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How Much Water Do We Have and Where: 
using naturally occurring isotopes to 
understand the water cycle and map 

groundwater resources 
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The Earth’s Water Cycle 



Ice 

Less than 1% of all water on Earth is freshwater, and 
most of it (>95%) is groundwater used from wells! 
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Regionally, freshwater resources are unevenly 
distributed 

Source: Igor A. Shiklomanov, State Hydrological Institute (SHI, 
St. Petersburg) and UNESCO (Paris), 1999. 



THIRSTY GIANT 
India Digs Deeper, but Wells Are 

Drying Up  
 

Decreasing Freshwater Availability and Scarcity 



Decreasing Freshwater Availability and Scarcity – North 
America 



Drivers of stress on water resources 

•  Population growth -- 
(certain) 

•  Agricultural and 
Industrial demand, 
including energy 
production -- 
(somewhat certain) 

•  Climate change – 
(effects unpredictable) 
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Climate impacts: significant variability in models 
Predicted groundwater recharge (vs 1961-90) 

IPCC 2007 
Lack data 
for validation 



Continued recognition of the need for water 
resources data and comprehensive assessments 

1977 UN Water Conference 
Mar del Plata, Argentina 

2009 

October, 2010 

 
...incomplete and incompatible 
data for managing water 
 
…need scientific understanding 
and monitoring of aquifers… 

2007 



 
Why isotopes? 
 



Historical Perspective on isotope hydrology 

1930s – Hydrology emerged as a scientific discipline; Horton (1931) “..the 
core of hydrologic science was tracing and accounting for water cycle 
processes” 

1920s-1930s – Discovery of deuterium and oxygen-18 
•  Density differences in freshwater vs seawater indicate wide 

variations 
•  Possible use of isotopes to trace evaporation/condensation 

processes – hence, tracing of the water cycle – proposed 
1939-1945 – Hiatus due to WW-II 
Late 1940s – discovery of natural radioactivity (tritium/C-14) 
1950s - present – Application of stable and radioactive isotopes to 

understand hydrological and climatic processes; advances in 
measurement techniques 



GNIP – IAEA’s global network of isotopes in 
precipitation - since 1961 (jointly with WMO) 



12C 3H + 

3H 1H O 

Tritium (3H) 
and C-14 in 
Nature 



Precipitation tritium content (GNIP data) 

YEAR
1950 1960 1970 1980 1990 2000

T
R

IT
IU

M
 C

O
N

C
E

N
T

R
A

T
IO

N
 (

T
U

)

1

10

100

1000

10000

Ottawa, Canada

Kaitoke, New Zealand

for 1962 - 1965  



A variety of radioactive isotopes are used 
for determining the age of groundwater 
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Isotopes allow us to determine where the 
water comes from, how fast groundwater 
moves, or how old it is;   

 
…But why do we care? 



Ice 

Isotope Age of water… 

http://www.youtube.com/watch?v=rLJL8Tw0Wsc 



Bangladesh: drinking water from wells improved the quality 
of life, but also exposed nearly 70 million to high arsenic 



Finding arsenic-safe water  

 Pre-requisites for mitigation strategy: 
•  What are the causes of arsenic 

mobilization? 
•  Is there Arsenic in deep aquifers? 
•  What is the impact of past groundwater use 

on aquifer dynamics? 
•  Are deep aquifers an alternative source of 

safe drinking water? 



Has Increased Groundwater Use 
Increased Arsenic Mobilization? 
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Has Increased Groundwater Use Increased 
Arsenic Mobilization? 
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So how does this help provide safe water? 



Arsenic-free water supply options – 
Isotopes help optimize investments 



Thank You! 


