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Radium Isotopes In Port Phillip Bay: Estimation Of The Rate Of Bioirrigation Of
Sediments, And Water Residence Time.
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Introduction

Recent work has shown that estuarine sediments are a source of Ra to coastal waters
(Bollinger and Moore, 1982, Webster et al., 1994; Hancock et al., 1997). Ra is soluble in
saline water (Moore, 1992, Webster et al., 1995) and is rapidly desorbed into porewater
from deposited fluvial sediments where it is continuously generated by insoluble Th
parents. The rate at which Ra effuses into surface water has been used to determine the
rate of surface-water porewater exchange (Hancock and Murray, 1996). Once in the
water column, the behaviour of Ra is essentially conservative, enabling the determination
of water residence time in a semi-enclosed estuary (Turekian et al., 1996).

Here we use measurements of Ra in an estuary to estimate two water mixing processes.
Port Phillip Bay (PPB) is a semi-enclosed estuary adjacent to the city of Melbourne, one
of the highest density population centres in Australia. The Bay is approximately 50 km in
diameter, and has an average depth of 14 m. A recent study found that the potential for
eutrophication and algal blooms in the Bay was intricately linked to the fate of nutrients,
particularly nitrogen, discharged into the Bay from rivers, drains, and sewage treatment
plants (Harris et al. 1996). Two of the most important processes controlling the levels of
inorganic N in the water column were identified as bioirrigation of bottom sediments,
and the rate of exchange of Bay water with ocean water via Bass Strait. In this paper we
describe how Ra isotopes can be used to estimate the rates of these processes, and we
compare these rates with estimates made using conventional techniques.

Methods

Water and sediment samples were collected from five sites in February 1996. Sediment
cores were collected by divers, frozen, and sectioned in the laboratory. Surface, mid
depth and bottom water samples were collected using a Niskin bottle.

Radionuclide activities were determined by alpha spectrometry (Martin and Hancock,
1992) and gamma spectrometry (Murray et al., 1987).

Rate of Bioirrigation

Under steady state, the rate of input of Ra to the water column of the Bay is balanced by
its rate of removal. Bottom sediments in the Bay are assumed to be the main source of
the shorter-lived Ra isotopes (^Ra and ^Ra) to the water column. Riverine and
groundwater sources of these isotopes to PPB are small. The residence time of water in



the Bay is long compared to the a4Ra and ^ R a half-lives (4 d and 11 d), and loss of
^ R a and m Ra by advection to Bass Strait is insignificant compared to decay. Thus the
flux of ^"Ra and ^Ra from bottom sediments is estimated by from the rate of decay of
their unsupported activity in the water column ie.

F=CHX

where C is the mean Ra concentration of the water column, and H is the water column
depth. This flux is much greater than the flux attributable to molecular diffusion of ^Ra
from sediments, indicating that significant advective exchange is occurring between
surface water and sediment porewater. Based on the 224Ra content of porewater in the
Central Bay area, a porewater flux of 6.6xlO'5cm/y is calculated. This flux is
comparable with measurements made using benthic chambers, and if typical of the whole
Bay, corresponds to 1.5 times the total water volume of the Bay each year.

Water residence time

Unlike 224Ra, most of the water column activity of the longer-lived ^Ra (half-life 5.7 y)
is advected to Bass Strait. The flux of 228Ra from bottom sediments is determined from
its activity deficiency (Z>) in bottom sediments with respect to its parent, 232Th. The flux
of 228Ra (228F) required to sustain this deficiency is therefore determined from

By considering the ^ R a budget, groundwater input of ^ R a to the Bay is thought to be
small compared to the bottom sediment flux. By assuming the Bay to be a well-mixed
box, and measuring ^Ra in the water column, the residence time of water in the Bay can
be determined. This time is between 234 and 390 days, and lies in the range calculated
from salt and water balance, and predictions using a combination of hydrodynamic and
multi-box water transport models. The constraints on our estimate are based on just three
sediment cores containing a high component of clay. These constraints time could be
reduced considerably by the analysis of more sediment samples from the sand and gravel
region of the Bay.

Conclusions

Irrigation-induced advective exchange is the major process transporting Ra across the
sediment-water interface. The flux of porewater from bottom sediments, derived using
Ra isotopes, agrees well with estimates derived from Benthic chamber data.

The flux of ^ R a into the Bay from groundwater sources is small compared to the bottom
sediment flux. The deficiency of ^ R a in bottom sediments has the potential to yield
realistic estimates of water residence time.

Ra isotopes have the potential to yield important information on the dynamics of water
movement in estuaries without the need for extensive modelling or costly sampling
techniques.
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