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he IAEA works to foster the role of

nuclear science and technology in support of

sustainable human development. This involves both

advancing knowledge and exploiting this knowledge

to tackle pressing worldwide challenges — hunger,

disease, natural resources management, environ-

mental pollution and climate change.
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R E W O R D

uman knowledge and human progress go hand in hand. As knowledge expands,

the potential for development grows. Over the last century, nuclear science and

technology have played an increasingly important role in improving human well-

being and the world around us. Today, nuclear applications can be found in almost every

social and economic sector and in virtually every corner of the globe.

Yet as the world becomes more reliant on scientific advance, society appears less and less

aware of, or perhaps indifferent to, its achievements. If wise use of science in the future is

to be assured, key applications for everyday use need to be better understood, not only

by decision-makers but by the people whose lives they touch.

As the responsible organization in the UN family for nuclear energy, the International Atomic

Energy Agency (IAEA) works to foster the role of nuclear science and technology in support

of sustainable human development. This involves both advancing knowledge and exploiting

this knowledge to tackle pressing worldwide challenges —•- hunger, disease, natural resources

management, environmental pollution and climate change.

Solid scientific foundations are built on thorough investigative work. Systematic research to

confirm and extend laboratory and field results is carried out through IAEA Co-ordinated

Research Projects, which encourage learning partnerships between scientific institutions

throughout the world. The knowledge and technologies emerging from this research are

harnessed through national and regional projects supported by IAEA's Technical



Co-operation Fund. These activities are backed by the R&D, scientific services and training

activities of the Agency's own specialized laboratories, located at Seibersdorf in Austria and

in Monaco.

Like the rest of the UN system, the IAEA must operate within tight financial limits. With few

new resources expected, programmes must concentrate on what the Agency is best pre-

pared to do and where clear advantages compared to alternatives have been established.

Thus, in fostering nuclear applications in agriculture, health, hydrology and many other fields,

the Agency focuses on those areas which offer special advantages in meeting present and

future needs.

People around the world are deeply concerned about the dangers posed by nuclear weap-

ons, and some remain sceptical about the safety of nuclear power But most are unaware of

the many positive contributions that nuclear science and technology are making to everyday

life. This booklet is intended to help fill that gap by illustrating the many ways in which this

specialized knowledge and its applied technologies are building a better future for us all.

DR. MOHAMED ELBARADEI

IAEA Director General



N R O D U T O N

A cotton field in Pakistan's Punjab

Province. A nevj plant variety first

introduced in the early 1980s is now

cultivated on more than 2 million

hectares of commercial farmland each

year. The cumulative increase in value of

raw cotton, edible oil and animal seed

coke exceeds US$800 million.

A cancer treatment hospital in New Delhi,

India. A whole body scan of a patient is

being reviewed to assess the spread of the

disease to the bones. Analysis ofconcer

trough the use of a bone scintigram helps

doctors to monitor the disease and decide

on appropriate treatment.

A geothermal energy field in Ahuachapan,

El Salvador. Steam-generated electric

power from geothermal v/ells is helping

the country to reduce oil imports

dramatically. Developed and managed with

isotope hydrology tools, safe and renewable

geot'nermal sources today gen-eraie some

14 percent of El Salvador's total electricity

supply.

Building A Better Future

-. ~ ood, health, energy, industry and the environment. The fields could not

be more diverse. Yet they are all linked in one universe — the worldwide

_-' research and development activities of the IAEA's Department of Research and

Isotopes. These are just a few of many examples where nuclear-based technologies are

helping to understand and provide constructive solutions to today's economic and social

problems. The development of these technologies through the IAEA's Research Contract

Programme and their extension through its Technical Co-operation (TC) Programmme and

information services encourage specialists in Member States to transform scientific results

into knowledge, products and services which benefit society at large.

In each of these sectors, the Department's activities foster leadership and international

cooperation in applying nuclear technology to everyday scientific, technological and

socio-economic problems. Together with international meetings, they add to the collective

knowledge within Member States that supports capacity building and end-user oriented

development projects supported by theTC Programme.

The men and women involved are experts in many fields: agronomy, veterinary science,

entomology, human medicine, physics, chemistry, biology and hydrology. They come from

the developed and developing nations alike.They apply their knowledge and experience to

evaluate proposals and implement projects supported by the Research Contract and TC

programmes of the IAEA. They also help in weighing proposals against national and regional



A paper factory in Guangzhou Province

one of China's largest mills. Plant tech-

nicians monitor seven production lines

simultaneously using three different types

of nucieonic gouges. Product quality has

markedly improved, output has increased

and considerable energy and materials

have been saved. Indeed, a US$60,000

investment has saved US$500,000.

needs and assessing whether— in any given situation — a non-nuclear technology might be

better and cheaper than a nuclear one.

From small beginnings some 30 years ago to the multi-million dollar; worldwide research and

development effort of today is a tremendous jump.The IAEA's role of fostering international

co-operation in applying nuclear technology involves close partnerships with a wide range of

decision makers, beneficiaries and donors in its Members States. It is these partnerships that

are turning the dreams of many people throughout the world into reality and providing

ever greater hopes for their future,

•if'.:

An electricity generating station in Poland.

Emissions of acid rain-producing sulphur

dioxide have been drastically reduced.

Chimney gases are being neutralized v/ith

electron beams • • - and now, instead of

tree-killing pollution, the by-Product is form-

ready fertilizer.

"To many people, scientific research is something that appears to have little

impact on their daily lives. Yet science and research are fundamentally about

solving problems. They are the source of new technologies, and technology is

a major catalyst for economic growth and human welfare. The IAEA's

Department of Research and Isotopes is at the centre of international

efforts to put nuclear science and technology to work for bringing positive

changes in the lives of people and nations of the developing world."

SUEO MACHI

Deputy Director General

Department of Research and Isotopes
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MEETING THE CHALLENGE OF FOOD FOR ALL

he IAEA's food and agriculture activi-

ties, planned and operated jointly

with the FAO, are contributing greatly to

the "food for all" objective.
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ore than 800 million people, mainly in Africa and Asia, suffer from hunger.

Most depend on agriculture for their livelihood; many rely on imported food

or relief aid for their very existence.

"Food for all" is the main goal of the Food and Agriculture Organization (FAO) of the

United Nations. At the World Food Summit in Rome in 1997, over 180 countries made a

firm commitment to reduce the number of malnourished people by half before the year

2015.To achieve this, however, the countries will need strong determination, increased

resources, suitable technologies and the strategies to use them effectively.

The IAEA's food and agriculture activities, planned and operated jointly with the FAO, are

contributing greatly to the "food for all" objective. Its staff work with partners at all levels

— from national and international research institutions to farming communities to

continuously improve nuclear technologies and the knowledge gained from them and

ensure that these are integrated with complementary technologies to produce tangible

benefits. Efforts concentrate on the broad goal of promoting the sustainable intensification

of crop and livestock production, while enhancing the safety and quality of food products,

Taking the Lead from Nature

Many factors affecting plant growth and crop quality, such as drought, insects and disease,

are often beyond farmers' control. While it is difficult to create ideal growing conditions,

for the last three decades it has become possible to produce plants that are better

"tailored" to thrive in imperfect conditions by drawing on the skills of the plant geneticist

and maximizing opportunities afforded by radiation technology.

Plant scientists can induce subtle changes or mutations in the genetic make up (DNA) in

plant seeds, buds or tissue. By monitoring plant growth, they can identify and select strains
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with the desired characteristics and develop cultivars for direct use or further cross-

breeding. This is a case of science imitating nature. Mutations occur naturally, though

extremely rarely, due to factors such as mistakes in DNA replication.Thanks to the

controlled use of ionizing radiation, this natural diversity can be increased as much as

10,000-fold and the development of new varieties significantly accelerated.

A radiation treatment service was established in 1967 to treat seeds from Member States.

Since then, some 22,000 batches of seeds, vegetative material and in vitro cultures have

been irradiated at the FAO/IAEA Agriculture and Biotechnology Laboratory in Seibersdorf,

Austria. Today the Mutant Varieties Database includes I 824 varieties of I 64 plant species

released in more than 50 countries, more than half of them during the last five years.

These mutant varieties are making an important contribution to the quality of life of

millions of people.

• Rice, wheat and maize provide two-thirds of

the world's carbohydrate supply. Rice has been a

particular success story: more than 300 varieties

have been developed by researchers in Member

States for the world's paddy fields, with the Chi-

nese "Zhefu 802" cultivar alone occupying some

I I million hectares over the period 1986-1994.

• A mutant variety of naked barley (grain without

husk), UNA-La Molina 95, has been selected for its

early maturity and improved yield in Peru's high-

lands.The grain is ideal for preparing the Altiplano's

traditional foods and has great potential for

improving nutrition. Over I 50 tonnes of seeds

were distributed in 1997.

• New methods, such as in vitro culture of

irradiated plant tissue, are helping to improve

staple crops — banana, plantain, cassava and sweet

potato — that do not produce seeds.These crops

provide much of the food and contribute to the
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livelihoods for millions of people in the developing world. In Ghana, irradiation of

cassava stem cuttings produced a new variety that cooks fasten thereby helping to

ease the burden on women and conserving fuel supplies.

Boosting Productivity from the Ground Up

Soil nutrients and water are essential to plant growth, but in many areas of the developing

world soils are deficient in key nutrients, Sustainable agriculture depends on maintaining a

balance between consuming and conserving soil nutrients and water resources. Stable and

radioactive isotopes can play a crucial role in understanding soil-plant interactions and in

helping to increase crop production through better soil management. Such practices use

nutrients from all sources, including mineral fertilizers, recycled organic matter, crop

residues and biological nitrogen fixation.

MORE RATIONAL USE OF MINERAL FERTILIZERS

For many years, activities focused on more efficient use of

mineral fertilizers using isotope-labeled nitrogen and

phosphorus fertilizers on crops such as rice, maize and

wheat.This work led to major improvements in farm

practices in many parts of the developing world:

• Isotope studies of lowland rice in Bangladesh,

Egypt, Pakistan and Thailand demonstrated that

nitrogen and phosphorus fertilizers are used far more

effectively when placed below the soil surface.Trials in Argentina, Brazil,

Colombia, Egypt, Peru and Romania revealed a 20 percent increase in

fertilizer uptake when mixed nitrogen and phosphorus fertilizers are

applied at the optimum time in the growing season,

Based on this and other work, many developing countries have achieved more economical

use of fertilizers while avoiding environmental pollution,Today's research and development

work focuses on using organic materials to reduce the need for mineral fertilizers. Nuclear

methods are helping to assess crop residues and locally available wastes, including radia-

tion-sterilized sewage sludge, as ecologically sound nutrient sources.



BIOFERTIUZERS-THE NATURAL ALTERNATIVE

Eighty percent of our atmosphere is nitrogen, but atmospheric nitrogen can enter plants

only after it has been captured or "fixed" by bacteria on the root nodules of legumes, such

as beans, peas, soybean, alfalfa and clover A highly cost-effective and convenient alterna-

tive to manufactured fertilizers, biologically fixed nitrogen — biofertilization — can satisfy

the need for more nitrogen, while increasing crop yields and boosting soil fertility.

Techniques for measuring biological nitrogen fixation (BNF) were refined and then used in

many countries to identify superior crop cultivars and bacterial strains and to develop

practices to enhance the BNF processes.

• In Asia, an increase of 30 percent in nitrogen fixation was obtained in chick-

peas, mungbeans, peanuts, soybeans, lentils and cowpeas through improved soil

and crop management practices and plant selection.

Farmers in Bangladesh realized higher crop yields

and savings on nitrogen fertilizer by using inoculants

containing selected bacteria. Yield increases with

BNF alone were typically 30 to 70 percent for lentils,

soybeans, chick-peas and peanuts.

• In Zimbabwe, 70 percent of the people derive

their income from agriculture. Research has shown

that up to 70 percent of the nitrogen requirement

of cereal crops can be obtained if the appropriate

legume and bacterial strains are used in the crop

rotation, resulting in savings of over US$50 per

hectare on artificial fertilizer.Thus, biofertilizers are

being promoted through demonstrations and

training of small farmers across the country.

BUILDING A BETTER FUTURE



IMPROVED WATER USE

Efficient use of water by crops and pastures is important in the quest for food security.The

IAEA and FAO are promoting better practices and modern irrigation technologies using

sprinklers, mini-sprayers and drippers. Application of the new methods is enhanced with

the use of neutron moisture gauges, nuclear-based instruments that accurately measure soil

moisture content. Farmers in Brazil have achieved higher bean and corn yields by irrigating

with half the usual amount of water; but at appropriate stages of growth. Isotope studies in

Middle Eastern countries have shown that fertilizer can be added to irrigation water,

resulting in higher uptake of nitrogen by crops, particularly on marginal soils, and increased

crop quality and yield.

Increasing Output of Meat and Milk

Livestock are critical to food supplies in many developing countries.They provide high-

value protein in the form of milk, meat and eggs, and are the mam source of income for

millions of farmers.They also provide the manure and draught power to cultivate crops.

With populations growing and incomes rising, the demand for livestock products is increas-

ing sharply. Livestock productivity must be increased in ways that are both cost-effective

and environmentally sound.

BETTER FEEDS FROM LOCAL RESOURCES

Isotopes provide unique information about the nutrition of farm animals •— data that can

be used to find better ways of converting animal feeds into milk and meat. In countries

where isotope-based concepts have been widely adopted,

research has paid handsome dividends in terms of higher

animal productivity and improved nutrition and health of

consumers.

The IAEA and FAO have helped develop an easily digested

addition to animal fodder known as UMB (urea-molasses

block) that is rich in calories, nourishing and balanced in

terms of fostering growth, milk production, reproduction

and work. UMB manufacture uses local products and

labour; resulting also in higher incomes in rural communities.



In West Java, Indonesia, UMBs have increased milk production by 10 to 25

percent and cattle growth rates by up to 200 percent, leading to a doubling in

farmers' incomes, In several communities, women have established their own

small-scale UMB production facilities.

• UMB use is now widespread in Asia and Latin America, and expanding in

Africa, due to research co-ordinated by the IAEA and FAQ Local feed resources

are being successfully incorporated, and productivity gains of two to tenfold are

common.

• In El Salvador UMBs were evaluated alongside a more expensive supplement

made from soybean concentrate.The UMB-fed cows attained the same levels of

milk production, body weight and reproduction as the concentrate-fed cows and

can save farmers US$37 per animal per year — a significant sum in El Salvador,

where annual per capita GDP is less than US$2,000.

IMPROVING BREEDING EFFIGIENGY

Better feeding works best with improved animal breeding strategies.The use of radioimmu-

noassay (RJA) to measure hormones, and thus monitor more closely reproductive pro-

cesses, has been essential to advancing breeding practices in industrialized countries. RIA

makes it possible to determine when animals are ready for breeding, to diagnose pregnancy

earlier to correct health disorders and to improve artificial insemination.These advances

have been transferred to many developing countries so that they too can improve their

livestock.

• Peru's Pucallpa region was once known for the low productivity of its Zebu

cattle. But 80 farmers owning between two and I 5 cows each have recently

established a viable milk-producing industry serving the region.Their success is

based on artificial insemination and an improved pasture-production scheme.

Progesterone RIA helped in monitoring and fine-tuning the breeding programme,

which resulted in an extra 6 to 10 liters of milk daily from each cow. New income

has been generated for farmers and new products for consumers.

• In parts of Mexico, cows bore few offspring because of poor nutrition and

inadequate reproduction management. The result was low beef and milk production.

f j f ' J Su'LD'NG A SETTER Fb'bRt



Interventions to better utilize feed and improve reproduc-

tion through use of RIA made it possible to double the

number of cows per hectare and reduce the interval from

calving to conception by 40 days. As a result of this re-

search, improved dual-purpose cattle breeds were intro-

duced on 900 cooperative farms. Milk output increased

from 4.5 litres to 7.2 litres per cow per day - • equivalent

to 10 million litres of milk in the country each year

COMBATING ANIMAL DISEASES

Millions of animals die or are unproductive because of viral,

bacterial or parasitic diseases. The IAEA and FAO have

pioneered global standardization and validation of immuno-

assay kits for diagnosing and controlling some of the most

destructive.

• Rinderpest, or cattle plague, can kill up to 90

percent of a herd. Between 1979 and 1983, more

than 100 million cattle were infected in Africa. FAO

launched the Global Rinderpest Eradication Campaign

to eliminate this plague by the year 2010. Critical to

its success is a nuclear-related test, ELISA (enzyme-

linked immunosorbent assay), enabling laboratories in

some 40 countries to confirm vaccination effective-

ness through blood monitoring. Worldwide efforts to standardize the test were

coordinated through the IAEA and FAO, and it is now used routinely throughout

Africa, Asia and the Middle East to support eradication efforts.

• Trypanosomosis is a livestock disease transmitted by the tsetse fly. Wherever

tsetse occurs — currently in some 8 million square kilometers of Sub-Saharan

Africa — productive cattle rearing is severely restricted. ELISA tests are now

being used to detect trypanosomes in cattle, and also to measure the effective-

ness of intervention strategies. On Zanzibar island, a combination of parasitologi-

cal and ELISA-based assays were used to monitor the prevalence of the disease

during and after a successful tsetse eradication campaign (described on page 23).



In Asia and Latin America, brucellosis and foot-and-mouth disease are major

threats.The IAEA and FAO helped to pioneer standardized ELISA kits to assist

national and regional control efforts.The brucellosis kit is already used in veteri-

nary laboratories of more than 40 countries, and tests for foot and mouth disease

are now conducted in 20 laboratories in South Asia, Latin America and Africa.

Controlling Insect Pests

Insects reduce food production through both direct damage and the diseases they spread

to crops and livestock. Pest control using chemical insecticides is routine and widespread.

But pesticides can pollute the environment, contaminate

food and water destroy beneficial insects and even increase

resistance in target species.

Nuclear-based techniques can reduce and, in some cases,

eradicate insect pests that are harmful.Today, emphasis is

placed where requests from Member States are highest:

combating fruit flies and tsetse flies, screwworms and

certain moth caterpillars.

SIT: INSECT BIRTH CONTROL

The Sterile Insect Technique (SIT) is an environmentally

sound pest-control method. It involves mass rearing of

insects and sterilizing the males with gamma radiation,

followed by their release in target areas. Although the

sterile male insects find and mate with wild females, no

offspring are produced. With continuing releases, SIT can

effectively eradicate insects in a defined area.

SIT has been successfully applied in combating the Mediter-

ranean fruit fly, or medfly. which attacks over 250 species

of fruit and vegetables. So great is the potential damage of

medfly that countries free of it prohibit import of fresh

produce from countries where the pest is endemic.

Su'LD'NG A 3E~



• The IAEA and FAO have helped to establish "fly factories" producing sterile

medflies in Argentina, Chile, Guatemala, Mexico and Portugal.The two largest, in

Guatemala and in Mexico, each produce over 500 million sterilized flies per week.

Enormous success has been achieved in maintaining a fly-free barrier protecting

the United States, Mexico and large regions of Guatemala, as well as in eradicating

medfly outbreaks in California and Florida. Eradication of medfly by SIT in Chile is

expected to result in a US$500 million increase in exports over the next five years.

• Tsetse flies transmit trypanosome parasites, which cause sickness in livestock

and reduce output of milk, meat and manure. Recent breakthroughs in mass

rearing of sterile tsetse helped to eradicate a tsetse species on Unguja Island

(Zanzibar), off the coast ofTanzania.The effectiveness of applying SIT after tsetse

populations were initially reduced through conventional methods was clearly

demonstrated. Almost 8 million sterilized male flies, produced atTanga on the

Tanzanian mainland, were released by air in Zanzibar over a period of three years.

The last wild fly was captured there in September 1996. and trypanosomosis in

cattle has been reduced to a negligible level.

• The New World Screwworm is a destructive and often fatal pest of warm-

blooded animals, laying its eggs in animal wounds and soft tissue. Under US

leadership, screwworm has now been eradicated from Mexico, the US and most

of Central America using SIT The pest was also identified in Libya in 1988 and an

urgent international effort, supported by the IAEA and FAO, was mounted to

prevent its spread to African livestock and wildlife. Again,

using SIT screwworm eradication was rapidly achieved.

Improving Food Quality and Safety

About one-quarter of all food produced is lost to insects,

bacteria and rodents. Add to this the recurrent illnesses

due to food contamination, and it is not surprising that

effective food preservation is increasingly critical to food

safety and security.
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IRRADIATION AND FOOD STANDARDS: PASSPORTS TO INTERNATIONAL TRADE

Food irradiation allows the complete disinfestation of grain, spices, vegetable seasonings

and dried fruit destined for long-term storage. It also inhibits sprouting, and extends the

shelf-life of fresh produce that can spoil in transit. In poultry and red meat, irradiation

destroys bacteria associated with food-borne diseases.The carefully controlled radiation

comes from either a Cobalt-60 source or from an electron beam accelerator It is a clean,

fast, efficient and energy-saving technology.

Irradiated food does not become radioactive and it does not create residues. By contrast,

some chemical treatments not only leave behind toxins, but are harmful to the environ-

ment. Methyl bromide, for example, is one of the ozone-depleting substances being

phased out under the Montreal Protocol. Increasingly, both Governments and the private

sector are interested in expanding the use of food irradiation.

Together with WHO, the IAEA and FAO have sponsored extensive research into the

safety of irradiated foods. Studies prove that radiation does not reduce the wholesome-

ness or sensory qualities of food, and there is increasing global recognition that radiation

technology can help safeguard public health and reduce trade barriers.The FAO/WHO

Codex Alimentarius Commission, the international food standard-setting body adopted

the first international standard for irradiated food in 1988. Health and safety authorities in

over 40 countries have since approved irradiation of more than 50 foods, including spices,

grains, fruit, vegetables and dried fish. Moreover, the US Department of Agriculture

recently ruled irradiation as appropriate for treating fruits and vegetables against major

quarantine pests, including fruit fly.This could have sizeable economic benefits for many

developing countries.

Food irradiation is an "invisible" process, thus authorities in importing countries rely on

shipment documentation to ensure proper treatment.To support Member States in

exporting their products, a register of facilities is now maintained to provide details on the

irradiation process. IAEA, FAO and WHO together are providing rigorous training of plant

operators and managers.
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The IAEA and FAO are also helping developing countries to better monitor food contami-

nants in international trade through the work of theirTraining and Reference Centre in

food and pesticide control. Laboratories in Member States are being assisted in conform-

ing with all present and future quality and safety standards set by Codex Alimentarius so that

they can participate increasingly in the global marketplace.
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IMPROVING HUMAN HEALTH

, evelopmg countries are gaining access

\[ to nuclear-based tools that are not

only safe and easy to use, but also

provide precise answers that serve as a basis for

sound nutrition improvement strategies.





uclear technologies are making sizeable contributions in human health. Radio

therapy, for example, is one of the most effective cancer therapies known. Stable

and radioactive isotopes are deepening our understanding of human biological

processes. Nuclear applications in nutrition are becoming potent weapons for improving

health among many communities of the developing world.

The cost-effectiveness of most nuclear technologies is high, and many IAEA Member

States have now established medical and health care programmes involving nuclear tools.

Substantial investments have been made in building and improving national healthcare

capabilities, including laboratories, hospitals and clmics.Technical staff of the IAEA have

provided much of the planning, advice and guidance needed to ensure that money is bein£

spent judiciously on the most appropriate technologies, enabling the greatest benefits for

the greatest number of people.

Nutritional Foundations for Growth

Almost two billion people worldwide suffer from chronic undernutrition due to lack of

essential protein, vitamins and minerals.The results are poor growth, impaired mental

development, low disease resistance and reduced work capacity.Through nutrition

projects in more than 30 countries, the root causes of malnutrition are being explored,

providing data on nutrient requirements and testing sustainable interventions. Developing

countries are gaining access to nuclear-based tools that are not only safe and easy to use,

but also provide precise answers that serve as a basis for sound nutrition improvement

strategies.

Stable isotopes are used to measure the special energy and protein needs of population

groups, such as farmers with high energy requirements, pregnant and lactating women,



and infants and children. Isotope techniques can also detect and help to devise better

ways to treat the "hidden hunger" of vitamin and mineral deficiencies, such as night

blindness caused by insufficient vitamin A and anaemia due to lack of iron.

In Ethiopia, a study is being made of the causes of poor childhood growth

using the stable isotope, Deuterium, to measure the amount of milk babies

consume. Mothers drink water containing a harmless tracer, and the amount

appearing in the baby's saliva or urine is measured.The quantity provided from

mother to infant can then be calculated and this information helps to guide the

mother on when to introduce complementary foods.

In Sri Lanka, isotope-based tests are measuring how well iron is absorbed

after it is incorporated into wheat flour Because wheat flour is unlikely to improve

iron status in young children, tests are also underway with a stable isotope to

determine which form of iron can be sprinkled onto baby foods. Simple nuclear-

based blood tests are used to measure infants' iron status.

• Techniques using radiation and radioisotopes are shedding new light on

osteoporosis, or brittle bone disease, now afflicting up to 200 million elderly

people worldwide. Studies in cities around the world are obtaining advanced data

on bone density in representative groups of people, as well as identifying the

factors contributing to maximum bone density and

the age at which this is attained.The research aims

to uncover how this painful degenerative disease

may be prevented or retarded by mineral supple-

mentation.

Clearer, Quicker Disease Diagnoses

Radiopharmaceuticals can be used for in vitro and in vivo

diagnosis of a wide range of diseases.The IAEA monitors

new developments, both by screening and selecting the

most promising ones for Member States and by promoting

new areas for cost-effective development. As a result,



thousands of patients in developing countries are benefiting from the increasing availability

of effective nuclear medicine techniques.

IN VITRO DIAGNOSIS - THE RIA ADVANTAGE

One achievement has been in transferring radioimmunoassay (RIA) in vitro diagnostic

technology to developing countries. RIA uses radioisotopes and antibodies to measure

biochemicals in the blood, and allows fast and accurate diagnosis of conditions such as

hepatitis, insufficient growth hormone and hypothyroidism. Some RIAs can even detect

"tumour marker molecules" of certain types of cancers.

Many RIA kits are easy to use and provide precise results, but until recently most were

very costly. A series of RIAs has been identified that are suited for inexpensive local

production in developing countries based on the bulk purchase of reagents. Costing under

US$0.50 per assay, these RIAs are being used in mass health-screening programmes, some

involving hundreds of thousands of participants.

• One key dietary source of iodine is seafood, but in northern Thailand people's

seafood consumption is low, so iodine intake is inadequate.The result is a high

rate of hypothyroidism in newboms which, if untreated, results in permanent

physical and mental disability. Using locally produced RIA kits, mass screening is

now under way to detect hypothyroidism and provide prompt and effective

treatment with thyroid hormone.

• Some types of hepatitis are spread by exposure to

infected blood.Their incidence is reaching epidemic propor-

tions in China, Vietnam and other Asian countries.To fight

this, blood samples from over 150,000 individuals exposed

to risk, such as pregnant women and blood donors, have

been screened for the hepatitis antigen using inexpensive,

locally prepared RIA kits.

• Malaria claims 1.8 million lives each year and detecting

new mutant strains is essential to combating its spread.

Radionuclide tracers in molecular (DNA) technology are

now helping to detect and devise better methods to

Improving Human Health



control drug-resistant strains of malaria — they are

the only methods that are fast and sensitive

enough to do so. Laboratories across Africa are

being equipped and training is being given to be

fully up-to-date with the new methods. A similar

programme is currently helping to diagnose

virulent mutant strains of tuberculosis, which kill

some 600,000 people each year in Africa.

IN VIVO DIAGNOSIS-THE INSIGHT OF SPECT

Some body organs absorb certain chemicals more readily

than others; thus a radiopharmaceutical can be "tailored"

to target a certain organ. Inside the body, the chemical can

be detected by a gamma camera, and multiple images for

doctors can be assembled into a 3-D image on a computer

screen.This technique, called 'single photon emission

computed tomography' (SPECT), allows clinicians to detect

and treat abnormalities, often long before changes can be

revealed through other tests.

SPECT is being used in many countries to

improve diagnosis of Alzheimer's and Parkinson's

diseases, cerebrovascular disease and even trauma. A SPECT facility in Israel

assesses early and delayed phases of post-trauma brain injuries, and equipment

and expert support are also being supplied by the IAEA to the School of Nuclear

Medicine in Mendoza, Argentina.

• In the Philippines, some 7,000 new cases of kidney disease require dialysis or

transplants each year; but resources permit treatment for only 700 patients.The

National Kidney Institute is currently screening over 10 million primary school

children using a sensitive 'dipstick' method. More than 1.4 million of the 5.4 million

children already screened show urinary abnormalities due to infection that could, if

untreated, lead to permanent kidney damage. Gamma camera kidney scans are

offered whenever possible to affected children, since this method can evaluate the

risk of damage in later years.

•',„-
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• The Czech Republic has Europe's highest incidence of cardiovascular disease.

There are 68,000 acute heart attacks each year, resulting in 28,000 hospitalizations.

Hospital capacity allows only 10,000 operations each year, split between heart

bypass surgery and coronary balloon angioplasty. Unfortunately, many patients are

found to have such advanced disease that a bypass is of little use. SPECT can

normally predict which patients would benefit from the operation, but in some

cases it cannot. IAEA is thus helping the Czechs to establish a centre for positron

emission tomography (PET) — an even more advanced radioactive scanning

method — to improve diagnoses.

REDUCING THE COST OF TECHNOLOGY

The IAEA is committed to bringing proven in vivo nuclear medicine within the reach of

developing countries. Gamma cameras are very important

in early and accurate diagnosis, thus concerted efforts are

being made — both at the manufacturing and application

levels — to bring down unit costs. A typical gamma camera

and computer can cost US$500,000. But the IAEA has

developed the means to make old cameras "SPECT-

capable" by linking them with new software at a cost of

about US$1 50,000.Training for operators, and regular

quality checks to ensure high performance are also being

organized by the IAEA.

Radiopharmaceuticals to relieve pain in those suffering from bone diseases are also being

optimized. Current treatment uses Strontium-89, which not only relieves pain but may also

reduce new pain sites. But Strontium-89 is expensive, and so two other radiopharma-

ceuticals, Phosphorus-32 and Samarium-153, which cost one-fifth the amount, are being

investigated through trials in Asia, Central Europe and Latin America.

Better Odds in Cancer Care

There has been a dramatic increase in cancer cases worldwide, especially in industrialized

nations.The number of new cases is expected to climb to I 5 million by the year 201 5. and

roughly two thirds will occur in the developing countries, where the average life span is

quickly increasing.



About half of all cancer patients today receive radiotherapy

as part of their treatment. Radiotherapy, combined with

surgery and, to a lesser extent, chemotherapy, will remain

the most important curative treatment for most cancer

tumours, with radiotherapy used in up to 60 percent of all

patients in some countries.

Thanks to improved therapies, most cancers can be cured

if detected early enough.The IAEA devotes considerable

human and technical resources to extending this important

technology.There have been many advances in recent

years, and these are carefully evaluated so that the most

suitable ones are transferred to developing countries.

• Teletherapy (literally, "treatment from a distance") uses ionizing radiation from

X-ray machines, Cobalt-60 sources or clinical accelerators. X-ray and cobalt

therapy are the mainstays of radiation cancer treatment in developing countries.

Extensive efforts have been made to repair and upgrade equipment, and advanced

technology has been introduced where appropriate. Many centres now use

therapy enhancers to fine-tune the shape and size of the treatment beam. Also

being introduced are specialized patient immobilization devices that allow more

accurate targeting of smaller tumours.

Brachytherapy, or "short" therapy, is confined to the tumour and its vicinity.

The source depends on the type of tumour Strings of Caesium-137 pellets are

used to treat cancer of the oesophagus, cervix and uterus, while an Iridium-192

wire is implanted into tumours of the tongue, breast and muscles.This technology

has been widely transferred to developing countries. One new "after-loading"

method delivers radiation to the tumour from an external source that can be

removed easily, thus improving safety and convenience for patients and medical

staff. Attention is also focused on training in new microsource high-dose-rate

machines which treat outpatients in fewer visits.



Checking the Strength of Treatment

The 16th century philosopher Paracelsus, observed that it

was dosage that determines whether a substance is a

poison or a medicine. Nowhere is this more true than in

radiotherapy, where the radiation dose is one of the

principal determinants of a cancer patient's chances of

survival.The key to radiotherapy doses is the calibration of

the radiation beam: too high a dose will damage healthy

tissue; too low a dose will fail to destroy all the malignant

cells, resulting in tumour regrowth. Generally, if the dose is

in error by more than 5 percent, radiotherapy will be

ineffective.

For more than 30 years, the IAEA has encouraged the calibration of radiotherapy beams

to international standards.This service has checked almost 3,000 radiotherapy beams

worldwide. In many instances, significant errors have been detected and steps were taken

to rectify them.

IMPROVING PATIENT CARE

With early diagnosis, many types of cancers are curable.The art of radiation oncology lies

in accurately identifying the tumour and its likely spread, then in planning treatment. Sound

treatment includes administration of the correct dose and minimizing the side effects and

pain for patients.To enhance radiotherapy in Member States, the IAEA is piloting quality

assurance programmes in Latin America that are improving all aspects of treatment.These

efforts will be evaluated and refined, then promoted in other regions.

BUILDING LOCAL CAPACITY

The IAEA has helped to establish or improve numerous cancer treatment centres around

the world. There is an acute need for such facilities. During 1996, nearly 2,400 patient

treatments were carried out at a new radiotherapy facility in Mongolia's capital. The first

ever radiotherapy services in Namibia, Ethiopia and Ghana were inaugurated in 1997 with

IAEA support. Ghana's programme includes training of local radiotherapists abroad, and

providing the services of a radiotherapist to begin cancer treatments and train technicians.

In another 80 developing countries, help is being provided to upgrade equipment and



expand facilities through national and regional projects. Such facilities are treating cancer

patients who formerly had to seek expensive treatment overseas o r— quite simply —

went without.

Clean, Green and Safe

Commercial sterilization of medical products using gamma rays began in the US in 1956.

Today, millions of tonnes of one-time use products, ranging from scalpels to syringes, are

being sterilized in more than 200 facilities in 50 countries. Radiation kills disease-producing

bacteria without leaving a residue. Penetrating gamma radiation allows products to be

sterilized on-line, in bulk and in their final packaging. Irradiated products are not radioactive,

and they can be used straight f rom the treatment unit.

Most importantly, radiation is environmentally friendly. Heat sterilization is very energy-

intensive and many products cannot withstand the high temperatures. Ethylene oxide gas

(EtO) sterilization may leave behind carcinogenic residues and requires a nine-week

quarantine period. A sterility test is also required after heat and EtO sterilization to confirm

their effectiveness.

In Europe, radiation is used to treat about 50 percent of the total disposable medical

products and its use will expand to a large extent in many Member States in the near

future.The possibilities for sterilizing hospital waste using radiation are also being

investigated.

• Human tissue is an important medical resource.

If tissue is lost from the body as a result of burns or

an accident, surgeons can often repair the damage

if human tissue is available. But grafts must be * ,

sterile to avoid cross-infection.The safest, most • '"" " w • > *"" ' ' *
>&$ - * "* ' ^T**

reliable way of sterilizing human tissue is gamma W- • •*" P , ' " l £

irradiation. It also allows tissue to be sterilized in a . &»«,#., • *

pre-packed form, safeguarding patient health.The

first human tissue bank in Sri Lanka was set up in :..,...,„„•.,„„,

994 with IAEA support. i •'
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Creating Biomaterials

Radiation technologies are also serving in the development of new biomaterials with many

exciting medical applications:

• The Technical University of Lodz, Poland is helping to synthesize new

polymer-based biomaterials to be used as dressings for burns, ulcers, bedsores and

skin grafts. In one technique, a solution of polymers plus the seaweed derivative,

agar, are irradiated to form a sterile "hydrogel." Hydrogel dressings are compatible

with human tissue, adhere well to wounds and normal skin without stitching,

promote healing and can be removed painlessly.

• Radiation can immobilize bioactive materials such as drugs and hormones on

polymers.This property is employed in some new drug-delivery systems, including

an eye insert that releases medicine to combat glaucoma and an implant that

controls the release of prostaglandin for treatment of ulcers.The use of irradiated

polymers to prepare "smart" systems that will actually link sensors to drug delivery

is also being investigated.This could revolutionize treatment of diabetes in millions

of sufferers.
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PROTECTING THE ENVIRONMENT
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he IAEA works with governments and

numerous international bodies in devising

and implementing strategies for environ-

mental sustainability.





uman impact on the global environment was negligible before the industrial

age. Today, there are numerous indicators of the damage being caused, Each

second of the day:

an estimated 1,000 tonnes of top soil and 3,000 square meters of forest are lost;

• another 2,000 square meters of arable land become desert; and

• some 1,000 tonnes of unwanted gases are released into the atmosphere.

Environmental problems are being compounded by population growth: the number of

people may double to I 2 billion by 2100, with most growth occurring in poorer countries.

Up to half of this population will concentrate in megacities, with between 15 million and

25 million inhabitants, putting heavy pressures on land, fresh water and atmospheric

resources.

The IAEA works with governments and numerous international bodies in devising and

implementing strategies for environmental sustamability. Within the framework of Agenda

2 I, launched at the 1992 Earth Summit, the IAEA is demonstrating that nuclear science

and technology can help to understand and mitigate a number of pressing problems,

including global climate change, pollution of fresh water resources and contamination of

the atmosphere, oceans and seas.

Assessing 'Climate Change'

Isotopic measurements can help to assess the scope of global warming, believed to be

caused by the rapid rise in the atmospheric concentration of carbon dioxide (CO2)
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resulting from the burning of coal and other fossil fuels. CO2 traps heat in the atmosphere

and causes the so-called "greenhouse effect".The IAEA is helping to analyse the isotopic

composition of atmospheric CO2 and so determine the contribution of human activities

to the buildup. Hydrological and climatological data have also been collected by over 500

meteorological stations in the Global Network for Isotopes in Precipitation (GNIP), jointly

operated by the IAEA and the World Meteorological Organization (WMO) since 1961.

Promoting Energy Alternatives

Geothermal energy uses steam from deep inside the Earth to drive turbines that produce

electricity.The Rio Summit endorsed it as one of the cleanest ways to generate power

Only pure water vapour and small amounts of hydrogen sulphide and CO2 are emitted

into the atmosphere. Initial capital investments in geothermal are high; but once a system

is in place, the energy costs only about one-third the price of oil.

Geothermal power requires sophisticated science and technology to monitor the complex

processes at work. For example, waste water containing harsh chemicals must be rein-

jected into the reservoir and the wells must be drilled where they will not reduce the

energy resource. Isotope techniques provide an understanding of the water and heat flows

within the reservoir so that a geothermal plant can operate profitably.

The IAEA is assisting nearly a dozen Member States in

applying isotope techniques for geothermal projects,

including water-sample analysis, the use of tracers, hydro-

logical modelling and computer simulations of reservoirs.

The support is crucial to the long-term development of

each country's fields.

• In El Salvador 14 percent of the total electric-

ity supply comes from geothermal sources.The

Ahuachapan and Berlin fields currently generate

about 60 megawatts which help reduce oil imports

by at least US$9 million annually, and there is

sufficient potential to double output over the next

&UHDINGA BETTER FUTURE.



five years.The IAEA is helping to enhance expertise and skills in isotope hydrology

so that El Salvador can explore new fields and offer services to Latin American

countries.

Reducing Air Pollution

Atmospheric pollution comes from many sources, including industrial emissions, car and

truck exhausts and coal and wood combustion. Of special concern to human health are

small airborne particles (less than 10 micrometers) that can penetrate the lungs, causing

respiratory or heart disease and even death. Each pollution source produces a "finger-

print" mixture of airborne particles. A global network has been set up in major cities to

collect air samples and, using nuclear-based techniques, measure the concentrations of

these pollutants.The work aims to build a composite picture of the particulate sources

and enable health and environmental authorities to devise mitigation strategies.

• A study of 10 cities in the Asia-Pacific region is examining the effects of

polluted air in healthy, non-smoking residents using nuclear methods.The subjects

use a special delivery system to inhale vapour tagged withTechnetium-99m, and

the lung exhalation is measured by a camera-computer system. Residents of all but

two cities showed signs of injury to the lung membrane that separates air and

blood.The findings demonstrate the severity of urban pollution problems and help

to explain increases in childhood respiratory problems and cardiovascular disease

,..,,,,,,,,,,,,,,,..,,.,, in the elderly

CUTTINGTOXIC EMISSIONS

Radiation technologies are also applied to clean up sources

of pollution.

• The coal-burning Pomorzany Electric Power

Station in Poland is demonstrating how radiation

technology can turn noxious gases into productive

assets. Emissions contained high concentrations of

sulphur dioxide and nitrogen oxides, the main causes

of acid rain, which damages forests, lakes and farm
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land.The IAEA supplied technical expertise for the design, installation and opera-

tion of an electron beam irradiation facility to cleanse plant-flue gases.The gases

are now blended with a small amount of ammonia and then subjected to electron

beam irradiation, which converts them into a solid material that can be used as a

high-grade fertilizer

Managing Fresh Water Resources

Global demand for fresh water is doubling every 20 years. Meanwhile, renewable water

resources available per person are roughly half what they were in 1960, a figure that is

expected to drop by half again by the year 2025, Growing scarcity is compounded by

pollution wherever fresh water is used for agricultural, industrial and domestic purposes.

If water resources are not better managed and protected, shortages and contamination

will present major dangers to health and the environment.

The IAEA has promoted isotope techniques in hydrology for more than three decades,

and is recognized as one of the leading institutions in this field.To date, it has supported

projects in 63 countries, building local capabilities in isotope hydrology to better manage

and protect precious water resources.

PROMOTING RATIONAL WATER USE

In many regions, most water for human needs is found in underground aquifers. If water

withdrawal from an aquifer exceeds replenishment, the water may become saline or

completely disappear Significant amounts of the radioisotope Tritium (3H) were released

into the atmosphere during nuclear weapons tests between 1952 and 1963. Hydrologists

can calculate the groundwater recharge rate by measuring tritium levels in the soil at

various depths,

• The Figeh Springs in Syria have long been the main water source for the

capital, Damascus. But new wells were needed as the city's population passed

2 million.The IAEA helped to investigate the groundwater recharge at proposed

well sites by measuring tritium at various depths. Research confirmed that the new

reservoir is sufficiently large and recharges quickly enough to meet growing needs.

New wells now provide Damascus with water during the summer months, when

shortages are particularly acute.
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Many urban dwellers in developing countries have no access to safe drinking water More-

over; the water needs of fast growing cities are moving beyond their capacity to sustainably

meet them.The result in many cities is supply cutoffs and rationing. Such urban challenges

are expected to increase rapidly in the years to come.

• In Venezuela, the Caracas water authority is being helped to reduce reliance

on surface water by tapping groundwater The city of 5 million has faced chronic

water problems, with water-pipe leaks causing sizeable losses and some ground-

water sources becoming contaminated by sewage and pollutants. Isotopic tracers

helped to map the aquifer system beneath Caracas and to locate the best sites for

sinking new wells. Some 50 new wells are now in operation, reducing the city's

water shortage by 30 percent. Isotopes are also helping to identify and repair leaks

in the distribution network. As in all such projects, the IAEA ensures that know-

how is transferred to local staff so that they can maintain water quality and

protect supplies.

• Isotopic tracers can also be used to pinpoint water leaks in dams and reser-

voirs, thus not only preventing losses, but contributing to safety. The radioisotope

Gold-198 can be introduced into a reservoir, where it will be drawn toward the

leak and absorbed into solid materials at the site. By tracking the radiation emitted,

an isotope hydrologist can provide the precise coordinates of the leak site to

engineers.

Controlling Water Pollution

Surface and groundwater resources are being polluted by

sewage, farm runoff and industrial effluents in many coun-

tries. Groundwater is especially vulnerable and it can take

hundreds of years for a deep aquifer to clear itself of toxic

pollutants. Isotopes can trace the origins of ground water

pollution and prevent contamination. In large aquifer

systems, pollution infiltrating at a given point may emerge in

a spring or well up to 100 kilometers away. Intricate sys-

tems must be mapped, and the vulnerability of groundwater

to pollution from surface sources evaluated. Hydrologists



use "tracers" to calculate the "time of travel" of ground-water to assess pollution threats.

• In Costa Rica's Central Valley, both rivers and aquifers are increasingly polluted

by fertilizers from coffee plantations and inadequate sewage disposal. Scientists are

using radioactive tracers to evaluate the movement of toxic elements and pesti-

cides by water through the soil, and analysing the interaction between surface and

groundwater Better knowledge will lead to government corrective measures.

• Radiotracers are serving coastal communities by ensuring that outfall pipes

carrying sewage to sea are sufficiently long to dilute wastes and prevent toxic

substances from flowing back to shore.The IAEA recently supported an investiga-

tion of the underwater disosal pipe in Concepcion City, Chile. Radioisotopes were

used to trace the sewage flow throughout the entire year, and a clean bill of

health was confirmed for the system.

CLEANING UP WASTES

Radiation technology is turning some dangerous solid and liquid wastes into harmless or

even useful materials.

• Tucuman, Argentina's sixth largest city, was struggling to find a site for disposm

of some 90,000 tonnes of treated sewage. Incineration was too costly, the ocean

too far away and the Sail river, the usual depository, had insufficient flow in the

winter.Today,Tucuman is home to the world's third irradiation plant dedicated to

decontamination of urban sludge on a commercial

scale (the first two are in Germany and India).

With technical advice from the IAEA, sludge will be

irradiated by Cobalt-60 gamma rays to destroy

pathogenic bacteria, and then used as a fertilizer

Feasibility studies are underway in other countries

and full commercial exploitation of the technology

is expected in the near future,

• A large chemical plant in Sao Paolo, Brazil is

being helped to irradiate liquid waste effluents in a

pilot scale plant.The technology destroys dyes and



significantly reduces many toxic compounds, including chlorinated organics which

are very harmful to the environment. Both Government and industry are support-

ing this initiative, which is attracting worldwide interest.

INVESTIGATING HEAVY METALS

The scale of heavy metal pollution is enormous: the total toxicity of all metals mobilized by

human activities each year exceeds the total of all radioactive and organic wastes com-

bined.The IAEA is co-ordinating international research efforts on many problems related

to heavy metals — including arsenic, cadmium, copper, lead and mercury — all of which

are easy to detect using nuclear-based analytical techniques.

• A mercury-pollution survey is being carried out in Brazil's Amazon River Basin,

where poor people use the toxic substance to extract small quantities of gold left

in mine tailings. People make no effort to reclaim the mercury but, instead,

evaporate it into the air or dump it in rivers. Anyone consuming fish or using the

water for domestic or agricultural needs is at risk.The IAEA is helping to measure

mercury in human ham fish and river sediments using sensitive neutron activation

analysis, giving policy makers the information they need to address this complex

problem.

Guarding the Oceans and Seas

Almost 70 percent of the Earth's surface is covered with saline seas. More than half the

world's population lives in coastal zones. Nearly one billion people, mostly in developing

countries, depend on fish as their sole source of protein. Fortunately, there is growing

recognition that marine ecosystems are vital to global health and prosperity.

The Earth Summit called for new approaches to marine and coastal area management and

controls on marine pollution. One hundred States adopted the Global Programme of

Action for the Protection of the Marine Environment from Land-Based Activities (GPA) in

1995. Even more attention is expected to focus on marine pollution issues in 1998.

designated the International Year of the Ocean.



Few institutions are doing more to help protect the

world's oceans and seas than the IAEA's Marine Environ-

ment Laboratory (MEL) in Monaco.The only marine

laboratory in the United Nations system, MEL is among the

foremost marine science establishments and a leader in

efforts to understand and protect the marine environment.

MEL has a new, purpose-built, US$10 million laboratory —

a gift of the Principality of Monaco.

ADDRESSING MARINE POLLUTION

Activities on land are the source of some 80 percent of all

marine pollution, including sewage, industrial effluents,

fertilizer runoff, heavy metals and persistent organic pollutants.The Global Programme of

Action aims to help countries protect the marine environment, and through MEL's work,

the IAEA is helping them meet GPA priorities.

0 Pesticide runoffs cause serious damage to aquatic ecosystems including

massive killing offish, reduced reproduction in some species and the death of

coral reefs, MEL has coordinated international efforts to investigate pesticide

impacts in tropical coastal regions and made recommendations for improved

ecological management. It is currently helping Member States to implement

practical measures which harmonize the interests of agriculture with those of

marine protection.

0 Isotope techniques are helping to identify the pollution sources that, for more

than three decades, have been killing the Black Sea.Today, it is one of the world's

most polluted bodies of water— its commercial fishing all but destroyed and its

tourist industry in crisis. Since 1995, MEL has been working with numerous

partners to monitor and control water quality using nuclear techniques. Samples

from the sea have been collected and analyzed, and 'hot spots' with heavy sewage

contamination pinpointed. It is following up with training in nuclear analytical

techniques, laboratory intercomparison exercises, data quality assurance and

expert meetings with the affected countries — Bulgaria, Georgia, Romania, Russia,

Turkey and Ukraine.
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• Investigations co-ordinated by MEL have pinpointed the

cause of rising water levels in the Caspian Sea, estimated

at 2.5 meters in the last 15 years and of great concern to

the five countries surrounding it. Isotopic studies have

determined that, contrary to common scientific belief,

neither tectonic shifts in the sea floor nor surface oil films

are the main culprits, Instead, the most probable cause is

increased regional rainfall over the past 20 years. With an

explanation finally in hand, remedial strategies are being

devised to accommodate present and future water-level

fluctuations.
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UNDERSTANDING MARINE RADIOACTIVITY

The effects of radioactive discharges from weapons testing and the disposal of nuclear

wastes are monitored continuously by the IAEA.

• In response to international concern, experts from Russia, Norway and the

USA have assisted in determining potential hazards from wastes, including those

from nuclear reactors, dumped in shallow Arctic Sea waters. Computer models

have also been developed to predict the dispersion of any future leakage in the

Kara and Barents Seas.

• As part of a five-year global survey of marine radioactivity supported by

Japan, a recent expedition to the northwest Pacific gathered hundreds of sea-

water, biota and sediment samples for analysis at the Monaco laboratory.The

information acquired is just one small part of MEL's Global Marine Database

(GLOMARD), providing baseline information to Member States for their own

monitoring work, especially in response to accidents at sea.

• The IAEA's Seibersdorf and Monaco Laboratories have taken a lead role in

analyzing samples collected at Mururoa and Fangataufa atolls in French Polynesia,

the sites of numerous nuclear weapons tests.The assessment includes not only

the current radiological situation at the atolls, but also the possible long-term

environmental impacts of the tests using computer modelling.



BOOSTING INDUSTRIAL CAPABILITY

udear techniques are used to analyse

minerals, soils, gases, water and other

substances used in industry, and the

findings often influence economic, ecological,

medical and legal decisions.
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n today's changing global economy, companies have to work hard to maintain a

competitive edge. Nuclear-based industrial techniques are used extensively in devel-

oped countries, and there is growing demand from developing countries for advanced

processes that can enhance efficiency and improve product quality.The IAEA helps to

transfer technologies such as nucleonic gauges, radiotracing and electron-beam sterilization

to them, Accompanying such transfers is rigorous training in complementary technologies

and methodologies, including environmentally sound production methods and international

quality assurance standards,

Enhancing Product Quality

Sensitive, accurate and reliable control systems are essential to industry. Nucleonic gauges

— instruments that use a radioisotope source to measure materials and products — can

improve product quality, optimize industrial processes and save energy and materials.They

are extremely sensitive, and often succeed where other methods fail.

Nucleonic gauges are ideal for arduous or dangerous industrial environments, including

high-temperature and high-pressure situations.They are also non-invasive — no physical

contact is required between the sensor and the material —thus quality checks can be

performed on-line during production. Sizeable financial benefits can be realized from the

reduction of scrap and waste and assurance of high quality products that retain customer

loyalty.

The metal-coating industry uses nucleonic gauges to ensure optimum coating thicknesses.

Moisture gauges are essential in industries involving construction materials, glass, mineral

processing, chemicals and food. Radioisotope gauges, used to measure mass per unit of

area — often at high speeds — are indispensable in manufacturing aluminum foil, paper

and steel plate.



• Gamma ray transmission scanning of a fractional distillation column was

demonstrated to senior engineers at a large oil refinery in Chittagong, Bangladesh.

Exactly how the density-measuring technology can serve in trouble shooting and

process optimization was quite clear to company officials, especially since it can be

carried out without a plant shutdown — something that can cost up to

US$ 100,000 a day.

• The Guangzhou Paper Mill, one of China's biggest, operates seven machines

using three types of nucleonic gauges to scan the paper on-line for quality control.

Guangzshou officials consider the controls a cost-effective investment for improv-

ing quality, increasing production and saving energy and materials. Maintenance of

the gauges costs US$60,000 a year; but the yearly savings on energy and materials

approach US$500,000.

Advanced Materials: Exceptional Properties

A shortage of natural materials after World War II fuelled the development of plastics and

polymers from petrochemical sources,Today, there is hardly an area of human activity

where plastics do not play an important role. Some 90 billion kilograms are produced

each year and used in products from food containers to computers.

Many industries are now demanding higher-performance

polymeric materials at lower cost. Radiation is proving to

be a valuable tool in polymer processing, and the IAEA is

assisting many developing countries in expanding their use.

Help includes development of educational materials and

support for training programmes, and raising awareness in

governments and industry of potential applications.

Gamma and electron beams can induce beneficial proper-

ties in plastic or polymeric materials and have been used

for decades in developed countries. Radiation can cause

cross-linking of some molecules to form giant molecules

which have higher heat, chemical and mechanical resis-



tance. It can also degrade some plastics, reducing them to a powder that can be used as

an industrial lubricant.

• The wire and cable industry uses cross-linking to strengthen the insulation of

wires and cables and make them more heat resistant.The pliable plastic is ex-

truded, then radiation cross-linked to harden it. Adoption of this technology is

benefitting industry in many developing countries. For example, Iran is building an

electron accelerator facility that will contribute to its polymer and plastics industry,

in particular wire and cable manufacturing.

• Several Asia-Pacific countries are applying cross-linking with technical advice

from the lAEA.Traditional vulcanization uses heat and sulphur in a process that

leaves carcinogenic residues in the product. Radiation vulcanization of natural

rubber latex (RVNRL) imparts strength and elasticity, making it ideal for the

production of surgical gloves, catheters and balloons used in cardiac procedures.

RVNRL also results in people-friendly products that are free of allergy-causing

residues.The largest commitment to date is to a Malaysian facility, which opened

in 1996 and produces 6,000 tonnes of RVNRL a year

• Electron beam (EB) curing, a process in which an ink, coating, laminate or

adhesive becomes incorporated into the finished material, is used in the manufac-

turing and printing industries. It is a room temperature process that is faster, more

versatile and cleaner than UV and heat curing, and the only way of treating

delicate items, such as compact discs.The latest applications are being made

available to many Member States through technical and scientific advice from

the IAEA.

Reliable Materials and Structures

It is essential to test some materials, products, engineering structures or buildings without

altering their properties or affecting their usefulness. Non-destructive testing (NDT)

comes in many forms, one of the most popular being radiography, which uses a radioiso-

tope or X-ray source. NDT radiography is used extensively in the petroleum, chemical

and nuclear industries, as well as on assembly lines to test consumer goods. Light alloy



castings, such as car wheels, receive a quality check of this type before leaving the factory.

Pipelines, too, are prime NDT candidates — both during installation and maintenance to

ensure that welds remain intact.

In NDT radiography, gamma rays from a sealed source or X-rays are directed through the

object, and the results shown on film or other media. Imperfections are indicated as

density changes — just as a body X-ray reveals broken bones. A recent development is

real-time radiography, where faults can be evaluated on a computer screen for assembly-

line inspections and troubleshooting.

• NDT will be indispensable in controlling the quality of pipes, welds, fittings and

components of a new 1,000 km pipeline from the oil fields of Chad to the

Cameroon port of Kribi. Together with the National Hydrocarbon Company, the

IAEA is sponsoring training and certification of local NDT practitioners to com-

pete for contractual services. The new skills will be in even greater demand when

Cameroon's own rich oil resources come on stream.

• Specialists from the state company,

ENERGOINVEST are being trained in all aspects

of NDT to help restore war-damaged Bosnia and

Herzegovina. One job involves radiographing the

welds in a 180 km gas pipeline which supplies

Sarajevo and the industrial town of Zenica. As many

bridges, power plants and factories still need to be

repaired, skilled NDT technicians will be invaluable,

to help Bosnian industries compete again.

As radiography may be employed in open areas and uses

radioactive sources, the risks to workers and the public

must be minimized. It should be used only by personnel

who are trained and qualified.Two regional NDT projects

being co-ordinated by the IAEA are helping some 30 Asian

and African countries to train local people in radiography

and complementary NDT techniques to international

standards.
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Analysing the Elements

Nuclear techniques are employed to analyse minerals, soils, gases, water and other sub-

stances used in industry, and the findings often influence economic, ecological, medical and

legal decisions. An extensive effort is under way to ensure the accurate calibration of

nuclear instruments in industry and the reliability of analyses carried out by national

laboratories in all Member States.

• Radioisotopes are helping to assess the levels of sulphur and nitrogen in coal

— the principal source of "acid rain" pollutants in many countries. Radiation

beams are directed onto newly mined coal, which then emits characteristic X-rays

revealing the chemical content. If pollutant levels are too high, the coal is not used

for power generation.

• Copper earns precious foreign exchange for many countries, but mined along

with it are minute quantities of molybdenum, ruthenium, rhenium, osmium and

hafnium — rare and valuable elements needed for high-tech applications. Sensitive

nuclear techniques are being transferred to help copper producers, like Mongolia,

better determine the chemical composition of mineral deposits, to optimize yields

and generate additional income. {j&)

Boosting Industrial Capacity
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