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The Water Resources Programme works extensively 
to help Member States characterize transboundary 

aquifers, such as the Nubian Sandstone, the Guaraní 
and the Trifinio Transboundary Aquifer Systems (Central 
America), as well as some river basins such as the Nile 
Basin. Recognition of the role transboundary aquifers and 
river basins can play in meeting human water needs is 
long overdue and was emphasized during a recent World 
Water Day. Two billion people are dependent on the 
groundwater moving under our feet and between borders, 
assessed at 10.5 million km³ worldwide and containing  
99 per cent of the world’s accessible fresh water. 
Knowledge of these resources is still weak in most 
places. A clear and accurate assessment of resources 
— made with the help of isotopes — can provide 
unbiased information, helping bring science and policy 
together to prevent conflicts and encourage mutually 
beneficial solutions. 

The use of groundwater resources will continue to grow in 
importance, especially in arid and semi-arid areas. Aquifers 
are already used to meet up to 75 per cent of the water 
needs in many parts of Africa, and the pressure on them 
is increasing. In the 20th century the human population 
tripled and consumption of fresh water rose sixfold. If 
water is not used more efficiently, approximately half the 
world’s population will live in high water stress conditions 
within the next two decades, with competing agricultural, 
industrial and domestic users, according to the World 
Water Vision unit of the World Water Council. Even today, 
one in five people does not have adequate access to safe 
and affordable drinking water. One of the targets of the 
Millennium Development Goals is the reduction by half 
of the number of people without adequate, affordable, 
safe drinking water. Reaching this target will require 
better water management practices, but also a thorough 
understanding of available reserves and how they can best 
be used.

Characterizing water resources 
for better management



Isotopes can help in the assessment of essential 
hydrological aspects of aquifers, such as groundwater 
recharge and discharge, groundwater dating, 
identification of transboundary groundwater flow and 
river–aquifer interactions. Large transboundary aquifers 
may contain paleowaters, which are a legacy of wetter 
periods in the Earth’s history. These aquifers are deep 
underground, cut off from present-day recharged water 
sources. Traditional tools require long observation periods; 
in comparison, isotope analysis provides a cost-effective 
understanding of the complex processes by which 
groundwater is formed and transported. Following the 
path of naturally occurring isotopes through the water 
cycle, scientists can find out where water fell to earth, how 
it moves and how old it is. Memory of past climate and 
hydrology is retained in the water itself, and scientists are 
able to reconstruct the history of groundwater renewal 
(recharge). 

Each river has a ‘catchment’ — the area over which falling 
rain eventually discharges to the beds of rivers. Some rain 
infiltrates into underlying rocks and replenishes subsurface 
aquifers, though river catchments and aquifers do not 
always coincide geographically. Isotopes can help uncover 
the hydrological connections between rivers, aquifers and 
other surface waters. 

The IAEA has been actively involved in the World-wide 
Hydrogeological Mapping and Assessment Programme 
(WHYMAP at www.whymap.org) project, launched in 
2000, which compiles groundwater data from national, 
regional and global sources and adapts them to maps, 
including web map applications and services. The maps 
reveal hydrological regions and major aquifers, as well 
as recharge rates. Future collaboration will also involve 
the use of available data to produce large scale maps 
showing ranges of groundwater age. There is much 
more work to be done to ensure that precious water 
resources are adequately understood and  managed.



How do stable water isotopes work?
Water is made up of water molecules, each combining hydrogen and oxygen. 
The lighter and heavier atoms of each element are called isotopes. Scientists 
measure the ratio of heavy to light isotopes to find out how water is moving 
through the water cycle.

Molecules with lighter isotopes evaporate faster than those with heavy ones, 
and when it rains, heavy molecules fall first. As clouds move inland losing 
water, the proportion of lighter isotopes in the rain increases. Temperature 
and altitude also affect isotope proportions. Consequently, although water 
looks the same everywhere, precipitation in each location has its own 
isotopic ‘signature’ or ‘fingerprint’. These isotopic fingerprints are carried 
into groundwater and can be used to determine the origin, recharge rates 
and mechanisms of aquifer systems, as well as the interconnections between 
aquifer systems and surface waters. 

Using isotopes to study groundwater dynamics
There are many types of isotope used for dating groundwater; some are 
contained in the water molecules themselves, such as tritium (3H), while 
others are transported via groundwater as dissolved ions or gases. The IAEA 
has worked with naturally radioactive isotopes such as tritium for years to 
uncover water cycle and atmospheric patterns. Other isotopes, including 
carbon-14 (14C), chlorine-36 (36Cl) and krypton-81 (81Kr), are increasingly being 
used to determine the age of groundwater with differing residence times in 
aquifers. From the moment that rain becomes groundwater and is contained, 
the radioactive isotopes decay and their concentration decreases compared 
with recent rainwater. Thus, the ages of groundwater can be determined by 
measuring radioactive levels of isotopes. Tritium/helium-3 (3H/3He) together 
are used to study groundwater circulating quickly through reservoirs, with 
ages of up to 100 years. Other tracers, such as 36Cl, 14C and 81K, can measure 
water up to several hundreds of thousands of years old.
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