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Foreword: Mobilizing Science and Technology
to Address the Problems of the Poor
Jeffrey Sachs, Director of the Earth Institute at Columbia University,
and Special Advisor to UN Secretary General Kofi Annan

O

ne very important, and underemphasized, strategy
for achieving sustainable development must be the
mobilization of science and technology directed to

meet the needs of the poor. Without a doubt, new advances
of global science and technology will be needed to address
the interlocking crises of public health, agricultural productivity, environmental degradation and demographic stress
confronting the poorest developing countries.
In recent decades, the conditions in many of the world's
poorest regions are worsening dramatically even as global
science and technology create new surges of wealth and
wellbeing in richer countries. The problem is that, for myriad reasons, the technological gains in wealthy countries do
not readily diffuse to the poorest ones. Research and development of new technologies are directed overwhelmingly at
rich-country problems, and these new technologies are often
not applicable to the challenges facing the poor.
To the extent that the poor face distinct ecological conditions and social needs, science and technology must be
directed purposefully towards them. Yet in today's global setup, that rarely happens. Currently, the international system
fails to meet the technological needs of the world's poorest.
If it were true that the poor were just like the rich but
with less money, the global situation would be vastly easier
than it is. As it happens, the poor live in different ecological
zones, face different health conditions, and must overcome
agronomic limitations that are very different from those of
rich countries. Those differences, indeed, are often a fundamental cause of persisting poverty.
Most of the world's poor live under vastly different environmental conditions than the rich, mainly in tropical ecozones with their often unique disease agents and agricultural factors, as well as remote continental hinterlands and
mountainous regions. Sustainable development for the poor
is not possible unless the underlying ecological constraints
are removed or mitigated, yet most R&D is conducted by
rich countries and focused on rich-country problems, not on
tropical agriculture and medicine.

Poor tropical populations are burdened by diseases such as malaria,
hookworm, sleeping sickness and
schistosomiasis, whose transmission
generally depends on a warm climate.
Poor food productivity in the tropics is
not merely a problem of poor social
organisation. The tropical agricultural regions are generally
far less productive in annual food crops, and temperate-zone
solutions to low agricultural productivity are not very effective. Scientific advances again offer great hope.
Biotechnology could mobilise genetic engineering to
breed hardier plants that are more resistant to drought and
less sensitive to pests prevalent in the tropics. New methods
of crop rotation or inter-cropping to maintain soil fertility in
fragile tropical conditions are needed. There are dozens, or
perhaps hundreds, of under-used foodstuffs that are well
adapted to the tropics and could be improved through
directed biotechnology research. Such R&D is now all but
lacking in the poorest countries.
Among the urgent changes required is that the wealthy
governments enable the grossly under-financed and underempowered United Nations institutions to become vibrant
and active partners of human development. Through the UN
specialised agencies, rich and poor countries can direct their
urgent attention to the mobilization of science and technology for poor-country problems.
The rich countries should understand that the IMF and
World Bank are by themselves not equipped for this challenge. The UN agencies—such as the IAEA—have a great
role to play, especially if they act as a bridge between the
activities of advanced-country and developing-country scientific centres, and if they help to harness the advances of
world science for the poor as well as the rich. This means
that rich countries should expand support for those United
Nations organisations that can help in solving the unique
problems confronting the world's poorest peoples. •
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Introduction: IAEA's Technical Co-operation (TC) Programme

E

xtreme poverty and deprivation remain a problem of
monumental proportions at the dawn of the 21st
Century. Some 1.2 billion people in the developing
world survive marginally on less than US$ 1 a day. Another

2.8 billion struggle on less than US$ 2 a day. Nearly half of the
world's poor live in South Asia. Among them, eight out of
every 100 infants do not live to their fifth birthday because of
malaria, dirty drinking water, or malnutrition.
The numbers of the poor have been rising in some
regions—Latin America, South Asia, and Sub-Saharan Africa—
in recent decades. Over the next 25 years, moreover, roughly
2 billion people will be added to the world's population—almost
all of them (97 per cent) in the developing world.

Harnessing Nuclear Science and
Technology for Development
The poor are not poor simply because they lack money, as
economist Dr. Jeffrey Sachs points out in his Foreword. The
poor lack access to the tools and knowhow that would allow
them to become more healthy and productive. Much of the
specific knowledge and technologies that could help them
remain underdeveloped—a cure for AIDS (Acquired Immune
Deficiency Syndrome) or malaria, for example. But the knowledge gap trapping the poor can and is being bridged.
An effective assault on poverty in the developing world
requires a focus on the fundamentals: reliable food supplies,
safe and adequate water and sanitation, better remedies for
human and animal health problems, and sound environmental management. Science and technology must be directed at
removing the indigenous obstacles standing in the way of
poor and at solving their unique problems.
Since its launch over four decades ago, the IAEA's
Technical Co-operation (TC) programme has benefitted from
a distinct technology paradigm which incorporates research,
adaptation, and transfer of nuclear science and technology
for development. Putting advanced science to work for the
unempowered is a multifaceted and complex process. It
requires a concerted campaign of "capacity building" to prepare national scientists and institutions in the practical utilization of science. It requires time, focused resources, and
special expertise to test, adapt, and refine nuclear applications to the difficulties, conditions, and resource constraints
imposed on poor communities. Finally, it requires complementary mechanisms and institutions that can ensure that
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successful nuclear applications gain widespread recognition
and implementation in the most opportunistic sectors, and
across all regions. All of this

can and must be achieved
within the context of a safe,
secure, and well-regulated
nuclear infrastructure.

The IAEA's Unique
Contribution to
Poverty Alleviation
As Dr. Sachs has astutely
observed, the United Nations
"The TC Programme is a
development system would
principal mechanism for
benefit greatly from a
implementing the IAEA's
stronger foundation in scifundamental mission:
ence and technology. Over
the past ten years, the IAEA
"Atoms for Peace."
TC Strategy has sought to
Not only do we seek to
advance the nuclear sciences
ensure that nuclear
and adapt applications to
materials and equipmeet the unique problems of
ment are used peacedeveloping Member States.
fully and safely, but we
The following pages reveal
are also committed to
the ways and means by which
expanding the contribusome of this progress has been
tion that nuclear techattained through nuclear
nologies make to peace
applications. Today, nuclear
and development."
techniques are improving
tropical plant varieties and
IAEA Director General
combatting tropical insects
Mohamed ElBaradei
and diseases; isotopic techniques are investigating
marine life and ocean pollution, and probing groundwater reservoirs; and nuclear tools are
improving the quality and safety of food. Nuclear medicine,
moreover, is being used increasingly to extend the lives of cancer sufferers across the developing world.
Collaborating effectively with willing bilateral, multilateral, and non-governmental aid partners, IAEA TC has entered
an exciting phase in which its scientific contributions to
Member States are yielding very sizeable human benefits. •
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International Fund for Agricultural Development

The IAEA participates actively in the global development dialogue through such fora as the World Food
Summit and World Summit on Sustainable
Development. Such meetings provide an opportunity

(IFAD), the IAEA has been providing the nuclear technology needed for the sterile insect technique,
where male flies are rendered sterile using gamma
radiation. Their release into the wild represents the
final phase in a multi-dimensional, multi-agency
process of tsetse reduction and eradication. The col-

to forge operational partnerships with UN organiza-

laboration has proved successful in Zanzibar, and the

tions, multilateral and bilateral agencies, and non-

approach is now being applied in the African

governmental organizations (NGOs).

mainland.

In the water resources field, for example, the

The prevalence of malaria is another major

health concern across Africa. Isotopic techniques

IAEA participated in the 2001 International
Conference on Freshwater in Bonn, Germany in
order to deepen collaboration with key actors in the

are helping to detect drug-resistant strains of malaria quicker and cheaper than previously possible

water community. As lead UN organization for World

through conventional methods. In co-ordination with

Water Day 2002, the IAEA brought special attention

the World Health Organizati
(WHO), the IAEA is aiding lo
health authorities in identify
mutations corresponding with

to initiatives for improved water management.
Partnering directly with the World Bank and Global
Environment Facility (GEF), the IAEA is transferring
isotope hydrology techniques to four Latin American
countries participating in the Guarani Aquifer
Programme (see p. 2 for details).
Likewise, IAEA TC is providing
_, . _
^*^«^*™._^
technical advice to the World
»«-/•„. '.'..'.:
»-i,~ii
Bank in its efforts to mitigate
>
arsenic contamination in
Bangladesh, where over 50 million

WHO-UNAIDS (see p. 21).
IAEA partnerships are by no means limited to the

poisoned ground water, (see p. 5 for detaiL, ,,,,„,.
In the realm of food security and nutrition, IAEA
has joined with numerous partners to better meet
human needs through nuclear technology.
Involvement in the World Food
•*,,—r.
Summit has laid the foundation fq
partnerships with the Asian
1
Development Bank's (ADB) pro'"'"

human absorption of micronutri-

tions. Some of the same nuclear
techniques will soon be applied
**
in developing and testing an AIDS '
vaccine for Africa, working in collaboration with

poorest countries. European Commission authorities

people may be threatened with

gramme on nutrition in East Asia
and the Pacific. Agency-supported
activities employ isotopes to trace

drug-resistance to key medica-

_

have long recognized the high value of IAEA's nuclear
decommissioning planning process. In Bulgaria, the
IAEA and the Kozloduy Nuclear Power Plant worked in
co-ordination with the European Bank for
Reconstruction and Development (EBRD) and its

Kozloduy International Decommissioning Fund to
establish a project management information and consystem, which will be used to support the decommissioning of Units 1 and 2.
Partnering in key areas of IAEA expertise is a crit^"-T

JF-

element of the present and future technical co-

operation strategy. The IAEA is continually seeking

''--' '"-*

new opportunities to collaborate and utilize nuclear

ents. This in turn provides critical inputs to ADB

technologies to advance the global development

nutritional interventions at the macro level (see p.
28) in several Asian countries.

agenda.

Collaborative efforts in Africa have long focused
on eradicating the tsetse fly, which spreads deadly
diseases in both cattle and humans. Working with
the Food and Agriculture Organisation (FAO) and the
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Managing Water Resources in an Era of Scarcity

L

ess than one per cent of the world's fresh water is

readily accessible for human use, and supplies of
quality freshwater are increasingly limited around the
world. Already, more than 40 per cent of the world's population live in river basins experiencing "water stress," meaning
that consumers are subject to frequent shortages.
In an era of scarcity, water is increasingly controversial.
But on one point most experts agree: water can no longer be
managed locally. There is a pressing need to institute com-

groundwater may be safely and sustainably tapped to supply

the 50 million-plus people who are threatened.
To successfully implement comprehensive water
management, extensive data must be collected, shared, and
analyzed by scientists and managers from all the concerned
countries. The IAEA is applying its specialized knowledge,
unique tools, and modest resources to these pressing
concerns to yield viable solutions for its developing
Member States.

prehensive water resources management—both of river
basins and below ground aquifers. A new assortment of
more sophisticated tools must be applied to successfully
meet this rapidly changing paradigm. Isotopic analytical
techniques offer a unique assortment of data and informa-

tion that can facilitate sustainable water resources manage-

ment at a higher conceptual and spatial level.
Over a billion people in Asian cities and 150 million in
Latin America already depend on groundwater. Yet the
movement, recharge rates, and pollution threats to this precious resource are often poorly understood. Moreover, some
of the world's largest underground reservoirs lie beneath

The strategic application of isotope hydrology tools is
helping to improve the management of increasingly
scarce water resources in many IAEA Member States.

several countries. South America's giant Guarani Aquifer
flows under at least four nations. North Africa's Nubian

Aquifer stretches beneath vast desert areas in Egypt and
Libya, and perhaps other countries.
At least 1.1 billion persons (one sixth of the global
population) lacked access to safe drinking water in 2000.
The majority live in Asia and Africa—where two out of five
people lack improved water supply. In heavily populated
Bangladesh, the danger has shifted from the bacteria-contaminated surface waters to arsenic-laden groundwater as
rural people increasingly turned to village handpumps for
readily accessible domestic supplies. Now the international
aid community is looking to the IAEA's isotope hydrology
techniques for clear answers about which sources of deep

T E C H N I C A L

C O - O P E R A T I O N

2 S C I E N C E

S E R V I N G

PEOPLE

Guarding the Guarani: Improving
Management of South America's
Precious Groundwater

US$ 27 million is helping to ensure
that, in the face of increasing scarcity
and pollution of surface waters, the
aquifer is preserved and kept available
as an important reserve for the future.

The Guarani is the largest aquifer in South America: it

The GEF project is supporting the

extends over 1.2 million square kilometres in Brazil alone—

creation of a common institutional and

equal to the areas of England, France, and Spain combined.

technical framework for managing the

The system is shared by Argentina, Brazil, Paraguay, and

Guarani. This entails consolidation of

Uruguay, and already supplies some 15 million people in the

scientific knowledge, implementation of

region. Best estimates show that the Guarani contains
basis. Already, some 500 cities and towns across Brazil draw

a management plan, and enhancing
stakeholder participation through
communication and environmental

their water from the Guarani.

education.

enough water to supply 360 million people on a sustainable

Since water consumption is rising rapidly for domestic,
industrial and agricultural uses, the continent is turning

increasingly to groundwater, which is especially valuable
because it does not normally require chemical treatment.
But the Guarani is a unique resource that must be

managed strategically and protected to ensure its
sustainability.
"The Guarani system is a
striking example of an
international water body
threatened by environmental degradation," says

Karin Kemper, a water
resources specialist with

the World Bank. "Without
better management, the

aquifer is likely to suffer
from pollution and rapid
depletion. Uncontrolled
exploitation could reduce it from a
strategic water reserve to a degraded resource
that is a focus of conflict in the region."

Isotopic tools are

helping four South
American countries get a handle

This is the principal challenge being
undertaken by the four national gov-

on sustainable management of

the giant Cuarani aquifer.

ernments together with the Global

The Cuarani watershed is

Environment Facility (GEF), a funding

depicted above.

consortium jointly managed by the UNDP,
UNEP, and the World Bank. A GEF grant of
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Without preventative measures, uncontrolled pollution in
its extraction and recharge areas could threaten the
Guarani aquifer, which contains sufficient water to

supply 360 million people on a sustainable basis.

The principal threat to the aquifer system stems from
uncontrolled pollution in its extraction and recharge areas.
The governments and the GEF have sought help from the
IAEA in utilising the analytical techniques of isotope
hydrology. These methods facilitate the systematic measurement and interpretation of hydrological information that

cannot be obtained by any other means. Isotope hydrology
offers a set of unique tools, which are often the most costefficient and easiest to use. Isotopic information is usually
combined with other hydrological information to produce a
comprehensive understanding of an underground system
and provide a scientifically sound basis for management
decisions (see box for details).

The Power of Isotopic Tools

IAEA participation is improving the understanding of these

potential threats.
As Laurence Gourcy of the IAEA Isotope Hydrology
Section explains,"This is a unique opportunity to contribute
significantly to protecting the Guarani Aquifer by ensuring
the quality of the analyses, and the reliability of laboratories
and isotope expertise. There is a pressing need for better
international collaboration of activities related to isotope
hydrology."

Determining how quickly the resource is replenished and, therefore the rate at which it can be

One body of water appears much like another. But

used.

at the atomic level, water can be identified by its

Providing estimates of the degree of mixing and

natural isotopic composition, which varies according

interconnection of groundwater in complex

to the history of its pathway through the hydrologi-

aquifer systems, hence providing information on

cal cycle. During evaporation and condensation, the

how to manage groundwater extraction from

concentration of oxygen and hydrogen isotopes mak-

the system.

ing up the water molecule undergoes small changes.

Determining the location and proportion of

Over 99 per cent of all oxygen is oxygen-16, but

rainfall that is recharging the groundwater

the remainder are the heavier isotopes oxygen-17

systems and providing information on the scale

and oxygen-18. The heavier isotopes evaporate

of the recharge, flow, and discharge of ground-

more slowly and condense more quickly. Continuous

water systems, and hence identifying appropri-

monitoring of the isotopic content of rain and snow

ate management strategies.

provides scientists with isotopic "fingerprints" for

Assessing the vulnerability of groundwater to

hydrological purposes.

pollution by determining how rapidly it moves

Isotopic analytical methods have many applications in water management including:
• Estimating the extension and limits of an underground reservoir in an aquifer system.

(flow rate) and where in the system it is being
recharged. Surface sources of pollution can
then be identified as natural, industrial, agricultural, or domestic.
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Comprehensive management of surface and underground
water requires advanced science and systematic planning.
Isotope hydrology has a key role to play.

The IAEA project component is enhancing knowledge in
several scientific areas:
• Defining the key hydrodynamic features of the aquifer;
• Assessing water quality and differentiation of contamination patterns in terms of origin, impacts, and path-

ways of pollutants;
• Improving analysis of groundwater's origin and age, evolution, boundary conditions, recharge-discharge charateristics, and geothermal character; and
• Assembling a comprehensive, multilateral database to be
shared among the four countries.
The IAEA will also support specialized training and participation of international experts to strengthen applications
across the region. "Scientists in the field are currently com-

pleting a wells inventory, setting up a monitoring network,
determining key parameters to be measured, providing tech-
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nical training of staff, and prepar-

ing a hydrogeological map and
conceptual model," says the IAEA's
Laurence Gourcy. "Within a few

years, we hope to have a comprehensive information system functioning fully to guard the Guarani
from the most dangerous sources
of contamination."
By building the capacity of
local institutions in handling more
sophisticated science and technological tools, the IAEA is thus
helping South America realize the
objective of comprehensive and
sustainable management of its
precious water reserves. •
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"Without better
management, the
Guarani aquifer is
likely to suffer from
pollution and rapid
depletion.
Uncontrolled
exploitation could
reduce it from a
strategic water
reserve to a degraded resource."
Karin Kemper,
World Bank
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Poisoned Waters: Bangladesh
Reaches to Science for a Solution

man thin and listless. His hands and

Sonargaon, Bangladesh. It wasn't supposed to be this

sis."He continues to drink from the

way—the idea and the intentions were genuine. Faced with

as a source for drinking and domestic use all across rural

contaminated well," explains Zabed
Hussain, an environmental
researcher who has spent the last
four years grappling with the disas-

areas of Bangladesh. Beginning in the early 1970s, millions

ter in this subdistrict. "He doesn't use

of tubewells were sunk into the shallow water table, and
handpumps became a central feature of a better life for the

any filter because he's convinced he doesn't have many more
days to live."
The filter system being used in Sonargaon has been sub-

In another nearby home sits a

feet are pocked with callous-like
growths, a tell-tale sign of arsenico-

disease-contaminated surface waters, aid agencies, govern-

ment bodies, and millions of villagers tapped groundwater

rural poor.
In Nilkanda village, about two hours drive from the capi-

sidized by the Mr. Hussain's agency, BRAG—the Bangladesh

Rural Advancement Committee, the largest non-governmental development organization in the country, with a long and
successful history of improving conditions in this povertywracked nation of 130 million.

tal city, Dhaka, a housewife, Monwara Begum, recounts how
a tragedy of monumental proportions began to unfold.
"Handpumps helped us to avoid the diseases in the pond.
But after drinking from the pump over many years, my hus-

band fell ill with arsenic poisoning. We use a filter system

"More than 60 per cent of the wells in this subdistrict are
contaminated with arsenic and unsafe to drink," says Mr.
Hussain "Many people still drink the bad water from the
wells. The alternatives cost them time and money, and
people here face extreme poverty."
With support from UNICEF, BRAC's staff has been
working hard to field-test a wide variety of low-cost water

now for all we drink, but I'm not convinced it is very safe."

treatment systems and supply alternatives in village communities—such as arsenic filtration devices, rainwater harvesting from rooftops, hand-dug wells, and deep tubewells. Wells

throughout the area have been tested for arsenic using a
portable kit, and contaminated wells and pumps have been

marked with red paint signaling danger.
"The arsenic can be removed," explains Preben Gondolf,
who oversees water sector aid programmes supported by the
Danish Embassy. "The real issue is: Can arsenic be removed
cheaply at the village level."
The efforts of BRAC and numerous other public, private,
and international organizations are helping to alleviate what
CBS television in 1999 called the "greatest disaster in human
Up to 50 million people in the towns and villages of
UJ

s Bangladesh may be exposed to arsenic levels exceeding
2 the WHO limits. This man is suffering from advanced
^
d arsenicosis.
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history." But far more will be needed to provide a lasting

Bangladesh standard. Altogether, some 35 million people are

solution and an end to widespread human suffering.

believed to be exposed beyond the national standard and

"Arsenicosis is hard to diagnose and there is no known
cure or treatment," explains Han Heijnen, an environmental

57 million are exposed to arsenic concentrations above the
more stringent WHO standard.

health advisor with the WHO. "We know that continuous

exposure is a sure cause of early death. Arsenic poisoning at
the levels we're seeing in Bangladesh will take 10 or 20 years
off a person's life, without any doubt."

With nearly half the country's population facing the

threat directly, it is crucial to understand the patterns of contamination. But it is not that simple: "We know it's not the
depth of the well alone that determines its safety now or in
the future," says Mr. M. Khaliquazzaman, an environmental

scientist working with the World Bank. "Tapping a deep well
may work for a village, but is it safe and sustainable for a city
of a million? That's what we still don't know."
One major effort underway to analyze and address the

arsenic problem at the national level is the Bangladesh
Arsenic Mitigation Water Supply Project (BAMWSP) backed
by US$ 40 million from the World Bank and Swiss Agency

for International Development. Launched in 1997, BAMWSP
aims to provide water supply relief for rural people and to
enhance scientific analysis of the scope of contamination.
Established as a distinct organization from existing govern-

ment institutions, the project has had a slow start—suffering
from bureaucratic delays, lack of coordination with other
A wide variety of arsenic mitigation strategies and technologies are being tested at the village level. Handpumps

water sector efforts, and a lack of sound scientific and technological information.

that are determined to be safe from arsenic contamina-

"Finding solutions to the contamination that can be

tion are painted green; dangerous ones are red.

Heavy metal contamination was not even considered in

implemented at the community level has been a complex
process," according to project director, Abdul Quader

Bangladesh until evidence of arsenicosis began to emerge in

Choudhary. "It took nearly 30 years to get universal coverage

the neighbouring Indian state of West Bengal in the late-

of drinking water supplies using handpumps. We have iden-

1980s. Arsenic contaminated wells were first confirmed in
Bangladesh in 1993 and a global call for assistance was

tified mitigation technologies that can work and are affordable by the poor. But we've still got a long way to go in solv-

broadcast. The first comprehensive, nationwide testing of

ing the problem in a systematic way."

wells was conducted by the British Geological Survey (BGS)

in 2000. BGS determined that 27 per cent of all shallow tube-

Determining arsenic concentrations in water is not a
simple matter scientifically, although simple test kits pro-

wells (less than 150 metres deep) were contaminated with

duced by the U.S. drug giant, Merck, began to be used to

levels exceeding the national standard for drinking water.

measure village well contamination in mid-1990s.
"Testing and analysis of arsenic contamination is techni-

Fully 46 per cent of these shallow wells exceeded the WHO

tubewells are also contaminated beyond the WHO limits.

cally complex, difficult, and expensive," explains Dr. Abul
Hasnat Milton, chief of the arsenic unit in the NGO Forum

The nationwide numbers are startling. There are 6-11

for Drinking Water Supply and Sanitation. With assistance

million tubewells in the country, and some 1.5 to 2.5 million
wells are contaminated, even by the less conservative

from the Danish Embassy, Dr. Milton's water quality testing
laboratory in downtown Dacca is one of the country's most

standard. And somewhere around 5 per cent of the deep
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sophisticated, and has analyzed more than 25,000 samples

for the government and aid agencies.
"There is still a great need to improve arsenic testing,"

says Mr. Khaliquazzaman of the World Bank. "There are
26 laboratories doing tests across the country, but only a third

of them are capable of delivering results of an acceptable standard." The WHO and the IAEA have been assisting in this area
through a laboratory quality assurance programme.
Compounding the uncertainties in the arsenic mitigation work of the World Bank, BRAG, UNICEF, and others is
a lack of basic knowledge about the movement of groundwater, and the location and mobilization of arsenic in water

supplies. Again, it is not a simple picture.
"The geology and hydrology of Bangladesh is very complicated due to the nature of its underground structures,"
says M. Nazrul Islam, Director General of the Geological
Survey of Bangladesh. "Try to imagine multiple layers of
Himalayan sediments deposited over tens of millions of
years by shifting rivers, tides, and floods. The sediment layer
is up to 20 kilometres thick near the Bay of Bengal. Aquifer
movements remain poorly understood."
Mr. S. K. M. Abdullah, who chairs a national expert committee advising the government, elaborates, "The Bengal
Delta is more complex than the Mississippi, the Rhine, or the
Senegal River deltas. It's really a composite—three deltas in
one. We know that water older than 20,000 years is largely
uncontaminated, but you can't just drill down to a certain
depth and assume it is safe."
What is clear from all of the experts is that Bangladesh

needs science for a solution: "What's really called for is
analysis of deep aquifers on a country-wide basis," says Mr.
Khaliquazzaman. "Isotopic analysis can play a critical role in
understanding and addressing the arsenic contamination
problem."
Beginning in 1999, the IAEA has been working with the

Testing for arsenic contamination is complex and time

consuming. Continuing capacity building and quality control are essential to obtain reliable results. This testing
laboratory run by the NCO Forum gets financial aid from
Denmark.

"Until very recently, the hydrogeological characterization
in Bangladesh was being conducted through multiple institutions and agencies using primarily non-isotopic techniques,"

"Isotopic analysis

explains Pradeep Aggarwal, Head
of isotope hydrology for the
IAEA. "The integration of isotope

can play a critical

techniques has provided the
required information rapidly and
at a much lower cost than previously possible. Now we are
expanding the application of isotopic techniques countrywide."

the arsenic contam-

role in addressing

ination problem."
M. Khaliquazzaman,
World Bank

The investigation into a sustainable solution currently
underway will serve as a critical and strategic investment for

World Bank BAMWSP project team to utilize isotope hydrol-

both Bangladesh and the Asia-Pacific region. "The people of

ogy techniques to enhance knowledge of groundwater and

Bangladesh will be struggling with this problem for the next

aquifer dynamics. This includes investigating whether deep

30 years," explains WHO's Han Heijnen. "And we are only

aquifers will remain arsenic free over the long term if they
are developed as alternative sources, and how other deep
aquifers may have been contaminated through mixing of
deep and shallow reservoirs.

now uncovering the true extent of arsenic poisoning in

India, China, and other neighbouring countries. The contamination could easily reach 100 million people in Asia—
more than the numbers affected by HIV-AIDS." •
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Great Lakes Beneath Their Feet:
Probing North Africa's Oldest
Water Treasures
Cairo. Confined deep inside the Earth, the lakes are ancient
treasures from another time and place. Bountiful groundwater basins of the Nubian Sandstone Aquifer, they date back
millennia, formed during the Ice Age some 30,000 years ago.
Today the lakes lie staggered, tiered, and pooled far
beneath the Sahara Desert and oasis settlements in Chad,
Libya, Sudan, and Egypt. At strategic points, teams of scientists and engineers probe the underground chambers with
21st century tools, including nuclear-based methods. They
are looking for answers that will help bring this old water to
new communities, and sustain them for generations to come.
Egypt's Dr. Fatma Abdel Rahman Attia is at the forefront
of this scientific detective work. She heads the Groundwater
Sector in the Ministry of Water Resources and Irrigation,
and has devoted a career to helping manage Egypt's fragile
water lifelines. From her Cairo office overlooking the Nile,
she probes the past in order to see the future.
"Egypt is the Nile," she says. "But there are limits to what
we can take from it. We need to encourage people to resettle
in new communities away from population centers, and
developing our groundwater is more important than ever.
Water is an incentive for relocation."

Prof. Aty Islam Metwally Aly and Dr. Mohamed Fathy Ahmed
Hassen, Chairman of the Egyptian Public Authority for
Drainage Projects, join Dr. Fatma Abdel Rahman Attia.

I N T E R N A T I O N A L

A T O M I C

E N E R G Y

Right now, Egypt's fertile Nile val-

leys and delta—which account for
less than a tenth of the total land
area—are among the most crowded
in the world. Population density there
averages 1,500 inhabitants per square
kilometre, and approaches 20,000 in
teeming Cairo. Throughout the other
90 per cent of Egypt, the numbers
drop to only two people per square kilometre.

Wellsprings of Hope
Underlying more than two million square kilometres of
land—about 20 times the area of North America's Great

Lakes—the Nubian aquifer is the world's largest fossil water
reserve. Experts estimate it holds up to 150,000 cubic kilometres of water, about 30 times more than the entire world
uses today.
Only a tiny fraction of Nubian water now is being
tapped, while more ambitious plans take shape for supplying
expanding cities and new settlements. In Libya, for example,
thousands of deep wells have been drilled in the desert frontier. The ambitious US$ 25 billion "Great Man-Made River
Project" pumps and pipes Nubian water thousands of kilometres to Tripoli and cities along the Mediterranean. In
Egypt, wells drawing on shallower basins supply new and
expanding communities in southwestern oases regions,
including businesses that bottle and sell drinking water from
the Nubian lakes.
Though the aquifer supports dreams of blooming
deserts, unrestricted steps to exploit it could lead to nightmares if not taken carefully. The Nubian is considered a
closed water system, with no known source of replenishment.
Over time, more wells—like so many straws in a single jug—
mean less water for everyone, and hasten the day when
pumps run dry and deeper wells become too costly to drill.
"Fossil water is simply not renewable," says Dr. Attia. "But
this doesn't mean that fossil water should be left under the
ground. We need to develop and manage it wisely."
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Unlocking Age-old Secrets
While much is known about the Nubian, its multi-layered
chambers hold as many secrets as the depths of oceans and
seas. The system's configurations and dynamics are complex,
with many uncertainties complicating the scientific picture.
"The Nubian extends beneath more than 60 per cent of
our country, and we've studied different parts over a long

time," Dr. Attia says. "We think it may hold hundreds of

times more water than Egypt now gets from surface waters
of the Nile. But as a finite and hard to reach resource, most
of the aquifer cannot be tapped."

Egypt's water policymakers face numerous strategic

Egypt's lifeline, the Nile River, in Cairo,

questions: How much of the Nubian can Egypt and its

neighbours really afford to exploit? What are the recharge
rates? Where and how deep should new wells be drilled that
are able to sustain new settlements?
Egyptian water authorities are spearheading national
and regional projects to analyze the Nubian's properties,
characteristics, and processes. The data will refine topographical maps and models of the system. Co-operative
channels include national and regional projects supported

"fingerprinted" to understand the mix, flow, origins, and
recharge processes of deep aquifers. With support from
GEF, Egypt now is preparing a proposal for a regional

project whose studies will support improved management
of Nubian resources.
In the Nubian, explains Prof. Aly Islam Metwally Aly,
Vice-Chairman of the Egyptian Atomic Energy Authority,

more water samples need to be collected for chemical and

by the IAEA and partner organizations, such as the GEF, the

isotope analyses from different parts of the system. "The

financial coordinating body that helps sustainable develop-

plan calls for drilling five or six sampling wells at various

ment issues with trans-boundary dimensions.

intervals and depths. Based on what we learn, we will set up
a more ambitious sampling scheme covering about 100 sites
in the zones under study."

The Desert's Nuclear Detectives
Working with the IAEA, Egyptian scientists are engaged in

The pressures of development and population growth

one project initiated in 2001 to assess Nubian basins in the

Bahariya and Farafra regions of Egypt's western desert. The
regions constitute about 150,000 square kilometres of sandy
lowlands—about a tenth of Egypt's total land area. Oases

are formidable in Egypt. Conserving existing water resources
while developing new ones beneath desert sands is the only
way ahead.
"Our sources of groundwater are vast, and they can be

born decades ago are home to thousands of farming fami-

managed as a sustainable, even if not renewable, resource,"

lies, and wells have been drilled for irrigation and residential

says Egypt's Dr. Attia. "Water is life, the key to our future." •

needs. Water is the bedrock of national policies calling for

expanded development of the regions.
To date, conventional hydrogeological studies have yielded important but limited information about the Bahariya

and Farafra aquifer systems. The analysts are using sensitive
isotope techniques that enable them to analyze underground

water molecules they cannot see but can draw to the surface

and sample. Because the isotopic description is within the
hydrogen-oxygen water molecule itself, samples can be
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Promoting Food Security for the Poor

F

ar more food is available per person worldwide

enhancing the productive qualities of plants, animals, soils,

today than 40 years ago, and the real price of food
fell by over 40 per cent since 1960. Yet close to
800 million people around the world remain chronically
undernourished, according to the FAO. This includes 200
million children who suffer from serious protein and caloric

and other food producing resources.
The fight against food insecurity is being won in many
poor countries and poor communities. Nuclear-induced
mutation breeding in Viet Nam has helped lead to higher
rice yields and farm incomes, and helped turn the country

deficiencies.
Food production in many developing countries has
failed to keep pace with the needs of a rapidly growing
urban population. Global population is currently expanding
by about 75 million annually, and some experts estimate
that global grain production will need to increase by
40 to meet demand in 2020.
Most of the world's hungry people live in lowincome rural areas of food-deficit countries
(LIFDCs). There are over 80 LIFDCs, and half

from a net food importer to a food exporter. Tsetse eradication on Zanzibar Island is boosting the production and mar-

are in Africa. For most of these countries,

the best option for improving food security
is to increase both the quantity and quality of food available in small farm communities. This can be achieved through onfarm productivity improvements, enhancing the nutritional content of food, and bringing more land under cultivation.
Progress in agricultural development is
critical to poverty alleviation in the LIFDCs
and enhancing poor peoples' access to sufficient quantities of quality food. IAEA TC
initiatives to build food security focus on

using nuclear technologies to help raise
the output and incomes of the rural poor.

This is being achieved through remov-

ing obstacles to growth—including
such insect pests as the tsetse fly, which

spreads diseases in both humans and
cattle and limits opportunity for higher
productivity, mixed farming—and

keting of milk and milk products, and contributing to better
nutrition. And groundbreaking field research in Morocco

and Pakistan is demonstrating that the desert can
bloom when salt water and salt-tolerant plants are
managed scientifically on the farm.
A wide variety of nuclear methods are
contributing to better nutrition and

incomes for the rural poor.
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Human and animal diseases spread by tsetse flies are a
root cause of poverty and low agricultural productivity

across a wide band of Sub-Saharan Africa.

warming climate. Their presence has been a fact of life in the

Arba Minch, Ethiopia. Africa's Great Rift Valley, green and
lush as it sweeps through southwestern Ethiopia, is eerily

lowlands, but farmers had been relatively safe from the fly by
occupying the highlands. Fully 90 per cent of Ethiopians and
80 per cent of their livestock occupy the highlands, which
make up 55 per cent of the land mass.
How fast that refuge is shrinking is made clear on the
eastern side of the Rift valley from Arba Minch, where
Cheha was the centre of a flourishing agricultural district of
50,000 little more than a decade ago. Today it is abandoned,
says Solomon Mekuria, a government veterinarian based in
Awasa, administrative centre for the region. Out of 77 rural
districts in the region, 60 have fallen to the tsetse fly, says
Solomon, the son of a farmer. "This was a good production
area growing fruits, coffee, and cereal crops. Nowadays only

devoid of settlement across its fertile plain. In the sur-

10 per cent of it is cultivated."

Challenging Tsetse on its Home
Turf: Campaign Moves to Africa's
Heartlands

rounding hills, by contrast, above an unseen boundary,

circular thatched houses, smoke drifting from cooking fires,
bloom in profusion. Herds of cattle, fields of maize, and
other crops, in some places extending almost to the hilltops,
surround them.
In 10 years, or less, experts reckon, much of this land will
be irreparably damaged from over-grazing and cultivation. It
is academic to the farmers who have retreated to these overcrowded hills: they are trying to escape the advance of a
small biting insect—the tsetse fly—and nagana, the mostly
lethal disease it is spreading among their livestock.
Once considered under control, the tsetse fly and trypanosomes—single cell parasites of the blood and nervous
system for which it is host—are on a
runaway course. To the south and
west of Ethiopia the bite of the fly is
spreading one of nature's cruelest
diseases, sleeping sickness. It puts
60 million people at risk and is now
more widespread than severe epidemics of the 1930s.
The tsetse are rising like a tide in
Ethiopia—possibly in response to a
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Eliminating the tsetse fly and the diseases it spreads

would help Africa's rural families keep improved
livestock for milk, meat, and draught power to
cultivate crops.
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Creating Fly Free Zones:
Alleviating African Poverty
The 2001 launch of the Pan African Tsetse and
Trypanosomosis Eradication Campaign (PATTEC)

begins fulfilling the declaration by African heads
of state, meeting in Lome, in 2000, that the cre-
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"It is no accident that some of the world's most acute
poverty is in regions of Africa infested with the tsetse fly" says
Qian Jihui, Deputy Director General for TC in the IAEA. "The
international community is committed to halving the number
of undernourished people by 2015", said Mr. Qian,"but without addressing the root causes for low agricultural productivity—and particularly the tsetse—all other efforts will fail."

ation of fly free zones is not only a viable means

of controlling nogana and sleeping sickness but a
key to Africa's recovery.

"Africa's most viable contribution to her

expanding population and to the rest of the world
in the new millennium is increased agricultural
production. The first step towards the development and realization of this option is the removal
of the trypanosomosis constraint," the leaders
agreed at the Lome OAU summit.

Nearly 90 per cent of crops grown in SubSaharan Africa are produced without animal
power. The lost potential costs Africa nearly
US$ 4.5 billion every year, the FAO says. In fact,
in Sub-Saharan Africa the average amount of food

Tsetse flies are lured to certain colours, and insect traps

production per person has declined in the last

take advantage of this attraction. Conventional fly

40 years, according to a report recently delivered

reduction methods are being combined with the sterile

to the UN Economic and Social Council in Geneva.
"In effect, the fly prevents the transition

insect technique in a campaign to eliminate tsetse

species in several African countries.

from subsistence agriculture to income-generating mixed farming," explains IAEA's Deputy

The IAEA is providing most of the technical support in a

Director Ojan. "It presents a 'ecological barrier'

bid to create tsetse fly free zones in areas with high agricul-

to livestock development by depriving farmers

tural development potential. Until now, the issue has

of the basic means for increasing agricultural

received little attention largely because it is a rural problem

production. It is a uniquely African problem."

and a disease of the poor.

Allowing more African farmers to own livestock, would have a profound impact on hunger
and poverty in the continent, explains Mr. Qian.
"But that cannot be achieved without removing

the tsetse fly."

It will be the first major step in a campaign, launched in

Ouagadougou, Burkina Faso, in October 2001, by the African
Union—formerly the Organisation of African Unity (OAU),
to eventually free Africa from the bite of the tsetse.

Controlling Tsetse in Chalba Village
Across the Rift and over an area of nearly 10 million
square kilometres of sub-Saharan Africa—an area as big as
the United States—nagana keeps a door locked that prevents
the peoples of 32 of the world's poorest countries from escaping poverty.

At the centre of the muddy meeting place in the village of
Chalba, beneath the spreading branches of a Warka tree, the
farmers of this rich cropland on the banks of Lake Abaya,
make a collective plea: "In the name of God don't stop this
programme," says an elder.
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Going to Market in Zanzibar
"Of course getting rid
Abdullah Khalfan is talking on his mobile telephone,

the tsetse fly made a diffi

under the shining zinc sheet roof he has erected over

ence," says Abdullah, wN

the freshly painted white dairy produce stall in the

bought his first cow, whil<

bustling market in Zanzibar's historic Stone Town.

there was still tsetse, in fl-

He's just finished serving Rahma Riyamy, who is

atter working as a merchant ,

buying milk for her family. It's not pasteurized and

seaman. "There weren't so

she'll scald it when she gets home. "I buy milk every
day, sometimes we use it for the children. No it

many cows before. I'd liki
.1
add maybe 40, or 50. When

wasn't so easy to get milk before, but the market is

there was tsetse it didn't mak

improving, it has a good selection."

any sense."

«

1

3

Post tsetse dairy farming practice in Zanzibar is to

From local beef to milk and yoghurt, the results of

ridding Zanzibar of the tsetse fly are plain to see in

bring feed to cows instead of grazing them on pas-

the market stalls. Abdullah sells on average 200 litres

ture. And there's nothing that this new generation of

of milk every day, most of it for consumption by chil-

healthy cows produces that isn't of value.

dren, he says. Some of the milk is from his own herd

"I have a good life, I like this business. We are all

of 18 mixed breed cows that he keeps on his small

living better, I would even advise my daughter (four

farm at the edge of town.

years old) to go into dairy farming."
September 2001 was the fifth anniversary of the

Mixed breeds produce more milk, are bigger and
stronger than the native zebu. But they couldn't sur-

elimination of the tsetse on Zanzibar. "The dream is to

vive nagona. Zebus produce one to three litres of

do this for large areas on the African continent," says

milk a day compared to seven to 10 litres for mixed

the IAEA entomologist Arnold Dyck. "But if we hadn't

breeds.

had success in Zanzibar the dream would have died."

All around Chalba, black and blue tent shaped fabric

Its promise is that it will push the tsetse toward extinction.

traps dot the landscape. Hundreds of the insecticide impregnated traps have been set by village associations of farmers,
baited with fermented cow urine, to lure the tsetse flies.
Drugs and insecticide, applied to the backs of cattle also
offer protection.
Across this region of Ethiopia, scientists from the national government, local government officials, farmers, and
school children are marshaling their resources to stamp out
the tsetse forever.
"We don't intend to do this forever," says Assefa Mebrate
of Addis Ababa University, who provides technical advice for
the national programme. Once the present tsetse population
is sizably reduced, waves of sterilized male tsetse flies, factory reared, will be released from the air.
"One plus one equals zero," says a home-made sign in a

In the last century the mass slaughter of game, destruction of bush, and spraying of DOT, were strategies in an par-

Ethiopia has chosen a 25,000 square kilometre region
around Arba Minch, confined by mountains and lakes, as a
proving ground to develop its capacity to apply SIT. This
programme builds on the historic success of the method in
eradicating the tsetse fly from the East African island of
Zanzibar. In September 1996, the last wild tsetse fly was
caught on the island after a joint programme between the
government of Tanzania and the IAEA, supported by the
FAO, IFAD, Belgium, Canada, China, Sweden, the UK, the

regional tsetse control office in Ethiopia. It best expresses

USA, and the OPEC Fund. •

tially successful war against the fly. Piecemeal measures that
followed, limited to villages and their immediate vicinity,
have been unsustainable and, therefore, ineffective and not
economical, says Assefa.

the method known as the "sterile insect technique" or SIT.
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The Sterile Insect Technique
(SIT) involves two operational
phases: First, flies are reared

and fed in specially-designed
insectaries. Next, male flies are
sterilized with gamma radiation
and released in the wild by

airplane to mate with wild
females.

A Quiet Death
2000 Kilometres to the South

and sleeping sickness have
reached crisis proportions.

"This has been getting

Sokoine village, Tanzania. The calf has just died

worse and worse during the

and its small corpse lies inconspicuously on the

past two decades. What has

dusty ground. Cause of death: probably nagana,

contributed to the disease

perhaps complicated by a tick born disease. Lembile

is the insecurity and the

Roketa, a Masai cattle owner is familiar with this

conflict problems in central

scene. He says he's lost hundreds of cattle to the

and east Africa."

tsetse.
The deaths usually occur during the dry season

j

In the northeast of
Uganda the local hospital that treats sleeping sL.x

when a sickened cow is unable to cope with

ness is full with acute cases, he said. In northwest-

increased stress, says Peter Masungwa, municipal

ern Kenya there has been an advancement of tsetse

livestock officer in nearby Morogoro. The cattle are

flies mirroring events in Ethiopia. "There is practi-

small and scrawny zebu, in large herds. Milk yields

cally no way of staying in that area with animals;

are low and the Masai are poor.

people are absolutely poor."

"Nagana is common in this district, especially
where there's bush," he says.
In July 2001 agricultural officials from Tanzania,

!

"If you remove the tsetse fly, it removes the
cause of the disease, and poverty alleviation will
result," Solomon said. "But I don't believe African

Uganda, Ethiopia and Kenya, agreed that the tsetse

governments will be able to find adequate resources

problem was so acute that "shock therapy" was

to meet the budget for the first phase of elimina-

needed, says Solomon Haile Mariam. Solomon, a

tion. We are counting on international donors to

senior livestock officer in the OAU's Inter-African

support our efforts aimed at creating fly free

Bureau of Animal Resources, says that nagana
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Learning from Ztouti's Farm:
Nuclear Technology Helps Crops
Grow in Morocco's Salty Soils
Marrakesh, Morocco. In the midst of land near this
bustling city that's dry and virtually barren lie the green pastures of Hassan Ztouti, a Moroccan farmer. Although the soil

on Ztouti's farm has too much salt in it, his crops are thriving—thanks to nuclear technology.
For more than three years, Ztouti's farm in the Sed El
Masjoune region of Morocco has served as a demonstration
site for growing plants in saline soils—a discipline known
as biosaline agriculture. Under the programme, scientists
from Morocco and other nations use proven nuclear techniques and applications to learn about the complex interrelationships between soils, water and plants.
"We need to better understand the composition of our
own soils, and that will help us tell farmers how and where
different types of salt tolerant plants can grow best," says
M'hamed El Khadir, a microbiologist with Morocco's National
Institute of Agronomic Research (NIAR). He conducted
experiments at the International Atomic Energy Agency's
agriculture and Biotechnology Laboratory in Austria. The
IAEA is sponsoring the multinational effort through its
Nuclear technologies are helping farmers in arid zones to
further refine biosaline agriculture—cultivating useful
plants in salty soils and with brackish water.

Technical Co-operation Programme

and has drawn on expertise from the
eight countries involved.
The Moroccan institute, which is
supporting the work on Ztouti's farm,

POHTUGAL/ S P A I N

MOROCCO
tapped a new well for the demonstration project. Although the water is
brackish, it nourishes salt-tolerant
plants such as eucalyptus, acacia and
olive trees and a mustard-type plant called rapeseed. Based
on the success of the project, the government is digging
another saline well to irrigate more demonstration plots.
Once the well is tapped, the aquifer will be studied,
mapped and monitored. Among the questions that scientists

and hydrologists need to address are: Is the aquifer big
enough to irrigate an expanded plant demonstration site?
How is it recharged? How salty is the groundwater? What's
happening to the soil when saline water is applied repeatedly? Using such analytical tools as neutron moisture gauges
and radioactive isotopes, they will be able to answer these
questions.
"We couldn't make a decision on site expansion without
the data," says Abdel Ilah Ambri, a soil scientist who heads
the department of environmental physics at NIAR. "Once
farmers start the new plants, we need to know there will be
enough water to sustain them in the soils here." Ambri is the
IAEA's main counterpart for the project in Morocco.
Worldwide, nearly 80 million hectares have soil too salty
for the survival of most crops. That's an area roughly the size
of Pakistan, another country in the IAEA's project where
saline soils also pose big challenges for agriculture. "Many
farmers today are growing salt-tolerant grasses for forage
and for improving the land, and they've found that many
other plant species perform very well," says Dr. Mujtaba
Naqvi, the IAEA consultant coordinating the IAEA project
and former head of Pakistan's Nuclear Institute for
Agriculture and Biology. "We've found the way ahead, and
now experience needs to be shared."
One way of reclaiming saltlands is to practice biosaline
agriculture, the approach being used on Ztouti's farm in
Morocco, and by farmers in Pakistan, Tunisia, and other
countries engaged in the IAEA project.
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Jordan, the United Arab

Emirates, and Algeria. J

Salt tolerant plants were
From Morocco to China, Canada to Australia-as a

carefully chosen by using neu-

result of human activity, irrigation, or removal of

tron moisture gauges, which

tree cover—77 million hectares of land, an area

provide an accurate measure-

twice as big as Germany, is devastated by salt and

ment of the amount of water

salt water, according to the FAO. The advance of

in soil samples by detecting

salinity renders three hectares of land barren every

the amount of hydrogen. The

minute, the FAO estimates.

gauges also provide data that

"No one uses salty water in agriculture. You nor-

L

_____

helps prevent the problem of salt accumulation in

mally dig channels and take it out of the system,"

the soil. The IAEA initiated the project, helps to

says Dr. Mujtaba Naqvi, a Pakistani biochemist and

train experts, and continues to provide technical

consultant to the IAEA. "But now we have shown

advice. Pakistan's government has approved the

that it is possible to grow economically useful

establishment of a 15,000 hectare area where

plants, such as barley, varieties of wheat, dates, and

saline soil agriculture will be further developed.

olives, in saline wasteland using saline ground

Even larger projects are planned.

water."
Dr. Naqvi, former head of Pakistan's Nuclear

To provide the food for the Earth's growing population, the FAO calculates that in the next 30 years

Institute for Agriculture and Biology, has spent more

over 200 million hectares of additional agricultural

than a quarter of a century exploring the possibili-

land will be needed. Shortages of fresh water may

ties of using salt ground water in agriculture work-

also force agriculture to adapt to coastal zones and

ing with an international network of scientists.

make use of sea water for irrigation to grow crops.

It has taken the accuracy of tools provided by

"The growth of plants in salt lands improves soil

nuclear science and technology, close observation of

quality and provides green cover that conserves

nature, and in the case of Dr. Naqvi, tenacity and

moisture and helps prevent erosion and desertifica-

passion, to achieve the startling results. With sup-

tion," explains Dr. Naqvi. The results of his research

port from the IAEA and with technical advice from

are likely to have an increasing large impact as both

Dr. Naqvi, 30 salt tolerant plants, from pistachio

fresh water and good farm land become precious

trees to barley and acacia, were selected and are

throughout the world.

growing in Pakistan's salt lands, and in arid saline

regions of Morocco, Tunisia, Egypt, Syria, Iran,

In biosaline agriculture, salt-tolerant plants must be suited to soil and water conditions. Farmers also must know how

brake on the processes that turn an area into desert.
There is plenty of interest in the project. Farmers in Sed

much saline water to use in irrigating the plants. "The basic

El Masjoune and elsewhere want to know more about bio-

idea is to water the plants with a calculated amount that's

saline agriculture, says Ambri. "They see the greener fields in

enough to leach the salt below the plant's active root zone,"
says NAIR's Ambri. Besides providing sources of animal feed,
bio-mass fuel and industrial raw materials, salt-tolerant
plants help to conserve soil moisture, slow erosion and put a

the saltlands, and they want the 'know-how'."
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Viet Nam Advances Toward
Food Security Using Nuclear
Techniques

These new local varieties, with
enhanced agronomic characteristics
and export quality, are resulting not
only in higher productivity, but in
more competitive prices on the world

Viet Nam is determined to end food shortages by 2005 and
to surpass international nutrition standards by 2010—with
each citizen's daily food intake reaching 2600-2700 calories.

market. The breeding cycle was
accelerated through the application

Its population is expected to reach 95-100 million before the

only five years, two improved local

end of this decade, so there is no secret about what needs to

varieties, TNDB-100 and THDB were officially released in
1997 and 1999.

be done: food productivity, crop diversity, and grain quality

of nuclear techniques and within
BHUNEM

TNDB-100 is characterized by a short maturity period of

all have to increase to cover growing demand.
Rice is the single most important crop in Viet Nam pro-

95-100 days (from 200 days), good resistance to diseases

viding nearly 70 per cent of the food energy. It is the main

and pests, wide adaptation to acid sulphate soils, suitable for

source of living for 80 per cent of the population, and it is

two to three crops per year, and has export quality. TNDB-

planted on 82 per cent of the total farm area, accounting for

100 is grown in large areas of the Delta on acid sulphate

more than 85 per cent of food grain output.

soils, as well as in many provinces of the South. The inherent

Over the past decade, the country has instituted fundamental macroeconomic reforms, trade liberalization, and
important changes in agricultural policy which have enabled
it to move rapidly from a nation suffering severe food shortages and under-nutrition to the world's foremost rice
exporter.

advantages of this variety led to its popularity among poor '
farmers in the South who could afford its costs, but also realized the potential for high- •MBM

90 per cent of the rice designed for export. Soils in the Delta

^^neapplication of nuclear
produced a yield of six to
techniques has accelerated
eight tonnes per hectare in the release of new high qualia much shorter period.
ty rice varieties developed
TNDB-100 also
from local genetic resources
requires 10 to 20 per cent
thus improving adaptability
less nitrogen fertilizer than and productivity."

are highly variable, but alluvial, acid sulphate and saline

other improved varieties.

soils predominate. Introduction of new "Green Revolution"
rice varieties has been strongly encouraged and supported
by international organizations. These modern rice varieties

Indeed, the surface cultivated increased from 41,000 hectares in 1997 to 112,000
hectares in 1998 and 203,000 hectares in 1999. TNDB-100
has become the most popular variety covering more than 50

The Mekong River Delta, known as the "rice basket,"

is the major rice producing area, supplying more than
50 per cent of the annual national production and

result in high yields and cropping intensities, but at the same

er income as this variety

Karin Nichterlein, IAEA geneticist

time require high levels of inputs.
Some acid sulphate soils in the Delta suffer extreme
acidity and toxicity causing stunted root systems affecting
growth and productivity of crops. The coastal soils, which
occupy about 20 per cent of the total area, have a very high
salt content leading to reduced crop productivity or total
crop failure. In this context, the IAEA has supported the use

per cent of the total rice area in Vinh-Long province, more

of nuclear techniques to induce genetic variations for the

tonnes of its predecessor, medium maturity of 130 days

improvement of local landraces of rice through research and

(from 210 days), improved resistance to diseases and pests,
good grain quality and good adaptation to acid sulphate and

technical co-operation projects.
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than 20 per cent in Kien Giang Province of summer-autumn
crop and 5 to 10 per cent in Dong Thap, An Giang, Can Tho

and Tra Vinh provinces.
The second improved local rice variety, THDB, developed
from a deep water variety, is characterized by a high yield,
i.e. six to eight tonnes per hectare compared to two to four
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saline soils. It is grown largely by poor farmers in the deep

been provided in support of these initiatives. A laboratory

water areas of the coastal region of the south. It is very suit-

for the quality control of basic seed has been established to

able for rice/fish and rice/shrimp cropping systems. THDB

provide high quality seed of the new varieties to companies

was cultivated on more than 14,500 hectares in 1999 with

in provinces and districts.
To respond to the Government priority for quality rice

major areas in provinces of Ca-Mau, Soc-Trang, Kien Giang,

Bac Lieu and around Ho Chi Minh City.
Mr. Pham Van Ro, senior rice breeder at the Cuu Long

production for export markets, the IAEA also supported the

Delta Rice Research Institute (CLRRI) explains, "This was

assessment with the capacity to screen thousands of rice

the first time that radiation-induced mutations were used

mutant samples. Through a nationwide course scientists

for variety development in the Mekong Delta. Because of
their rapid success and acceptability by farmers, induced

from various national rice centres of the Mekong and Red
River Delta have been trained using the newly established

mutations through nuclear techniques have become one of

facility to enable them to develop rice mutants with the

the main methods for crop improvements at CLRRI. We are

required good grain quality.

very grateful to the IAEA for this scientific support."
Based on these achievements, the IAEA, in collaboration

establishment of breeding laboratories for rice quality

According to CLRRI's Vuong Dinh Tuan, a rice breeder,
"The IAEA sponsored training programme on 'rice quality

with CLRRI, the Institute of Agricultural Science of South

analysis' was successful. The 10 participants were very excit-

Viet Nam, the Centre of Nuclear Techniques, and the

ed to gain new knowledge for their future scientific research

Institute of Agricultural Genetics are placing growing

toward steady improvements in the quality of our principal

emphasis on breeding appropriate mutants combining grain

rice varieties."

quality for various export and local markets, good yield

potential, and tolerance to environmental stresses. The
exchange of improved mutant germplasm is also being
encouraged, which could be valuable for the entire Asian
region.
Target areas for the breeding activities, moreover, have

As Viet Nam's poor farmers also develop confidence and

skill in the cultivation of nuclear-induced mutant varieties,
productivity of high quality rice will rise, hopefully leading

to higher incomes through increased exports, and the elimination of under-nutrition in rural areas. In short, nuclear

been extended from the Mekong Delta to the upland areas,

technology has been making a very focused, but strategic
contribution to this developing nation's long-term food

where poor tribal minorities live. Expert services, fellowship

security. •

training and scientific visits, as well as equipment have
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Focusing Science on the Health Problems of the Poor

L

ife expectancy has risen dramatically in the developing world in recent decades. But infectious diseases—such as malaria, hepatitis, AIDS, and tuber-

Health authorities in Mali, for example, are employing

nuclear methods to identify drug resistant strains of malaria
and to tailor drug treatment strategies at the community

culosis—continue to take a major toll, particularly in pover-

level. Nutrition experts in Thailand are using isotopic tracers

ty-stricken regions. Controlling these potential killers is a
key priority for international assistance.
Infectious diseases kill an estimated 13 million people

adults and children. Malaria alone cost Africa US$ billions

to measure the effectiveness of iron-fortified fish sauce in
child-bearing women. The nutritionally improved product
will then be mass marketed by the private sector. A new
global alliance has been forged with the WHO and other
concerned organizations aimed at vaccine development for
AIDS. Last but not least, a new cancer treatment facility in
Ethiopia's capital has given new hope for rural women suf-

by reducing economic growth by an estimated 1.3 per cent

fering from invasive cervical cancer.

each year worldwide. They account for over 40 per cent of

all deaths in developing countries. According to the WHO,
infectious diseases are the world's largest killers of young

every year.
Cancer is also a rapidly growing health problem across

These activities span many disciplines—including
radioimmunoassay, radiotherapy, radiopharmaceutical pro-

the developing world. No longer is cancer believed to be a

duction, nutritional analysis, and sterilization techniques for

disease of the affluent. The caseload in developing countries

transplants and medical instruments. All efforts aim at

has risen from 2 million in 1985, to 5 million in 2000, and is

building the capacity of developing countries to manage and

projected to reach 10 million in 2015. This rapid increase

direct science toward the health problems of the needy.

has spurred nations to recognize the need for improvements

in clinical and medical physics aspects of radiation oncology

to enhance cancer care.
IAEA-supported human health activities concentrate on
the detection and treatment of diseases afflicting the poor,
and the planning and evaluation of applied nutrition programmes tailored especially to the needs of women and
children. They also give priority to the establishment of
quality assurance programmes for radiation dosimetry and
treatment of cancer.

The health problems of the very poor-malaria, AIDS,

tuberculosis-deserve greater attention from the global
scientific community. In Bangladesh (left), many villagers
are suffering from arsenic poisoning. This man's village is

benefiting from a new deep well that is arsenic free.
T E C H N I C A L

C O - O P E R A T I O N

22

S C I E N C E

S E R V I N G

PEOPLE

Rolling Back Malaria: New Tools
for Fighting a Leading Killer

measure the magnitude and specific

nature of the epidemic. Once back in
their laboratory, the team employed
molecular methods to analyze sam-

Bamako, Mali. It was the autumn of 1999, and Dr. Abdoulaye

ples for the prevalence of mutations,

Djimde, a pharmacist at the Malaria Research and Training
Center in this capital city, had just learned of a major malaria
outbreak in the northern region of Kidal. Oddly, the epidemic
was spreading in an arid area not known for malaria, proba-

which ultimately provide informa-

bly due to recent, heavy rains. Nonetheless, several thousand
adults and children had fallen ill, and some were dying
because they lacked any natural immunity.
"We needed a strategy to work with the local health
authorities in finding the fastest and most efficient means to
curb the epidemic," explains Dr. Djimde. "If mortality was to
be effectively reduced, it would be critical to determine the
population's level of susceptibility to anti-malarial drugs."
The situation was compounded by a rebellion in the
Kidal area. Thus, the government arranged for transportation of a medical team to Kidal on board a military plane.
Numerous blood samples and mosquitoes were collected to

Malaria's Wide Reach

tion on drug resistance in the malaria parasites. The whole process took

Sffi

a few days.
"We were happy that molecular methods could be
applied in a real-life situation," says Dr. Djimde. "Without
them, we would not have been able to determine that these
parasites were resistant to chloroquine, but not to Fansidar.
Molecular methods helped us to bring the epidemic under
control within a month, rather than in several months using

conventional means."
Molecular methods helped Malian health authorities to
act quickly, and also to develop a tailored response, based on
scientific evidence, targeting the core of the problem and
directing efforts effectively. The lives of many poor villagers
were spared.

compounded by dete-

Malaria is one of the leading killers of humans

riorating health sys-

worldwide. It does not halt at political borders, but

tems, growing drug

invades wherever the Anopheles mosquito is pre-

and insecticide

sent. It thrives especially in the tropics of numerous

resistance, periodic

countries in Asia, Africa, and South and Central

changes in weather
patterns, civil unrest,
human migration, and popu-

America.

According to the WHO, malaria:
• Kills more than one million people per year,

lation displacement.
Malaria-endemic countries are among the poor-

approximately 3,000 deaths each day;
• Causes about 300-500 million clinical cases
each year;
• Leads to the death of over 700,000 children per
year under the age of five; and

est nations. The disease slows down economic
growth in Africa by an estimated 1.3 per cent each
year. If malaria had been eliminated some 35 years
ago, Sub-Saharan Africa's GDP would be 32 per cent

in high-risk areas, and 90 per cent of the infections

greater today, according to economists. Households
spend between US$ .39 and 3.84 per person in SubSaharan Africa to prevent and treat malaria. Most
importantly, malaria is preventing the improvement
of living standards of future generations and the

occur in sub-Saharan Africa. The African situation is

economic development of the world.

• Impairs the learning of as much as 60 per cent of

schoolchildren in endemic areas.
Some 40 per cent of the world's population live
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are transmitted to another person when the mosqui-

to feeds again. Once inside an individual, Plasmodium first
infects the liver and then invades the red blood cells. Some
parasites mature and are ingested by mosquitoes, thereby

continuing the infection cycle.

What are the Symptoms?
Malaria is characterised by recurrent attacks of chills, fol-

lowed by fevers and sweating. Its most common symptoms

Malaria's Long Legacy

are headaches, nausea and vomiting, pain, anemia, and con-

Malaria is believed to have originated in Africa, and spread

vulsions. If untreated, it can lead to coma and severe anemia,

through human migration to the Mediterranean shores,

which often results in death. Drug treatments are available,

India, and South East Asia. Lurking in the marshy swamps

but drug resistance is a major concern in endemic areas.

around ancient Rome, it derived its name from the Italian
"mal aria" or "bad air". It is also known as the "Roman fever".
Scientists discovered the cause of malaria in 1880: the
Plasmodium parasite. Some 18 years later they traced its transmission to the Anopheles mosquito. Once the cause was identified, a targeted battle was initiated and public measures introduced to ensure its elimination. In particular, during World
War II the application of the insecticide DDT and the drug

chloroquine were highly effective in combating the disease. A
far-reaching WHO programme, which combined insecticide
and drug treatment, resulted either in complete eradication in
many regions, or a sizeable decrease of infections.
But malaria made a resurgence in the 1960s, mainly due
to the resistance of mosquito strains to insecticides and the
parasite's resistance to chloroquine. In recent decades, the
expansion of irrigated agriculture in developing countries
provided new breeding sites for Anopheles mosquitoes and
aggravated the malaria problem.

How Do We Fight Malaria?
Numerous strategies have been applied to combat malaria:

traditional drugs such as quinine; insect repellents and
insecticides; more advanced drugs; vaccine research and
development; and improved mosquito control. But all have

come up short of success.
Quinine, extracted from the bark of the cinchona tree,

has been available since 1600. Chloroquine, the most popular drug until the mid-1990s, was particularly effective,
cheap to produce, and easy to administer with few side
effects. But, parasite resistance has emerged to chloroquine,
and other new drugs have proven only partially effective due
to parasite mutation and resistance. Thus, research continues to explore new drugs and control alternatives—including the nuclear-based Sterile Insect Technique (see pp.
12-15).
DDT was an effective for mosquito control during and
after World War II. But due to environmental concerns, its

What Causes Malaria?

application was banned widely. More recent insecticides

Malaria is caused by a parasite transmitted to humans

never matched DDT's effectiveness. Pyrethroid-treated bed-

through the bite of the female Anopheles mosquito. Four

nets—used to prevent contact between humans and female

strains have been identified, and the one responsible for the
most serious illness is Plasmodium falciparum.
When a mosquito takes a blood meal from an infected
person, it can ingest the parasites. These parasites reproduce
in the insect before moving to the salivary glands, where they

mosquitoes—have significantly reduced disease transmission. Research is being conducted to develop genetically
manipulated mosquitoes that are unable to transmit disease.
And development of a vaccine is on-going, although much
new research is still required.
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How Are Molecular Methods Used
to Fight Malaria?

providing reliable information on resistance levels,

Since 1997, IAEA TC has been working to enhance Member

treatment.

essential in identifying the type of drug required for

,....

Malaria will be

States' capabilities in controlling malaria through the appli-

cation of molecular and radioisotope-based techniques in

International Collaboration

eradicated only

detecting drug-resistant malaria. Already, Kenya, Mali,

Malaria will only be eradicated through joint

through joint

Sudan, Tanzania, Zambia and Uganda have used these tech-

efforts. The IAEA has established numerous

niques to identify parasite mutations for detecting resistance

co-operative activities with international and
regional programmes. These include the
WHO Roll Back Malaria campaign, the
Multilateral Initiative in Malaria and the East
African Network for Monitoring AntiMalarial Treatment. Clearly, accurate and
rapid surveillance for drug resistance is one

to chloroquine and Fansidar.
Monitoring of chloroquine and Fansidar resistance on a
large scale—previously impossible because of lengthy, man-

power-intensive and costly in vivo trials—is now feasible.
Sampling and screening of larger population groups will
provide more

reliable and timely information to national disease control
authorities, and enable them to devise sound control
measures and surveillance strategies.
In a new phase of activities, more African countries have
joined in the effort on an expanded scope. This includes:
• ensuring that the more advanced and experienced institutes support the less experienced ones in the region;
• supporting expanded surveillance
activities; and

efforts. The IAEA

has established
numerous cooperative links
with international

and regional

key to success in these efforts.
programmes.
"Malaria cripples people, rendering them
unable to work," says biomedical scientist Baldip Khan of the
IAEA. "It impacts the cognitive development of children, hindering their regular attendance at school. It even frightens
away tourist dollars. Thus, it is essential to strengthen global
and regional partnerships and to elicit contributions from the
private sector and NGOs to garner both the technology and
financial resources to effectively fight this killer." •

Alliance Against AIDS:

North America and Europe.

IAEA and WHO-UNAIDS

The new five-year joint endeavour will concentrate efforts in Africa through:
• Strengthening the capacity of selected laboratories, and funding the necessary equipment and
reagents;
• Training local scientists and technicians in the
relevant methodologies, including safe handling
of radioisotopes; and
• Participating in multi-centre collaborative projects with application in care, epidemiology,
public health, and vaccine development.

In late 2001, the IAEA began to identify areas where
nuclear medicine could make a unique contribution
to addressing the tragedy of the tragedy of AIDS
(Acquired Immune Deficiency Syndrome). The
nuclear potential was reviewed by the WHO-UNAIDS
AIDS Vaccine Advisory Committee, which agreed
that molecular biology techniques and radionuclide
tracers could add special value if used to monitor
HIV/AIDS, and could make a vital contribution to the
development and trials for a new HIV (Human
Immunodeficiency Virus)/AIDS vaccine.

The IAEA and WHO-UNAIDS will collaborate on
field trials for an HIV-1 vaccine-the best long-term
hope to control the AIDS pandemic, especially in
poor countries. Both research and clinical trials are
necessary, particularly on the HIV subtypes that are
prevalent in developing countries. This is critical
because vaccines under development for HIV strains
prevalent in Africa and Asia have not received near-

ly as much attention as those strains prevalent in
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The objectives of the five-year initiative are
three-fold:
• Monitoring the changing distribution of HIV-1
genetic subtypes and their recombinants;
• Monitoring the emergence of HIV-1 strains resistant to therapy; and
• Transferring and validating the technology to
assess immune responses to new
interventions/vaccines.
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Saving a Mother's Life:
Radiotherapy Offers Hope to
Women with Cancer
Awasa, Ethiopia. When the sickness
wouldn't go away and the bleeding
persisted, Genet Ashenafi, a 34-yearold Ethiopian mother of two, became

alarmed. At the regional hospital, in
Ethiopia's southern city of Awasa, her

v
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worst fears were confirmed. Four
months after she had first noticed
vaginal bleeding and a discharge she
was diagnosed with invasive cervical
cancer.
Genet felt her life collapse: in less than two years she

would probably be dead and the fate of her two sons left to

Cenet Ashenafi was suffering from cervical cancer, which

chance. She prayed and wept.

strikes Ethiopians at four times the rate of women in
industrial countries. Some 200,000 women in developing

countries die each year from the disease.
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In Ethiopia, cancer of the cervix—the mouth at the

entrance of the womb—is among the most common forms
of cancer in women. It is usually fatal because of late detection and the dearth of treatment facilities.
Cervical cancer mostly affects Ethiopian women over
30 years old and peaks in the 40-45 year old age group.
The rate at which it strikes is more than four times the average incidence in developed countries where routine screening, providing early detection, leads to usually simple and
effective treatment. An estimated 200,000 women in developing countries who die from the disease each year.
Breast cancer is most common in women worldwide, but
cervical cancer in disadvantaged women is almost as

In July 2001, Genet boarded a bus in Awasa, with her
teenaged son, and made the journey of about 300 kilometres

north to the nation's capital, Addis Ababa. She had been
referred by her local hospital to Dr. Bogale Solomon, director
of the Black Lion Hospital radiotherapy department.
The centre opened in 1997, a joint project between the
government of Ethiopia and the IAEA. Ethiopia is the poorest country in the world to introduce radiotherapy. In its first
four years the department has treated 1,300 patients and the
number of patients being treated is growing steadily.
Today is the seventh day of treatment in a 30-day course
Genet is receiving. Already the bleeding and the discharge
that alerted doctors to her condition has stopped. Yes, she

ATOMIC
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she's relieved that the symptoms are improving: she's feeling

more confident, less desperate.
Genet has joined a group of patients, mostly other
women, who attend the clinic daily as outpatients. These
patients are exposed to small doses of radiation, lasting one
to two minutes, a process known as fractionation, that best
spares healthy cells. The treatment entails directing multiple
beams of radiation from outside the body at the tumour in
the pelvic region. The radiotherapy machine being used is
Chinese made and its radioactive source is Cobalt-60, first
used therapeutically 50 years ago.
Genet was married when she was 12 years old. She had
her first child when she was 14 years old. Her chances of
being cured are good, says Dr. Bogale, an internist and
Ethiopia's sole radiation oncologist. "Although her disease
was too advanced to be operated on, she's an early case," he
explained. "The cancer hadn't spread (out of the pelvis)."
Women make up about
70 per cent of the patients at the centre, and cancer of the cervix is the
most common disease comprising
Because of late
over one-third of all female patients
detection and the
treated. The incidence of cervical
dearth of treatment
cancer is high all across sub-Saharan

prevalent, accounting for 17 per cent of all cancers.

N T E R N A T I O N A L

has an upset stomach and her appetite has decreased. But

Africa, where lifestyle is blamed for
its proliferation. The main factors
include trauma from repeated births
and poor hygiene linked to poverty.
Recently, the spread of HIV (the
virus that causes AIDS) has also
increased the risk of women getting

facilities, an estimated
200,000 women in
developing countries

die from cervical cancer
each year.

cervical cancer.
Unfortunately, many of the patients referred to the Black
Lion lab are not diagnosed until the disease is far advanced.

Nevertheless 50 per cent of patients treated there are still
alive four years after it began delivering treatment,
Dr. Bogale said.
Statistics reveal that the Black Lion radiotherapy department is a small beacon of light in a large and troubled sea.
Ethiopia has only one radiotherapy machine to serve a
population of 60 million plus. In Europe, there's one machine
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mated that over 2,1'
megavoltage teleth

py machines are c
rently installed in

With the incidence of cancer on the rise in develop-

developing counties.

ing countries, there is an increased demand for IAEA

This is significantly

assistance in the field of radiotherapy. Assistance

below the estimated current needs of roughly

through the TC programme includes the provision of

machines.

radiation sources and equipment, personnel training

While acquiring the necessary sophisticated

in medical physics and safety, and the establishment

equipment is important, the IAEA's Victor Levin

and proper maintenance of radiotherapy pro-

points to the even more critical elements,

grammes for cancer treatment. The IAEA has sup-

"Successful cancer treatment requires knowledge-

ported a number of countries in establishing their

able, skilled people operating well-calibrated

first radiotherapy centers. Over the last seven

radiotherapy equipment. Our assistance attempts

years, modern radiation therapy services have suc-

to provide a balance of all supporting elements

cessfully commenced in in Ethiopia, Ghana,

including the clinical, dosimetric, safety, and

Mongolia, Namibia and Uganda. Overall, it is esti-

maintenance."

for every 250,000 people. Addis Ababa alone has a popula-

pay nurses to look after the 20 beds with which the depart-

tion of about 3.5 million.

ment is outfitted.

"There is increasing recognition of cancer in developing
countries," says Victor Levin, head of the IAEA section of
Applied Radiation Biology and Radiotherapy. "Although the

spectrum of cancers in developing countries differs from
that in the more affluent world, the perception that there is

less chance of getting cancer in developing countries is proving increasingly false," Levin says.
Cases have risen from two million in 1985 to five million
in 2000 and are projected to reach 10 million in 2015. The
waiting list for treatment at the Black Lion clinic is lengthening. The department now remains open until 10 pm and treats

In Ethiopia, where disease runs the gamut from malaria,

to TB, and HIV, and cash is scarce, there are clearly conflicting priorities about the delivery of essential medical services. There are plans to install radiotherapy machines in
regional hospitals, including the new Mek'ele hospital in
northern Ethiopia to relieve pressure on the Black Lion's
operations.

52 people every day. Dr. Bogale is the only radiation oncologist

The IAEA's Levin says that the treatment of cervical cancer with radiation is among the oldest and most resounding
success stories of radiotherapy. "The number of machines
that provide the treatment across Africa nearly tripled in the
1990s, largely due to the successful transfer of technology by

in the department. He's had no holiday in four years.

the IAEA," Levin said.

Dr. Bogale continues to seek funding to expand the

National cancer control programmes, that offer preven-

Black Lion treatment capabilities. It has facilities for

tive and early detection, a modest mixture of treatments by

brachytherapy, a procedure that reduces side effects by
directing a large controlled dose of radiation from a device
inserted next to a tumour. But brachytherapy requires that
patients are admitted and there are not sufficient funds to

surgery, radiotherapy and chemotherapy, result in the cure of
45 per cent of all cancers in developed countries. It is a target
to which a developing country such as Ethiopia and the dedicated staff at the Black Lion Hospital can also aspire. •
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Measuring the Benefits of
Fortification: Thailand's Battle
Against "Hidden Hunger"

Institute. "It's our responsibility to develop creative and practical ways of addressing these problems through our

research and collaborative activities."
One way the Institute has been pursuing better nutrition
for all income groups is through fortifying foods that are

Bangkok. The Asian continent

staples in the Thai diet. Experiments in adding basic
micronutrients to various popular foodstuffs began in the
early 1990s, and a special public-private sector committee
was assembled under the chairmanship of the Ministry of
Public Health to facilitate the commercialization of the best
fortification formulas.
"Our initial work focused on triple-fortification of pre-

remains one of the world's largest
concentrations of poverty and
hunger. Yet some countries have

made remarkable progress in eliminating both protein and calorie malnutrition. Incomes and living standards across most of Thailand have
risen dramatically in recent decades,
and the protein-energy malnutrition
that was once widespread has been drastically reduced.
But that's not good enough to satisfy the dedicated staff
at the Institute of Nutrition at Mahidol University on the
outskirts of Bangkok. Leading scientists here are hungry for
new knowledge and technologies that can serve the battle
against "hidden hunger" for the benefit of Thais and
people across the developing world.
"We still have pockets of malnutrition and
micronutrient deficiencies in Thailand, especially
in the impoverished North and Northeast"

explains Professor Emorn Wasantwisut of the
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packaged instant noodles, because it is a "fast food" that
many Thais eat regularly—rich and poor alike," explains Dr.
Visith Chavasit, Deputy Director of the Institute. "We convinced several manufactures of the marketing value of noodle seasoning fortified with iron, iodine, and Vitamin A, and
they readily assumed the challenge of making their products
more nutritious. Now 60 to 70 per cent of all noodle packets
are triple fortified."
As any food chemist knows,
however, adding nutrients to a
foodstuff can alter the taste and
appearance and turn consumers
away. "When elemental iron was
added to the duck flavoured
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noodle sauce, it turned dark and made the taste

rather unpalatable," explains Dr. Chavasit. "We
continued our search for the best food source for
delivering essential micronutrients."
Adding complexity to the fortification process
is the key issue of "bioavailability"—that is what

portion of the additive is actually absorbed and

utilized by the human body. For example, there
are numerous forms of iron to choose from, and
scientists need to experiment with various

dietary combinations to see what forms are useful
from a nutritional perspective, are cost effective,

and remain appealing to consumers. For instance,
inexpensive elemental iron is absorbed at a 10 to 50 per cent
rate; while more costly ferrous sulfate provides iron than is
close to 100 per cent absorbed.

Scientists at Thailand's Institute of Nutrition are working
with private companies and the IAEA to introduce fish
sauce fortified with both iron and iodine. Above is Dr.
Visith Chavasit.

Beginning in 1999, the Institute researchers began collaborating with the IAEA through a regional project involv-

ducer with 40 years of experience. "We started working with

ing seven Asian countries, all involved in analyzing the

the Institute on sauce fortification almost five years ago, and

bioavailability of micronutrients supplied from fortified

now we're aiming toward commercializing the product with-

staple foods.

in a year," says Kawin Yongsawasdigul, director of marketing.

"Fish sauce is the most universal ingredient of Thai cui-

"The value of fortification is not well understood," he says.

sine," explains Dr. Wisantwisut. "We surmised that if we

"More public education is needed about nutrition. The pri-

could come up with the right formula for fortifying inexpen-

vate sector cannot do that job alone."

sive mixed fish sauce with iron and iodine, we would have
the right vehicle for improving the diet and

health of even the poorest Thais."
During the last two years, the Institute staff

has thus been experimenting with nine different
forms of iron fortificants in fish sauce. Testing
includes not only the taste and appearance of
the enhanced product, but also how it stands up
in real life settings. The Institute team prepared
and tasted some 1,200 local dishes to scrutinize

the improved sauces.
"The formula for fish sauce is centuries old,
and the product is manufactured by numerous
small and large companies," says Dr. Chavasit.

"We found four producers that were willing to
work along with us in the experimental phases.
One of those companies is Rayong Fish Sauce

Infant mortality has fallen dramatically in Thailand due to improved
child nutrition and health care. Isotope techniques are helping to

Industry Ltd., a family owned and operated pro- enhance understanding of nutrition in children and child-bearing women.
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"Squid Brand" fish sauce is the second most popular
sauce in Thailand. It's maker, the Thai Fish Sauce Factory, has
also gotten involved in the Institute's pioneering research.
"This kind of fortification is new for us and very good for
the Thai people," says Ms. Poraya Jiramongkollarp, the assistant managing director. "We are getting excellent technical
support and co-operation from our colleagues at Mahidol."

iron deficiency anemia. "What might take years to learn by
observation can be achieved in weeks using isotopes," says
Dr. Wisantwisut. "Policy people don't want to hear 'Maybe'
when they ask a scientific question. Using isotopes, we'll
soon be able to give them answers with assurance."
The collaborative work of the Institute of Nutrition and
the IAEA has captured the attention of the Asian Development

But the proof is in the pudding—or in this case, the
sauce. The final measure of which formula is most nutrition-

Bank (ADB), which is already helping some 14 Asian nations
to use combinations of fortification and bio-fortification to
meet both macro- and micro-nutrient needs. As ADB's Dr.
Joseph Hunt explains, "We are inviting the IAEA to join the
ADB food-based regional projects as an advisor and partner;
that will open up new possibilities of using stable isotopes to
measure nutrient content of all processed foods and biofortified seeds for rice, wheat, and other staples; and will aid
in the burgeoning biotechnology industry. The nutrient pathway analysis is IAEA's special contribution to the ADB efforts
in the region, and ADB in turn needs a partner that can create
analytical skills and methods here in the region." •

ally effective will launch the Institute into a new phase of
its research.

"Our tests on human subjects will measure the bioavailability of iron in the best fortificants for fish sauce," says Dr.
Wisantwisut. "It will be the first time that we've worked with
stable isotopes as tracers," she explains. "We are truly excited
about acquiring these new capabilities as isotopic analysis is
really the state-of-the art in our field."
The trials will be conducted on women of childbearing
age, the segment of the population that is most vulnerable to
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Making Thai Food Safe and
Marketable Worldwide
Technopolis Park, Thailand. Located within a
futuristic industrial park on the outskirts of ;
Bangkok, the Thai Irradiation Center (TIC) is |
buzzing with people and vehicles in the early!
morning hours. Boxes of spices, surgical glov
onions, dried papaya, pet food, and a curiousj
locally-made sausage are stacked inside and

"Lots of people were consuming Nham an
getting intestinal illnesses," explains Mr. Pravait
Keawchoung, the General Manager of the TIC.B
"With a small exposure to gamma radiation, M

these sausages are now safe for consumers to eat \
for weeks."
The sausages are a delicacy in Thailand made
from fermented, uncooked pork and wrapped up

An uncooked, fermented pork sausage called
"Nham" is irradiated to render it safe for consumers at the Thai irradiation Center near Bangkok,

in a banana leaf. They are a gastroenterologist's
worst nightmare.
"The potential for bacterial contamination in

"The private companies visit us often to learn
from our operational experience in irradiating

Nham was so high that we considered it a public

different products," says Mr. Keawchoung. "We

health imperative to do something," explains

provide them with all sorts of technical assis-

Paisan Loaharanu of the IAEA Food and

tance for free. That's how we're promoting this

Environmental Protection Section. "Irradiation

beneficial technology."

provided us with a safe, clean, and

Thailand is hardly alone. Many developing

efficient means to render this product safe for

countries—including Brazil, China, Chile, Mexico,

Thai consumers."

and South Africa are using irradiation to control

The TIC has been sterilising large volumes of

pathogenic bacteria and parasites in food prod- '

Nham and other food and medical products for

ucts. Several large commercial irradiators are

more than a decade. It was established as a

under construction in the USA for treating meat

demonstration project with grant support from

products-in particular, poultry and hamburger.

the Canadian International Development Agency
(CIDA) to the Thai Office of Atomic Energy for
Peace (OAEP), which operates the facility.

The strategy has proved successful: several
competing irradiation facilities have been estab-

For more information, see the web site of the

lished by private operators in the Bangkok metro-

International Consultative Group on Food

politan area.

Irradiation: www. iaea.org/icgfi
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New Tools for Environmental Management

T

he economic costs of environmental degradation are

demanding access to the essential scientific tools to take

rising dramatically in the developing world and now

actions to address these pressing environmental concerns.

surpass 5 per cent of GDP a year in some countries.

From the Black Sea to the tropical reefs of the

The seas and oceans that provide so much of the food sup-

Philippines, the IAEA has been building new partnerships

plies and incomes for millions of people are increasingly

with governments and international organizations to carefully assess and plan environmental mitigation through the

threatened with pollution from numerous sources.
Coral reefs so vital to coastal ecosystems throughout the

application of nuclear techniques. These range from using

world are under assault: nearly 60 per cent are at risk from

isotope tracers to disclose the sources, movements, and con-

human activities; and half of all reefs are at high or very

centrations of dangerous pollutants, to introducing advanced

high risk. The reefs of Southeast Asia—the most species-

techniques for detection of toxins in marine shellfish and

diverse in the world—are also the most threatened. Reefs

predicting the occurrence of toxic algal blooms.

are being destroyed directly through over-fishing and haphazard coastal development. They also suffer from removal
of coastal mangroves, industrial and agricultural pollution,
and even aquaculture.
Some of the world's largest inland seas are also threatened by contamination from many sources. Little more than
a decade ago, the Black Sea was declared nearly dead and
was labeled the "toilet bowl for half of Europe." The Sea's

environment had deteriorated in terms of its biodiversity,
habitats, recreational value, and water quality. Its fish supply
had been plundered and it had become a dumping ground
for solid and liquid waste.
The health of our seas and oceans stands at the very center of the Earth's ecological balance. Almost all life forms
depend on the oxygen they generate, and the delicate oceanatmospheric energy balance—and with it global warming—
may be irreversibly affected. These issues are currently being
addressed by the international community through Agenda
21 and further debated at the World Summit on Sustainable
Development (WSSD). Many IAEA Member States are

Nuclear science and technology is making important
contributions to improved marine environmental
management.
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A massive fish kill resulted from an algal bloom near the
shores of Bolinao, a major fishing town on the west coast
of Luzon.

her team at UPMSI went to work quickly analyzing water and shellfish samples in their laboratory in Quezon
City. Within a few days, and thanks to a powerful microscope
provided by the IAEA, they were able to inform the concerned

public that a phytoplankton, Prorocentrum minimum, was the
source of the bloom. While it had helped kill a lot of fish, it

posed no danger of toxic effects on humans.
While that was good news to seafood consumers in the
Philippines, the incident points to a much more extensive set
of environmental problems that are not about to go away. With
more than 7,000 islands spread across thousands of square
kilometres of tropical seas, the Philippines is a fisherman's
wonderland — and an ideal location for aquaculture, the cultivation of seafood in artificial environments. Indeed,
Philippine fisheries production surpassed the 3 million metric
tonne mark in 2000, and aquaculture growth represented the
most dynamic subsector surging at 10.6 per cent annually.
But along with the growth of coastal aquaculture over the
past two decades, the incidence of "red tides" like the one in
Bolinao and toxic algal blooms causing PSP have been on a

Getting to the Bottom of
Algal Blooms: Nuclear Methods
Target Toxins
Bolinao, Philippines. Suddenly, in the

early days of February 2002, milkfish

started floating to the surface of the
clouded ocean waters. Hundreds of
tonnes of milkfish (locally known as

bangus) valued at tens of US$ millions
were dying in their cages and traps,
and beginning to decompose en mass

on local beaches. The coastal town of
•*
Bolinao in western Luzon—one of the
principal sources of fresh seafood for Metro Manila—was
rapidly turning from prosperity to an economic and environmental disaster area. The Bolinao Municipal Council declared
the town under a state of emergency.
"We knew that the heavy concentration of aquaculture in
the area made it extremely vulnerable to an algal bloom at
some point," says Professor Rhodora Azanza of the Marine
Science Institute of the University of the Philippines (UPMSI).
"But the severity and magnitude of the fish kill was nearly
unprecedented, and the nature of the phytoplankton bloom
causing all the damage remained a mystery"
It was critically important to find out. Some algal blooms
are laden with a toxin that can concentrate in mussels, clams,
and other shellfish and be lethal to consumers. Scientists call
these varieties Harmful Algal Blooms (HABs). One health
condition they can cause is paralytic shellfish poisoning
(PSP), characterized by death from respiratory arrest. Dr.
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rapid rise. There are now 17 coastal areas across the country that
are known to have been affected by an algal agent known as

Pyrodinium bahamense var. compressum, and some 1,800 cases
of PSP have been reported and over 1 10 deaths over the period.
The government agency in charge of tracking HABs is the

Philippine Bureau of Fisheries and Aquatic Resources (BFAR),
which has established monitoring stations
across much of the country and a central
laboratory to conduct toxic testing of water
and shellfish. According to BFAR's senior
aquaculturist, Fe Bajarias, who now heads
an inter-agency National Red Tide Task
Force, "Our labs are constantly monitoring

Laboratories throughout Southeast Asia
still rely on the "live mouse bioassay"
to test for toxicity in shellfish.
Alternative nuclear methods are more
accurate and cheaper and will soon be
adopted in the Region.
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Researcher Iris Baula of
the Marine Sciences
Institute gathers water
samples in Manila Bay
using equipment supplied
by the IAEA. The

Institute is tracking the
history of algal bloom
incidences in the Bay
in order to better forecast and prevent new
occurrences.

to ensure safety for the public. Due to potentially harmful

algal blooms, we currently have placed three coastal areas
under a complete shellfish harvesting ban. Our warning system is working, but our methods of testing and analysis
would benefit from more advanced knowledge and testing
technologies."
BFAR's shellfish testing laboratories rely on a tried and
true—if slightly primitive—technique, injecting lab mice
with the suspect shellfish toxin concentrate and measuring
how long it takes for the mice to die. The "live mouse bioassay" method has been employed throughout the Asia-Pacific
region for decades, even though its level of specificity in toxin
determination is mediocre at best.
"The mouse bioassay is very imprecise, and the fishermen
complain that harvesting bans are imposed even though their
products are perfectly safe to consume," explains Elvira
Sombrito, chief of Chemistry Research at the Philippine
Nuclear Research Institute (PNRI)."The Philippines has had
more than half of all the HABs occurrences throughout the
whole region in recent years. It's clear that we need more thorough and accurate, and more humane means for determining
which samples are safe and which are toxic to humans."
Since 1997, an IAEA TC project has been working to
transfer a more scientifically advanced and precise method—

the receptor binding assay technology—to assist the government in evaluating shellfish toxins resulting from increasingly
frequent toxic "red tides."
Ms. Sombrito's views are given even more credence by
those of Elmeterio Hopio, President of the Paranague
Fisherman's cooperative on the southwestern shore of Manila
Bay. Mr. Hopio's cooperative of 81 boat owners is the biggest
source of fresh mussels for Metro Manila consumers. "The
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testing and information from the government is not very good
or reliable," says Mr. Hopio. "Most of our members are very
leery of their results. The United Nations could really help us
if they would work with BEAR to make the shellfish testing
more accurate and reliable."
That's precisely what the UPMSI has set out to do, in collaboration with PNRI, BFAR, and the IAEA TC programme.
"HABs is an environmental problem that has emerged
rapidly with the growth of the aquaculture industry, and all
indications are that it is only going to get more dramatic over

time," says UPMSI expert Rhodora Azanza."We owe it to
Philippine and overseas consumers to provide the most accurate evaluation of any safety hazards in our seafood products.
Our eventual adoption of the receptor binding assay technique using a tritium labeled saxitoxin is the very best way to
ensure that."
PNRI and UPMSI have been making excellent progress in
adopting the new method, and are already providing backup
testing and analysis for the conventional laboratories operated
by BFAR. "We're still in the experimental phases of adopting
this advanced approach," says Professor Azanza."But within a
few years, we expect that the nuclear technique will assume
the lead role in ensuring safety for the public."
Improved testing can deliver immediate results in terms
of reducing human poisonings and lingering consumer
uncertainty after a major HAB incident. Obviously, it will take
far more than just better technology to bring the Philippine
aquaculture industry into a more sustainable balance.
"Devastating incidents like the one in Bolinao can occur
because local governments are charged with regulating their
local economies and marine environment," explains Sandra
Arcamo, chief of fisheries resource management at BFAR. "We
can provide the essential technical expertise, but it is up to the

local authorities to properly implement the mandated environmental plans."
Intensive media coverage of recent fish kills and a more
focused policy dialogue at the national level are beginning to
question some aquaculture production methods that are currently widespread—such as fish cages and traps in high concentrations combined with heavy inputs of artificial nutrients.
Clearly more ecologically sound methods will need to be iden-

tified if coastal peoples of the Philippines are to make a living
from the sea on a sustainable basis. •
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The Black Sea-the major natural and economic resource for over 160 million people-

Black Sea basin contributed to its

was declared nearly dead a decade ago. The

near-demise; but the damage has

Washington Post labelled it "the toilet bowl
for half of Europe." Today, all countries
sharing the Black Sea have joined a UN-brokered accord and, together with a multitude
of donors, launched a rescue mission. Among
the partners is the IAEA, which is helping to
develop local capabilities and providing
support, through TC projects, in the use of
various nuclear techniques to analyze contaminants and increase understanding of the
Sea's critical problems.

been most seriously felt by the six

All 17 countries comprising the

surrounding countries—Bulgaria,
Georgia, Romania, the Russian
Federation, Turkey and the Ukraine.
Pollutants, including agrochemi-

cals, toxic metals and radionuclides,
made their way into the sea either
through the atmosphere or river dis-

charges. Increased nutrients caused

an overproduction of phytoplankton,

which block the light reaching the sea
grasses and algae. Industrial activity,

Helping to Save the Black Sea

mining, shipping, and offshore oil
and gas exploration further contributed to the sea's destruction.

The Black Sea once supported a rich and diverse marine life.
Coastal inhabitants prospered from abundant fisheries, and

Some countries dumped solid waste
into the sea or onto wetlands. Urban

millions of visitors were drawn by its beauty. But by 1990, the
Sea's environment had deteriorated in terms of its biodiversi-

areas flushed untreated sewage; and
poor planning destroyed much of the

ty, habitats, recreational value, and water quality. Its fish sup-

aesthetics of the coastlines. The Chernobyl accident also

ply had been plundered and it had become a dumping ground
for solid and liquid waste.

aroused concern regarding radionuclides and their bioaccu-

mulation characteristics.

The Black Sea is widely recognized as one of the
regional seas most damaged by human activity.
Almost one third of the entire land area of conti-

nental Europe drains into this sea. It is an area that
includes major parts of 17 countries, 13 capital
RUSSIA

cities and some 160 million persons. The second,
third and fourth major European rivers, the Danube,

Dnieper and Don, discharge into this sea, while its
only connection to the world's oceans is the narrow

ROMANIA
*~——->

>BULGARI/«

Bosphorus Strait. The Strait is as little as 70 metres

deep and 700 metres wide but the depth of the
Black Sea itself exceeds two kilometres in places.
Contaminants and nutrients enter the Black Sea
mainly via river run-off and by direct discharge from
land-based sources.
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The IAEA has supported over 50 research cruises throughout the Black Sea, including two multinational scientific
cruises, to gather information about the sea's environmental status. Radioactivity was the main focus of investigation.
In addition, complex marine pollution studies were carried out using both non-nuclear and nuclear techniques.

These problems were compounded when several jelly-

established as a three-year initiative in 1993 with US$ 9.3

fish-like species accidentally slipped into the Sea sometime in

million funding from GEF and collateral funding from the EU,

the 1980s. The new species thrived, devouring fish eggs and

Netherlands, France, Austria, Canada and Japan. Its objectives:

other tiny animals that small fish feed upon, and were multiplying at a monstrous rate.

create and/or strengthen regional capacities for managing the
Black Sea ecosystem; develop and implement an appropriate

policy and legal framework for the assessment, control and

Forging an Environmental Partnership

prevention of pollution, and the maintenance and enhance-

In 1992, representatives of the six Black Sea countries drafted
the "Convention for the Protection of the Black Sea Against

ment of biodiversity; and facilitate the preparation of sound
environmental investments.

Pollution" with help from the international community. The

The BSEP provided the context for environmental assess-

Convention includes three specific protocols aimed at: control-

ment and capacity-building activities. As with most problems

ling land-based sources of pollution; curbing the dumping of

related to water and marine pollution, isotopic investigations

waste; and forging joint actions in the case of accidents (e.g.

were essential to diagnose the underlying cause. Assistance

oil spills). To launch environmental protection activities and

from the IAEA was provided through its Marine Environment

develop a longer-term Action Plan, the riparian countries
sought support from the Global Environment Facility (GEF),

Laboratory in Monaco (IAEA-MEL), to backstop pollution

a special fund established in 1991 and managed by UNDP,

countries in applying nuclear and isotopic techniques to

UNEP and the World Bank.

analyse and monitor the Sea.

The Black Sea Environment Programme (BSEP) was

assessment work and build capacity among participating

Scientific institutions in the region needed new facilities,
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know-how and quality control mechanisms. Therefore, the

programme during 1994-2001. As radionuclides are also use-

BSEP pollution monitoring programmes encompassed both

ful for assessing the fate of pollutants and understanding

targeted research and capacity-building. Among six priority

marine processes, the project also has enhanced capabilities
to use isotopic tools to investigate marine phenomena.
A special pollution monitoring group issued a comprehensive review that has served in identifying problems requiring immediate action and for the design of long-term monitoring programmes. Toxicity in the Black Sea poses a rising
threat to the health of people dependent on its water
resources. Waterborne diseases are common all along the
Black Sea coast and outbreaks of cholera have caused beaches
to be closed in numerous locations.
The GEF-BSEP analysis includes land-based pollution
sources in each coastal country and identifies "hot spots"
which are contributing to negative
effects on human health, ecosystems,
The IAEA provided
sustainability and the economies.
scientific support for
More than 60 plant and animal
research and capacity
species essential to the Black Sea
ecosystem, including dolphins and
building in both
seals, are endangered or nearly
radioactive and nonextinct, as well as 13 types of comradioactive pollutants
mercial fish encompassing many
species. Wetland communities, home ,
to over 2,000 species of plants, invertebrates, amphibians, reptiles, birds and mammals, are also endangered. Overfishing
has depleted the Sea's fish. The annual catch value for the fishing industries declined by at least US$ 300 million between
the 1980s and 1990s.

activities pursued by BSEP, two Pollution Monitoring pro-

grammes were established and a Working Party helped to co-

ordinate the first regional assessment of land-based sources of
pollution. It also teamed up with the WHO to conduct a
regional survey of beach and bathing water quality.
In the early 1990s, the
Black Sea was labelled
"the toilet bowl for half
of Europe." Its fish supply
had been plundered and
it had become a dumping
ground for solid and
liquid waste.

Radionuclides and environmental isotopes can be used as
tracers for assessing the behaviour of contaminants, for evaluating trends in radioactive pollution and in studying physical
circulation and eutrophication processes. IAEA thus began to
play a critical role in the two pollution monitoring programmes, through several activities implemented for the GEF
and the European Union (EU). In addition to joint investigations, IAEA provided technical and scientific support for
research and capacity building in the Black Sea region concerning both radioactive and non-radioactive pollutants
through two projects: a Co-ordinated Research Programme
helped set the stage for co-operative scientific work and to
provide training; and an IAEA TC project, which is building
capacity in radionuclide measurement and radioisotope
assessment techniques.

Identifying Pollutants:
Non-radioactive and Radioactive
The IAEA launched a TC Project, "Marine Environ-mental
Assessment of the Black Sea", which supported a regionally

The Black Sea Can Be Saved
The BSEP has served as a call to action and provided a basis

for planning strategies. In 1996, the Environment Ministers
from the six countries endorsed the Black Sea Strategic Action
Plan, the most comprehensive programme ever undertaken to
save one of the world's most polluted seas. "Black Sea Day"
was declared in all six countries.
Now armed with the factual basis for understanding the
demise of the Black Sea, the participating countries are better
equipped to co-operate and design effective countermeasures.
The diagnostic component of the BSEP is thus expected to
yield immense impact on the region's future.

co-ordinated marine radioactivity monitoring

I N T E R N A T I O N A L

A T O M I C

E N E R G Y

A G E N C Y

S C I E N C E

The Black Sea monitoring system got underway in 1997.
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The GEF launched the Black Sea Nutrient Reduction

Two international scientific cruises were organized by the

Programme in 2001 with two components. The first is a

IAEA in 1998 and 2000 to investigate marine pollution and

Strategic Partnership with the World Bank, which is preparing

foster regional collaborative research. Over 30 scientists from

country investment projects aimed at nutrient reduction. The

all six Black Sea countries participated, and 14 institutes con-

second component includes regional activities for the Danube

tributed to the joint assessment.

and the Black Sea supporting capacity building and policy, legal,

Capacity-building along with targeted research continue
to be top priorities for the IAEA and inter-agency support.

and institutional reforms aimed at nutrient reduction.
The IAEA is planning for further assistance to riparian

Joint sampling missions between the IAEA and other BSEP

countries in carrying out their Black Sea Strategic Action

contributors are being planned within the framework of the

Plan. After almost a decade of concerted actions, evidence is

"mussel watch" programme. A second inter-agency agreement

emerging that the tide is beginning to turn.

was signed between IAEA and UN Office of Project Services

"Recently, slight improvements in the Black Sea ecosystem

in 1998. The same year Environment Ministers of all Black

—like observation of biological species that were almost

Sea countries met to endorse the IAEA's Black Sea pro-

extinct, fewer algae blooms—were reported," says Ms. Sema

gramme.
The coordination of environmental programmes received

Acar, Coordinator of the GEF BSEP Implementation Unit.

additional momentum with the establishment of the Black

and non-governmental organisations are making a difference.

Sea Commission's Permanent Secretariat in the year 2000.

Saving the Black Sea is in progress." •

"The concerted actions of governments, investors, businesses

Efforts to dean up the Black Sea have brought together six countries under the Black Sea Environment Programme,
sponsored by the CEF and the IAEA.
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Strengthening Nuclear Safety and Security

"The tragic terrorist attacks on the United

to prevent illicit trafficking in radioactive materials—espe-

States were a wake up call to us all. We

cially at major border crossings in Eastern and Central

cannot be complacent. We have to and will

Europe and the former Soviet Union. IAEA has established

increase our efforts on all fronts—from

advisory services to help Member States assess the effectiveness of national radiation safety and physical protection systems. Since 1999, the IAEA has worked through the technical
co-operation programme to enhance the safety of ageing
research reactors and spent fuel storage in CIS and Eastern
and Central European countries to reduce the risk of accidents and to improve security. Moreover, the IAEA has
recently launched new initiatives aimed at helping Member
States bolster both the security and safety of potent radioactive sources—in particular recovering, securing and recycling so-called "orphan sources" throughout the former

combating illicit trafficking to ensuring the
protection of nuclear materials—from
nuclear installation design to withstand
attacks to improving how we respond in
nuclear emergencies."
IAEA Director General, Mohamed ElBaradei

T

he IAEA has a long and successful track record in
promoting the safe application of nuclear science
and technologies in its Member States. But the

possible theft or illicit movement of nuclear materials or
radioactive sources by terrorists and those who would
co-operate with them has recently emerged as a grave
concern that warrants the highest priority of the international community.
Responsibility for controlling the use, storage, and transport of nuclear materials and radioactive sources rests
exclusively with national governments. The Convention on
the Physical Protection of Nuclear Material was negotiated
under IAEA auspices, and has 71 States Parties. It obligates
Parties to protect nuclear material for peaceful purposes
while in international transport, but does not pertain to protection of materials in domestic use, storage, and transit.
Since the mid-1990s, the IAEA has launched several
regional technical co-operation activities to help countries

Soviet Union.
The international community has recognized the terrorist threat and IAEA Member States are responding to calls
for action. Clearly, far more remains to be done to ensure the
security and safety of nuclear facilities and materials worldwide. But the following reports demonstrate that with the
right combination of political will, technical expertise,
international co-operation, and financial resources, sizeable
advances can be made in preventing nuclear materials,
facilities, or weapons from falling into the wrong hands.

improve both their physical protection and enhance efforts
(Left) The security of nuclear facilities around the world
has risen rapidly to high priority for the IAEA and its

Member States since the terrorist attacks on New York
and Washington, D. C.
(Right) Security is tight at the Temelin nuclear power

plant in the Czech Republic, where security personnel
check a vehicle at the entrance.
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Combating Illicit Trafficking

It's only a training exercise, but
one that could prove critically impor-

Nicklesdorf, Austria. A silver station wagon bearing

tant at any of the scores of major

Hungarian plates glides slowly through an Austrian Customs
checkpoint at this bustling border crossing. Inside the
Customs office, an alarm buzzer sounds immediately—some
type of powerful radiation is being emitted from the vehicle.

boundary crossings between Central
and Eastern European countries.

According to the IAEA's Illicit trafficking database, more than 500 incidents

of attempted nuclear smuggling have
been uncovered over the past decade.
Most have occurred in the European
region, where civilian and military nuclear facilities, materials, and radioactive sources are a regular facet of
everyday life.
The hands-on training course has attracted dozens of
customs agents and officials from more than 10 countries in
Eastern and Central Europe. They're learning how to handle
the advanced detection equipment, and what exactly to do to
protect themselves and the public if radioactive materials turn

More than 70 States have joined with the IAEA to collect
and share information on trafficking incidents and other
unauthorized movements of radioactive sources and
materials. The IAEA is helping to train customs agents in
uncovering radioactive materials that smugglers attempt
to move across international borders.

Customs agents stop the vehicle and confront the driver.

up in a car or truck at their duty station. The special courses
has been organised by the IAEA through its TC Programme in
co-operation with Interpol and the World Customs
Organization (WCO).
Responsibility for controlling the use, storage, and transport of nuclear material and radioactive sources rests exclusively with national governments. But since the mid-1990s,
IAEA TC has launched several regional efforts to help
European countries improve their physical protection systems
and bolster their efforts to prevent illicit trafficking in
radioactive materials—especially at major border crossings.
The potential for smuggling large quantities of weaponsusable material may be low, but trafficking of even small
quantities of such material warrants attention since they
might actually be samples of larger quantities available for
illicit trade. Moreover, illegal movements of radioactive mate-

They begin scanning his body and the car with hand-held

rials have resulted in fatal radiation exposure to individuals,

radiation detectors. Within minutes, a concealed container

and thus constitute a very serious threat to public health.

holding a sizeable quantity of Caesium 137 is discovered in

"The trafficking problem is complex and requires multi-

the vehicle's rear compartment. The driver is arrested and the

ple actions at several levels," explains Massoud Samiei, Head

radiation source is quickly contained for further evaluation.

of the IAEA's TC European section. "The first priority of

A potential smuggler of radioactive material has been foiled

responsible authorities must be to prevent the removal of

through a combination of modern detection technologies and
professional vigilance.

nuclear materials and radioactive sources from their authorized locations. The second priority is to adequately detect
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State is contacted to request confirmation or clarification.
Between 1993 and mid-2002, the database

One component of IAEA efforts to ensure nuclear

recorded 660 incidents, 442 of which were con-

material security is the Illicit Trafficking Database

firmed by States. Of the 191 confirmed incidents

Programme (ITDP), designed to keep track of inci-

that involved nuclear materials, about 10 per cent

dents of trafficking in nuclear materials and radioac-

involved highly enriched uranium (HEU) or plutoni-

tive sources. ITDB assists Member States by alerting

um, about one-third involved low-enriched uranium,

them to current incidents, by facilitating the

and the remainder involved natural uranium,

exchange of reliable information about incidents,

depleted uranium, or thorium. In most cases where

and by identifying common trends that might assist

HEU or plutonium was involved, the quantity of

in stemming the flow of illegal movements.

material was small compared to the amounts

Over 70 States have joined the ITDB since it was
launched in 1995. Reporting states can designate

required for a nuclear explosive.
Trafficking in nuclear material and other

what information may be shared with other states

radioactive sources is a global concern, with con-

and what may be shared with the public and mass

firmed incidents recorded in more than 40 coun-

media. Where information about a possible incident

tries on six continents. The majority of confirmed

comes from the news media or other open sources,

incidents involving nuclear material have occurred

it is evaluated and then, if warranted, the relevant

in Europe.

and respond to incidents of trafficking which nevertheless

a technical co-operation course conducted in Russian at

occur." Putting a halt to trafficking is not just complex; it

Obninsk in the Russian Federation.

requires financial and human resources: well-trained person-

"In developing a comprehensive programme for improved

nel, good management, advanced equipment and facilities,

physical protection and prevention of illicit trafficking in the

and a tight system of accountancy and control—very scarce

European Region we've been working with a whole new con-

and costly factors in the transition economies of Eastern and

stituency. Our new partners include customs officials, finance

Central Europe.

and revenue departments, and even environment ministries,"

Such specialised training has been very well received and

explains Mr. Samiei of the IAEA. "We are trying to achieve the

is expanding in both scope and participation. National train-

right balance between enhancing the human capacities

ing courses in combating illicit trafficking have already been
conducted in Azerbaijan, Belarus, Kazakhstan, and Ukraine.

through education and hands-on training, and making necessary improvements in the physical infrastructures that guard

More than 50 participants from 24 Eastern European and

nuclear facilities and radioactive sources."

Central Asian nations— from Albania to Uzbekistan—

IAEA has established advisory services to help

received training in the operation of Hand-Held Isotope

Member States assess the effectiveness of both national

Identifiers at technical workshops held in Vienna, Austria and

physical protection and radiation safety systems. At the

Ohrid,FYR of Macedonia in 2002. Another 21 participants

request of Member States, IAEA arranges reviews by

working at nuclear power plants, research reactors and other

experts, such as the International Physical Protection

nuclear facilities in eight countries received practical training

Services (IPPAS) missions (see box p. 46). It provides peer

in the fundamentals of physical protection systems as part of

reviews in related areas such as regulatory or control
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infrastructures, and also supplies expert technical advice

"Physical Protection of Nuclear Material and Nuclear Facilities"

on the required upgrades.

(INFCIRC/225/Rev.4) in 1999. One major innovation in these

Despite these recent efforts, sizeable deficiencies remain in
the legal, administrative, and technical arrangements for controlling nuclear materials and radioactive sources in many
countries of the European Region and beyond. The complex of
measures for safety, security, physical protection and accoun-

recommendations is the importance attributed to the creation
and operation of a "design basis threat" (DBT) in implementing
national physical protection programmes. The DBT Process
helps States to define the characteristics of potential adversaries
who might attempt unauthorized removal of nuclear materials
or sabotage. The IAEA recommends development of a DBT for
all its Member States to strengthen the effectiveness of their
physical protection systems, and offers workshops in defining
and implementing a DBT to protect a State's system of nuclear
facilities. •

tancy and control (including trans-border movements) and the
requirements for an adequate legal framework are being
addressed through this training project and several other complementary TC projects in Europe.
The IAEA published a new policy guidance concerning the

Meeting Basic Safety Standards
Worldwide

tion and control of radiation sources in operation;

Running parallel to IAEA efforts to enhance security

and less than half had fully adopted regulations.

have been major initiatives in all developing regions

Obviously, sizeable deficiencies remain in the legal,

to improve the regulatory framework for radiation

administrative, and technical arrangements for

protection in Member States. This entails establishing

controlling radioactive sources in many European

effective regulatory mechanisms for the control of

countries.

participating countries had a system for authoriza-

The IAEA has taken the leading role in the United

radiation sources, harmonizing regulatory controls,
and establishing national programmes for occupation-

Nations system in establishing standards of safety,

al radiation protection in compliance with the inter-

the most significant of which are the BSS and the

national Basic Safety Standards (BSS).

more recent "Code of Conduct on the Safety and

Five regional Model Projects, including 11 coun-

Security of Radioactive Sources." These guidelines

tries in Europe and 52 countries overall were imple-

promote consistent international approaches to radi-

mented between 1996

ation protection, safety, and security. The Code was

to 2000 and have significantly

strengthened the radiation safety infrastructures so

published prior to the events of 11 Sept. 2001,

and it

that they can comply with the international protec-

is to be reviewed in 2002 to determine how it can be

tion standards. Key milestones were established to

enhanced with regard to security. The status of the

indicate full compliance with these requirements:

Code is also being reviewed, as some Member States

Milestone 1: Establishment of a regulatory framework

have called for an internationally binding instrument

Milestone 2: Establishment of occupational exposure control

on the Safety and Security of Radioactive Sources.
The IAEA has categorized radioactive sources to

Milestone 3: Establishment of medical exposure control
Milestone 4: Establishment of public exposure control

identify those types that require particular attention

Milestone 5: Establishment of emergency preparedness and

for safety and security reasons. The IAEA is also

assisting countries in responding to emergencies

response capabilities
A December 2001 progress report on the status of

involving radioactive sources that may cause deaths

the projects revealed that Milestones 1 related activ-

or injuries or be security problems. Recent incidents

ities were well underway: 77 per cent of the coun-

have resulted in intensified efforts to address these

tries had promulgated laws and established a regula-

problems and ensure the application of international

tory authority; about 80 per cent had an inventory

standards on radiation safety and security developed

system in place and operational. But only half the

by the IAEA and partner organizations.
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priority basis, especially concerns about ageing materials and

equipment. The technical co-operation activities are focused
on three key objectives:

There are hundreds of "research reactors" in countries

• Enhancing the safety of ageing reactor facilities and spent

throughout the world. Many of these reactors are old, obsolete,

fuel storage, including support for the return of fuel to the

inoperative, or in need of repair. In some cases, stocks of spent

country of origin, thereby reducing the risk of accident

fuel are stored in an insecure manner. In other instances,

and improving security;

spent fuel has been building up for years with few opportuni-

• Correcting institutional shortcomings through training

ties for disposal. Some of these reactors are still fueled with

and guidance, and provision of limited monitoring equip-

highly enriched uranium (HEU), a key ingredient for assem-

ment in chronic cases; and

bling a nuclear weapon.
Construction of nuclear research reactors reached a peak
some 30 to 40 years ago. They were built for strategic purpos-

• developing long-term measures for achieving an improvement in safety, security, and exploitation of all research
reactors and creating a common safety culture.

ing isotope production. In many cases, few provisions were

"Most of the research reactors in question are equipped
with obsolete instrumentation," explains lain Ritchie of the

made for monitoring the effects of ageing or end-of life

IAEA Nuclear Fuel Cycle and Materials Section. "Since many

decommissioning and decontamination.

reactors are of similar age, they also present similar ageing

es related to nuclear power, research, and applications includ-

Only a small fraction of the reactors still in operation are

concerns. One key challenge is to identify generic solutions to

genuinely needed for research, training, or isotope production.

common problems—most operators are faced with the seri-

As a recent Harvard University analysis concluded:

ous problem of what to do with large quantities of spent fuel,

"An international effort should be put in place
to help countries assess the real benefits and
dangers posed by their research reactors, and
assist in shutting down and decommissioning
those facilities where the benefits no longer
outweigh the costs and risks."
From a safety perspective, reactors in three priority
groups are a particular concern:
• Reactors that have been shut down for more than a year

with no plans for decommissioning and decontamination;
• Reactors or spent fuel storage pools housing leaking fuel
assemblies or exotic fuels that require special management; and
• Reactors over 30 years old that are still functioning but
without up to date safety systems in operation.

a crisis made worse by the financial constraints under which

they operate."
There are some 25,000 known assemblies of spent fuel of
Russian origin in or at research reactor facilities in Central

and Eastern Europe. Fuel corrosion and resulting leakage can
lead to environmental contamination with potentially serious
consequences. The technical co-operation team has therefore
been developing a regional approach to the problem of spent
fuel management, although the existence of many exotic fuels
makes generic solutions difficult.
IAEA is also striving to strengthen the "enabling environment" for operational safety by supporting training courses
and workshops to improve the knowledge base, as many reactor operators are faced with the difficulty of establishing or
retaining, a culture of safety. To implement this approach,

Since 1999, the IAEA has been helping to enhance the

IAEA organises special missions, known as Integrated Safety

general safety of ageing research reactor facilities, and spent
fuel storage, in selected countries of the former Soviet Union,
and Eastern and Central Europe in order to reduce the risk of

Assessment of Research Reactors (INSARR), to review safety
infrastructure including regulatory supervision, operating
organization, management and training, and safety analysis.

accident and improve the safety and security of such facilities.

The IAEA is not able to solve all the safety problems of

The most urgent task is to assess potential problems and

put in place a management system to address them on a

ageing research reactors and their spent fuel assemblies.

Because of the proliferation risks associated with the HEU
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of HEU at over 30 Soviet-supplied research reactors. It is an

IPPAS: Strengthening Systems of Physical
Protection
The International Physical Protection Advisory
Service (IPPAS) was created by the IAEA to assist
Member States in strengthening and enhancing the
effectiveness of their physical protection of

nuclear materials and facilities. Upon request, the
IAEA assembles an international team of specialists
who review the Member State's physical protection
system and compare it to international guidelines
and recognized best practices. INFCIRC/225, The
Physical Protection of Nuclear Materials and
Nuclear Facilities, issued by the IAEA, is the recognized source. Based on the review, the team pro-

vides specific recommendations for improvements
and recognizes current good practices.
IPPAS missions have already been conducted in
Eastern and Central Europe, Africa, Latin America,
and Southeast Asia. Team recommendations cover
the entire scope of issues concerning physical protection including legislation and government orga-

enormous, urgent and growing task that requires international co-operation at numerous levels. The IAEA is supporting
research reactor operators in tackling key safety problems
before they deteriorate further with

consequences that could impact on
health and the environment. The
IAEA provides limited direct support
at selected sites, but must catalyse

'The IAEA is the onlv

international institut/on

°/ Slobal scope

additional support from the donor

devoted to controlling

community for other facilities in need
of assistance in Europe and else-

access to weaoons-

where.

usable material. It is

Physical security is also a great
concern at many of these research

no lon

reactors—a concern that is being
addressed through concerted actions
by the international community. As

organization whose

the Harvard Belfer Center notes:

Ser /'sca"V P™'
dent Of rational for an

mission is so important
to be asked to do s

°

nization, licensing and regulations, facility imple-

"Security at these hundreds of

much, with SO little,
for

mentation and assessment, and inspection and

buildings varies widely, from

enforcement.

excellent to appalling. In

IPPAS missions generate substantial benefits for
both requesting States and the international com-

some cases security is provid-

munity. They evaluate physical protection systems
holistically; they help States to raise additional
funding for recommended upgrades; they can help

IPPAS missions can also be tailored to meet the
specific needs of the requesting country. Related

. . . .

grants as early install-

man and a chain link fence.

will become a wave of

Yet vulnerable nuclear materi-

new

bomb that would be a threat

to everyone, everywhere."
But the budget and personnel

- secure nuclear facilities.

'" what

we h

this important work."
Charles Curtis
President and Chief
Operating Officer,
Nuclear Threat Initiative

available to the IAEA physical protection programmes need to be increased dramatically,

nuclear materials, can be included in the team

making it possible to carry out a much larger number of
missions to help Member States. The recent
US$ 1.2 million three-year grant from the Nuclear Threat
Initiative to the IAEA, matched by the U.S. Department of
Energy, is a critical first step. This new effort is expanding
IAEA's ability to review security for nuclear facilities worldwide, to identify needed security upgrades, and to organize
contributions to carry out the upgrades. •

assess how a host country has implemented IPPAS
recommendations.

fuel at these research reactors, the Nuclear Threat Initiative

has approved a contribution of US$ 260,000 to the IAEA to
support development of an integrated plan for the shipment
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contributions to

issues, such as combating illicit trafficking of
review. And follow-up missions can be arranged to

Qur

ments

and made into a terrorist

sional expertise committed to a common objective

jong yyesee

ed by a single sleepy watch-

al anywhere could be stolen

to generate public confidence that facilities are
operating at accepted international standards; and
they help to build the global network of profes-
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Due to the wide distribution of sources, the radioactive
materials needed to build a "dirty bomb" can be found in
almost any country in the world, and more than 100 coun-

Radioactive sources have been widely used for decades to

tries may have inadequate control and monitoring programmes necessary to prevent or even detect the theft of

benefit humankind—to diagnose and treat illnesses, to mon-

these materials, based on information available to the IAEA.

itor oil wells and water aquifers, and to irradiate dangerous

Internationally the issue is not new: long before 11

tributed worldwide over the past 50 years, with hundreds of

September, the need for securing radioactive sources was
high on the agenda of the international radiation protection

thousands currently being used, stored, and produced.

community and an essential element of the IAEA's radiation

microbes in food products. Millions of sources have been dis-

Many of these sources are weakly radioactive, and there-

safety activities.

al radiography, radiotherapy, industrial irradiators and ther-

In 1998, hundreds of specialists and governmental representatives met at the first international conference on the

mo-electric generators are most significant from a safety and

issue, which was organized by the IAEA jointly with Interpol,

security standpoint because they contain large amounts of

the World Custom Organization and the European

radioactive material—such as cobalt-60, strontium-90,

Commission, in Dijon, France. The conference recommenda-

caesium-137, and iridium-192.

tions were transformed during the IAEA General Conference

fore pose little radiological risk. But sources used in industri-

After the terrorist attacks of 11 September 2001, increasing public apprehension about the security of radioactive
sources became perceptible

into an international Action Plan to strengthen the global
safety and security of radioactive sources.
Within this Plan, an internationally agreed identification

worldwide: could a radioac-

of the sources deemed to be a threat, and a non-binding

tive source be turned into

'Code of Conduct' for States has been established. In

a devastating tool for
terrorists? The possi-

bility of one being
used with malevolent purposes has

December 2000, national regulators of radioactive sources met at a conference
convened by the IAEA in
Buenos Aires, Argentina. That
Conference recommended rein-

already been

forcing the Plan, which was sub-

confirmed in

sequently endorsed by the IAEA
Board of Governors on 10

the United
States.

September 2001 and later in the
month by the General Conference.

No sophisticated anti-terrorist
security measures are commonly in place
and even well-regulated radioactive
sources could be stolen and diverted with
relative ease, as is the case for most chemical
or biological substances. While the vast majori-

ty of radioactive sources are under the control of
competent governmental regulatory authorities,
the world is abundant in 'orphan sources', or
sources that never have been subject to regulatory
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strategy to locate, recover, secure and recycle orphan sources
throughout the former Soviet Union. This agreement repre-

sents the first concerted international response to the threat

posed by vulnerable radioactive sources in the former Soviet
Union. Funding and expertise is being provided by DOE and
MINATOM.
The IAEA has been active in lending its expertise to
search out and secure orphaned sources in several countries.
In Kabul, Afghanistan, IAEA was called in to secure a powerful cobalt source abandoned in a former hospital. In Uganda,
the IAEA helped the government to secure a source that

A vehicle-mounted radiation detector used in the June

2002 survey in the Republic of Georgia.

control, or were initially regulated but eventually abandoned, lost, misplaced, stolen or removed without autho-

rization. Many industrial and medical radioactive sources

are believed to be in this state.
"What is needed is cradle-to-grave control of powerful
radioactive sources to protect them against terrorism or theft,"
IAEA Director General Mohamed ElBaradei recently told the

world press. "One of our priorities is to assist States in creating
and strengthening national regulatory infrastructures to
ensure that these radioactive sources are appropriately regulated and adequately secured at all times." Dr. ElBaradei also
noted that while a number of countries have regulatory systems in place and are urgently stepping up security measures,
many countries lack the resources or the national structures
to effectively control radioactive sources.
In the face of this new reality the overall international
strategy in the security of radioactive sources is being
widened to include malevolence and terrorism. One very significant recent development is that the IAEA is collaborating
with the United States Department of Energy (DOE) and the
Russian Federation's Ministry for Atomic Energy (MINATOM)
in a new a tripartite working group on 'Securing and
Managing Radioactive Sources'. In June 2002, officials from
the three sides agreed to develop a coordinated and proactive
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appeared to have been stolen for illicit resale. A Georgian
team supported by the IAEA successfully recovered two
unshielded and unsecured radioactive Strontium 90 sources
that caused injuries to three men in December 2001. The
IAEA has been working with Georgia through its technical
co-operation programme since 1997 to improve the safety
and security of radioactive sources in this country where
over 280 radioactive sources have been recovered since the
mid-1990s. All of these sources have been placed in interim
storage.
At the request of countries, the IAEA can send expert

teams to help governments develop national strategies or to
advise on dealing with disused sources. Its advisory teams
work with countries to assess their systems for radiation control and its emergency response teams respond to radiological
emergencies. Within its 2002 Action Plan to combat nuclear
terrorism, the IAEA established a programme to ensure that
significant, uncontrolled radioactive sources are brought
under regulatory control and properly secured by providing
assistance to Member States in their efforts to identify, locate
and secure, or dispose of orphan sources.
Drawing parallels with the safety assistance programmes
of the IAEA in the European region, where Technical Co-operation and extrabudgetary funds have been combined for maximum benefits, a similar approach is being pursued within
the scope of the Nuclear Security Action Plan for delivery of
security-related activities through the TC programme in a
cost effective and timely manner. •
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