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This Antarctic Science Bursary supported the purchase of a “radium delayed coincidence counter” (RaDeCC) system that enables high-sensitivity measurement of naturally occurring short-lived radioactive radium isotopes in marine samples. 

Introduction:
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The focus of this project was to use radium (Ra) isotopes to investigate shelf-sediment inputs to surface waters in Ryder Bay (Adelaide Island, Antarctica; Figure 1) with the aim of constraining mixing rates between shelf- and open-water sources. Naturally occurring isotopes of Ra are continuously released from shelf sediments1. The presence of the short-lived 223Ra and 224Ra (half-life 11.4 and 3.7 days, respectively) can therefore be used to detect recent contact of a water mass with the shelf1. The slope of concentration gradients from the shelf to the open ocean is a measure for net transport by mixing. This work fits into an existing project that seeks to identify the controls on phytoplankton productivity and assemblages in Ryder Bay by relating these data with concurrent sea ice, oceanographic, nutrient and biological observations conducted as part of the British Antarctic Survey (BAS) Rothera Oceanographic and Biological Time Series (RaTS).


One important aspect of the characterization of the phytoplankton growth conditions is the availability of macro- and micro-nutrients. Possible routes of nutrient inputs to the system comprise (1) surface runoff, (2) coastal exchange processes and (3) exchange of water in the bay with the open ocean. The use of Ra isotopes helps to elucidate sources (2) and (3), allowing a distinction between the sources, along with time constraints on exchange and transport due to mixing in the Ryder Bay area.

Methods:


The measurement and detection of natural levels of 224Ra and 223Ra used to be almost impossible until the “radium delayed coincidence counter” (RaDeCC) was introduced in 19962. This detector is based on specific radon emissions from the radium isotopes of interest. The system is transportable, which is essential to the quantification of such short-lived radionuclides, as analysis must be performed within three days of sample collection. Additionally, this set up requires only a minimum of sample processing, and is very robust (high sensitive, negligible risk of contamination).

For sampling, at least 40 L of seawater are slowly passed over an absorber of manganese dioxide on polyacrylic fibre. Radium adsorbs quantitatively onto the fibre. Without further processing, the rinsed but damp fibre with the sample is placed in a helium-filled circuit with scintillation counters3. From the decay patterns of radon isotopes, the concentration of 223Ra and 224Ra in the sample can be determined. After decay of 224Ra and 223Ra (~3 months) samples can be reanalysed using the RaDeCC system to account for the interference from longer-lived naturally occurring radionuclides, 228Ra and actinium (227Ac). 
Fieldwork:

[image: image3.png]88°25W 820 815 6810 88’5

o 1 2 4 v
e L) i
Kilometres. 1986 i

Transect



[image: image4.wmf]System 1

0

5

10

15

20

25

30

35

40

45

600

700

800

900

1000

1100

1200

PMT voltage (mV)

Signal (CPM)

0.0000

0.1000

0.2000

0.3000

0.4000

0.5000

0.6000

220:Total

CPM total

CPM 220

220:Total


Fieldwork took place at Rothera Research Station (British Antarctic Survey) over the 2009-2010 Antarctic summer. Initial work concentrated on assembly, optimisation and calibration of the new RaDeCC system (Figures 2 and 3, Table 1). Trial samples were collected in order to determine the minimum required volumes for analysis, as ~40L is typical for coastal settings4 while open-ocean Ra analysis can require volumes up to 750 L5.
Radium activities were unexpectedly low, requiring large volumes (>150 L) to minimise counting error. Given the available capacity for water collection it was determined that up to five stations could be sampled over a 24-hour period.
	 
	220 Efficiency
	Background (cpm)
	219 Efficiency
	Background (cpm)

	System 1
	59.6%
	0.011
	34.9%
	0.0004

	System 2
	38.5%
	0.003
	22.5%
	0.0000
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 Five samples were collected along a transect from shore to RaTS Site 1 (our station 5), the site of the RaTS programme. This site was chosen to use mixing rates derived from RaDeCC work to shed light on the impacts of sediment-derived nutrient sources on near-surface processes in order to better interpret the data from the existing long-term monitoring. Following this transect, further samples were collected from a second transect roughly perpendicular to the first, in order to investigate potential input signals from nearby islands and Sheldon Glacier. Sampling transects are shown in Figure 4. 

Samples for Ra analysis were collected from a small boat using a 12 V whale pump attached to acid-clean (10% HCl) silicon tubing. The tubing was rinsed with at least 25 L of seawater before collecting seawater from 10 m depth into clean 20 L containers. Samples were processed as described above, and counts were performed on the RaDeCC system immediately after collection (for 224Ra), after 8 days (for 223Ra), after ~3 weeks (for 228Ra interference) and after >3 months (for 227Ac interference, done after return to the UK). 
Preliminary Results: 


Short-lived Ra isotopes along both transects are shown in Figure 5. Stations 1 to 4 are common to both transects, and show enrichment at station 1, consistent with the near-shore environment where this sample was collected. Enrichment is also seen at station 8, nearest Lagoon Island, consistent with some sediment-water interaction. Interestingly, increases in both 224Ra and 223Ra are also seen in samples 6 and 7 near Sheldon Glacier, although to different extents with each isotope. This may be a factor of interference from parent nuclides of 223Ra, as ingrowth of 227Ac was significant and has not yet been fully corrected for in the 223Ra data. 224Ra is reported as 224Raexcess, the activity in excess of that supported by decay of the long-lived 228Ra isotope.


Long-lived isotopes are presented in Figure 6 as 224Rasupported, the activity of 224Ra that is supplied from decay of parent radionuclides (228Ra via 228Th), and the assessed activity of 223Rasupported, which corresponds to 227Ac, the parent of 223Ra. Overall 224Rasupported shows fairly similar trends to 224Raexcess, and suggests very little coastal influence at stations 3, 4, 5, 8 and 9, as activities of 228Ra below ~ 2 dpm m-3 [image: image7.png]P Rags (dpm m?)
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are typical of open ocean waters5. These results indicate that we can separate water [image: image8.png]wow s
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influenced by coastal inputs from pristine open-ocean water entering the bay. Work is ongoing to fully account for interference from long-lived Ra species and to present the findings as a journal article in Antarctic Science. 
Outcomes:

The purchase of the RaDeCC equipment made possible by this bursary encouraged a collaboration between the University of Edinburgh and the Laboratoire d’Études en Géophysique et Océanographie Spatiales (LEGOS) at Université Paul Sabatier, Toulouse, France. Dr. Pieter van Beek at LEGOS will be further analysing the samples collected during this study using low-background gamma spectroscopy in a newly established underground laboratory in the Pyrénées, which will calibrate 228Ra results from the RaDeCC, and measure 226Ra activity.

The RaDeCC system has already been used for other projects at the University of Edinburgh, such as investigating the role of groundwater discharge in the Firth of Forth.  Use of the system has recently been extended considerably as part of a NERC consortium grant (UK Geotraces) in the South Atlantic. Further applications will include an assessment of submarine groundwater discharge in a coastal bay in Jamaica (test measurements completed in April 2011), and assessments of nutrient fluxes from the subterranean part of an estuary. We will aim at sending the system to Antarctica again when the next opportunity arises.
Presentations

Annett, A.L, S.F. Henley, W. Geibert, R. Ganeshram. “Climate change in coastal Antarctica: Impacts on productivity and biogeochemistry.” Laboratoire d’Études en Géophysique et Océanographie Spatiales, Université Paul Sabatier, Toulouse, France. April 2011.
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Figure 1: Map of southern Adelaide Island, showing Ryder Bay and Rothera Research Station. Map courtesy of the British Antarctic Survey.





Figure 4: Map of sampling stations showing two transects, Glacier (towards Sheldon Glacier) and Islands (passing Lagoon Island). Stations in red were sampled Feb 13 and 14, 2011. Yellow stations were sampled Feb 25, 2011. Map courtesy of BAS, after Clarke et al, 2008.





Figure 3: Signal optimisation of the RaDeCC system. Signals (in counts per minute, CPM) of standards were measured in each system over a range of voltages supplied to the photomultiplier tube (PMT). 





Figure 2: RaDeCC set up in the BAS Bonner Marine Laboratory, Rothera Station, Antarctica. The system also included a helium tank and laptop, not shown.





Table 1: RaDeCC detector efficiencies measured at Rothera Station during the study





Figure 5: Short-lived Ra isotopes along two transects in Ryder Bay from February 2011.





Figure 6: Long-lived Ra isotopes along two transects in Ryder Bay from February 2011.








Sheldon Glacier





Léonie Islands








