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Matter is composed 
of stable and 
radioactive isotopes.

There is a constant 
rain of isotopes on 
Earth and these 
permeate all
environmental 
systems.

At ANSTO we follow 
these to help 
understand
how environmental
systems work. 



Applications of nuclear science to 
environmental science

• Tracing materials and flows in systems
• Aging materials, processes and landforms
• Identifying solar variability

• ANSTO uses state of the art nuclear technology 
to address environmental issues including
� Climate change
� Water resource sustainability
� Air pollution



Stable Isotopes

Isotope Ratio Mass Spectrometry (IRMS)
� C-13 and N-15 in solid organic material

– Used in radiocarbon dating and identifying aquatic 
trophic pathways

� H-2 and O-18 in waters
– Used for investigating the hydrological cycle eg 

evaporation, transpiration, sources and mixing
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Sydney BasinSydney Basin
Botany BayBotany Bay

Sydney HarbourSydney Harbour
Southern HighlandsSouthern Highlands

GosfordGosford
Hawkesbury/NepeanHawkesbury/Nepean

MurrayMurray --Darling Darling 
BasinBasin

RiversleighRiversleigh

SWSW--Western Western 
AustraliaAustralia

Major field study sitesMajor field study sitesMajor field study sites

MacquarieMacquarie
MarshesMarshes



• Tritium and C-14 – naturally occurring radioisotopes formed in the 
upper atmosphere

OLD
• C-14 - Dates water up to 55,000 yrs

• Be-10 - Dates water up to 1.5 million 
yrs

YOUNG
• Tritium - Dates water after 1950

• Rainwater naturally ‘tagged’ with 
HTO

• Sulphur 35 dates water a few 
weeks old

11 ka

18 ka

8 ka
5 ka
2 ka

N

Groundwater flow

Mangrove Mtn, NSW

Ultra Sensitive water age dating



Perth Rainfall

Rainfall is insufficient to sustain growth:
Groundwater?
Desalination?
Recycling?

What science advice is needed to 
help set sensible policy settings?



2006

• Perth records lowest rainfall in 66 years
• 2006 was well below the 1940 record, with 

just under 477 mm of rain 
• Perth's average rainfall is 859 millimetres.
• Farmers, grain income badly hit (down by 

50%)
• Metropolitan dam capacity at just 28%



Science Questions

• What are the patterns of rainfall variability 
for SW Australia?

• How is groundwater linked to rainfall?
• What is the relationship of temperature to 

water availability?
• What is the reliable baseline water 

resource for allocation?



• Rainfall variability over 1000 years
• Groundwater age
• Link of groundwater and rainfall
• Relationship of environmental change to 

water resources: land cover change, 
climate

ANSTO Research into SW Australia 

Water Security 



Ion Beam Analysis and Fine Particles at ANSTO

Local, regional, national and international programs 

looking at fine particle air pollution

• In urban situations, State of Environment reporting by 
local councils

• Industrial situations, effects of dust from open cut 
mining on surrounding towns in Hunter Valley.

• Major international programs across 13 countries in 
Asia with International Atomic Energy Agency



Sydney, Australia on clear and polluted days



• IBA techniques at ANSTO allow 
you to not only determine what 
the total mass of fine particles in 
the air is but also what sources 
contribute to that total mass 

• Clear seasonal variations in most 
sources except soil.

� Smoke and Autos higher in  the winter.

� Secondary sulfur and sea higher in 
summer.

• This is a truly quantitative, non 
destructive method (filters not 
destroyed).


��
�����
�������
����������������
���
����
��
	�������������

�

��

��

��

��

����	
�

�

��

��


�

��

��

��

��

�����

�

��

��


�

��

��


����

�
��
��

�
��
��
��
��
��

���

��

��

���

��

��

���

��

��

���

��


�

���
���

��

���
���

��

���
���

��

���
��


�


���
���

��

���
���

��

���
��


��

���
���

��

���
���

��


�����


��
���

���
��

�

��

��

��

��

���


���

Ion Beam Analysis and Fine Particles at ANSTO



Summary points
• Nuclear methods can provide accurate measurements 

of a variety of parameters

• ANSTO has state-of-the-art tools for investigating 
important environmental problems

• We work across universities, industry and government 
sectors in Australia and beyond

• Applications include:
� Human health

� Industrial compliance

� How environmental systems work

� Sustainability and security of water and food supplies


