
 

RACI/SPERA 2018 Workshop: Radionuclides as tracers of Environmental Processes 

Schedule 

9.00am Introduction by Peter Medley, Royal Australian Chemical Institute, Radiochemistry Division 

Ocean Processes 

9.05am-9.55am 
Radioactivity in the Marine Environment: Uranium-Thorium Decay Series 

Dr. Viena Puigcorbé 

10.05am-10.55am 
Radioactivity in the Marine Environment: Cosmogenic and Anthropogenic Radionuclides 

Dr. Pere Masqué 

11.05am-11.30am Morning Tea 

Participant Presentations 

11.30am-11.45am 
What caused decline in intertidal biota after the 2011 Great East Japan Earthquake and Tsunami and the Fukushima nuclear disaster? 

Toshihiro Horiguchi 

11.45am-12.00pm 
Long term record of man-made radionuclides (Cs and Pu) in sediment in the Rhône River mouth (NW Mediterranean) 

Junwen Wu 

12.00pm-12.15pm 
Lead-210 analysis in small shellfish samples during a short-term study 

Sarah Guy 

12.15pm-12.30pm 
Adapting a radiochemical separation method to marine samples collected at a nuclear weapons test site 

Sangeeth Thiruvoth 



 

12.30pm-1.30pm Lunch 

Groundwater Processes 

1.30pm-2.20pm 
Isotope Tracers in Groundwater studies: Stable and Radioactive noble gases 

Dr. Axel Suckow 

2.30pm-3.20pm 
Contaminant mobility in groundwaters – some Australian case studies 

Dr. Timothy Payne 

3.30pm-4.00pm Afternoon Tea 

Participant Presentations 

4.00pm-4.15pm 
Increasing, and streamlining, the availability of environmentally relevant radioisotopes at ANSTO 

Leena Hogan 

4.15pm-4.30pm 
Analysis of uranium, thorium and radium radioisotopes in highly saline water samples 

Atun Zawadzki 

4.30pm-4.45pm 
Survey of the radiological content of Australian drinking waters derived from groundwater 

Liesel Green 

4.45pm-5.00pm 

Methods for the determination of U-238 complexing with tri-n-butyl phosphate (TBP) within Little Forest Legacy Site (LFLS) groundwater using on-line 
SeaFAST pre-concentration coupled to ICPMS 

Brett Rowling 

 



 

Main Presentation summaries and biographies 
Radioactive isotopes, of either natural or artificial origin, are ubiquitous in the Earth. Two main characteristics make them extraordinarily useful as tracers for 

studying many processes in the environment: 1) Knowledge of their source terms (from the atmosphere, the ocean or continents) and biogeochemical 

behaviour; and 2) their half-lives, unique to each of them and that can vary from less than a second to billions of years. That allows us to design and implement 

models adapted to the process and/or system we want to study, using the radionuclides as clocks, determining rates or ages. Yet their applications in aquatic systems 

are hindered by a general lack of knowledge regarding the underlying concepts of radioactivity, the occurrence of radionuclides in ecosystems, and the equations 

used to describe their decay mechanisms in environmentally applicable systems.   

 

 
 

 

 

 

 



 

Ocean Processes 

Radioactivity in the Marine Environment: Uranium-Thorium Decay Series 

Dr. Viena Puigcorbé (Edith Cowan University) 

We will provide with a basic understanding of how naturally occurring uranium-thorium series can be used to address a range of environmentally relevant questions 

in marine systems. The lecture begins with a brief introduction to uranium-thorium series decay patterns and their distribution in the marine environment.  The 

remaining lecture focuses on four case studies that cover a range of applications where uranium-thorium series radionuclides are used and includes:  scavenging, 

air-sea gas exchange, tracing groundwater discharge, and sedimentation/age dating. 

Profile 

Viena Puigcorbé is a postdoctoral researcher at Edith Cowan University since 2016 when she moved to Perth after finishing her PhD at the Institute of Environmental 

Science and Technology at the Universitat Autònoma de Barcelona (Spain). Her research focuses on the use of naturally occurring radioactive isotope pairs to study 

the carbon export in the open ocean and evaluate the strength and efficiency of the biological carbon pump. Her background and experience working in 

multidisciplinary teams allowed her to gain a holistic view of the potential factors influencing carbon export although her work areas cover highly variable ocean 

regions: from high latitude oceans, such as the Arctic Ocean, where the sea-ice decline is impacting primary productivity and the carbon cycle, or the Southern 

Ocean, examining how eddies or marginal ice zones influence the amount of carbon being exported at depth. She has also worked in temperate and tropical areas, 

such as the Mediterranean Sea, the Gulf of California and the Easter Tropical North Pacific, where she investigated the role of the composition of the planktonic 

community in controlling the export flux and has been involved also in ocean basin scale projects in the North Atlantic, covering a wide range of bioregions. 

 



 

Radioactivity in the Marine Environment: Cosmogenic and Anthropogenic Radionuclides 

Dr. Pere Masque (Edith Cowan University and Universitat Autònoma de Barcelona) 

The goal of this lecture is to provide with a basic understanding of how cosmogenic and anthropogenically produced radionuclides can be used to address a range 

of environmentally relevant questions in marine systems. The lecture begins with a brief introduction to cosmogenic and anthropogenic radionuclide production 

and sources to the marine environment. Then we will focus on specific case studies using these radionuclides in a range of applications including:  ocean circulation 

and mixing, particle scavenging, and sedimentation/age dating. 

Profile 

Pere Masqué is a professor at Edith Cowan University since 2015, after spending a year on sabbatical in Perth. Until then he was at the Department of Physics and 

the Institute of Environmental Science and Technology at the Universitat Autònoma de Barcelona (Spain). His research group at the Environmental Radioactivity 

Laboratory uses both natural and artificial radioactive isotopes, (such as 7Be, 90Sr, 137Cs, 210Po, 210Pb, 222Rn, Ra, 230Th, 231Pa, Pu and U) as tracers of environmental 

processes, mostly in the oceans, such as: the evaluation of the role of the oceans as a source/sink of CO2; the relevance of submarine groundwater discharge in the 

biogeochemical cycles of the coastal and open ocean; the importance of the declining of sea-ice in the carbon cycle in the Arctic Ocean; the ocean circulation and 

its fluctuations at millennial scales and how to use that to evaluate changes in the climate; the impact of fish-trawling in bottom sediments of the continental 

margins; the radiological consequences of enhanced naturally occurring radioactive materials; and the impacts of the releases of artificial radioactivity in the oceans 

(i.e. nuclear reprocessing plants, Chernobyl and Fukushima accidents). Current working areas include the Atlantic, Pacific, Antarctic and Arctic Oceans, the 

Mediterranean Sea, Fukushima and vegetated coastal ecosystems around the world. 

 

 



 

Groundwater Processes 

Radioactive noble gas isotopes (85Kr, 39Ar, 81Kr): Basic properties, measurement history, and some applications demonstrating why we undergo such 

an effort to measure them. 

Dr. Axel Suckow, CSIRO Land and Water 

The radioactive noble gas isotopes (RNGI) 85Kr, 39Ar, 81Kr are ideal and the most robust tracers for the water cycle (groundwater, ocean water, limnology and ice). As 

noble gases, RNGI do not undergo any chemical reaction or dilution (as, for example, CFCs, 14C, 36Cl), as isotope ratios they do not rely on the measurement of 

absolute concentrations (as for example, the gas tracers CFCs, SF6, and the stable noble gases, including 3H/3He dating). And RNGI cover a wide range of time scales 

from decades (85Kr) over centuries (39Ar) to millennia up to one million years (81Kr). 39Ar is the only available environmental tracer in the time range of centuries. 

Despite these advantages their application is very limited, due to missing laboratory capacity to measure them: the global annual capacity for 39Ar is in the range of 

50/year and the total number of ever published 81Kr results is less than 50. The reason is the immense analytical effort needed to measure these tracers and only 

two laboratories for each of 39Ar and 81Kr are able to measure them. The talk gives an overview on how these tracers are sampled, prepared and measured and 

demonstrates that we presently observe a game-changer with the dawn of the ATTA technology (Atom Trap Trace Analysis), which will make these tracers available 

for routine applications in the next decade. 

Profile 

Axel Suckow is a senior research scientist at CSIRO Land and Water with three decades experience in the application of environmental tracers in sediments and the 

hydrosphere. Axel manages the only laboratory on the southern hemisphere to measure all stable noble gases in water, one of less than a dozen world-wide. His 

team developed the sampling and preparation techniques for RNGI also in Australia. The logical next step to measure the RNGI will be taken within the coming five 

years in cooperation with University of Adelaide. 



 
Contaminant mobility in groundwaters – some Australian case studies 

Dr Tim Payne, ANSTO Environmental Research Theme  

Dr Tim Payne will discuss a number of examples of field and laboratory studies of contaminant processes in groundwaters. Firstly, he will demonstrate the 

groundwater impacts of a naturally occurring uranium accumulation – the Koongarra orebody in northern Australia. Secondly, he will discuss man-made radioactive 

contamination at the Little Forest Legacy Site near Sydney, Australia.  These two sites provide an illustrative contrast in factors such as the types of radionuclides 

present, the geological environment, the source terms, the timescales of contamination, the critical pathways and potentially exposed groups. Finally, Tim will show 

how laboratory studies with artificial isotopes can provide insights on water contamination in a number of environmental situations – including arsenic 

contamination of agricultural soils, heavy metal contamination of harbour sediments and assessing the effectiveness of artificial wetlands for remediation of 

contaminated mine-waters.  

Profile 

Dr Tim Payne has undertaken extensive research into the chemistry of environmental contaminants, focusing on the mobility of radionuclides in the geosphere. He 

has contributed to 68 refereed scientific papers and numerous research reports, and provides technical advice to national and international organisations.  

Tim is presently the leader of a research project which is studying various issues relating to the environmental behaviour of radionuclides. The main field site of this 

project is the Little Forest Legacy Site near Lucas Heights, which was used, in the 1960s, for the disposal of solid waste with low-levels or radioactivity and non-

radioactive beryllium oxide.  

He is on the International Scientific Committee of the conference series on "Chemistry and Migration Behaviour of Actinides and Fission Products in the Geosphere", 

and an Executive member of the World Council of Isotopes (WCI), as well as chair of the WCI Committee on Isotopes in the Environment. He is a Fellow of the Royal 

Australian Chemical Institute. 



 

Participant presentations 

Marine Processes 

What caused decline in intertidal biota after the 2011 Great East Japan Earthquake and Tsunami and the Fukushima nuclear disaster? 

 

Toshihiro Horiguchi1, Keita Kodama1, Gen Kume2, Ik Joon Kang3 

1 National Institute for Environmental Studies, Ibaraki, Japan 

2 Kagoshima University, Kagoshima, Japan 

3 Kyushu University, Fukuoka, Japan 

In 2011, 2012, and 2013, in the intertidal zones of eastern Japan, we investigated the ecological effects of the severe accident at the Fukushima Daiichi Nuclear 

Power Plant (FDNPP) that accompanied the 2011 Great East Japan Earthquake and Tsunami. The number of intertidal species decreased significantly with decreasing 

distance from the power plant, and no rock shell (Thais clavigera) specimens were collected near the plant, from Hirono to Futaba Beach (a distance of approximately 

30 km) in 2012. The collection of rock shell specimens at many other sites hit by the tsunami suggests that the absence of rock shells around the plant in 2012 might 

have been caused by the nuclear accident in 2011. The absence of rock shells at sites close to FDNPP also suggests that reproduction and recruitment did not occur 

there, or were less successful, in summer and autumn (the reproductive season and thereafter) in 2011, in addition to the possible mortality of almost all individuals 

living there after March 2011. Quantitative surveys in 2013 showed that the number of species and population densities in the intertidal zones were much lower at 

sites near, or within several kilometers south of, the plant than at other sites and lower than in 1995, especially in the case of Arthropoda. There is no clear 

explanation for these findings, but it is evident that the intertidal biota around the power plant has been affected since the nuclear accident. 



 
Long term record of man-made radionuclides (Cs and Pu) in sediment in the Rhône River mouth (NW Mediterranean) 

 

Dr. Junwen Wu1,2, Sabine Charmasson1 

1 Institut de Radioprotection et de surete Nucleaire (IRSN), Paris, France 

2 Shantou University, Shantou, China 

In order to evaluate the long time-series deposition of Cs and Pu from Marcoule Nuclear Reprocessing Plant (MNRP) in the Rhône River mouth, examine whether 

the radionuclides trapped in sediment could be released again, and constrain the characteristic 240Pu/239Pu atom ratio of MNRP, we measured the Cs and Pu isotopic 

compositions in sediment cores collected in 1979-2008. Rhône Consistently, the activity levels of 137Cs and Pu were significantly higher than those expected solely 

from global fallout. High apparent sediment rate, trap ability and inventories of 137Cs and, 239/240Pu were observed in the Rhône pro-delta area (Zone III), indicating 

the Cs and Pu was preferentially deposited in this region. High inventories of 137Cs and 239,240Pu are correlated to the MNRP discharge. Nevertheless, although 137Cs 

and 239,240Pu have different geochemical behaviors, they were stored efficiently in the middle layer in the dynamic river mouth (Zone III), suggesting that no strong 

remobilization by 137Cs desorption occurred. Using a two end-member mixing model, the contributions of Pu from MNRP to the Rhône River mouth are quantified 

by the 238/239Pu, 240Pu activity ratios, namely, from ~18% for before 1980 to ~72% for 1980-1991. Moreover, the characteristic 240Pu/239Pu atom ratio of MNRP was 

well constrained through two dimensional ratios of 238/239Pu, 240Pu activity ratios and 240Pu/239Pu atom ratio, i.e., before 1970: 0.05-0.10 for military facilities and after 

1970: 0.10-0.25 for civil uses. This 240Pu/239Pu characteristic atom ratio, as an alternative “fingerprint”, would help in identifying the Pu source originated from the 

MNRP and their distribution in the environment. 

 

  



 
Lead-210 analysis in small shellfish samples during a short-term study 

 

Sarah Guy1, Sally Gaw1, Andrew Pearson2, Oksana Golovko3 

1 University of Canterbury, Christchurch, New Zealand 

2 Ministry for Primary Industries, Wellington, New Zealand 

3 Institute of Environmental Science & Research, Christchurch, New Zealand 

As part of a shortterm study investigating the temporal and spatial variability of 210Po activity concentration in New Zealand shellfish, a protocol to analyse 210Pb in 

small size biological samples was developed. 210Po and 210Pb are radionuclides from the decay chain of 238U with a respective half‐life of 138.4 days and 22.2 years. 

The study of 210Po activity concentration in shellfish in New Zealand is of major importance due to its contribution to the exposure of the New Zealand population 

to radionuclides via ingestion. The determination of 210Pb activity concentration is required to precisely calculate 210Po activity concentration and to provide 

information on the extent of the fraction of 210Po supported by its grandparent 210Pb and the fraction unsupported by 210Pb. The analysis of 210Pb allows calculation 

of the 210Po: 210Pb ratio which is a powerful tool for understanding of the spatial and temporal variability of 210Po activity concentrations and may provide 

discrimination for anthropogenic inputs. The method selected for the analysis of 210Po activity concentration is spontaneous deposition on silver disc followed by α-

spectrometry measurement. Three methods for analysis of 210Pb activity concentration were considered: repeat plating of 210Po after an ingrowth period followed 

by α-spectrometry measurement, direct counting by γ-spectrometry, or finally separation with a Pb resin followed by Liquid Scintillation Counting. The sample 

preparation and analysis procedures had to be adjusted and a protocol developed in order to accommodate specific different sample sizes, matrices and the time 

constraints of the study. 

 



 
Adapting a radiochemical separation method to marine samples collected at a nuclear weapons test site 

 

Sangeeth Thiruvoth1, Jennifer Harrison1, Mat Johansen1, Adella Silitonga1, Chris Vardanega1, Kerry Wilsher1, Henri Wong1 

ANSTO, AustraliaAustralian Nuclear Science and Technology Organisation (ANSTO), Sydney, Australia 

A radiochemical separation method for terrestrial soils and sediments was adapted to marine and terrestrial samples collected from the Montebello Islands’ nuclear 

weapons test site. These marine samples proved to be challenging due to matrix complexities and the expected presence of discrete radioactive particles.  

A series of digestion techniques were applied in order to achieve total sample dissolution. Calcium phosphate pre-concentration was used followed by extraction 

chromatography with Eichrom resins. U, Th, Pu and Am were measured by alpha spectrometry and Sr-90 by Cherenkov counting.  

Losses that were found to occur at the calcium phosphate pre-concentration step were overcome through increasing the concentration of phosphate to scavenge 

all available strontium from the digest solution.  

Four group I and group II elements (Ba, Ca, Na, K) were identified as possible interfering elements on the Eichrom® Sr Resin. A series of tests were conducted in 

order to determine the recovery of strontium as a function of the concentration of these group I and group II elements. 

This workshop will discuss the methods used, challenges overcome and lessons learnt through these tests and analyses.  



 

Radioisotope related presentations 

Increasing, and streamlining, the availability of environmentally relevant radioisotopes at ANSTO 

 

Leena Hogan1, Tom Cresswell1, Grant Griffiths1, Attila Stopica1, Paul Pellegrinia1 

1 Australian Nuclear Science and Technology Organisation (ANSTO), Sydney, Australia 

Increasing the range of available radioisotopes can develop and enhance the impact of nuclear techniques in the field of environmental science. 

ANSTO radiochemistry has a strong history of producing, separating, purifying, characterising and formulating radioisotopes for medical research. Accomplishments 

have included the development of a 68Ge/68Ga generator for PET imaging, the neutron irradiation and subsequent separation of high specific activity 177Lu from 

enriched 176Yb targets, the high through-put conversion of 67Ga-citrate to 67Ga-chloride used in phase 1 clinical trials targeting prostate cancer, and the reformulation 

of 64Cu for the labelling of iron oxide nano-particles. 

More recently, ANSTO radiochemists have begun, in earnest, to use existing facilities and radiochemical capabilities to streamline access to radioisotopes for the 

broader scientific community. Current achievements include the production of 65Zn-nano- and micro-particles to probe the impact of particle size on zinc uptake 

from fertilisers, as well as the production of sodium [75Se]selenite to assess the bioaccumulation of selenium in amphibians. Future work will include the development 

of infrastructure and methodologies for the production of [75Se] L-selenomethionine along with 24Na-carbonate and 42K-carbonate as tools for environmental and 

agricultural research. 

This talk is aimed at providing a summary of ANSTO’s recent efforts to improve access to radioisotopes as well as stimulating discussion amongst delegates as to 

how radioisotope development can best contribute to the field of environmental science.  



 

Groundwater processes 
 

Analysis of uranium, thorium and radium radioisotopes in highly saline water samples 

Sabika Maizma1, Atun Zawadzki1 

1 Australian Nuclear Science and Technology Organisation (ANSTO), Sydney, Australia 

Radioisotopes of uranium, thorium and radium were analysed in flow-back and produced waters samples collected from coal seam gas (CSG) bores. The water 

samples were processed for the determination of 234U, 238U, 228Th, 230Th, 232Th, 226Ra activity concentrations by alpha-particle spectrometry and 228Ra by gamma-ray 

spectrometry. CSG associated water consist of high concentrations of total dissolved solids (TDS) ranging from 300 to 10,000 mg/L. Such high salinity levels pose 

difficulties for the measurement of the radioisotopes of interest, resulting in low sample recoveries and poor resolution alpha spectra. 

Manganese dioxide co-precipitation technique was chosen to concentrate the elements of interest, followed by the isolation of uranium and thorium using UTEVA 

(Eichrom) resin. The determination of 226Ra by alpha spectrometry was found to be challenging due to low sample recoveries and poor alpha spectra resolutions. 

This was overcome by diluting the samples in large volumes prior to lead sulphate co-precipitation, which isolates radium and barium from other metals in the 

samples. The developed radiochemical technique was suitable and robust for determining the radioisotopes of interest in CSG associated water samples. 

 

  



 
Survey of the radiological content of Australian drinking waters derived from groundwater 

 

Liesel Green 

Australian Radiation Protection and Nuclear Safety Agency (ARPANSA), Melbourne, Australia 

In Australia, the radiological health aspects of drinking water is managed using the Australian Drinking Water Guidelines. States and Territories regulate drinking 

water through the adoption of these guidelines. No intervention is required when the radiological dose from the consumption is less than the reference level of 1 

mSv per year. When the dose is determined to be between 0.3 mSv and 1 mSv per year, optimization should be considered taking into account the justification for 

reducing the exposure level. 

ARPANSA is about to embark on a survey of the radiological content of Australian drinking water, with aim of improving our knowledge of public exposure through 

the consumption of commodities. The program will undertake to sample all water supplies currently identified as sourced from groundwater. The radionuclides 

assessed will include radionuclides from the natural uranium and thorium decay series.  

Examination of results from the individual radionuclides and gross alpha, gross beta screening will provide information on the application of screening levels and the 

introduction of reference levels as a requirement of GSR part 3 Regulation 57.  

Presented in a publicly accessible ArcGIS format, the information generated through the survey may also be useful to the study of environmental applications. 

An outline of the proposed program along with resourcing options and opportunities for collaboration in these activities will presented. 

  



 
Methods for the determination of U-238 complexing with tri-n-butyl phosphate (TBP) within Little Forest Legacy Site (LFLS) groundwater using on-line SeaFAST 

pre-concentration coupled to ICPMS 

 

Brett Rowling1, Henri Wong1, Christopher Vardanega1, Jennifer J. Harrison1, Andrew S. Kinsela1,2, M. Josick Comarmond1, Mathew P. Johansen1, Timothy E. Payne1 

1 Australian Nuclear Science and Technology Organisation, Kirrawee, NSW 2232, Australia  

2 University of New South Wales, Sydney, NSW 2052, Australia 

At many waste sites, organic compounds and inorganic minerals are often co-disposed, however, analyses typically consider these two groups in isolation. Reported 

data from groundwater studies from Little Forest Legacy Site (LFLS) in eastern Australia indicates the co-existence of radionuclides such as uranium as well as organic 

compounds including tri-n-butyl phosphate (TBP). TBP is a complexant which has been applied to separate actinides as part of reprocessing of nuclear fuels. 

Additionally TBP is water soluble, but it is unknown whether this compound can still complex with radionuclides after being exposed to environmental processes for 

several decades since disposal. Analyses of groundwaters from the LFLS were performed by applying combined solid-phase extraction followed by on-line seaFAST 

pre-concentration coupled to ICPMS. The results, particularly the fragment ion patterns, indicate that complexing of uranium with TBP occurs at the site. This 

suggests that the presence of co-disposed organic contaminants such as TBP could enable the mobilisation of radionuclides at the site and may have implications to 

other legacy waste sites. 

 


