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NATIONAL SEMINAR 
"NUCLEAR ENERGY IN EVERYDAY LIFE" 

Cairo, 28-30 June 1994 

NUCLEAR ENERGY AND THE PUBLIC 

REMARKS BY DAVID R. KYD, PUBLIC INFORMATION DIRECTOR 
OF THE INTERNATIONAL ATOMIC ENERGY AGENCY (VIENNA) 

Ladies and gentlemen, 

It is a great pleasure and privilege to have been asked to 

speak at this session. 

I know that for many people - including scientists and 

teachers - the words "atomic" or "nuclear" provoke unease or 

- even fear. They think first and foremost: of bombs or of 

Chernobyl. It is absolutely right to be aware of the risks of 

some uses of the atom, because they do exist. But equally we 

should not overlook, for instance, that ionizing radiation is a 

principal way of combatting cancer. Also, over 16% of the 

world's electricity supply comes from nuclear power - about the 

same as what we get from hydro power. Used for peaceful 

purposes, and prudently, nuclear energy applications have, 

I submit, tremendous benefits to offer mankind, not only in the 

industrialized world but also in the developing nations. 

Developing countries have many problems in common like 

rapid population growth, heavy urban pollution, high rate of 

food losses and food-borne diseases and the need to increase 
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exports of their agricultural products. And the way in which 

nuclear techniques are applied to help combat some of these 

problems is part of what we will be discussing over the next 

two days. 

But first just a quick word about the IAEA. It began its 

work as part of the United Nations family in 1957 with the 

tasks of both promoting the peaceful uses of nuclear energy and 

simultaneously verifying that such use was exclusively 

peaceful. This remains the core of the Agency's work, and 

I expect you have heard a good deal about our high-profile 

.inspections in countries like Iraq, North Korea and South 

Africa. 

. Our total annual budget is approximately $200 million, and 

some $43 million are available for technical co-operation, 

technical assistance, technology transfer and training of 

personnel. Membership today stands at 121 States. 

From the outset, the Agency has served as the principal 

mechanism for nuclear-related services to developing nations, 

who make up the bulk of its membership. The transfer of 

technology from the industrialized world to developing 

countries through technical assistance and co-operation is one 

such service, tracing its origins to the "Atoms for Peace" 

bargain defined by President Eisenhower in the early *50s: 

renounce manufacture or procurement of nuclear weapons and you 
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get access to nuclear know-how and technology, for peaceful 

purposes. 

As of the Chernobyl accident in 1986, and especially since 

the publicity surrounding our inspection work in Iraq and North 

Korea, our Agency has been propelled into the public limelight, 

having previously been perceived as a rather low-key technical 

and scientific body. 

When I started with the Agency in 1989, we embarked on a 

series of public information seminars like this one around the 

world on various aspects of nuclear energy in the belief that 

there was a dearth of sound, basic information available on the 

facts about nuclear power, which contributes to an inadequate 

understanding of tlnis subject among members of the general 

public.^ Most people, and many journalists, only hear of 

nuclear when things go wrong, and hearsay can crowd out facts. 

The best way to reach the public at large, we felt, was through 

initiating direct dialogue with specialist and non-specialist 

media. These seminars were one of the methods chosen. 

At the very outset, it was determined that these seminars 

were to be informative and educational, and provide balanced, 

honest, authoritative background material on the subject of 

nuclear energy. We hoped that since the Agency's own 

capability is limited, the seminars would also have a seed 

effect: we would demonstrate to Member States that this type 

of seminar could be done; show how it could be done; provide 
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the stimulation and the materials for them to use as templates 

for their own publications; and help them to expand such a 

dialogue with their local media. 

The key message of the seminars was basic: nuclear power 

is a complex technology that can be managed safely and 

economically through high standards of excellence. Such 

excellence can be achieved worldwide by observing international 

standards and maximum openness. 

Regional media were the primary audience for the seminars. 

However, local and regional authorities also have attended. 

The topics discussed included explanations of radiation, 

nuclear waste, non-proliferation, nuclear applications 

including power generation, nuclear safety and the 

* environmental impacts of the various energy sources. 

The speakers chosen are a mix of IAEA and outside experts 

from around the world who gave their time and energy to making 

each seminar a success. Overall, the response was most 

positive. About 600 participants from 20 countries took part 

over the initial three years of the programme. Seminar venues 

included Bombay, Canberra, Budapest, Tokyo, Bangkok, Cairo, 

Hong Kong, Jakarta, Kuala Lumpur, Santiago, Warsaw, Seoul, 

Shanghai and Sofia. 

In arranging these, we benefitted greatly from 

extrabudgetary financial support from the Japanese Government. 
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Towards the end of 1992, upon advice we received not to 

neglect teachers and, through them, younger people, we decided 

to reorient the nature of some of these seminars to encompass 

educators - teachers and officials involved in setting 

curricula - and to focus more broadly on energy education in 

which nuclear is of course just one element. We have done this 

notably in Latin America, although the first symposium of 

educators was in fact held in Tokyo in December of 1992 and 

attracted over 200 teachers from Tokyo and the surrounding 

area. Among the speakers were officials from Canada and 

France, two school teachers from Sweden who take a special 

interest in energy education, an educational specialist from 

the United Kingdom, and of course a number of Japanese 

educators. 

The second day of the seminar was covered by a team from 

one of the major TV channels, who filmed a panel discussion 

which resulted in an hour-long documentary shown on prime time 

on a Saturday evening, interspersing sequences on energy 

education shot in various European countries with extracts from 

the panel discussion. The view of the moderator, a TV 

journalist, was that despite the vital importance of energy for 

Japan's industrial and economic base, energy education was 

comparatively neglected in his country compared to others. The 

reasons given were crowded curricula, the lack of readily 

available, simple and interesting teaching materials, and 

teachers* reticence to address nuclear energy, an area seen as 

both complex and sensitive. He hoped the exercise would 
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stimulate greater efforts in this regard henceforth in Japan. 

I suspect many of these considerations are also valid in Egypt. 

Another point made by several Japanese teachers in the 

discussion, incidentally, was that there is great 

disinclination on the part of some pupils today to study 

scientific subjects or set their sights on scientific careers. 

In this context, aversion to studying nuclear-related 

techniques was apparent. 

I will not attempt to summarize here the presentations 

made on national energy education policies and experience. 

Just let me mention that in some of the most "obvious" 

countries where one might expect energy education to be highly 

developed - like the United States - this is not always the 

case. Of course, the United States school system is not 

centrally directed, and so energy issues may come up in science 

classes, under physics, in social science, on field trips, even 

in geography lessons. 

As I mentioned, a second symposium of this tyt>a was 

regional in nature and was conducted in Latin America, in 

Santiago, Chile, in March 1993. It was the first event of its 

kind ever attempted there. There were 60 participants 

including 14 invitees from 8 Latin American countries other 

than Chile, mostly senior officials involved in energy 

education or public information work. Chile has a very active 

and effective nuclear education programme indeed, and presented 

it most vividly to the other Latin American participants. It 
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has as yet no nuclear power stations, but it has extensive 

research and nuclear technology applications to demonstrate in 

medicine and industry particularly. Among topics addressed 

were nuclear education for high school students, media or 

static exhibits. Other countries which presented their 

programmes were Argentina, Brazil, and Colombia, and guest 

speakers also attended from the United States, Canada and the 

United Kingdom. 

Resources permitting, we intend to continue this programme 

in coming years. Up ahead we have seminars in Morocco, the 

Philippines, Kenya and South Africa. 

An important part of our preparatory work is to put 

together for participants information packs of the type we 

distributed here which contain a series of 4-page fact sheets 

on various aspects of nuclear energy. Typical titles are: 

Radiation in Everyday Life, Nuclear Techniques in Medicine, 

Radioactive Waste Disposal and Facts about Energy, Electricity 

and Nuclear Power. Special emphasis is put on technical co­

operation in bodies like AFRA and the transfer of technology 

and know-how to developing nations. 

We also have prepared supporting in-house videos on, for 

instance, how nuclear reactors work and on nuclear energy and 

the environment. All in all, we find this an essential part of 

our public information activity, getting out from our "ivory 

tower" in Vienna and away from just the typical kind of 
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publications United Nations bodies produce, providing fora for 

a real dialogue between experts and educators on the one hand, 

and media on the other. 

It goes without saying that we have at our disposal, 

beyond the seminar programme, the full range of classical 

public information tools: press releases, press conferences, 

briefings, speeches, publications, annual reports, visitors' 

groups, exhibits, responses to media enquiries, written or 

oral, interviews, etc. Our basic philosophy is to be as 

accessible as possible and to serve as a central resource and 

reference point for anyone seeking reliable, authoritative 

information on any nuclear-related issue, from safety to 

safeguards, from sterilizing insect pests to protecting skin 

grafts. You will find mention of these various elements in the 

material we have brought with us. 

As a United Nations organization we of course deal 

basically with and through the governments of Members States, 

but we also reach out to wider publics via the media, our 

publications and films, other specialized organizations with 

whom we work and through our responses to literally thousands 

of individual or collective enquiries we handle each year, from 

politicians to schoolboys, from environmentalists to 

researchers. 

I hope this outline of our own information work has been 

helpful, and I would be happy to answer any questions. 



DAVID R. KYO 

David R. Kyd was appointed Public Information Director of the 
International Atomic Energy Agency (IAEA) in Vienna, effective 3 July 1989. 

A native of Aberdeen, Scotland, Mr. Kyd was educated at the universities 
of Aberdeen, Zurich, Lausanne and Dijon, and holds a Master of Arts degree 
with First Class Honours in modern languages from Aberdeen. 

Following an initial career in journalism, in 1965 he joined the 
Secretariat of tbe North Atlantic Treaty Organization (NATO) in Paris, which 
subsequently moved to Brussels. During his )A years with NATO, he served as a 
member of the Political Directorate, specializing in East-West relations and 
preparations for the Conference on Security and Co-operation in Europe 
(CSCE). He was Head of the NATO Press Service and Chief Spokesman from 1975 
to 1979. 

Mr. Kyd became Public Relations Director of the International Air 
Transport Association (IATA), the world association of scheduled airlines, in 
Geneva, in March 1979. In that position and with NATO he visited all parts of 
the world and lectured widely on international affairs, particularly in North 
America and the developing nations. 

He is a member of several professional associations in the fields of 
public relations and international affairs, including the International 
Institute for Strategic Studies (London). 

Mr. Kyd is married to Anna Elisabeth Kyd (nee Schraner) and they have two 
grown-up children. 

* * * * * 



LECTURE 2 

i 



Nuclear_Energy in Everyday Life 
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Nuclear Energy and Education in the United Kingdom. 

by M.E. Ginniff. 

Introduction 

The education of the people of any country must take account 

of the history and the traditions which brought it to it's present 

standards and to it's status in the world community. In your 

country education is given a high priority and rightly so. 

Education must, however, not only take account of what has and is 

happening in the country and the world but must look to the future 

so that the people of the country can progress to improved standards 

of living. An important contributor to the standard of living is 

the energy available to power industry and to make houses more 

comfortable so people both adults and children should be given 

sufficient basic information to make them aware of the sources of 

energy available to their country and which particular sources are 

being developed to supply present and future needs, -y. 

Energy for lighting, heating and power is a key factor for a 

given standard of living as it influences home life, transport, 

industry, in fact the whole spectrum of life in e community. 

The source or sources of the energy for a country must be 

dependable and their use from production of the basic fuel to the 

disposal of the waste should be to standards which the people are 

awure of and accept. Therefore the people must be informed about 

the various options for energy supply and about the effect it will 

have on their environment. 

Energy must therefore be a subject in the schools curriculum 

and a topic which is discussed and explained in the media. The 

explanations of the energy position need only be in broad terras 

because the majority of the population of any country has little 

interest in delving into the details of fossil fuel, hydro based, 

renewable or nuclear energy source.-:. The broad explanation must be 

factual and presented in a way which is coxprehendable to non­

technical people as they make up the majority of" any genert.1 population. 

Many sources of energy have been used for thousands of yean-

but the scale of the- usa^e ha:* been SinalJ . Modern living stand: is 

demand vast quantil ; f .'* of en'-rjry. A person car: survive or. It-s? than 

a 100 watts of energy for heating in temperate climates b\*t advanced 

-1-



countries now have to provide some 4,000 to 7,000 watts of energy to 

families for cooking, heating, refrigeration, airconditioning etc. 

The sources of such energy are many in general, but particular 

countries tend to turn first to their indigenous supplies. If 

theae can be developed to supply areas of their country without 

adverse environmental consequences then it makes good sense to proceed 

with them. Most countries however, tend to require a diversity of 

sources so that the future energy supply is more certain. 

Sources of Energy. 

Historically the most traditional sources of energy vere hydro 

and wind power. Wind power is limited because it requires large 

areas to collect large quantities and it is not suitable for storage. 

Hydro power is an extremely valuable source as it is clean, storable 

and can be available in some areas in a range of quantities from small 

up to enormous quantities. It's impact on the environment needs 

careful assessment. Sea wave energy is like that from wind in that 

it is thinly distributed and not storable. 

.Fossil fuels play an important role world wide and are very 

flexible. They are particularly important to transport systems. 

However, now that they are used in enormous quantities their by­

products and wastes produce a very real strain on the environmental 

conditions not only of their local area but world wide. The cost of 

the treatment plants needed to deal with their waste products is 

an important consideration in the economics of their use. 

Renewable energy like heat from the sun as well as that from wind, 

wave and hydro sources, already mentioned, are excellent for isolated 

and small requirements and are valuable as methods of conserving or 

reducing demands for energy but they cannot be developed on a sufficient 

scftle to rule out the need for large quantities of energy from other 

sources. 

For some 30 years nuclear power has beer, used as a major source of 

energy and the education of people and children should include an 

explanation of how nuclear power is produced i'ro.n the mining of the 

uranium to the final disposal of the waste from the system. This paper 

attempts to put this source of energy in perspective. 

An explanation of nuclear power. 

The development of nuclear power has been a remarkable success story 

from the scientific and technological point of viev:. Yet after some 

30 years of usage for electricity production almost world wide it is 

still •.-t a favoured source of energy. Factually it is a clnar. source 



of energy with little impact on the environment and it's safety record 

over the 30 years is good. The question to be answered is "Why ia it 

not favoured" and the answer to that is "Lack of education on nuclear 

power in the schools and homes." 

When nuclear power was being developed in the 1950's and ' 60's the 

attitude in the world was to glamorise scientific and technological 

achievement. Supersonic flight, space exploration and nuclear power 

all were seen to have enormous beneficial potential for the future of 

mankind. The scientists and technologists enjoyed their work, were 

excited about it and wanted to expand and develop their technologies. 

They spoke in glowing terms about the benefits of their discoveries. 

They did not look at the impact on the layman. They did not consider 

how the laym.-_i was .aking on board all these changing ideas and novel 

concepts. In fact they were indifferent to the thoughts of those very 

people who would eventually need to make use of the development if the 

development were to succeed. This was not their fault because they 

were scientists and technologists and not communicators. 

Communication is the oil that keeps modern society running smoothly 

in all fields of man's interests and education is a major ingredient 

in communication. 

It must be remembered however, that all of the population do not 

think in the same terms. Scientists toiow their subject and actually 

think and speak in their scientific language. Other groups of people 

like say musicians know their subject and think and speak their language. 

The scientist and the musician will not understand or even accept each 

others endeavours unless they are educated to some extent in each others 

work. To achieve this the scientist must explain his interest to the 

musician in terras the musician can understand and visa versa. 

This is the essence of communication. 

Nuclear power must therefore be explained to the public in factual 

but simple language and not made important or exclusive by the use of 

scientific jargon as most scientists try to do. 

Nuclear power is essentially mining uranium, like mining coal, 

burning it in a reactor, like burning coal in a furnace and using the 

heat, and lastly disposing of the radioactive waste, like yetting rid 

of the ash from coal. 

Each stage of the coal or uranium process has safety hazards to 

man and environmental considerations which require assessment. 

It is good th«t in the 1990's the safety and environmental 

considerations art- rec= ving much more emphasis and df-tfilcc assessment 

than they did thirty yenr'j a^o. 
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The acceptance of hydro and fossil based energy systems has 

developed over centuries and higher standards of 3afety have evolved 

over that time albeit all too slowly. Nevertheless people are 

generally familiar with what is involved in the systems but few 

understand the complexities. 

Nuclear power is some }0 years old, a recent development in 

compu:ison with the hydro and fossil systems, but 30 years surely i3 

long enough for to-day's generation of people to know something 

about it. Unfortunately that little that they do know is cloaked 

in fear due to the fact that 'nuclear' means 'bomb. ' Proper 

education will allow people to reassess the position and make their 

own judgement. 

Nuclear Energy in the United Kingdom. 

Nuclear energy in the United Kingdom has supplied commercial 

electricity for over 30 years. Gas cooled reactors of the uranium 

magnox type have now an average life of 2"J years and continue to 

operate reliably and well giving a Unit Capability Factor of over 

80$. The Advanced Gas Cooled reactors which followed the Magnox 

ty;e have had some operational problems mainly the on-load 

refuelling which was the design intention but has not been achieved. 

They now have improved performance and are supplying 13$ of the 

electricity for England and Wales. The Pressurised Water Reactor 

design is now adopted in the United Kingdom and the first station 

is having a rapid construction programme of some 63 months and is 

expected to enter commercial operation in 1994. Planning consent 

is now being sought for a twin Pressurised Water Reactor station with 

a net output of around 2,600 M.V.'. 

Fuel reprocessing is well developed in the United Kingdom and the 

storage of spent fuel and the radioactive wastes is carefully controlled. 

The wfcstes are at three levels, that is, low, intermediate and high. 

The low level wastes are being stored for 300 years at a fully 

operational site. The intermediate level wastes are tc be encased 

ur.derground in stable rock strata and a site is presently being 

explored. The high level wastes - spent fuel, is being encapsulated-

in glass for 50 years in cooled storage before underground emplacement» 

Nuclear pov.er produces over a fifth of the electricity in 

Er-tland and V.ales and for the last six months of 1?93 the level of 

production was 25$. With the further increases in output predicted 

it is expected that nuclear power will become the least cost producer 

within the next few years. 

K.'.dioc ;:tivi t v. 

The eleircnt of hazard of the nuclear process ir. 'radioactivity'. 

http://ur.de


Although the nuclear fuel cycle has been with us for some thirty years 

radioactivity has been part of the world since the planet was formed. 

In fact nuclear fusion in the sun is the earth's greatest and most 

beneficial energy source. 

Radioactivity is natural and everywhere. 

The hazard from radioactivity comes from man making concentrations 

of it or converting it to more hazardous forms. Man does this to many 

of the natural materials, be they fuels, chemicals etc. and then has 

to control and safeguard the products. For radioactivity the 

safeguarding methods are understood and applied. 

Radioactivity has a useful property - it can easily be detected. 

A simple geiger counter will detect even the low levels of the natural 

radioactive background which is present everywhere in the world. 

So the first requirement in nuclear power is to develop an 

appreciation of radioactivity in the world. Scientists do this 

mathematically but for lay people illustrations and 'hands on experience' 

are necessary. Children should have it explained to them at an early 

age as their bodies are subjected to it continuously. It is a 

natural process. In the United Kingdom a simple geiger counter 

suitable for use in home and school has been developed and marketed 

so that children and parents can have 'hands on experience' experimenting 

with materials found in the countryside which are naturally radioactive, 

and also with products used in everyday life. 

When it is appreciated that radioactivity is; natural and everywhere 

the education system should explain the need to respect and control it. 

Like many things a little radioactivity like the natural background 

is part of our normal living conditions but concentrated radioactivity 

can bo harmful unless managed properly. 

Concentrated radioactivity must be contained. The containment is 

necessary to stop inhalation or ingestion of air borne particles or for 

isotopes that produce harmful radioactive rays. The containment 

must be a form of shielding which absorbes the rays. 

So from the initial mining of the natural uranium to the final 

disposal of the radioactive waste man must be protected from the 

radioactivity of the process by containment and shielding. The 

methods of doing tin s are well proven and universally applied. Great 

stress is placed or. mi-intainir.j.'. high standards even under what is 

called maximum crecible accident situations. Th£.t is where is-. 

independent group of specialists assess what might be the unlikely yet 

just possible accidents which mi^ht lead to a breach of the- cent kin-: ert 

(. 



of any part of the processes in the nuclear plant. There must be a 

sfifrty device to deal with this likelihood unless the likelihood of 

the event is almost incredible. 

The nuclear proces? « 

It would not be realistic in a single paper discussing nuclear 

energy and education to attempt to deal in any detail with the 

technical side of the nuclear cycle. Not that the subject is too 

complicated for those who are deeply interested. Indeed it's 

science and technology is probably the most thoroughly explored subject 

of any modern development and with hundreds of rep.ctors operating 

around the world it's feasibility and practicability are ^ell 

demonstrated. Further there are excellent scientific publications 

on all aspects of the nuclear cycle. 

The important task, as emphasised above, is to bring the reality 

of the nuclear fuel cycle into clear perspective for non-scientists. 

To do this many countries have available books, pamphlets, slides, 

videos and exhibitions which present the elements of the nuclear cycle 

in the language of 'imagery' and relative to other more accepted 

processes. 

The nuclear reactor is a vessel to heat water or gas to provide 

steam for the normal generation of electricity. The reactor needs 

very infrequent fuelling, in fact some of the uranium fuel will last 

for more than five years continuously generating heat. Hence unlike 

hydro or fossil systems, the volume of the fuel to supply the energy 

is tiny by comparison. This means that the quantities of waste 

a^isings from the nuclear fuel cycle are in turn very small. 

The waste arisings are mainly of low level activity. However 

a small part of them is highly radioactive and would be very dangerous 

if not carefully controlled. All operators of nuclear plant are 

required by international standards to isolate the radioactive waste. 

Thfi low level waste needs some 300 years isolation and the high level 

sorr.e 1,000* s of years isolation. This can be achieved by placing the 

waste in special cannisters in deep geological caverns isolated 

fron, water. Such rock formations exist in many areas where the rocks, 

hfcve beer, stable for hundreds of rr.il 1 if.r.p of years and waste isolated 

in such a ^lace will safely decrease it'r. activity. 

The education resources. 

In the United Kingdom, albeit scxtv,!.:.1 belatedly, a useful range 

of documents and videos has been j.rej.ariid offering information about 

http://rr.il


nuclear matters. They can also be used to provide a complete 

educational service. In the Appendix a list is given of items for 

an information service with some comments about them. 

In many other countries some equivalent information is available. 

International co-operation in maintaining the availability of such 

material is valuable but the standards of the material must always 

be on a sound factual base. 

Conclusion. 

In the united Kingdom nuclear energy has been used for some 

30 years and now provides over 20/S of the nation's electrical 

requirements. The nuclear reactors are primarily of the gas 

cooled type but the Pressurised Water Reactor type is now being 

adopted. Nuclear power electricity is becoming cost competitive 

with other fuels. 

Education about the basic concepts of new technological 

developments should be kept abreast of the progress of the technology. 

The education should not be a simplified version of the scientific 

or technological material but should be presented in language 

suitable for people who are non scientific and think more in terras 

of the Arts where imagery and historical background form a platform 

for appreciation of new ideas. 

The impact on society and the environment should be clearly and 

factually assessed and presented. It is important nuclear power 

is included and well presented in the school curriculum. 



APPENDIX:- Comment.1? on Educat ional Mate r i a l . 

1 Nuclear Indus t ry Education Programme 

2 Mission 

To contribute to public understanding end awareness of nuclear power 

or. p.nrt of Die energy mix of 1.!io UK. 

To aldress issues in a responsible way for education, tailoring the 

messages to be used in on.iunol i on with tho national curricula 

iv qu i. reinet-.t:; of the UK. 

The education programme has been designed to con t r ibu te to pub l i c 

understanding of tin; energy i s sues which face tlie UK and the world 

now :itid in the f u t u r e . The infonna (ion i s presented in a balanced 

.'uid p o s i t i v e manner and i s a v a i l a b l e to the general pub l i c and a l so 

to school s t u d e n t s . The resources ava i l ab le to the s tuden t s range 

widely and expand on t op i c s which are mandatory in the National 

Curricula of the UK. 

The resources a v a i l a b l e through the programme ore designed so t h a t 

they can be used by the whole of the indus t ry to provide a complete 

education s e r v i c e . 

3 T r a d i t i o n a l a reas 

The programme has opened out the t r a d i t i o n a l a r eas covered by nuc lea r 

power education to incorpora te energy as a whole. This gives a good 

bas is to promote nuc lea r power as par! of the energy mix which i s 

necessary to the way we l i v e today. 

4 Curr icu la of the UK. 

There are three s e t s of s t u d i e s in the UK: the National Curriculum 

for England and Wales, tho Northern I r e l and Curriculum and the b - 1U 

Curriculum, Standard and Higher Levels for Scot land. Al l of these 

contain d i r e c t reference to the production of e l e c t r i c i t y through 

nuclear power and a l so include o the r top ics on which NTEI' produces 

rosouri:':'.";. 

5 iMaga v. i no f o r c h i l d r e n 

The f lagship of the educat ion programme i s Ac t iva te , thp energy 

magazine for s tuden t s aged J.l to 19- I t has a hold design and has 

been f'o:na t lml to provide classroom mnterial tha t err; be copied by 

the teacher and inc ludes an a c t i v i t y for the s tudents to do on t h e i r own. 



6 A c t i \ a t e - 3rd world 

This approach to energy a l lows us to explore areas sudh as the 

developing world and how i t ' s energy needs are being met with s o l a r , 

wind and water power as well os more conventional methods. 

7 Act iva te - E l e c t r i c i t y genera t ion from d i f f e r e n t sources 

V.'e can compare how d i fTeran t sour jes of energy can a l l produce n l e c t r i c i t y 

in s i m i l a r ways. This p o s i t i o n s nuc lea r , wind, .water us a normal 

p; . i l of llio production p r o c e s s e s . 

8 Ac t iva te - Radiat ion and Medicine 

"\"<3 can also look at the spin offs from nuclear technology into 

medicine and other applications. 

9 Activate - Teachers update section 

It also includes details for teachers on new publications and events 

related to science and technology and has a full assessment of how 

each feature fits into the curriculum. 

10 Comments on Activate from Teachers 

Excellent 

Informative 

Colourful 

Lively 

The f i r s t i ssue of Ac t iva t e has produced some very p o s i t i v e coTiTionts 

from t e a c h e r s . V.'e plan to conduct a survey a f t e r the second i s s j e to 

eva lua te the s t r e n g t h s and weaknesses of Activate so we can t a i l o r 

the approach to meet the needs of t c a c h r r s even l e t t e r in the f u t u r e . 

11 No Sasy Answers 

The programme inc ludes a s e l e c t i o n of videos which cover various 

t o p i c s . Wo Easy Answers d i s c u s s e s the i ssues behind energy 

product ion eg acid r a i n , CO? emiss ions , load in ptttrol . It givt-n 

reasons and e f f e c t s and prompts classroom discuss ion of these 

di f f icul t nrc.?s. 



12 Discovery and the Atom 

This video looks a t the h i s t o r y and the people behind the d i s c o v e r i e s . 

1} Rig Science 

Of course various a spec t s of niic] c a r power are covered by video, 

l i k e fusion a t the JET p r o j e c t . 

l'i Had in l ion Causes and "PfYcts 

Explains the di f To re n no.-. 1 . r iven ion is ing ran i r I i JH md rnd> o i o l i vi ly 

.•ml looks nt n.it.iir'-l tinr.Vrfound and mn--na h: r n d i r l i o n ; Din dancer.". 

and Die hone T i t s . 

ID Exploring Light and E l e c t r i c i t y 

V,'i.> a l s o address fundamental educat ion f t primary l e v e l , 5 - 11 y e a r s . 

This video looks gt the basic, concepts of l i g h t , shadows and tilings 

powered by e l e c t r i c i t y and i s aimed a t 5 - 7 year o l d s . A video 

being launched t h i s yea r takes t h i s a s tep fu r the r and looks a t the 

h i s t o r y ond more a p p l i c a t i o n s of e l e c t r i c i t y ; l og i c c i r c u i t s which 

give choices , dimmer switches ond g ives ideas to teachers for 

p re sen t ing the t o p i c s in the c lassroom. Doth of these packs have 

been wr i t t en in conjunction with a primary headteacher . 

16 Radcoi.nt 

Apart from Die v ideos , t h e r e a re o t h e r r e sou rce s . Nad count i s a 

po r t ab le r ad ia t ion count ing system which schools can use ins ide and 

out for Pleasuring r ad i a t i on c i t h e r n a t u r a l l y occurr ing or from 

sources . This i s a pood way to show s tuden t s tha t r ad i a t i on i s p a r t 

of the world and not confined to nuc lea r power s t a t i o n s . The pack 

inc ludes ?G graced experiments from GCSE through to A l e v e l and beyond 

17 Energy Rook 

The Energy Rook was written by an education examiner and was designed 

to fit in exactly with the GC3K *- the general certificate of 

secondary "ducal i on. There are also a selection of assignments thai 

can be copied by the teacher- for classroom or homework use. 

10 Greenhouse Effect 

Them are a serios of free booklets available which cover many of the 

majn topic.-, which ni'c raised when discussing nuclear power. They 

range from The Greenhouse Effect through Radiation to Safety. These 
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have proved very popular and were designed to answer the questions 

most often asked by the public. They are designed to be descriptive 

in pictures and words and can be easily understood by the public. 

19 R e a c t o r s 

Looks a t the d i f f e r e n t t y : c s of r e a c t o r and e x p l a i n s how they work 

and d i f f e r from each o t h e r . 

20 R a d i a l ion Around Ur, 

T!ilr. a l l o w s p e o p l e t o evil m l a In t h e i r own annua l dose of r a d i a t i o n 

Jt-.-p^niling on where the3» Tivn , how o f t e n ihoy f l y , hov; many y.-rnyfy 

t hey have had e t c . I t shows the d i f f e r e n c e s in man-made end n a t u r a l 

r n - U a l i o n and ho.v where we l i v e a f f e c t s tlie d o s e s we r e c e i v e . 

21 R a d i a t i o n and Medici no 

Shows the b e n e f i t s of r a d i a t i o n and how i t i s used in m e d i c i n e . 

??. R a d i o a c t i v e Waste 

T h i s g i v e s a comple te p i c t u r e of t h e d i f f e r e n t l e v e l s of waste and 

how i t i s p r o c e s s e d and s t o r e d . 

23 Atoms a t Work 

T h i s i s a d e f i n i t i o n of what i s an atom and r e l a t e s d i r e c t l y t o 

u ran i a i i and t h e f i s s i o n p r o c e s s i n a r e a c t o r . 

2U Ta lk s S e r v i c e ( l e c t u r e ) 

To complement t he r e s o u r c e s t h e e d u c a t i o n programme a l s o i n c l u d e s a 

t a l k s s e r v i c e . Any s c h o o l can r i n g and r e q u e s t a t a l k on a s u b j e c t 

r e l a t e d to n u c l e a r power g iven by 0 s e n i o r s c i e n t i s t . The t a l k s 

u s u a l l y l a s t f o r abou t an hou r and i n c l u d e s sonie hands on e x p e r i e n c e 

f o r t h e s t u d e n t s . 

25 E d u c a t i o n a l R e s o u r c e s C a t a l o g u e 

To enab le s c h o o l s to o r d e r any of the r e s o u r c e s a f u l l c a t a l o g u e has 

boon p r o d u c e d . Each e n t r y ha:> been t h o r o u g h l y a.o. ••r.snd as to i t s 

c u r r i onl a r c o n t e n t and a su'ipnnry on each i t e m , f o r each cu r r i cu lum, 

is i n c l u d e d . The r e s o u r c e s a r e h e l d • i. a c e n t r a l d i s t r i b u t i o n warehouse 

which e n a b l e s them t o he sh ipped out q u i c k l y ami e f f i c i e n t l y . 
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26 Advert - Teach Your Class About Energy 

Advertising is done to publicise the programme nationally and raise 

public nwarcness that the nuclear industry takes educetiorf very 

seriously and supports the nation's teachers with useful materials. 

2~] Advert - Their Energy Seems Limitless 

The publications are the ntitionel press for ^enoral awareness and 

tr:).le pu> licet 'una to target leachei's. 

?8 rJucl'-.-r Electric Competition leaflet 

01.1 IT projects ar-e undertaken to provide support lo numbers of the 

nuclear industry. At tin* moment the programme is HI' niŝ J' UC e 

competition on behalf of the Nucloar Electric which is c^ • n to 

secondary students. There are two challenges, onf to design part of 

a nuclear heritage and exhibition centre and another to ihnign a now 

us:? for electr ici ty in the 22nd century. This is n departure from 

the nonnfl essay competitions and reflects the way technology and 

design is now taught in schools. 
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c.v. 

MAURICE GTNNIFF 

Rducnted in Northern Ireland nnd graduated in cngmccuu;' nt Queens University. 

'n 1940 joined flic UK Aircraft Industry nnd in 1956 was responsible for the design of the 
urbine blade of the Olympus jet engine of "Concorde". 

n 1957 joined the United Kingdom Atomic Energy Authority at Windscalc and worked 
m the Windscalc piles, the Culder Hull reactors and die Wind-scale advanced gas cooled 
eactor over u period of 25 years. 

n 1982 was asked by the UK Government to form the UK radioactive'waste disposal 
ugnnisniion "UK Nlrex". Retired in 1990. Helped start nuclear education courses for 
hlldren aged about 10 years and still Interested in such work. 
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E G f50/143-X 

Radiation 
in everyday life 

Bjorn Wahlstrom 
Head of Radiation Protection 

IMATRAN VOIMA OY 
Loviisa NPS 

FIN-07900 Loviisa 
FINLAND 

It's a pity not everybody has got a radiation meter. Everybody who 
owns one, already knows that there is radiation everywhere. Turn on 
the meter where ever you go, and it starts counting radiation pulses. At 
some places it counts faster and at other slower. But there is no place 
where there is no radiation. 

If you put a radiation meter close to an old watch, an expensive 
camera, a smoke detector or certain crockery, or if you take it with you 
in a plane that takes off, the count rate increases. This means that the 
radiation is stronger close to these items and at higher altitudes. You 
can hear this with your ears and see it with you own eyes from the 
display. So, it must be true. 

The world we live in is radioactive. Radiactive substances and radiation 
existed on Earth before the first man was born. Radiation reaches us 
from the cosmos and is also emitted from radioactive substances in the 
ground, in construction material, in the food we eat and the air we 
breathe. All people are radioactive, too. For instance, all of us have got 
radioactive Radium and Polonium in our skeleton, radioactive Carbon 
and Potassium in our muscles and radioactive noble gases and Tritium 
in our lungs. The radiation emitted by your body can be measured by 
a very sensitive radiation meter called a Whole Body Counter. 

This has nothing to do with anything that mankind has ever done right 
or wrong. This is simply how nature is and how it has always been. 
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Additionally to radiation from these natural sources we are nowadays 
exposed to radiation from man-made radioactive substances, from X-
rays in medicine, from our TV-set, from radioactive fall-out and from 
certain consumers' goods containing some radioactive substance. 

In many professions the personnel is exposed to increased levels of 
natural or man-made radiation. Examples of this are work in mines, in 
many hospitals, in nuclear power plants, in some research institutes, in 
several branches of metal industry and in aviation. More examples will 
be given later. 

So, all of us have as well natural as man-made radioactive substances 
in our bodies and all of us are exposed to radiation from natural and 
man-made external radiation sources every hour of our life. Some 
people are exposed to values tens or hundreds times higher than others. 
Should we be concerned about all this? When does the radiation form 
a health hazard to us? Let us find out. 

NORMAL EXPOSURE TO NATURAL RADIATION 

Everything is built of atoms. The nucleus of an atom may be stable or 
unstable. Most nucleii are stable. They are in good harmony and will 
stay so for ever. Stable nucleii never emit radiation. 

Unstable nucleii, on the other hand, have got excess energy, that they 
at must get rid of. This is done by emitting an energy pulse and maybe 
a particle. A stream of those pulses and particles is called radiation. 
When the excess energy is released the atom turns from its un-stable 
state to its stable state and will cause no harm anymore. 

The radiation around us which origins from natural radioactive 
substances is called background radiation. Everyone is continuously 
exposed to natural background radiation. The radiation dose caused by 
background radiation is about one millisievert (mSv) per year. 
Millisievert (abbr. mSv) is the unit for exposure to radiation. 

The natural background radiation varies from place to place. The 
annual radiation dose may be 1 mSv in a certain place but 1.6 mSv in 
a place hundred meters away and 0.9 mSv "around the corner". In some 
regions the natural annual radiation dose may reach 10 mSv or even 20 
mSv, which equals the exposure of an X-ray examination. The 
background radiation also depends on weather and seasons, air pressure 
and wind direction. 
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The radiation dose we receive for natural reasons also depends on what 
kind of house we live in and what consumers' goods we use. The 
construction material of our house contains radioactive substances, 
concrete more than bricks, bricks more than wood. There is radioactive 
Radium in watches and other instruments with fluorecent numbers, 
there is radioactive Americium in smoke detectors used in homes, 
radioactive Thorium in certain optics, radioactive Uranium in special 
crockery etc. Also our TV-set emits some radiation when it is used. 

So, nobody can avoid normal exposure to natural radiation. We are 
hit by it every second of our entire life. The annual radiation dose 
from normal levels of background radiation is never smaller the 1 
mSv, it is most often between 1 and 10 mSv, and in some cases 
higher. 

INCREASED EXPOSURE TO NATURAL RADIATION 

In many situations people are exposed to increased levels of natural 
radiation. For instance, fairly high doses are caused in many countries 
by a natural radioactive gas named radon. It oozes out from the ground 
everywhere. It causes no problem outdoors, because it is diluted to 
harmless concentrations, there. 

However, in regions where the houses must be heated, houses are built 
very tight, the ventilation is minimized and the windows are kept 
closed to prevent the heated air from escaping. For instance, this is the 
case in Europe, in the USA and in Canada. In those countries the radon 
gas will concentrate in the house and cause the inhabitants an annual 
radiation dose of several mSv. In extreme cases the annual radiation 
dose caused by radon gas in houses may reach up to 500 mSv or more. 

As the radon gas leaks out of the soil everywhere and reaches high 
concentration if it cannot escape, the radon exposure is a special 
problem in coal mines. Before this problem was recognized the miners 
could receive radiation doses up to several hundred thousand mSv a 
year. That extremely high exposure caused the miners an increased lung 
cancer incidence. Nowadays this risk has been lowered to an acceptable 
level by means of better ventilation. (Lately, see Risk Analysis, Vol 14, 
No 1, 1994, it has been questioned, whether the lung cancers actually 
were caused by radon gas or rather by inhalation of mineral dust, toxic 
ores, gasoil exhaust fumes, nitrous gases from explosives etc.) 

3 



Aircraft staffs annually receive radiation doses exceeding those 
normally received in nuclear industry. The cosmic radiation, which 
causes an annual radiation dose of 0.3 mSv at sea level, is much 
stronger at an altitude of 10 000 meters. Aircraft crews spending more 
than 1000 hours a year at that altitude, receive an extra dose of 3 to 4 
mSv annually, and that is more than the average dose to workers in the 
nuclear industry. Of course, air travelers will receive a small extra 
radiation dose, too. 

Burning of fossile fuels, i.e., coal, oil and gas, is another interesting 
example of increased exposure to natural radiation. All fossile fuels, 
especially coal, content natural radioactive substances. As long as these 
stay deep in the earth they don't cause exposure to anybody. But, when 
mining coal or drilling oil the radioactive substances are brought up to 
the surface of the ground. 

Later, when the coal or the oil is burned the radioactive substances are 
spread into the environment with the exhaust gas, thus causing some 
additional exposure to people living in the vicinity. This contribution is 
not high, but it may be interesting to know that the release of 
radioactive substances from coal fired power plants is of the same 
order of magnitude as that from well operating nuclear power plants. 

In fact, there is a difference between the radioactive releases from well 
performing nuclear power plants and from coal fired plants. Most 
radioactive substances released from nuclear power plants are 
shortlived. They where "artificially produced" in the reactor, and they 
will decay within some months or years. This means they don't 
continouosly accumulate in the environment in a perspective of decades 
of years. On the contrary, the radioactive substaces released from coal 
fired plants are longlived. They have excisted for billions of years deep 
in the ground. And they will excist for billions of years more on the 
surface of the ground. So, they will accumulate in the environment. 

So, most people are exposed to increased levels of natural radiation. 
The extra dose received on the top of the natural background 
radiation may be small or it may reach up to thousands of mSv 
annually. Still, the only situation, when increased exposure to 
natural radiation was shown to possibly have caused adverse health 
effects, was the radon gas in coal mines. This was at the beginning 
of the century, before the importance of ventilation was reco 
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NORMAL EXPOSURE TO MAN-MADE RADIATION 

In 1895 mankind for the first time added radiation to the natural 
amount. That year the X-ray tube was invented and taken into use. The 
X-ray tube emits the same kind of radiation as radioactive material 
does, even if the apparatus itself is not radioactive. The radiation 
disappears when the power is switched off. The use of X-rays medical 
diagnostics and treatment has saved an enormous number of lives and 
lots of suffering. X-rays are also used in metal industry for the 
inspection of welding seams and in safety technology to look trough 
packages and travelers bagage. 

The first man-made radioactive substances were produced in 1934. 
That year a method was discovered for turning stable atoms into an 
un-stable state. This means that non-radioctive material could be 
made radioactive* Since that man-made radioactive substances have 
been widely used in medicine, research and industry. Radioactive 
substances are used for marking water streams and air masses in the 
research of ecosystems. In mutation related biotechnology radiation has 
been used to produce disease and pest resistant wheat, rice, sorghum, 
cocoa, banana, pear and citrus. Radiation is also used in the SIT 
(Sterile Insect Technique) as a non-polluting metod for insect control. 
Successful results have been received with the tsetse fly in Nigeria, the 
melon fly in Japan, and the Mediterranian fruit fly in Mexico. During 
1990-1991 the New World Screwworm was eradicated from Africa by 
means of this method. 

In 1938 another astonishing discovery was made. It was observed that 
nucleus of the Uranium atom could be made to split into two parts 
forming two new smaller nucleii. These were often radioactive. At the 
very moment when the Uranium nucleus split a radiation pulse was 
emitted and some heat was released. 

The new skill of mankind, to split the Uranium atom, has later been 
used in the service of good as well as bad: 

-If the useful Uranium was enriched to a concentration of 90 to 100 % 
it could be used for the fabrication of atom bombs. Since the sixties 
some 1000 nuclear detonations have caused radioactive fall-out all over 
the world. This fall-out contributes with some small amount to the 
background radiation, to which we are exposed every day. 

-If the concentration of useful Uranium is only about 3 % it cannot be 
used in a bomb, but a controlled heat producing reaction can be 
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maintained. This reaction is the power source of nuclear power plants. 
Today 17 % of the global demand for electricity is generated by 
nuclear power, which does not affect the atmosphere or the 
environment in the way fossile power does. 

In a nuclear power plant radioactive substances are produced as by­
products. Most of these never get into contact with the living nature. 
They stay in the waste and are treated and stored in a safe way. 

The releases of radioactive substances during operation are kept so 
small that they really are of no significance. In most cases their 
influence on the dose in the environment is smaller than the 
fluctuations caused by changes in weather and seasons. 

To make professional work with radioactive material and radiation safe 
international recommendations for maximum exposure have b^en given. 
The International Commission on Radiological Protection (ICRP) has 
recommended, that the radiation dose received at work should not 
exceed 20 mSv a year as an average and not 50 mSv in any single year. 

The dose limit for public, to exposure caused by man-made radiation, 
is 1 mSv/year, exposure from medical use of radiation not included. 

Despite the very large use of man-made radiation and radioactive 
substances, there is no evidence of health effects of radiation doses 
within the modern dose limits. As workers, exposed to their dose 
limits, show no adverse health effects - how could the insignificant 
doses to the public from nuclear or coal fired power plants have 
any effects? 

HIGH EXPOSURE TO MAN-MADE RADIATION 

Radiation used in medicine saves lives, but it is also true that radiation 
can kill. However, to be acutely fatal the dose must be very high and 
it must be received in a short time. The bombing of Hiroshima ;<nd 
Nagasaki in 1945 is the best known example of this. 

A few people have also been killed by radiation in accidents. Radiation 
accidents have occurred with X-rays, with radiation apparatus for 
sterilizing surgery equipment and in research facilities. Such accidents 
are very rare indeed. 
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Still more rare, even unique, is the only one reactor accident at a 
commercial power plant, where people were killed by radiation - the 
one in Tshernobyl 1986. In that accident 31 firemen were acutely killed 
by radiation. Their doses were in the range of 4 000 to 16 000 mSv. 

The Tshernobyl reactor concept is unique for Russia. No other country 
has built similar reactors and Russia has announced, that they will not 
build them anymore. In that reactor concept the nuclear fuel is enclosed 
in a huge Graphite block of 1900 tons weight. When the Graphite block 
caught fire no force could put it out. It kept burning for ten days. This 
destroyed the nuclear fuel and caused heavy radioactive fall-out in the 
environment. Lighter fall-out was observed all over the world. 

There has been only one more accident at a commercial nuclear power 
plant resulting in a vast damage to the nuclear fuel. That was the 
Harrisburg accident in USA in 1979. However, th?: plant was a so 
called pressurized water reactor, which is the most frequent reactor 
type in the World. In that reactor type there is no Graphite. Instead, the 
fuel is kept under water inside a steel tank during operation. As there 
was no Graphite to catch fire that accident caused no damage to the 
nature nor to any people. Not even did any single worker receive a 
radiation dose exceeding the annual dose limit. 

The word "accident" itself involves the possibility that people are 
killed. Thus high exposure to man-made radiation occurring in 
accidents may be fatal. However, radiation accidents are very rare. 
They really do not belong to our everyday life. 

RADIATION IN EVERYDAY LIFE 

Man consists of atoms, some of which are radioactive by nature. 
Additionally we have incorporated some man-made radioactive 
substances from radioactive fall-out. The amount of man-made radio­
activity in our body is insignificant compared to the amount of natural 
radioactivity, and the man-made radioactivity in our environment is 
insignificant compared to the radioactivity of virgin nature. 

The normal background radiation belongs to the nature, and the natural 
radioactive substances inside our body are a part of ourselves. 
Radiation is a natural part of our everyday life. So it has always been. 

And - the contribution of man -made radioactive substances has not 
really, as a whole, changed the situation very much. 
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1. INTRODUCTION 

Energy, whether it is derived from nuclear or other means, is a fundamental part of 
everyday life. It is what keeps us warm, cooks our food and powers the machines we use 
in all aspects of our work and leisure activities. The availability of cheap energy in many 
countries has fostered widespread industrial development with resultant high standards of 
living. The production of energy can also entail negative impacts and in recent years there 
has been increasing concern regarding the environmental consequences of all human 
activities, but particularly activities associated with energy production. 

This paper deals with nuclear and oilier sources of energy as they relate to the 
production of electricity. It first examines the current role of electricity in the world and its 
means of production and how future economic growth, associated with growing populations 
striving for better living conditions, will lead to increased demands for new electricity 
generation. The second part of'the paper deals with the health and environmental impacts 
of the major options for generating electricity likely to be used to meet this need, and how 
a comparative assessment of these impacts is important to understand the full implications 
of electricity generation planning decisions. 

2. THE ROLE AND DEMAND FOR ELECTRICITY 

Electricity is perhaps the most convenient and versatile form of energy. It can be 
used in a wide variety of applications, it can be made available at the flick of a switch and 

'Safety Assessment Section, Division of Nuclear Safety, IAEA 
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is non-polluting at its point of use. Increased use of electricity is an important factor in 
modernization and in achieving greater efficiency in total energy use. Studies (Nathwani 
1992, NRC 1986) have clearly shown a high correlation between electricity consumption and 
national economic output for a wide range of countries, with the obvious conclusion that 
developing countries will need a large expansion of their electricity-producing capacity if 
their aspirations for economic growth and higher standards of living are to be achieved. Full 
participation in the information and communication age the world is now entering will 
require the availability of reliable sources of electricity. Even when total energy 
consumption is not rising, or in countries where it is even declining, data shows that 
electricity consumption, as a share to total energy usage, continues to grow. To illustrate 
this point Figure l2 shows how world electricity production is increasing as a percentage of 
total world energy production. From 1950 to i99U the share of electricity has grown from 
13 to 30 percent even considering the fact that two billion people in the world still do not 
have access to electricity in their homes. The world-wide phenomena of urbanization, 
allowing easier access to electrical distribution systems, together with the electrification of 
rural areas, will result in a still greater share for electricity in the future. Direct use of oil, 
gas, coal and wood is being displaced by electricity. Figure 2 shows how the world per 
capita consumption of electricity has increased over the period 1950-1990. In this period 
annual consumption rose from 407 to 2217 kWh per person. 

If we look at per capita electricity consumption in individual countries it is seen, as 
illustrated in Figure 3, that low per capita consumption in a country is often combined with 
a large population. It is quite obvious that if the per capita consumption of electricity in 
developing countries is to increase substantially, as it must if increased economic growth and 
improved standard-of-living goals are to be achieved, then there will be a large world 
demand for new electricity generating facilities. Looking at the example of South Korea, 
where the per capita rate of electricity consumption has grown from 70 kWh per year in 
1960 to almost 3000 kWh in 1990, it clearly shows that large changes in economic 
prosperity, with correspondingly higher demands for electricity are possible. This future 
demand in developing countries will likely be dominated by countries such as China, India, 
Indonesia, Pakistan and Brazil with their large populations and current low rates of electricity 
consumption. 

In developed countries the growth rate for electricity production has dropped 
substantially in recent years. This can somewhat be explained by economic recessions which 
have occurred in many countries in the early 1990s but also by the general difficulties in 
getting new generating facilities approved and built. Demand management, through the 
active promotion of conservation and load shifting, is now an important tool for utilities. 
Controlling load and more effective use of the generating facilities already available have 
been found to be more socially acceptable than the construction of new facilities. However, 
developed countries already have a high per capita consumption of electricity and enjoy the 
ensuing benefits. 

2 Most data in Sections 2 and 3 of this paper have been obtained from the latest version 
of the IAEA Energy and Economic Data Base(IAEA-TECDOC-735, Feb. 1994) which in 
turn derives its data from the UN Statistics Office in New York. 
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3. GENERATION OF ELECTRICITY 

The primary means of producing electricity and their contributions to world electricity 
production are shown in Figure 4. As is seen, thermal, that is, the burning of coal, oil, gas 
and biomass, is the dominant means of producing electricity in the world today, contributing 
almost 64 percent of the total. Hydraulic follows with 18.7 percent, nuclear with 17 percent 
and geothermal with 0.5 percent. Contributions of other means are not now significant. The 
same information from a regional viewpoint is seen in Figure 5. What is first obvious here 
is the large share oi North America and Europe to the total and the domination of thermal 
means in most regions For Fpvpt the information is shown in Figure fi. The thermal 
contribution in Egypt is from oil and natural gas. 

Nuclear electricity generation expanded rapidly in the 1970s and by 1980 had reached 
694.3 TWh, almost a nine-fold increase since 1970, and contributed 8.3 percent of the total 
electricity production, representing an average growth rate of 24 percent in the decade 1970-
1980. In the period 1980-1985 nuclear electricity generation increased to 1448.5 TWh, 
corresponding to an average annual growth rate of 16.3 percent. During 1985-1990, 
generation increased to 1901.2 TWh which corresponds to an average growth rate of 5.6 
percent. In the period 1990-1993, nuclear electricity generation increased at an annual 
growth rate of only about 1 percent, growing to 2096 TWh. At present there are 430 nuclear 
power stations in the world today producing electricity. 

The decisive factors which influence decisions regarding the construction of 
electricity generating facilities vary widely from region to region and with time. Decision 
factors which have been traditionally important are local availability of fuel, generation 
reliability and overall cost. Other factors include: security of supply, planning flexibility, 
environmental impact and capital requirements. One of the major impacts on the energy 
planning process in many countries in recent years has been the emergence of environmental 
issues. A common trend in many countries is to reduce the need for new generating facilities 
by promoting energy conservation and demand management. However, the construction of 
new facilities is inevitable, to meet, as discussed earlier, the needs of increasing populations 
and enhanced economic growth, as well as for replacement of current facilities at their end 
of life. 

The options which are now often considered for new generation capacity by world 
utilities are: ' 

• pulverized coal with scrubbers 
• pressurized fluidized bed coal combustion 
• simple cycle combustion gas turbine 
• combined cycle gas turbine 
• hydro 
• pumped storage hydro 
• nuclear (PWR. BWR, PHWR) 

Non-hydraulic renewable sources such as geothermal, biomass, wind, solar 
photovoltaic, fuel cells, wave, and tidal power will play increasingly important roles but are 
only estimated to meet a small percentage of the world demand within the foreseeable future. 



The choice among the various alternatives is driven by the most important local 
decision factors and is often considered by governments and utilities to be a choice amongst 
necessary evils. All have their negative attributes and finding the best option, considering 
all the applicable decision factors, becomes a challenge for energy planners and their political 
counterparts. With increasing environmental awareness, comparative assessment can play 
an important role in this decision process and is the subject of the next part of this paper. 

4. HEALTH AND ENVIRONMENTAL IMPACTS OF ELECTRICAL 
GENERATION 

4.1 INTRODUCTION 

There have been many studies in the last twenty years which attempt to estimate and 
compare the health and environmental impacts of the various means of generating electricity. 
Through the efforts of many researchers the methodologies for comparative health and 
environmental risk assessment have progressed to the point where such assessments are 
commonly used as input to the energy planning decision-making process. 

One of the important features of these assessments is that they analyze the complete 
energy chain involved with the production of a unit of electricity. For example, it is 
important to look at fuel mining, the processing and transporting of fuel, the building and 
operation of electrical generation facilities, and also to consider the decommissioning of 
facilities and the impacts of waste products associated with all parts of the energy chain. It 
is only through this comprehensive look at all actual and potential impacts from each energy 
chain that a complete assessment can be made. 

4.2 HEALTH IMPACTS 

Health impacts for the various means of producing electricity are usually estimated 
under two categories - occupational and public. Occupational refers to impacts on workers. 
These workers could be miners, construction workers, facility operators, or others. Public 
refers to members of the general population whose health, by the fact they may be located 
near to activities associated with the particular eneroy chain under consideration, could be 
impacted by such activities. 

A survey of results from various assessments has been made by Fritzsche (Fritzsche 
1989) and the results with respect to occupational fatalities are shown in Figure 7. The acute 
risk of death due to accidents to workers employed in the energy production processes is 
shown in the right-hand part of Figure 7. For the first group of fossil fuel systems, this risk 
is of the order of 1 fatality/GWa. It is distinctly higher for the coal cycle than for oil and 
gas. If the coal is mined under bad working conditions in an out-of-date mine the risk can 
be at least an order of magnitude higher (see point). The risk in the case of the renewable 
systems is also of the order of 1 fatality/GWa and is due to the large requirement for 
construction materials to build these systems. The occupational acute fatality risk due to 
nuclear systems has been found to be the lowest. 

Fritzsche's results for acute public health risks (excluding severe accidents) are shown 
in Figure 8. These risks are primarily due to transportation accidents involved with the 
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movement ol' fuel and buikiiir materials. The iv^ult^ are based on average values of 
transportation distances. 

4.3 ENVIRONMENTAL IMPACTS 

The generation ol electricity by any means usually entails emissions and disposal of 
waste products to air, water and land. There are economic and technological limitations to 
the reduction of such emissions and waste products and their associated impacts. Thus, there 
will always be residuai environmental risk as ;>. result of generating electricity by any fuel 
cycle. The nature and extent of this risk depends on the type and quality of the fuel used, 
the met!': of! o| ronvrr-!o:i, \\v- ](•*•••] -M poll in ion '••MI! !'<•: i.".-!uio)o.-y ,n p];.rr ;UK! the etficiency 
of its operation. 

Environmental risks are highly technology and location specific and can affect the air, 
water and land in very many ways. Local impacts such as air and water pollution, disruption 
of habitat and others, must be evaluated on a facility-specific basis, taking into consideration 
the neighboring ecosystems which are of particular concern to the local populace. In addition, 
there can be regional and global impacts which are of wider concern. 

The burning of fossil fuel.-, leads to emissions of the oxides of sulphur, nitrogen and 
carbon as well as the emission of heavy metals and other pollutants. The levels of S02 and 
NOx emitted depend on the fuel burnt and on the method of combustion and on the extent and 
efficiency of any abatement technology in place. The emission of C02 on the other hand 
depends primarily on the type oi' fuel used. 

S02 and NOx are closely linked wiih the phenomenon of acid rain, which leads to 
materials corrosion, soil damage and the acidification of lakes. These latter effects in turn 
lead to forest degradation and negatively impact the life supporting function of affected lakes. 
The use of fossil fuels produces large amounts of greenhouse gases, particularly C02 and 
CH4; in fact, nearly three-quarters(IEA 1993) of all CO, production comes from the burning 
of fossil fuels for the production of electricity. Figure 9 shows how the level of CO : 

emissions is increasing, whiie figure 10 shows the results of several researchers who have 
estimated CO., emissions irom various energy chains. At present concentrations the 
greenhouse gases are not toxic. However, increasing atmospheric levels of greenhouse gases 
are of concern because of their important role in the global atmospheric energy balance 
which, if significantly disturbed, could result in various kinds of dangerous climate changes. 
The increase in atmospheric CO : concentrations from 1960 to 1990 is displayed in Figure 
11. Environmental issues with respect to nuclear energy arc discussed in more detail in an 
accompanying paper at this Seminar (Skjoeldebrand 1994). 

4.4 SEVERE ACCIDENTS 

When comparing the potential health and environmental impacts of different means 
of producing electricity, severe accidents are normally considered separately. This is because 
data on such events is sparse and predictions of future risk is more uncertain than risks 
associated with emissions from normal operation. Severe accidents can happen with respect 
to many electricity-producing technologies as can be seen in Figure 12. These accidents, 
while in manv cases dramatic, do not make larce contributions to overall health and 
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environmental risks. However, in response to public demand much effort is being made to 
reduce the likelihood of severe accidents for all technologies. 

5. SUMMARY 

A study of the world energy situation leads to a number of conclusions. 

The first of these is that there will be a large demand for new electrical generation 
facilities in the coming decades. This demand will be concentrated in developing countries 
with large populations and whose economics arc in transition, leading to large growth rates. 

Coal, by its shear abundance of supply, will continue to be used in large amounts to 
generate electricity in the next couple of decades. Natural gas is becoming increasingly 
attractive to utilities based on cost, planning flexibility and environmental impact reasons, 
and a large movement to natural gas, especially in Europe and North America, is foreseen 
in this time period. Fossil fuels will probably continue to have important roles until their 
environmental impacts reach a point of critical importance on the world political agenda. In 
the case of natural gas; availability, cost and security of supply are also important concerns 
which may curtail its use following an initial large expansion. 

Non-hydraulic renewable energy sources will receive increasing levels of support from 
governments but are unlikely to contribute more than a few percent to total electricity 
production in the next twenty years. 

Nuclear power, due to accidents at Three Mile Island and Chernobyl, is in a period 
of low growth in many parts of the world, but the demands of an increasingly 
environmentally conscientious world society and a desire for energy independence should 
ultimately lead to its revival as a widespread option of choice. There is currently no other 
way to meet the vast energy needs of a growing, more prosperous world population and to 
sustain the world environment for future generations. Also, it can be considered unethical 
for the generations of today to squander the limited world supplies of such valuable multi-use 
commodities as oii and natural gas, while uranium, which cannot be used for other purposes, 
goes under-utilized. However, a large move to nuclear will require new dimensions of 
public understanding and acceptance and this in turn will probably require a crisis brought 
on by the continued expansion of the burning of fossil fuels. Widespread public acceptance 
of nuclear will also require nuclear power plants which virtually eliminate the possibility of 
significant off-site accidental releases"of radioactivity, as well as a demonstrated capacity to 
handle radioactive waste safely. 
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WORLD ELtCTRICITY PRODUCTION AS A PERCENT OF TOTAL 
ENERGY PRODUCTION 
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Figure 1 

WORLD PER CAPITA ANNUAL CONSUMPTION OF ELECTRICITY 
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1991 PER CAPITA ANNUAL ELECTRICITY PRODUCTION VERSUS 
POPULATION 
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Figure 3 
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1991 WORLD ELECTRICITY PRODUCTION BY REGION 
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Figure 5 
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GLOBAL CARBON DIOXIDE EMISSION ESTIMATES 
(From Fossil Fuels, Cement Manufacturing, G.i:, Flaring) 
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Figure 9 

FULL ENERGY CHAIN GREENHOUSE GAS EMISSION FACTORS 
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AVERAGE ANNUAL ATMOSPHERIC CARBON DIOXIDE 
CONCENTRATION MEASURED AT MAUNA LOA, HAWAII 
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Figure II 
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Risk Analysis, Vol. 9, No. 4, 1989 

Figure 12 Severe Accidents World Wide 1969-1986 
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NUCLEAR ENERGY AND THE ENVIRONMENT /N . 

R. Skjoeldebrand (.-• 

ACID RAIN AND THE GREENHOUSE EFFECT 

My thesis is simple: The world wil l need more energy and not less in the coming 
decades but we must recognize that this enormous energy consumption entails 
dangers to our environment not only locally but regionally and internationally 
through the emissions from the burning of fossil fuels which now provide 85% 
of the world's commercial energy supply. 

More than 20 years ago we knew that the sulphur and nitrogen oxides (S0 2 snd 
NOx) conning from the burning of coal and oil cause acid rain which in turn can 
cause the death of forests and lakes. The costs of forest destruction in Europe 
from acid rain has been estimated to some US$ 30 billion per year and there are 
tens of thousands of lakes in Scandinavia which are dead or dying wi th l i tt le or 
no biological life. There is a disaster area around the corner between Germany, 
Poland and the Czech Republic. In many European countries the deposits of SO 2 

and NO„ are imported (figs 1 and 2). The damage is by no means limited to the 
energy hungry industrialized countries. One example is the northeastern region 
of China with heavy pollution and serious damage to biological life. Sti l l , we 
have in 20 years not been able to explain the biological process by which the 
forests are affected. 

We know that we have made significant changes in the earth's atmosphere. 
Since the beginning of the industrialization the content of carbon dioxide (C02 ) 
has increased by more than 25% due to the burning of fossil fuels. In the same 
time span methane has more than doubled and nitrous oxide gone up by 10%. 
We have also added manufactured CFCs which did not exist in nature before. 
(Fig.3) All these gases have in common that they absorb heat radiating from the 
earth which is assumed to lead to global warming and global climate change 
through the so-called greenhouse effect. This is by no means a newly found 
phenomenon. Already 1896, the Swedish chemist Svante Arrhenius stated that 
without the heat absorption of C 0 2 in the atmosphere the earth would be some 
30° cooler, probably excluding any'human life. Serious scientists now fear that 
the changes in the atmosphere wil l increase this effect. The contributions of the 
four main greenhouse gases have been calculated as shown in f ig. 4. As we 
know from where the gases originate it is also possible to calculate the 
contributions of the sectors of human activities (Fig.5) Fossil fuel use 
contributes almost 50%. There is now far-reaching agreement on a gradual 
phase-out of the production of CFCs which also contribute to the thinning of the 
ozone layer and the formation of the ozone holes over the poles. Methane 
emissions are diff icult to reduce because of their origins which are coupled wi th 
the production of staple foods for most of the people. Thus, the highlight has 
come on C0 2 and what can be done to reduce emissions of it. Many would have 
us believe that the answer is simple: Just use less fossil fuels! 
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Global climate change was one of the principal concerns at the 1992 Conference 
on Environment and Development in Rio, the so-called "Earth Summit". It was, 
however, remarkable that very few speakers addressed the question of energy. 
The Conference adopted a Framework Convention on Climate Change which 
establishes the goal of stabilizing greenhouse gas concentrations in the 
atmosphere at levels which would not interfere dangerously with the climatic 
system. However, the Convention does not say how this is going to be done. 
Some countries, especially industrialized countries in Western Europe, have set 
themselves goals of stabilizing C0 2 emissions at or even below the level of 1990. 

The predicted increase in the greenhouse effect is by no means undisputed. It 
was unequivocally stated by the prestigious Intergovernmental Panel on Climate 
Change (IPCC), in which many of tiie world's best atmospheric scientists have 
worked together for more than 6 years, that we must expect a global warming. 
Sti l l , there are some questions to which we still do not know the answers: 

If the changes in the composition of the atmosphere already are so 
significant, why do we now only see climate changes which are totally 
within the normal range of variations? 
What can possible countereffects, such as increased cloud formation 
mean? 
The increase in the C02 content corresponds to only about 112 of the total 
emissions. Where did the rest disappear? And why are the greenhouse 
gas contents in the atmosphere beginning to stabilize? 

In addition, we must admit that our calculation methods for the expected climate 
change are inadequate. They do not permit to forecast with any certainty how 
a global climate change will affect different regions of the world. There is thus 
at least some reason for governments to doubt the predictions and they are in 
a classical situation of having to take decisions in the face of uncertainty. In 
addition they are told that there are basically only two options between which 
to chose: energy conservation and substitution of coal and oil wi th new 
renewable energy sources, i.e., biomass, solar, wind and geothermal. These now 
contribute some 0 . 1 % to the world's commercial energy supply and the 
development potential of them still remains hypothetical. There is, of course, one 
energy source which is proven on a large scale, now contributes 6% of the 
energy supply and has no emissions of either C0 2 or S0 2 and NOx, namely 
nuclear power. This is, however, deemed at least inopportune to mention by 
most of those engaged in the gre"enhouse debate. 

FUTURE ENERGY NEEDS AND SUPPLIES 

It may be useful to take an unprejudiced look at the situation and to separate 
facts from wishes. For that purpose some neutral sources can be quoted, 
sources which cannot be accused of being either pro- or antinuclear, namely the 
International Energy Agency (IEA) of the OECD and the World Energy Council 
(WEC). These organizations see a clear increase in the energy demand over the 
next decades up to 2020. The foremost reason is the increasing world 
population (Fig.6) and the ever increasing part of that population which will live 
in urban areas (Fig.7). The great majority, living in the present developing 
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countries, have J justified ambition to improve their lots and will need more 
energy in order to do that. At present, a Western European on the average uses 
136 GJ of energy per year while the corresponding figure for an Indian is 13 and 
here in Egypt it is 24. Especially energy use in the form of electricity is a 
measure of the stage of development. A Western European uses 5,700 Kwh of 
electricity per year, in India it is 356 Kwh and in Egypt 754. Briefly, developing 
countries wi th 3/4 of the world's population now use 1/3 of the the energy and 
1/4 of the electricity produced in the world. It is clear that there is a strong 
need to move towards more industrialization and, consequently, more energy use 
in the developing world. It is also clear that here it is not possible to save or 
conserve energy which is not available to use. The best we can hope for is, that 
in the developing countries, it will be possible to adopt more energy efficient 
processes from the beginning, avoiding some of the past wastage committed in 
the present industrialized countries and thereby slowing the rate of increase in 
the demand. It is not surprising that IEA foresees a possible increase in global 
energy demand of 30% between 1990 and 2010 and WEC likewise sees an 
increase of 50% between 1990 and 2020. (Fig.8) Most of this increase wil l 
occur in the developing countries and one must recognize the importance which 
development in China and India with 1/3 of the world's population will have for 
the rest of us. 

Such scenarios, naturally, also take into account savings which are deemed 
feasible to achieve. It may be worthwhile to mention that in the industrialized 
world there has already been a saving of primary energy use of about 30% since 
the first oil price shock in 1973 in comparison with what would have been used 
if these countries had followed earlier trends in a "business as usual" scenario 
(Fig.9). 

Both IEA and WEC are pessimistic about solar, wind and other new renewable 
energy resources. IEA estimates that only 1 % of electricity will be generated 
from such sources in 2010 and WEC gives 1.5 - 2% of total energy supply in 
2020. WEC has stated that "it is unlikely that, in the foreseeable future, 
renewables will be able to offer economically viable alternatives to fossil fuels of 
such magnitude that they will have a significant impact on the world's 
environmental or overall energy balance." The reason for this pessimism is the 
poor characteristics and systems problems which work against economics. 

Neither IEA nor WEC have found that it wil l be possible to stabilize CO 2 emissions 
even if they have investigated several possible energy mixes to supply the 
demand. The aim of some pountfies to contain emissions at 1990 levels is 
characterized by WEC as simply unrealistic. The most optimistic scenarios wi th 
the lowest emissions are in both cases based on a much expanded use of nuclear 
power. 

THE NUCLEAR POWER OPTION 

Nuclear power now provides about 6% of the world's energy supply and 17% of 
the electricity which is only slightly less than we get from hydro power. In a 
number of countries the fraction of nuclear power is very much more (Fig.10). 
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In fact, if the currently operating nuclear power plants had been coal-fired the 
total emissions of C0 2 would have been higher by 7%. 

In France the decision was taken in 1973 to launch a major nuclear power 
programme, not for any environmental reasons but because the government 
wanted to reduce the dependence on imported oil by diversification of energy 
sources and there existed confidence in the French nuclear power technology. 
In 1980 the first power plants of this new programme started to make an effect 
and the development in regard to emissions since then has been remarkable (Fig. 
11). 

One response to the need to take decisions in the face of uncertainty is to opt 
for the decision which will give benefits anyhow. The French example may be 
worth considering at least in industrialized countries. It has not only brought a 
degree of energy independence and stable and low electricity prices but also 
major environmental benefits. 

Besides in France there are strongly expanding nuclear power programmes also 
in the "tiger" economies in the Far East, in Japan, South Korea and China. 
Otherwise nuclear power appears stagnating. There are in many cases good 
reasons for this, such as too much generating capacity having been constructed 
in the past. Stil l, the main reason is that nuclear power is hampered by a serious 
lack of public and political acceptance in a large number of countries. The two 
major accidents at Three Mile Island in the USA in 1979 and in Chernobyl in 
1986 certainly are a major reason for this. Even where nuclear power is an 
important contributor and the safety record has been excellent, public opinion still 
will not permit more plants to be built. Sweden has had a moratorium for new 
plants since 1980 and there is a decision to phase out all nuclear plants by 2010. 
In Finland, where a new plant is needed soon and the alternative to nuclear is a 
coal fired plant, parliament last year decided not to permit building the nuclear 
plant. In Spain, a few weeks ago, the government decided not to complete five 
power reactors which had been under construction until a few years ago. The 
reason is no doubt a deep seated mistrust among the public against nuclear 
power and the potential radiation risks from it. Such a mistrust must be taken 
seriously and only education over a longer period of time can help to alleviate it. 
Arguments of environmental advantages in normal operation will not likely make 
any significant change. If we are to see a more general revival of nuclear power 
there are at least four basic conditions which must be fulfil led: 

• Governments must demonstrate their confidence in the technical solutions 
to high level waste 'disposal and start construction of real pilot disposal 
plants as will be done over the next decade in Sweden. 

• Safety must be demonstrated by continued safe operation of all nuclear 
power plants everywhere. New plants must be built to even stricter safety 
standards, e.g. to meet the criterion that no evacuation of the surrounding's 
should ever be necessary in the case of even very severe accidents - a 
criterion which some countries consider they have already fulfil led by 
backfitt ing existing plants. 
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• Nuclear Duv.er plants must demonstrate their economic viability so that 
they can be chosen in economic competition with alternatives. When we 
arrive at methods to set costs on environmental and health impacts of 
different energy sources this should favour nuclear power, but until then 
nuclear power must make the race without consideration of its 
environmental benefits. 

• The spectre of further proliferation of nuclear weapons must be banned, 
production of further weapons material in the weapons states must be 
stopped and there must be concrete and visible steps towards nuclear 
disarmament. 

it is by iiu nit^uris Impossible tc meet thcr.^ r^nrl'Tior^ W» are already seeing 
positive effects in disarmament and arms control and individual states can point 
to success in meeting some or all of the conditions. To obtain general progress 
everywhere, and to persuade the public that this is the case, may take some 
time, however. There are reasons for optimism as more and more of the opinion 
shaping institutions recognize the need for nuclear power. The Club of Rome is 
certainly one such institution which in the beginning was very skeptical about the 
benefits of nuclear power. In a report two years ago it stated that "the use of 
coal and oil is probably more dangerous to society, because of the carbon dioxide 
they produce, than nuclear energy. There are therefore strong arguments for 
keeping the nuclear option open ...". Clearly the incentives for nuclear power are 
strong but more than statements of learned men will be needed to revitalize the 
option. The public and the politicians must accept it. 

RADIOISOTOPE AND RADIATION TECHNIQUES AND THE ENVIRONMENT 

The most essential contributions to environmental improvement would 
undoubtedly come from a more extensive use of nuclear power worldwide but 
one should not disregard the importance of radiation, radioisotopes and nuclear 
techniques in monitoring and protecting the environment. A few examples may 
show this. 

The present inadequacy of our knowledge of the behaviour of the greenhouse 
gases and of the effects of the gases and the poor calculation models we have 
to predict the greenhouse effect have already been mentioned. There is a 
possibility to study the earth's past climate history through isotopic analysis of 
small air bubbles included in the ice of, e.g., the antarctic polar cap or the 
Greenland ice cap at various depths. Such measurements on drilling cores of ice 
have - wi th very complex interpretations - given a clear correlation over the past 
160,000 years between the contents in the atmosphere of methane and C 0 2 and 
the temperature (Fig.12). However, this does not show what was the cause and 
what was the effect. 

Climate change will depend not only on the atmosphere and its content of 
greenhouse gases. The atmosphere must be seen as part of an overall system 
which also includes the land, the oceans, the ice caps and the biosphere. So far, 
we have known little about exchanges, e.g., between the atmosphere and the 
vast masses of water in the oceans, which certainly delay and possibly could 
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avoid global warming altogether. Studies of radioisotopes appearing in nature at 
various locations can help to give answers. It is first carbon-14 which exists in 
nature, always being produced by cosmic radiation in the atmosphere. Secondly, 
there is tr i t ium which was formed in the atmospheric nuclear weapons tests in 
the 1950s and 1960s. These tests also increased the amounts of carbon-14 in 
the atmosphere, giving a signal in time for increased carbon-14 contents. 
Through sampling and measurements it is hoped that it wil l be possible to learn 
more about how water circulates in the ocean and how C0 2 is exchanged 
between the water and thge atmosphere. This would be important in our efforts 
towards learning more about the greenhouse effect. It is worth mentioning that 
IAEA's Marine Environment laboratory in Monaco recently was awarded a 
scientific award for research in this area. 

In the Mediterranean the lack of sewage treatment plants and increasing pollution 
along several coastlines are a cause for increasing concern. To study the 
behaviour of the waste until it finally deposits on the seabed a radioisotope of 
gold has been used as a tracer in French experiments. In the Adriatic part of the 
Mediterranean we have seen occurrences over the last several years of unusual 
increases in the fertilization of the sea, giving rise to rapid growth of algae. It 
was believed that this was due to fertilizer run-off from the fertile Po valley and 
isotope techniques are now giving us a chance to verify if this is correct. There 
is a problem here in Egypt wi th the silt outside the Nile delta which is slowly 
drifting east and not any more replaced by the Nile. I do not think that this 
phenomenon can be studied without the use of isotoDe techniques. 

The isotopic composition of petroleum has shown significant differences between 
different oil fields which gives a chance to determine the source or sources for 
significant oil spills at sea. Isotope techniques were used by the IAEA Marine 
Environment Laboratory to study the extent of contamination of the Gulf marine 
environment following the massive oil spillage during the Gulf war. 

The use of agrochemicals has been essential for the "green revolution" which 
now has made it possible - at least in theory - to provide adequate nourishment 
to all people on the earth. They do have their negative effects, however. The 
example of ferti'izer run-off from the Po valley has been mentioned but pesticides 
can be even more obnoxious. Rachel Carson started the consciousness of this 
when she in her book "Silent Spring" pointed to the effect of DDT on the eggs 
of many species of birds. Our present use of pesticide poisons is essential and 
effects can be very complex to„evaluate. Radioisotope techniques have since 
many years made studies of pathways and effects possible in the land 
environment. We now have learnt that pesticides also can reach the coastal 
waters, where there have occurred large kills in shrimp and fish farms attributed 
to pesticides. Again, it is isotope techniques which give the possibility to study 
how pesticides behave in the marine environment, notably in tropical lagoons 
which have proven sensitive. 

Fresh water resources and their judicious use are a priority issue in many areas 
of the world. Isotope techniques are essential for any hydrological investigation 
to determine, e.g., the age and replenishment rate of a subterranean source to 
avoid overexpioitation. Here in the Nile valley they have been indispensable in 
studies of fresh water resources and have given us answers to such questions 
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as if a fresh water resource is replenished from the Nile or runs the risk of drying 
up, if there is infiltration of Nile water into adjacent groundwater and the 
contribution of irrigation to replenishment of groundwater. 

The IAEA has been involved in a major ecological investigation of the Amazon 
region in view of the deforestation which is going on. Through use of isotope 
techniques it was possible to determine that about half of the rain water which 
falls in the area originates there. Extensive deforestation could bring with it a 
risk of not only a local climate change but probably also cause less rain in 
adjoining, drier regions. 

These somewhat scattered examples have been given to show that isotope 
techniques give an extremely powerful - nnd indeed indispensable - 100I for 
environmental monitoring and investigations at all levels, local, regional and 
global. There are some other techniques which give the possibility to diminish 
the environmental impact of some of our daily activities. Two examples are in 
radiation processing of flue gases from power plants and of sewage sludge from 
cit ies. 

When it was realized that S0 2 and NO„ emissions from power station smoke 
stacks caused acid rain, many countries, notably in Western Europe, imposed 
str ict limitations on emissions. The result was that power plant owners had to 
equip their plants with chemical factories to clean the flue gases. These were 
expensive. The main product was gypsum, which in principle can be used in the 
building industry but in some countries it became clear that too much gypsum 
was produced and there was no buyer for the large quantities. Radiation can 
provide an alternative to the chemical process. Electron beam irradiation of the 
flue gases, wi th the addition of ammonia, can remove 95% of the SO 2 and 80-
85% of the NOx and the main product can be used as a fertilizer. The electron 
beam comes from accelerators. No radioactivity is used or produced by the 
process. It has been technically proven on a small scale corresponding to power 
plants of some 5 MW(e) and the economics look promising. A demonstration on 
a larger scale plant is now needed and IAEA would help to set up such a 
demonstration in Poland, if funds can be found. 

Another important application of irradiation is the killing of microorganisms in 
sewage sludge so that it can be used as fertilizer without risk for spreading 
infections. In this case the sludge is irradiated with gamma rays from a strong 
radioisotope source. Again, no .radioactivity is created through the irradiation. 
The technology has been proven, i.a., in a plant in Germany, which treats the 
sewage sludge from a city of some 100,000. The hygienized sludge is sold to 
farmers. There is another sludge irradiator in use at Baroda in India where it 
treats the sewage from a community of 200,000. Sewage sludge irradiates are 
now available commercially in sizes which would be useful for large cities. 

There are many more applications of importance in relation to the environment 
which could be mentioned and some will be during this session. The ones given 
above still show the importance of nuclear techniques for monitoring and helping 
to preserve our environment. As to nuclear power it must be concluded that this 
energy source alone will not solve the serious problems which we are facing. 
That wil l require concerted efforts by many countries over a broad range of 
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energy supply systems, recognizing the legitimate needs of developing countries 
to increase their energy use. On the other hand, it does not seem possible to 
produce a solution without nuclear power. 
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SWEDEN: SULPHUR BUDGET 1989 
UNIT: THOUSAND TONS AS SULPHUR 

TOTAL EMISSIONS 

OWN DEPOSITS IN SWEDEN 

TOTAL DEPOSITS 

EXPORTS 

IMPORTS 

74 

28 

225 

46 

197 

FIG.1 

SES02.CHT SOURCE:ECE 1991 

BELGIUM: SULPHUR BUDGET 1989 
UNIT: THOUSAND TONS AS SULPHUR 

• TOTAL EMISSIONS 178 

• OWN DEPOSITS IN BELGIUM 42 

• TOTAL DEPOSITS 90 

• EXPORTS 136 

• IMPORTS 48 

BES02 .CHT SOURCE: ECE 1995 
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GREENHOUSE EFFECT 
CONTRIBUTIONS IN % - 1980s 

CFCs: SPRAY CANS, FOAM PLAST., REFRIGERATORS 
METHANE; RICE PADDIES, CATTLE. FOSSIL 

FUELS PRODUCTION, CARS 
C02: FOSSIL FUELS, DEFORESTATION 
N20: FERTILIZERS, CARS 

QREENH1.CHT 

FIG.4 
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[ would like to thank the organizers of this seminar on Nuclear L'nergy 
r.. r7vcrv,!.,v j ,!V, r>r ylvi(i:io nio to address this distinguished audience about 
.1 . . ; t , , 

••..m i •:•:,: iiquos in Medicine and Human Health. 

i ' !"(i v; 't is time f\r me to s'.xy some plain, simple words of wisdom 
which ' aeq:.:-ed during my exile in the wilderness of Vienna where I had (he 
o;UH;: iv;wi.y ;.> skp aside from the luuiy and vvony of tile day to day clinical 
practice '/Tin. clear medicine and reflect on wider intcmatioiuil issues. 

[ \ave 'ew questions which I would like to ask and try to find an 
answer to then, 'five first question that arises is whether nuclear techniques in 
medic by? are necessary in a developing country? Are nuclear medicine and 
radiolhcvapy a luxury for a general hospital in such countries? Is a nuclear 
i;\-e'oi as much of a. status symbol in a newly emerging nation as a steel mill 
or ;-.cw international jet airline ... 

hi many cases, nuclear medicine for example has been conceived to 
ease the conscience and justify to some extent the investment in nuclear 
energy. To conceive the role of nuclear medicine in the health care has been 
easy, but to deliver it to local hospitals is most often a case of obstructed 
labour. 

>7cpccV!;y in nuclear medicine in 
a '. !'.:"eIoping country, a triangle can be 
established to illustrate the case. 
A?"laming tint the}- have the qualified 
personnel, die triangle comprises 
patients, radiopharmaceuticals and pharmaceuticals 
instrument;;. 

radio- Instruments 

If you have the radiopharmaceutical, the instruments do not work, if 
the im.Unmcnts are in order, the right kind of radiopharmaceuticals arc not 
delivered en time; when both are available, the patient is not there, not 
waiting for 'die test imd being subjected to treatment or may have died! There 
is also a revere square law about nuclear medicine; the further away the 



!••. pi'.:'! is from ll;c main centre of nuclear energy in a country, the problems 
end difliculiics increase by a squaic cf llie clislnncc. 

Not only nuclear medicine is a multidisciplinary science, it has also the 
]•;<•;•;•;!}• of tagging itself to some departments in a hospital; be it radiology, 

r;.,i;Cs«i,„r,1py .'ntcnvil medicine or even some laboratories. It will be wrong to 
put nuclear n cdicine under the aegis of any other department in a hospital, it 
should be established as an independent clinical department. 

Wc m..-"l recognize that nuclear medicine is a high technology 
medicine and that cerium infrastructure is required for successful institution 
of unclear nv.diciuc in a country. It should be in a hospital where facilities 
h!:e. radiology find clinical pathology are well established. Nuclear medicine 
procedures should try to answer specific questions, not to gel inconfinnable 
results which do not lead anywhere as far as management of the patient is 
concerned. One should wonder, is there any point in putting a mirror in front 
of the blind! If there is no coronary bypass surgery, what use is the thalium 
perfusion study? 

Ladies and O ntlcmcn; 

.In the .;nr]y 20s, von Hevescy introduced the practice of the radiotracer 
theory i:i biology by using a natural radioisotope of lead. Soon, the chemists 
nave birth to biochemistry by applying this principle and the use of other 
natural radionuclides. But the breakthrough for medicine did not occur until 
the period between 1938 and 1950 when the production of artificial 
radionuclide- became feasible in nuclear reactors and cyclotrons and the GM 
tube was developed. Physicians started using radioisotopes of iodine and 
phosphorous in chemical salts to investigate thyroid and blood physiology. 
Soon. th<:y translated their basic research into the first practical clinical tests 
with rev-loiodinc in thyroid tissue to ^"^hyperthyroidism and for the non-
surrL:'' deduction of functioning meta.sta.ses of tlnroid malignancies. 

-> 

http://meta.sta.ses


•:':'•:'.•;• m e d i e m e begva. to take s b a g e in 1954 wi th die u.-e o f ex te rna l 
•'"• ''•: •: •••!i1'-'.(!•••••. p r o b e s io i•. _-i ;*•.•,• t h e ' h u e \ s nc th ily c u r v e s <n a g i v e n 
' '.' ,,'\ LI' T'! ; :! : ; ,- , ;H'; : i i .n: : ' .•'".Ir.ifn;:-L:".'L''.i<"i ^ f r!.-*:rtivoly c o m p l e x ct . 'mpo' .mds 
'. ' :'::".:' : 'k ••"'M !';;•;;;.;•;.•'!;.• k m a v n as t:• .lirp'-.vini:\cci.iticiils) a n d \%iUi t he 

:•.'••;••••• :' •••'.' '••: !l,.-;t ";; t: 1 • • ic:u" s.a;-:-./r" lor the a c q u i s i t i o n o f a 
! : ' ••• - :• :• : •;•. • i *'• - ;-:• ; :M di s t r i bu t ion i;i the thyroid g b m d o f ora l ly 
• ',.-•.•: .--.-..•. I. ' i ) v .-.-. :••.!••<•.*•: fkapv 'cd the nvi< ,.ni,M ,''e o f ' b v r o ' d fi'Ticf''Tt 
: \ v;;y region o.'"the gHnd, presenting Uie physicia s with the first 
•. TOJU "ity t . a v. !yze the quality of regional funelion in mi organ, ia a 

n!:-;" '". :'.;•.' ''"'I. k-rays mk:e possible the study of organic morphology ami 
'•::.'.;;;:.!•!.;;. l?y {'X:'\, the rectilinear seamier allowed the functional imaging of 
; ••'••••• '.'(••'.'"..'•. i '. the human body, completing die first revolution in n edicine 
i i":!'"::d !'• • ;<;:> activity. 

A u.ucuoutn leap in the progress of nuclear medicine imaging occurred 
'••••\ k: (:•(• . '[[.: invention oi'tho gamma-camera in its analogic version 
improved image quality and reduced acquisition time, granting die analysis of 
th.e transit of a radiotracer inside the body dirough a series of sequential 
images, adding the dimension of time to imaging. Willi tliis, nuclear 
medicine gave a long step from static imaging to dynamic studies. During the 
70s nuclear medicine became qualitative*First, by coupling a dedicated 
computer to the analogue gamma-camera to improve image quality, to record 
fast dynamic oioccsses like the beating of die heart, and to rescue qualitative 
data always hidden in the nuclear images; later, by developing the digital 
<p..-em;-earner i widi rai integrated computer in its design. Finally, during die 
i'Cs. the digit;•-' gamma-camera was provided with one to four rotating 
driactois to i:.o'i'Muct tomographic images representing die distribution of 
the radlonucik'e in several slices of the organ. This new system is better 
kiic.vn a sing1: photon emission tomography (SPHT). These slices could also 
be summed rg to generate a tridimensional image of die organ, so all its 
volume and s •rik-es could be explored increasing notably die sensitivity of 
rue'. ; :i' i;u;.'.:7.'j'r!. 

Radioactivity created a second revolution in medicine by connecting 
'••.•; ;;-::raordiiiy:'y sensitivity of the radiotracer methodology and the unique 
••••-:•: •; -"oi'y o['ike immunological processes. Radioimmunoassay (RIA) 

j 



introduced a new concept for measuring in a test tube ("in-Vitro") the tiny 
concentrations in blood of multiple immuno-rcactivc substances of 
biomedical interest, without exposing tlic patients to ionizing radiation. All of 
a sudden, medicine suffered a change in dimensions, from the usual 
measurements in milligrams (10"3g) and micrograms (10"^g), to less known 
nanograms (10"9g), picograms (TCH2g) and femtograms(10"l5g). Togedier 
with ininiuno-radioinetric assays (1RMA), RIAhas influenced a wider 
spectrum of medical fields by measuring hormones, drugs and enzymes, and 
by detecting in blood or tissues a growing series of tumor markers. 

Cancer diagnosis and therapy: 

Cancer is major health problem of our times. Expectations that a single 
conservative agent -and thus a single cure- would be identified, have now 
been dispelled and current medical opinion favours the view that each cancer 
is unique and needs an individual approach. Recently the possibly vital role 
of "cancer risk genes" (oucogenes) which are aberrant forms of normal genes, 
has been noied. 

Nuclear techniques have made very significant contributions to the 
diagnosis of > -nicer. They provide convenient means to detect tumor markers 
and to visualize tumors by in-vivo and in-vitro tests using radionuclides. 

Tumor markers comprise a number of substances expressed by many, 
but not all tumors. They are released into the circulatory system where their 
presence or concentrations may indicaTSHlie existence of the tumor itself. The 
elevated blood levels of these materials may indicate the presence of 
malignancy. 

The greatest value of tumor markers measurement lies not in initial or 
early diagnosis. RaUier, it lies mainly in the assessment of prognosis, post-
therapy follow-up, detection of early recurrences and when used in 
combination with organ imaging methods, in monitoring tumor burdens or 
size. 
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The radionuclides that are attached to tumors in I.V. administration are 
very Jew and v.c probably confined to 13 li to differentiated thyroid cancer 
after removal ;S the gland itself, as well as the use of Gallium and M1BG. 

More rii'icicnt systems for delivery of radionuclides to tumors have 
been developed as monoclonal antibodies to tumor associated antigens, 
became availrblc. The sites of antibody deposition may be visualized by 
eNk.TM:tI lunging. This procedure is called radioimmunoscintigraphy. 'Ihe 
technique itself is quite non-invasive. It consists of I.V. administration of 
labelled antibody to a patient and imaging after a suitable interval. It is best 
applied, for detection of recurrent cancer of the GI, GU and gynaecological 
systems especially when using SPECT. 

The most recent development in the use of radionuclides for detection 
of mahgnant lesion is PET, a sophisticated method using short lived 
radioisotopes such as 18P, 1 5 0 and HC that arc produced in a cyclotron. PET 
docs not merely localize a tumor but provides information on its functional or 
metabolic status which can be the key to its characterization as being 
malignant. Brain tumors, epilepsy, stroke and dementia can now be 
diagnosed anc managed much better than formerly through SPECT and PET. 
PET technology is expensive and needs an initial investment of over US $ 6 
million. It is a matter of science/fiction: science in the developed countries . 
and fiction in 'iie developing world. 

Before vvc talk about cancer treatment, it is necessary to remove a 
simple misconception in the minds of even some responsible authorities, that 
cancer is not a serious health problem in the third world. The real situation is 
the other way. Cancer is of increasing concern in the developing countries. 
Present]}' available means of control of communicable and parasitic diseases 
have reduced the problems of their treatment to a problem of availability arid 
delivery of proper health care. Timely vaccination, improvement of sanitation 
and personal hygiene, maternity and cluld care as well as the introduction of 
new curative agents, all these have improved the life expectancy in many 
developing co' utrics and thus made their population cancer prone. 

Young or old, rich or poor, every cancer patient has a right to proper 
treatment aimed cither at cure or towards amelioration of its course, hi 
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countries where there is no, or inadequate radiotherapy facilities, we are 
denying an effective mode of treatment to a large group of patients. 

When laced with cancer, the physician in the developing world may 
not have much to offer. It is estimated that up to 75% of cancer patients in 
developing countries arc in a non-curable stage when first diagnosed. There, 
surgeons are :,;arce, chemotherapy is too expensive and radiotherapy is so 
much depending on machines which arc costly to purchase and not easy to 
maintain. Egypt, with the assistance of IAEA, is proceeding with a technical 
cooperation pmject to manufacture a simple, robust prototype of a cobalt 
machine which would fit the conditions prevailing in developing countries. 

Pulling all these aside, there is the trained manpower behind these 
machines. The individual is die single most important factor in die whole 
process of medical care. We need a person who is well versed in one of die 
branches of medicine, who is a seeker and is capable of learning a new 
discipline and teaching it to others. Preparing such a person requires time and 
patience. Once Confucius said: "If you plan for a year, plant rice; if you plan 
for ten years, plant trees; but if you plan for hundred years, train men." 

Ladies JKI gendemen, despite all die difficulties I have mentioned, 
nuclear techniques in medicine and healdyn die third world have achieved 
considerable p.-ogrcss in technology transfer; thanks to the kind assistance of 
IAEA. Que thing I have come to realize, diat it is better to light even one 
candle than to curse the darkuess. 
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USE OF NUCLEAR TECHNIQUES IN FOOD, AGRICULTURE AND PEST CONTROL 

Bjorn Sigurbjornsson 

Introduction 

The so-called Nuclear Techniques used in agriculture are of two distinct types but 

both based on the special characteristics of radio-isotopes which give off radiation or on 

isotopes which are heavier than the normal element. 

One type of application uses the radiation given off by isotopes to enable the 

detection of individual atoms in infinitely small amounts of matter. With this technique 

we can e.g. follow the travels of fertilizer elements in the soil, into and throughout the 

crop plant or the travels of animal nutrient atoms throughout the animal and their 

deposition in milk and meat. This has resulted in enormous advances in crop and 

livestock research. 

Very minute traces of pesticides and their residues can be detected in food, in 

plants and animals and in the environment enabling the development of measures to 

reduce harmful effects. 

The other type of application makes use of the unique ability of ionizing radiation 

- x-rays, gamma-rays, electrons and neutrons to penetrate all types of matter and produce 

changes within living cells. These changes in cells induced by radiation can do three 

things: (1) can kill the cell; (2) render it incapable of reproducing itself (sterilize); or 

(3) cause changes in its genetic make-up, called induced mutations. 

This is made use of to kill microorganisms in food, prevent sprouting of potatoes 

and onions, breed better crop plants or sterilize insects for control Some of this can be 
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accomplishcd by chemicals, but in some cases the chemicals used leave residues 

danr f.rous to health or are themselves dangerous to workers because of their mutagenicity 

or carcinogenity. No chemical can compete with radiation in penetrating packaging 

material or living tissues, flesh, bones and seeds. Therefore these nuclear techniques 

have become highly successful tools in both research and processing. Radiation sources 

on the other hand are normally in self-contained and completely shielded cells with no 

radiation hazard. Electronic accelerators of course can be turned on and shut off at will 

like any electronic appliance. 

Use of Nuclear Techniques and their Impacts 

A. Radiation 

There are three main types of uses: 

1. To sterilize insects for eradication 

2. To induce mutations for plant breeding 

3 To kill or sterilize microbes and pests in food and food ingredients to improve 

quality, shelf-life and wholesomeness. 

1. Insect Sterilization 

This application is used in the so-called Sterile Insect Technique (SIT). The 

technique is based on an elegant and simple technique, discovered by the American 

entomologists Knipling and Bushland: an insect infestation is eradicated by releasing into 

the infested area sterile insects in a ratio of 10 - 15 times the number of the wild insects 

found in the area. It should be obvious that if the sterile flies are 10 times as many as 

the wild flies, the chance of a fertile mating is only 10%. Therefore, the next generation 

of the wild population is much smaller. If we again release the same number of sterile 

flies and repeat this over a few generations, we end up with no Hies left. As 1 said, this 
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is an elegant and smart theory but the exciting part is that it works in practice. Using 

this technique it was possible to totally eradicate the enormously devastating pest, the 

New World Screw Worm from the USA and Mexico. To do this big factories had to be 

built capable of producing billions of flies which are all sterilized by gamma rays. You 

may recall in 1989 v/hen this pest was found in Libya posing a potentially disastrous 

threat, not only to Libya and North Africa, but possibly to all of Africa, threatening its 

wildlile, livestock as well as its human population. 

Through an emergency programme costing tens of millions of dollars and 

requiring the transport of 40 million sterile flies per week from a factory in Mexico to 

Libya. The cases of miasis - the disease caused by the flies - had reached 12,000 in 

addition to hundreds of cases of human miasis before the release of the sterile flies 

resulted in the total disappearance of the Screwworm from the continent of Africa. 

Another success story concerns the Mediterranean Fruit Fly. The Medfly is 

undoubtedly the most damaging insect pest of citrus and stone fruits worldwide, resulting 

in enormous loss in fruit quality and thus of marketable products as well as huge costs for 

pesticide treatments. The Medfly originated in the Mediterranean area and was first 

found across the Atlantic some 30 years ago. When it invaded Mexico and threatened its 

valuable citrus crop, the Mexican Government took immediate steps. With advice from 

the Joint FAO/IAEA Division and the Seibersdorf laboratory, the Government built a 

factory in Southern Mexico capable of producing 500 million sterile Medflies per week 

(about 5 tons). Shortly thereafter systematic releases were started in the infested area 

with sterilized flies in overwhelming numbers. A few years later the Medfly disappeared 

from the country of Mexico. 

Now there ire factories in Guatemala, Chile, Argentina, Peru and Hawaii and it 

is hoped that the result will be a drastic reduction in the damage caused by this pest in the 

New World. 

Now let us look at the place of origin of the Medfly, here in this area. The 

damage caused by this fly to fruit production in Egypt and other countries around the 
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Mediterranean is also enormous. One tries to control the pest by pesticide applications, 

but there is growing opposition to the use of pesticides due to their secondary effects on 

wildlife, food supplies and human health. Yet there are no facilities in Mediterranean 

countries for mass rearing and sterilizing Medflies. Therefore the IAEA together with 

FAO are advising and assisting Mediterranean countries on the feasibility of using the SIT 

in this area. 

A recent breakthrough in mass rearing the Medfly has made the use of SIT much 

cheaper, many times more effective and completely harmless to marketable fruit. This 

breakthrough was achieved in the FAO/IAEA laboratory and enables the killing of all 

female eggs by simply raising the temperature of the solution containing the eggs by some 

10 degrees. 

We are working with the Maghreb countries and are running a pilot test in 

Tunisia. We are also responding to a request for assistance from Portugal for using SIT 

to eradicate the Medfly from the island of Madeira. At the end of May we held a 

consultation of plant protection officials from Syria, Lebanon, Jordan, Israel, Gaza and 

Cyprus in order to consider the technical feasibility of eradicating the Medfly from the 

whole region, including Egypt. I should add that an Egyptian scientist was invited but 

was unable to arrive in time 

All these countries suffer from the Medfly and all use pesticides extensively to 

protect their fruit from the Medfly. The outcome of the consultation was very positive. 

As a result we are now helping the countries of the region prepare plans for a Middle 

East regional project for complete eradication of the Medfly betwen Turkey and Libya. 

The plan is to build a mass rearing factory to be located on Cyprus. It would produce 

1 billion flies per week. The flies would be sterilized by gamma rays and released by 

aircraft, following a carefully prepared plan, in the participating countries. We estimate, 

if sufficient funds can be found, that the fly could be eradicated from the whole region in 

5 - 7 years. 

The Medfly cannot survive in low temperatures and does not travel over long 
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distances without suitable hosts. This is why the Medfly will not survive north of Naples 

or move over the Sahara or east of Amman and Damascus. Thus it would be tempting 

to eradicate this pest once and for all from all the countries around the Mediterranean. 

FAO and IAEA are considering the calling of a meeting with technical people from all 

the countries concerned to look into the feasibility of a Pan-Mediterranean Medfly 

Eradication Pioject. 

2. Irradiation of Food 

Ionizing radiation has the unique ability to penetrate any type of food packaging 

and the food itself, specifically killing or sterilizing living and active cells in microbes or 

insects while having minimal effect on the food itself. 

Until recently, a variety of chemical fumigants have been used to disinfest fruits 

and grain or preventing sprouting. Now a number of these fumigants have been found to 

be harmful, carcinogenic or mutagenic. As a result, many countries have banned nearly 

all of them, creating great concern in the food industry. Ionizing radiation will 

effectively disinfest fruits, vegetables and grains without any harmful effect. Even more 

important is that the products can be packaged, thus preventing reinfestation as long as 

the package is intact. Now that the GATT accords on sanitary and phytosanitary 

measures in international trade have taken effect, it is essential that quarantine regulations 

be met. It is becoming widely recognized that radiation treatment may present not only 

the most effective means but also the safest way of meeting quarantine regulations and 

thus facilitate international trade. 

It is also becoming widely known that food borne pathogens are on the increase 

and are causing widespread serious illnesses. WHO says that diarrhea caused by food 

borne pathogens is the most common cause of child death in the developing v.orld. It is 

almost impossible to buy chicken in the market which is free of Salmonella or other 

pathogens. While Salmonella is killed with proper cooking, secondary contamination of 

e.g. vegetables, continues to cause outbreaks. WHO has recognized that the only 

effective method of treating chicken for Salmonella is irradiation treatment and indeed 
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reconimends to travellers that if possible they should buy irradiated chicken to prevent 

infection. 

The advantages of food irradiation are many and the uses manifold. Yet, it has 

been difficult to introduce food irradiation into the food industry. There is surprising 

fear of the use of irradiation in the mind of consumers and consumer unions. For those 

who know how radiation treatment works and know the results of decades of extensive 

research into the wholesomeness or irradiated food, it is difficult to understand the basis 

for this fear. The reason seems to be a general fear of anything "atomic", a belief that 

irradiated food becomes radioactive - which is never the case - and the association of 

ionizing radiation with atomic bombs and atomic power plants. 

Regardless of the grounds for this unfounded fear, consumers' attitudes must be 

Jaken seriously and the consumers and their associations should be given factual 

information about the true nature of food irradiation and the benefits food irradiation can 

have for improving and securing food supplies. 

3. Mutation Breeding 

Ionizing radiation penetrates living plant tissue and can cause changes in the cell 

nucleus, particularly in the active cells in the seed embryo. These changes affect the 

chromosomes and the genes and give rise to altered plants. These alterations, called 

induced mutations, ~un cause the plant to be shorter, early maturing and more resistant to 

pests and diseases. The plant breeder selects from the induced mutants those which will 

improve the performance of the crop. 

The results of the application of radiation in plant breeding have been quite 

dramatic. To date, nearly 1800 varieties of crops and ornamentals of induced mutant 

origin have been officially named and released to growers throughout the world. 

Induced mutations have resulted in improvement of practically all important agronomic 

characters and have resulted in improved varieties in all important crop species, especially 

in the major cereals. In some countries the induced mutants have come to represent 
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major areas of cultivation, e.g. wheat and rice in China, cotton in Pakistan, rice in the 

U.S.A., durum wheat in Italy and barley in Europe. 

Modern field and horticultural crops are becoming even more iefined and higher 

yielding. In the efforts ahead to double food production in the next 30 years, we are 

unlikely to find the necessary qualities in existing plant germ plasm collections. The 

plant breeder will depend on the generation of additional genetic variability which can be 

induced by mutagenic agents, particularly ionizing radiation. The combination of 

induced mutations with modern biotechnology and molecular biology has opened up 

promising new possibilities for crop improvement. 

B. Isotopes 

1. Soil Fertility 

By putting an isotopic label on a fertilizer-nitrogen applied to obtain high crop 

yields - it is possible to find out how best to apply fertilizers, how deep to place r in the 

soil, how close to the roots, at what time before or after planting and in what chemical 

form the fertilizer gives the best results. Many such studies were carried out by FAO 

and IAEA throughout the world some 20 - 30 years ago. They led to new and 

improved ways of fertilizer applications. The new methods have long since been 

incorporated into recommended fertilizer application practices in many countries and for a 

number of crops, e.g. all the major cereals. Documented savings to farmers and 

societies as a whole are enormous and may now amount to hundreds of millions of 

dollars. 

Similarly, the use of isotopic tracers in studying the rate of nitrogen fixation by 

bacteria in symbiotic relation with legumes (peas and beans), it has been possible to 

develop more efficient ways of employing this symbiotic relationship to replace expensive 

nitrogen fertilizers. Isotopic techniques are by far the most exact methods of measuring 

nitrogen fixation rates. The use of isotopic markers in animal nutrition similarly has led 
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to improved animal feeding practices and better utilization of locally available feeds and 

agricultural wastes. 

2. Aprochemicals 

There is increasing concern for the impact agricultural practices can have on the 

environment, especially the harmful effects which may result from careless use of 

agrochemicals, such as fertilizers and pesticides. An isotopically labelled ingredient in 

the effective component of such agrochemicals will reveal the presence of the chemical or 

its residues long after the application as they may appear in plants and animals, water and 

soil, food or human beings. 

For this reason, one attempts with isotopic techniques to assess the impact of 

various agrochemicals on the environment - on the non-target fauna and flora as we1.] as 

in food and water. 

However, radioisotopes can only be used under experimental and closed-system 

surroundings since the release of long-lived isotopes emitting harmful radiation is not 

desirable, therefore most of these applications rely on non-radioactive or stable isotopes 

which can be identified and traced on the basis of their atomic weight. The IAEA 

together with FAO and supported by the Swedish International Development Authority is 

operating three large-scale research programmes to study the effect of pesticides on the 

fauna and flora in Africa, Central America and in various coastal waters. 

3. Disease Diagnosis, Molecular Biology 

Isotopic markers are widely used in a variety of basic scientific disciplines which 

form the basis for much work undertaken in support of food and agriculture. It can be 

safely stated that without the use of isotopic markers there would be no modern 

biotechnology, molecular biology and genetics or the myriad spinoffs off these 

technologies such as modern disease diagnostic techniques. DNA, the basic chemical of 

life on earth, containing the genetic code, consists of two strands which separate during a 
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phuse of reproduction, The basis for molecular biology and genetics lies in being able to 

identify one strand from the other. This can only be done by a label, in most cases a 

radioactive isotope (P"). 

Work of this nature has led to the many breakthroughs which have occurred in 

both basic and applied biotechnology. One such application has led to the development 

of chemicals which are used for the most efficient disease diagnostic method known, 

called ELISA. This diagnostic method supports a large programme supported by FAO 

and IAEA in making available diagnostic kits to veterinarians, enabling them to make 

reliable and quick diagnoses. The large and successful campaign to eradicate Rinderpest 

from Africa relies on the use of FAO/IAEA supplied ELISA kits. Many other 

techniques used in the fight against animal diseases rely on isotopic labels: DNA probes, 

monochlonal antibodies. A related immunoassay technique is based on radiation and is 

called radioimmunoassay. In FAO/IAEA programmes this technique is primarily used to 

study the level of the reproductive hormone progesterone. Such studies have given 

results which have led to shortening of the time interval between calves, thereby 

increasing markedly both meat and milk production and the grazing pressure on land. 

The Role of Nuclear Techniques to Meet Food Production Challenges of the Future 

FAO is now preparing a publication showing data and projections for population 

growth and developments in food and agriculture towards the year 2010 in order to better 

adjust its programmes to deal with the challenges ahead. FAO is also looking beyond 

2010 to discern what really lies ahead in the next centuary. One must remember that 

e.g. from the time of radiation treatment of a seed to the release of a marketable, 

improved variety, there may be a 12 - 15 year interval, so that decisions on actions taken 

today may not be translated into reality until the year 2006 - 2010. 

The overriding concern for future developments is the rapid population increase, 

one million more mouths to feed every 4 days and most of them in food deficient 

countries. 
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Another equal concern is for the 800 million souls living with us now on this earth 

who do not get adequate food and the 200 million children who are undernourished or 

malnourished and either do not survive or are left w ith lasting physical deficiencies. 

A simple calculation projects that around 2030 there will In- ° liiion people on 

eaith, and lo feed them all we must double food production. 

And this must be done in the face of growing environmental concerns and 

demands for sustainable development. 

Doubling food production would not be so difficult if we would dump ever 

increasing amounts of fertilizers and pesticides on our crops, have unrestricted access to 

water and plenty of virgin soils which could be brought under cultivation. 

Unfortunately, none of this is available. On the contrary: Soils are eroding at 22 

billion tons per year, the earth's soil resources have a half-life of 100 years. Over the 

last 30 years, cultivated land per person has shrunk some 32%. These trends must be 

reversed lest our food production capability is not going to deteriorate in the future. 

Whatever measures will be taken, one thing is certain: we must rely on science 

and technology to uncover new methods and new materials, new systems and new crop 

varieties that will give us a chance. As reviewed above nuclear techniques provide 

accurate, sensitive, fast and effective tools in research and development. They seem to 

become more relevant in agricultural research with every year. They are based on some 

of the most fundamental characteristics of our physical universe, the very nature of atoms 

and nuclei; it is difficult to imagine technology more firmly based on natural 

phenomena. 

The problems of food and agriculture must be resolved to meet man's most basic 

and essential needs: the very survival of the individual and the human species. The 

application of nuclear technology therefore must be problem driven, not simply a 

demonstration of elegant technology. Nuclear techniques in food and agriculture should 
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not be used aside from and in isolation from the overall effort to increase and secure food 

supplies. It is for this reason that the International Atomic Energy Agency applies 

nuclear technology in food and agriculture in a joint programme with the Food and 

Agriculture Organization of the United Nations. It is an example which should be 

followed by all national and regional atomic energy authorities. 
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