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"Water for Development" was the theme of World Water Day 2002, which the
IAEA co-ordinated for the United Nations system. The international community
has observed the event on 22 March each year since it was launched by the the
UN General Assembly in 1992.

As the lead UN agency, the IAEA initiated and co-ordinated a range of activities
and events. They included:

• The World Water Day 2002 web site, which served as an information
clearinghouse and reference centre for national, regional and international
organizations around the world.

• A celebration at the Vienna International Centre on 22 March to officially
launch World Water Day 2002

• A press release distributed worldwide that highlighted the challenges of
water for development with the viewpoints of the heads of regional and
international organizations

• An art exhibition on Water for Development by children from 20 schools in
Uganda and Austria

• A dialogue on Water for Development with distinguished speakers from
governments, non-governmental organizations, and inter-governmental
agencies.

All 23 UN agencies with interests or programmes in the water sector
collaborated in these efforts. The following is a summary of the various
activities.
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The web site was accessed more than 30 000 times during the January-March 2002 period.
Nearly 3000 copies of the promotional materials were distributed in multiple languages and
many more were downloaded from the web site. Dozens of organizations worldwide supplied and
shared information via the web site to promote their own national event or to request additional
information.



Official launch

of

World Water Day 2002

Inaugural session in progress at the rotunda of the Vienna International Centre (VIC).



Mohamed ElBaradei

Director General
International Atomic Energy Agency

"... The IAEA has the honour today of being the lead organization in the United Nations family
to co-ordinate World Water Day activities. I am pleased to inaugurate the event in the company of
so many young people here who have used their artwork, as you can see here on display, to
express their ideas about the theme of "Water for Development"..."

"... It is fitting that this project is co-ordinated by students and teachers in Austria and Uganda.
Austria's external aid agency, the Austrian Development Cooperation, has already been working
with technical assistance from the IAEA to provide a sustainable water supply and sanitation to
19 towns in southwestern Uganda"... "This partnership between developed and developing
countries is critical, if we are to provide safe drinking water for the more than one billion people
on Earth without it and sanitation for the 2.4 billion who lack it. These young people present
today, and their counterparts in Uganda, are a symbol of that partnership. Their generation, and
the generations that follow, will be directly impacted by the efforts we make towards sustainable
development..."

"... The simple fact is that there is a limited amount of water on the planet, and we cannot afford
to be negligent in its use. Human survival and the quality of life have always been and will always
be inextricably tied to the availability of safe freshwater. Without improving our management of
the Earth's freshwater resources, without reducing the negative impact of human activity upon the
planet's limited reserves, we condemn a growing number of people to go without the most basic
human need ..."

"... Science and technology have a crucial role to play in improving water management policies
and practices. UN organizations such as the IAEA are working to meet the challenge - in the case
of the IAEA by transferring cutting edge nuclear technologies to young scientists in developing
countries - to enable them to apply the tools of nuclear science to improve the efficiency of
water use, to better understand climate change, to turn salt water into fresh water, and to grow
healthy crops in saline lands ..."



Hon. Bijoya Chakravarty delivering her inaugural speech.



Hon. Bijoya Chakravarty

Minister of State for Water Resources
India

"... Today, the world community has to address itself more to the question of sustainability, as the
water resources are getting polluted due to overall growth and developmental activities. The water
sector must receive highest priority for survival and growth of mankind and to achieve the goals of
socio-economic development and sustainable development. To meet the objective of sustainable
development, the strategy has to focus on augmentation of available water resources and their
optimal utilization, without sacrificing on its quality. And for this purpose, active participation of all
the stakeholders needs no emphasis ..."

"... Science and technology has a significant role to play in management and development of
water resources.... Nuclear technology has contributed to expand the freshwater resources by
using'Isotope Hydrology' and 'Nuclear Power Desalination' of seawater. IAEA has played a key role
in exploiting both these technologies for the global benefit. I would like to compliment the IAEA
under the leadership of the present Director General, Dr. ElBaradei for the excellent efforts made
in this particular field ..."

"... In India, we also use Isotope Hydrology techniques in the area of water resource
management. India has been participating actively in IAEA's programmes on Nuclear Desalination
and Isotope Hydrology. We have also been providing training for scientists and engineers from
various countries in Isotope Hydrology area and our many experts have visited several countries to
provide their expertise and share useful knowledge ..."



Austrian school children performing at the inaugural function.



Hon. Maria Mutagamba

Minister of State for Water Resources
Uganda

"... Water is important not only for sustaining life and maintaining the environment but also for
economic development. In many countries, development and management of water resources is
not only a priority focus in directly alleviating poverty through the provision of domestic water
supplies but is intimately linked with the other development priorities of food security, agriculture
modernization, health and energy production ..."

"... However, the increased demand from domestic, industrial, agricultural and hydropower uses
due to population and industrial growth, combined with environmental degradation and extreme
poverty, is putting pressure on the quantity of water resources. Water resources therefore need to
be developed and managed in a sustainable manner so that it is available for the present and
future generations..."

"... It is important to raise awareness on the role of water resources in the socio-economic
development of any country and the need for its conservation and protection for sustainable
development. One such event in which this is done is the World Water Day, 22nd March, which the
United Nations has declared as a day that should be celebrated annually, all over the world.
Therefore, this year's theme "Water for Development" couldn't have been better. We should all
salute the UN for its continued assistance to countries in organizing World Water Day activities
and for designating one UN agency as a lead agency for each particular year's celebrations ..."

"... I would like to congratulate the International Atomic Energy Agency for spearheading this
year's celebrations and for organizing various activities in order to make this day very colourful. A
number of promotional kits, press release and media materials have been developed, and a
public event including children's art exhibition and a dialogue on water and development has
been planned. All these will go a long way in informing the whole world about the importance of
water in development activities ..."



Inauguration of

the Austrian-Ugandan

school art exhibition

Displays at the Austrian-Ugandan school art exhibition.



H.E. Thomas Stelzer

Ambassador
Austrian Mission to International Organizations in Vienna

"... In 1992 the Rio Declaration on Environment and Development proclaimed in Principle 21:
"The creativity, ideals and courage of the youth of the world should be mobilized to forge a global
partnership in order to achieve sustainable development and ensure a better future for all."
As we can all see in this exhibition, the IAEA has managed to do exactly this around the issue
of water. Here I would immediately like to thank the IAEA represented by its Director General,
Mr. ElBaradei, for having used the World Water Day 2002 in order to involve the youth by
launching this Austro-Ugandan school partnership ..." I



ENDLESS TEARS

My tears have watered your crops
They have drenched your vast fields

And filled you with endless hopes
Your granaries are filled with the yields

You have seen me cry
But those were happy tears
I didn't want to see you sigh
So I watered you through the years

Yet now you disregard my tears
So carefully preserved for you
I no longer shed water tears
But a dirty polluted residue

I am filled with dread
Emptied of my endless tears
Even though I am nearing my end
For you, I cry my last tears

Atuhaire Patience Merceflr*
Age: 14 years

Mt. St. Mary's College
Namagunga, Uganda



WATER IS LIFE

You would know me anywhere
I move without a care

I make sounds of waves in the sea
When a tap drips you hear me

For many years I have been on earth
Proving to every one my worth
I make plants the green they are
People without me can't go very far

I quench your thirst
When you feel a drink is a must
I am also quite keen
To keep you clean

I wish this were the same with you
The people who care are few
In the water with the fish fins
Are bottles, cans and empty tins

Slowly by slowly you destroy me
Making me as dirty as can be
All I can do is give
For without me you can't live.

Sickness and disease
You, it will always seize
I beg you this favour
Keep me clean and your life won't waver

PaetoMnthea
Age: 14 years
Mt. St. Mary's College

Namagunga, Uganda



WATER, HISTORY AND CULTURE

It's amazing how history and culture blend with water conservation today in our lives.

There are so many things our forefathers passed on to us including myths and beliefs. Little

did we know that all these would have a great underlying use in future.

''-IhJ
Though many of us believe and say water is life, very few if any of us imagine its significance Ml

our culture.The following is a little on what the Baganda believe about River Ssezibwa.

This is quite a long river found in Mukono district in Uganda. It covers many districts in which

it's the main source of water for small and large-scale use.This river is believed to have been

born to a certain Nsubuga and his wife Nakangu-Tibateesa.

She was expecting twins at the time and one time away from home she went into labour. She

knelt down to try relieving the great pangs of pain little knowing the twins felt ready to face

the world. She delivered Wasswa Sseziba and Kato Mubeya (both rivers) the former being the

older. It's said that if you look closely at the source of the two rivers, the marks of her knees and
hands at the place she knelt are still visible.This provides some kind of proof to the myth.

The elders say the reason the two rivers never meet in their profiles is because of a

disagreement they had at birth and over which they have never reconciled.

The Baganda respect this and many other myths on water.This river is one of the few having

black-water which is associated with ancestral spirits. Here they include 'Namirembe' the spirit

of peace,'Kubo' the spirit of direction, etc. Little shrines are built around the site for their
shelter.This has helped preserve the area as it's highly respected and no one dares to anger the

spirits by tampering with their surroundings.

Today the falls are a great tourist site and their beauty is enhanced by the rock outcrops and
small caves in the hills not forgetting the greenery. It's also a source of pure water for those
around and this is done cleaning the water through a pump house before distribution.

The respect we were taught by our fathers for this and other places has helped preserve and
thus conserve them for future generations.

Nakku Doreen
Age: 18 years
Mt. St. Mary's College

Namagunga, Uganda



WATER IS LIFE

Oh! Water is the source of life
Water is the source of everything

No water no life
We want protected water
Which is well preserved
Human beings strive for water
Animals struggle for water and plants also compete for water
Every living thing on earth big and small
Needs water to survive
No water no life.

Oh! Water is the source of life
Water is the source of everything
We have suffered struggling to get water
We especially in rural areas
We travel long distances to get water
We come back when our heels are worn-out and aching
We find when our water is contaminated
Some people wash from it
Others bathe from it, putting in their gems
While others are fetching for domestic use
At mid-day we compete with cows to get water from the same well
All this is because water is life
No water no life.

Oh! Water is the source of life
Water is the source of everything
Let us wake up and protect our water
Make piped water which is safer
Protect all ponds and wells
Treat chemicals and waste products from industries before

throwing them in water
Advise all the people who misuse our water to stop
Let human beings and animals get different wells
In order to get safe water because
Water is life, ,r
No water no life.

Nuwagaba Adella
Age: 20 years

St. Gertrude's Vocational School
Kisoro, Uganda

I



A dialogue

on

"Water for Development"

Hon. Maria Mutagamba delivering her speech at the dialogue on "Water for Development",



Werner Burkart

Deputy Director General and Head
Department of Nuclear Sciences and Applications

International Atomic Energy Agency

"... It is imperative that we better understand the cycle of water on Earth. Isotopic techniques
provide us with the possibility of breaking the code. For example, according to the findings of
isotope geochemistry, the origin of water on Earth is the result of its import from the coldest
regions of the solar system after the planet was formed. The story is incomplete and remains a
challenge. Further isotopic information is required. The information to better understand Earth's
hydrological cycle is closer to hand. This agency during 40 years has fostered the study of
isotopes and has transferred isotopic techniques to Member States ..."

"... Poverty and environmental degradation, frequently hand in hand, continue to be the major
challenges to meet. Water is part of this unfortunate deadlock ..."

"... More importantly the application of knowledge is allowing development of the means to
ensure sustainable water management. In light of the huge challenges ahead of us it is time for a
globally co-ordinated effort to use our knowledge in the development and use of water resources
that ensure their sustainability ..."

"... You may ask why the IAEA is engaged in the process of raising concern about the planet's
water crisis. But let us not forget that we are all water users, creatures whose origin is in water.
It is also the mandate of this agency to promote peaceful applications for the unprecedented
breakthroughs in nuclear science that the twentieth century yielded ..."

"... The task ahead is sufficiently large for all of us to make a significant contribution, and of a
magnitude, that not only validates our actions, but demands our attention as urgently as any
crisis we have ever faced. It is a crisis which concerns both developing and developed countries
because any efforts we make and gains achieved have to also be with the spirit of "responsible
prosperity"..."



School children enjoying a video film on water in the Vienna International Centre.



H.E. Kenneth Brill

Ambassador
U.S. Mission to International Organizations in Vienna

"... A critical point is that water doesn't respect political borders. Two hundred sixty-one of
the world's rivers are shared by two or more countries. These watersheds account for about
60 percent of the world's freshwater supply and are home to about 40 percent of the world's
people. As competing demands for sources of fresh water continue to grow, disagreements over
riparian rights, i.e. access to, and use of shared rivers, basins, and aquifers could increase ..."

"... Aaron Wolf, Professor at the University of Oregon, has compiled a list of nearly two thousand
water-related "events" occurring between countries over the last fifty years. During this time, only
37 disputes involved some form of violence while more than 157 treaties were signed. When all
the events were counted, cooperative events outnumbered uncooperative events by more than two
to one. Thus, we see that cooperation is the rule, not the exception. Violence over water seems
neither strategically rational nor economically viable. In fact, the shared interests along a
waterway seem consistently to outweigh water's conflict-inducing potential..."

"... The IAEA has made major strides in recent years to move beyond its traditional national
partners - the national atomic energy authorities - and to work with national water authorities.
This ensures that isotope hydrology techniques are brought to bear when they can add value to
national and regional water development programs. Excellent examples of this are activities
currently planned or underway in regard to the Guarani Aquifer in South America, the Nile basin,
and the Nubian Aquifer in Africa ..."

"... Countries must consider the provision of water and sanitation services a top priority within
their own country. Each country must take the responsibility for providing water for its people and
developing the necessary environment to bring the needed resources to bear - be that from the
public or private sector or a combination thereof..."



Austrian school children performing at the inaugural function.



Mar got Wal lstroem

Commissioner, Environment
European Commission

"... Water is a divine gift, but much abused ..."

"... Water tables are falling. While water consumption is rising by 2% to 3% annually, resources
are consumed faster than they can be replenished ... Climate change is and will continue to be a
cause of additional pressure ..."

"... And 30 years have passed since Indira Gandhi declared at the UN Environment Conference in
Stockholm that poverty unites, and that the battle against poverty is also a struggle for a better
environment... Access to good quality water and proper sanitary conditions are an essential
element in the battle to eradicate poverty. As usual, women and children are hardest hit by the
current situation in large parts of the world ..."

"...We cannot be paralysed by the seeming enormity of the task... We must deliver on the
challenge of sustainable water management... World Water Day allows us to raise awareness
on the importance of this issue ..."
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An Austrian display at the Austrian-Ugandan school art exhibition.

The Danube River.



Joachim Bendow

Executive Secretary
International Commission for the Protection of the Danube River

"... The Danube River is 2780 km long and drains 817 000 km2 with a mean annual water
volume of 6550 m3/s discharged into the Black Sea.The basin area includes all of Hungary;
nearly all parts of Austria, Romania, Slovenia, Slovakia and FR Yugoslavia; significant parts of
Bosnia-Herzegovina, Bulgaria, Croatia, the Czech Republic, Moldova and small parts of Germany
and Ukraine..."

"... Recognizing individually and responding in common to the obligations of the
Danube River Protection Convention (DRPC), the Danube countries have established the
International Commission for the Protection of the Danube River (ICPDR) to strengthen regional
cooperation. It is the institutional frame not only for pollution control and the protection of
water bodies but it sets also a common platform for sustainable use of ecological resources
and coherent and integrated river basin management..."



water LSUFC

A Ugandan display at the Austrian-Ugandan school art exhibition.

Children at a Ugandan school.



Guenther Stachel

Deputy Head
Austrian Development Cooperation

What is the relevance of water for living standard?

• Water is an essential source of life

- drinking water, cooking,...

• Water is basis and hazard for health

- personal hygiene, water related diseases

• Water is a productive source

- agriculture, industry, fishery ,...

- provides time for social and productive activities

Goals of ADC in Water & Sanitation

• Water and Sanitation for all

- quantity & quality, equitable access ...

• Protection of Water Resources

- water, soil, vegetation, water balance ...

• Reliability of supply

- technical, operational, financial...

• Cost effectiveness

- investment, operation & maintenance ...



School children at a video film on water shown at the Vienna International Centre.



Paul Steele

Chief Operating Officer
WWF International

Water: a People Problem
'Too Much, Too Little or Too Dirty'

• Thousands killed by floods

• 1.3 billion without safe water supply

• 800 million malnourished

• 2 billion without sanitation

"... Environmentally sustainable ways of meeting our water needs are available, achievable,
and worthwhile. In little over four months time, a group of leaders at the Johannesburg Summit
could change the course of life for billions of people living in water deprivation. There need
be no water wars if we make the business of water the business at hand ..."



Ugandan school children at a well site.
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Qian Jihui

Deputy Director General and Head
Department of Technical Co-operation

International Atomic Energy Agency

"... Sustaining freshwater resources is one of the greatest issues facing mankind today. Human
development and sustenance are fundamentally linked to the availability of water.... However,
global water resources are increasingly scarce; pollution is a constant threat and expanding
populations place enormous pressure on limited resources ..."

"...The need to understand the processes responsible for the occurrence and distribution of
water on earth probably is as old as civilization itself. Measurements of the Nile's water level are
reported to have started as early as 1800 B.C. Precipitation appears to have been first measured
in India in the fourth century B.C. Stream flow was reportedly monitored in Alexandria as early as
the first century A.D...."

"... The challenge of meeting the projected demands of freshwater requires all of us - each one
of us as individuals, as well as governments, UN organizations, and inter-governmental and non-
governmental organizations, to work together, share responsibility and develop appropriate
solutions..."

"... For over 40 years the IAEA has assisted its Member States in developing and applying
techniques to better understand and manage water resources. Isotope hydrology is becoming an
essential tool for national water authorities that are preparing management plans and
development strategies to respond to these new challenges. The data that result from isotope
analysis also help decision and policy making in the new organizations that are emerging to
manage basins and water systems ..."

"... The thrust of this discussion has served to underline a clear theme that has emerged from
this World Water Day. That is an understanding that only partnership and co-operation,
north-south, between technology and conservation, global and local interests, will avert
the threat of a global water crisis in the future ..."



ENVIRONMENTAL ISOTOPES IN HYDROLOGY

INTRODUCTION

A comprehensive understanding of a hydrological system is necessary for a sustainable resource development
without adverse effects on the environment. Isotope techniques are effective tools for fulfilling critical hydrologic
information needs, e.g. the origin of groundwater, recharge, residence time, interconnections between water bodies,
etc. The cost of such investigations is often relatively small in comparison to the cost of classical hydrological
techniques, and in addition isotopes provide information that sometimes could not be obtained by other
techniques. Stable and radioactive environmental isotopes have now been used for more than four decades to study
hydrological systems and have proved particularly useful for understanding groundwater systems.

Applications of isotopes in hydrology are based on the general concept of "tracing", in which either intentionally
introduced isotopes or naturally occurring (environmental) isotopes are employed. Environmental isotopes (either
radioactive or stable) have a distinct advantage over injected (artificial) tracers in that they facilitate the study of
various hydrological processes on a much larger temporal and spatial scale through their natural distribution in a
hydrological system. Thus, environmental isotope methodologies are unique in regional studies of water resources
to obtain time and space integrated characteristics of groundwater systems. The use of artificial tracers generally is
effective for site-specific, local applications.

ENVIRONMENTAL ISOTOPES

Environmental isotopes, both stable and radioactive, occur in the atmosphere and the hydrosphere in varying
concentrations. So far, the most frequently used environmental isotopes include those of the water molecule,
hydrogen (2H or D - also called deuterium, and 3H - also called tritium) and oxygen (180), as well as of carbon (13C
and 14C - also called radiocarbon or carbon-14) occurring in water as constituents of dissolved inorganic and
organic carbon compounds. 2H, 13C and 180 are stable isotopes of the respective elements whereas 3H and 14C are
radioactive isotopes.The stable isotopes are usually measured, using an isotope ratio mass spectrometer, in terms
of the isotope ratios of the less abundant to more abundant isotope, e.g., 2H/1H and 180/160 ^H and 160 being
the number of atoms of the most abundant isotopes of the respective elements). The radioactive isotopes are
measured either by counting of their radioactive decays (low-level counting, e.g. by liquid scintillation counter) or
the number of atoms (using accelerator mass spectrometry (AMS)) in a given sample.

Stable Isotopes

Stable isotopes of many different elements are used in hydrology (e.g. 2H, 3He, 6Li, "B, 13C, 15N, 180,34S, 37CI, 81Br,
87Sr); however, the most commonly used are those of oxygen and hydrogen.

Variations in the stable isotope ratios of natural compounds are governed by chemical reactions and phase
changes due to the energy difference between chemical bonds involving different isotopes of an element. Such
energy differences are caused by the relative mass difference between isotopes. The stable isotopes of light
elements show greater variations because they have larger relative mass differences. Stable isotope ratios in
hydrology are conventionally reported as per mil (%0) deviation from those of a standard using the 5 (delta)
notation. The isotopic standard used for hydrogen and oxygen isotopes is the Vienna Standard Mean Ocean Water
(VSMOW). The International Atomic Energy Agency (IAEA) distributes stable isotope reference materials to all
interested users.

Most of the applications of stable isotopes of hydrogen and oxygen in groundwater studies make use of the
variations in isotopic ratios in atmospheric precipitation, i.e. in the input to a hydrogeological system understudy.



Cosmogem'c and anthropogenic radioisotopes used in hydrology.

Radioactive
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(Note: 'Bq' in columns 4 & 6 implies measurement by decay counting using liquid scintillation spectrometry whereas 'atoms'
implies measurement of atoms using accelerator mass spectrometry. 14C could also be measured by AMS techniques).

A worldwide relation between 180 of precipitation and mean annual air temperature has been observed. This
dependency on temperature produces seasonal isotope variations of precipitation (winter precipitation is depleted
in heavy isotopes with respect to summer precipitation), latitude effect (high latitude precipitation is depleted with
respect to low latitude precipitation), and altitude effect (heavy isotope content of precipitation decreases with
increasing altitude). These effects allow the use of these isotopes to delineate various hydrogeological processes
as well as indicators of past and present climate changes and of palaeowaters.

Radioactive Isotopes

Among the environmental radioisotopes, tritium and 14C have found the widest application in groundwater studies.
Radioactive isotopes (also called radioisotopes) occurring in groundwater originate from natural and/or artificial
nuclear processes (see Table).

Cosmogenic radioisotopes are produced in nuclear reactions between the nucleonic component of cosmic radiation
and the atmosphere. Anthropogenic radioisotopes are produced in nuclear bomb tests and nuclear reactors.The
concentrations of all these radioisotopes in groundwater are very low and usually measured by counting their decay
rate in a given sample.

Tritium

Environmental tritium occurs in precipitation from both natural and anthropogenic sources.The natural production
results from interaction of cosmic ray produced neutrons in the upper atmosphere with nitrogen atoms. Tritium
content in water is expressed in Tritium Units (TU). 1 TU is equal to 1 atom of 3H per 1018 atoms of 1H, which is
equivalent to 0.118 Bq or 3.193 pCi per litre of water. Half-life of tritium is fixed at 12.43 a. The natural content of
tritium in precipitation is estimated to be about 2-5 TU. The second source of tritium is from atmospheric detonation
of thermonuclear devices from 1952 to 1962, and minor releases from industrial nuclear facilities. The



concentration of tritium in natural waters is generally very low. In hydrological studies, therefore, electrolytic
enrichment of tritium is often carried out prior to decay counting using liquid scintillation or proportional counters.
The history of tritium content in precipitation is well known, owing to the global network of stations jointly
established by the IAEA and the World Meteorological Organization (WMO).

Presently, tritium concentration in precipitation approaches the natural level, which makes evaluations of tritium
data more difficult. However, the combined measurement of tritium and its decay product, helium (3He), still
provides a powerful tool for estimating groundwater residence time and recharge rate, and for characterizing flow
and dispersion regimes in shallow aquifers.

Radiocarbon (UC)

Radiocarbon is produced in the transitional region between the stratosphere and troposphere by cosmic ray
neutrons reacting with nitrogen atoms. 14C oxidizes to carbon dioxide and becomes a part of the atmospheric
carbon dioxide reservoir and subsequently enters the biosphere and the hydrosphere. 14C has also been added to
the atmosphere as a result of the testing of thermonuclear devices since 1952.14C has a half-life of 5730 a. For
hydrogeological applications, the 14C concentration is expressed as a percentage of modern (pre-bomb) carbon
activity of biosphere material used (per cent of Modern Carbon or pMC). Measurement of activity of 14C is generally
carried out by decay counting using liquid scintillation spectrometry or, more recently, by measurement of atoms
usingAMS technique.

APPLICATIONS IN HYDROLOGICAL STUDIES

A qualitative and quantitative characterization of groundwater recharge is essential for sustainable development and
management of groundwater resources. When withdrawal rate exceeds recharge rate (over-exploitation),
considerable lowering of the water table may be observed. Subsequently, seawater encroachment in coastal
aquifers, induced leakage from adjacent saline aquifers into fresh aquifers or contamination of aquifers from
polluted surface water bodies could be the manifestation of the phenomenon.

Among the most important areas where isotopes are useful in groundwater applications include studies of recharge
and discharge processes, flow and interconnections between aquifers, and the sources and mechanism of pollution.
In particular, under arid and semi-arid climatic conditions, isotope techniques constitute virtually the only approach
for identification and quantification of groundwater recharge. Radioactive decay of environmental isotopes makes
these isotopes a unique tool for the determination of groundwater residence time ("age") - the length of time
groundwater has been isolated from the atmosphere - that is crucial to understanding aquifer dynamics. Pollution
of shallow aquifers and, due to over-exploitation of superficial aquifers, also deeper aquifers by anthropogenic
contaminants is one of the central problems in the management of water resources. Environmental isotopes can
be used to trace the pathways and predict the spatial distribution and temporal changes in pollution patterns for
assessing pollution migration scenarios and planning for aquifer remediation.

Furthermore, isotopes can trace dispersion and infiltration of pollutants in landfills as well as quantify degradation
and migration of pollutants. Isotopes are also applied extensively to study: atmospheric processes, climate and
environment changes, palaeowaters, leakages from dams and reservoirs, stream flow measurements, effluent
dispersion, suspended sediment and bedload movement in ports and harbours, lake dynamics, sedimentation in
lakes and reservoirs, geothermal systems, glaciology, etc.

Environmental isotopes are a supplementary tool for hydrological investigations and should be employed as an
integral part of studies.The amount and quality of information that they are able to provide is strictly dependent on
the degree of hydrological knowledge of the area under investigation and also that of an investigator. Generally, an
integrated approach ~ employing isotope, hydrogeological, and hydrochemical data - will lead to the optimum use
of these techniques and to a logical interpretation.



ROLE OF THE IAEA

A crucial role has been played by the IAEA in promoting and expanding the field of isotope hydrology over the last
four decades. Isotope hydrology today is practiced in most countries although the field began nearly 50 years ago
with a few research centres in the developed countries involved in understanding the distribution of isotopes in
natural waters.

The IAEA has played a major role in developing 16°
isotope hydrology as a discipline and in building a
cadre of trained isotope hydrologists world wide. In
as much as isotope hydrology is an advantageous
tool for the sustainable management of water
resources, it is imperative that practicing hydrologists
are competent in the use of isotope techniques. More
than 700 fellowships with an average duration of
three months have been awarded over the last four
decades for training at the IAEA's Headquarters or
other established centres. Group training events
involving, national, regional, and inter-regional
courses of varying duration from one to eight weeks
have been conducted with more than 600 participants. The trainees further improved their skills through on-the-job
training associated with technical co-operation projects. Regularly undertaken Co-ordinated Research Projects
(CRPs) provide more advanced training to a limited group of participants from developing Member States. The
Agency-funded technical co-operation projects in isotope hydrology cater to the needs of the Member States for
hydrological field investigations, human resource development, and strengthening of infrastructure facilities.

Presently, about 60 projects are active for the

1993 1994 1995 1996 1997 1998 1999 2000

IAEA training courses and workshops in
isotope hydrology.

1990-1999
250 Stations

1960-1969
140 Stations

2001-2002 cycle.

1980-1989
239 Stations

1970-1979
177 Stations

Stations participating in the IAEA/WMO isotope
monitoring network.

The IAEA maintains and provides the analytical
support to the IAEA/WMO Global Network for
Isotopes in Precipitation (GNIP). The IAEA also
periodically publishes data on the concentration of
stable isotopes and tritium in precipitation samples
collected at a large number of stations around the
world.This is the only database on isotopes that has
been providing basic reference data for researchers
in the field of hydrology and atmospheric sciences
worldwide for the last four decades. Over this
period of time, there has been a steady growth

in the number of stations participating in GNIR Detailed information and data can be found at:
http://www.iaea.org/programs/ri/gnip/gnipmain.htm. Isotope monitoring of river water will provide a robust new
tool for evaluating the effects of climate change and land use patterns on water resources, as well as for developing
strategies for integrated watershed management. A programme has been initiated to formulate design parameters
of such a Global Network for Isotopes in Rivers (GNIR).

Until recently, IAEA publications were the sole source of written material for training and education in isotope
hydrology. In addition to geographical spread, the sheer number of hydrological studies with isotopes has shown
a substantial increase. The number of analytical facilities has also increased steadily. A large number of these
laboratories in the developing countries have been established with the IAEA's support.



Significant achievements have been made in developing and improving the management of groundwater resources
in the Member States through the IAEA's technical co-operation projects. For example, in Ethiopia, greater
integration of isotope hydrology into water resources management practices led to the important accomplishment
of development of a national plan for groundwater resources assessment. In Bangladesh, conclusions and
recommendations of the IAEA's isotope hydrology project on the dynamics of high-arsenic groundwater contributed
significant inputs for arsenic mitigation strategies. In Niger, isotope results are being used to constrain the flow and
transport model of the aquifer system and determine those most vulnerable to pollution. In the World Bank-led
project in the Sana'a Basin of Yemen, isotopes are being employed to identify the sources and locations of recharge
to the shallow aquifer system for the design of artificial recharge schemes in such a way that shallow groundwater
will meet irrigation demands and the deep aquifer can be used for drinking water supply only.

Continuing activities in the IAEA's isotope hydrology programme facilitate developments through research,
information dissemination, education and training, and support for field applications including analytical services.
Recently, several initiatives have been taken to focus the programme towards developing isotope applications for
global issues related to water resources management.These includes, for example, sustainability of water resources
in the face of increasing demand, urbanization, and pollution of existing resources; understanding of the global
distribution and amounts of non-renewable groundwaters; characterization of submarine groundwater discharge for
coastal zone management; collaboration with international organizations, strengthening of the infrastructure of the
IAEA's Isotope Hydrology Laboratory, among others.
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