its work at present is directed towards the standardi-

• i o n of research and experimental techniques used in determining the effects of radio-
'vity in the sea. Such standardization is essential to permit meaningful comparison of 

the results of research being carried out in several nations. The laboratory also helps to 
co-ordinate national and regional oceanographic research on the subject. 

The IAEA also operates a large number of research support programmes under 
which it promotes research and experiments on selected and important problems. In 
most of these programmes, laboratories and scientific centres in several countries co
operate in the search for knowledge or for the solution of a particular problem. Some 
institutes receive cash grants from the Agency; others pay the costs themselves. 

Recent Work 

The extent of the IAEA's recent work in these four directions — regulation infor
mation, research and services — is indicated in the following list of projects undertaken 
in 1969—70. 
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Regulation 

The IAEA published 6 guide books on radiological safety, 2 on nuclear safety, 
and 4 on waste management during 1969—70. 

Information 

During the second half of 1970, the following panels, i.e. small international 
meetings of groups of experts will be held: 

on the control of iodine and other constituents of airborne wastes; Vienna, 
19—23 October 1970; 

— on procedures for establishing limits for radionuclides in the sea; Vienna, 
9—13 November 1970; 

— on inhalation risks from radioactive contaminants; Vienna, 30 November — 
4 December 1970; 

— on the management of tritium waste and on high-level radioactive waste. 
In addition the following symposia, i.e. large international meetings with the wide 

participation of Member States, are scheduled: 
— on environmental aspects of nuclear power stations; New York, 10—14 August 1970; 
— on developments in the radioactive management of low and intermediate-level r a d j ^ 

active wastes; 7—11 September 1970 (together with ENEA); ^ ^ 
— on the use of nuclear techniques in the measurement and control of environmental 

pollution; Salzburg, 26—30 October 1970. 

Research 

The main topics connected with the environment on which the IAEA is currendy 
supporting research by means of a total of 41 contracts a r e 
general matters of radiation protection; 
measurement techniques; 
accident dosimetry; 
transport packings; 
marine radioactivity; 

32 low- and medium-level radioactive waste management. 
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IAEA together with FAO and WHO is also supporting research on the effects of 
chemical pesticides — using isotope tracers and radioactivation techniques to study the 
residues left by such pesticides when they are applied to crops and the track of the 
residues and their effects on living organisms including man. 

IAEA is encouraging research and development on the treatment of sewage by 
radiation. 

Services 

IAEA has to date arranged for international advice in the safety review of 11 re
actors and in the selection of 10 reactor locations. 

IAEA together with WMO has set up a world-wide sampling network to measure 
the amount of radioactivity in precipitation (rain, snow, etc.) and in the water of the 
world's major rivers with UNESCO. 

IAEA and FAO have jointly made surveys for UNSCEAR of the radioactivity in the 
diets of the population of certain countries. IAEA has also helped UNSCEAR to set up 
a world-wide system of reliable measuring points (monitoring stations etc.) to monitor 
atmospheric and other environmental radioactivity. 

33 
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nuclear standards 
activities 

Subject 

Safe handling of radioisotopes 

Safe handling of radioisotopes -
Health physics addendum 

Safe handling of radioisotopes • 
Medical Addendum 

Safe operation of critical assemblies 
and research reactors 

Radioactive waste disposal into 
the sea 

Regulations for the safe transport 
of radioactive materials 

Regulations for the safe transport 
of radioactive materials - Notes on 
certain aspects of the regulations 

Issue Number 

Safety Series 
No. 1 

No. 2 

No. 3 

No. 4 

No. 5 

No. 6 

No. 7 

Dates 

1958 

I960 

I960 

1961 
1969 

1961 

1964 
1966 
1967 
1970 

1961 

Remarks 

Safety Standard 

Safety Standard 

Safety Standard 
(Joint IAEA/WHO/ 
ILO publication) 

Guidebook 
Code of Practice 

Guide-book 

Safety Standard 

i 
Guide-book 
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Use of film badges for personnel 
monitoring 

Basic safety standards for 
radiation protection 

Disposal of radioactive wastes 
into fresh water 

No. 8 

No. 9 

No. 10 

1962 

1962 
1965 
1967 

1963 
1969 

Guide-book 

Safety Standard 

Guide-book 
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Subject Issue Number 

Safety Series 
No. 11 

No. 12 

No. 13 

No. 14 

No. 15 

No. 16 

No. 17 

No. 18 

No. 19 

No. 20 

No. 21 

No. 22 

Dates 

1965 

1965 

1965 

1965 

1965 

1966 

1966 

1966 

1966 

1966 

1967 

1967 

Remarks 

Guide-book 

Safety Standard 

Safety Standard 

Safety Standard 

Guide-book 

Guide-book 

Guide-book 

Guide-book 

Guide-book 

Guide-book 

Guide-book 
(Joint IAEA/WHO 
publication) 

Guide-book 

Methods of surveying and 
monitoring marine radioactivity 

The management of radioactive 
wastes produced by radioisotope 
users 

The provision of radiological 
protection services 

The basic requirements for 
personnel monitoring 

Radioactive waste disposal into 
the ground 

Manual on environmental monitoring 
in normal operations 

Techniques for controlling air 
^^Wlut ion from the operation of 
^Tuclear facilities 

Environmental monitoring in 
emergency situations 

The management of radioactive 
wastes produced by radioisotope 
users - Technical Addendum 

Guide to the safe handling of 
radioisotopes in hydrology 

Risk evaluation for prot. of the 
public in radiation accidents 

Respirators and protective clothing 
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Subject Issue Number Dates Remarks 

Radiation protection standards for 
radioluminous timepieces 

Safety Series 
No. 23 1967 Safety Standard 

Basic factors for the treatment and 
disposal of radioactive wastes 

No. 24 1967 Guide-book 

Medical supervision of radiation 
workers 

Radiation protection in the mining 
and milling of radioactive ores 

Safety considerations in the use of 
ports and approaches by nuclear 
merchant ships 

Management of radioactive wastes 
at nuclear power plants 

Application of meteorology to 
safety at nuclear plants 

Safety aspects of the design and 
equipment of hot laboratories 

No. 25 

No. 26 

No. 27 

No. 28 

No. 29 

No. 30 

1968 Guide-book 
(Joint IAEA/ILO/ 
WHO publication) 

1968 Guide-book 
(Joint IAEA/ILO 
publication) 

1968 Guide-book 
(Joint IAEA/IMCO 
publication) 

1968 Guide-book m 

1968 

1969 

Guide-book 

Guide-book 

Safe operation of nuclear power 
plants - Code of practice 

No. 31 1969 Code of practice 
and tech. appendices 
(Joint IAEA/WHO 
publication) 

36 
Planning for the handling of 

radiation accidents 
No. 32 1969 Guide-book 

(Joint IAEA/ILO/FAO/WHO 
publication) 


