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Introduction
Radioactivity is a natural part of the environment, arising mainly from primordial elements
such as uranium and thorium and their daughter products, and those being constantly
produced in the atmosphere by interactions with solar radiation. Of the more than 5000
nuclides (atoms) recognised by science today about 95% are radioactive [1] and scientists can
use these natural radioactive atoms to study environmental processes and thereby gain a better
understanding of the world we live in. Some of the earliest applications of radioisotopes as
tracers of environmental processes were carried out by workers from Harwell (UK)
approximately 40 years ago to study the fate of dredge spoil in the Thames River estuary.
Developments since that time have been such that today highly accurate and specific
information on physical, chemical and biological processes in rivers, estuaries and coastal
environments may be obtained, often in real time, by selection of a proxy isotope with the
appropriate properties. Radiotracers may be naturally occurring isotopes characteristic of the
particular process under investigation, artificial isotopes introduced as analogues of natural
products, or artificial labels on substances retrieved from nature.

Physical Processes
Sand Mobility Studies - Sand movements on the continental shelf, along or offshore beaches,
within estuaries and river systems have been characterised using radiotracers [2]. Briefly, the
technique involves the preparation of the labelled material, its injection and subsequent
monitoring. Investigations may extend from a few days to over a year depending on the
coastal process of interest. Particular isotopes are chosen to suit the duration of the
investigation including; 198Au (useful life 2 weeks), 51Cr (4 months), 192Ir (8 months), 46Sc (9
months) and I1OmAg (>1 year). The isotope is either adsorbed onto the surface of the natural
material or incorporated into glass and ground and sieved to match the particle size
distributions of the natural material. The radioactively labelled material is released used
remote handling techniques and monitored on the sea bed with calibrated probes attached to a
sled or other device to ensure reproducible geometry [2]. Quantitative estimates of the rate of
bed load transport can be made.

Offshore sewage dispersion studies - An extensive evaluation of the deep water ocean outfalls
at Malabar (NSW) has been undertaken for the NSWEPA by ANSTO in collaboration with
UNSW-WRL (formally AW ACS) [3]. Tracer radioisotopes were typically metered in to the
sewage flow at the Sydney Water Corporation's Malabar Treatment Plant over a three hour
period. The dilution of sewage is monitored at the diffusers, located at a depth of 80m and
4km out to sea, and its fate then studied over the next several hours to days. Depending on the
local current and oceanographic conditions, the sewage was traced to either rise to the surface
or remain trapped at depth and/or migrate northward or southward along the NSW coast [3].
Two isotopes are normally used for these studies, tritium (3H) and gold (198Au). The gamma
emitting ' 8Au can be measured in situ with submersible probes. The information is combined
with accurate positioning and depth data to provide a 3 dimensional picture of the dispersing
plume. Also, separate isotope labels may be placed on distinct plume components, such as
tritium (3H) for the aqueous or dissolved phase, chromium (51Cr) for particulate material and
gold (198Au) for the grease component [4]. Water samples are typically collected within the
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plume for subsequent chemical, radiochemical and microbiological analyses at the laboratory.
The transport and dispersal data were used for the validation of the mathematical models for
offshore sewage flow developed by AW ACS.

Chemical Processes
The in situ behaviour of manganese has been studied in detail (Figure 1) utilising an artificial
isotope (54Mn) to follow chemical behaviour at extremely low concentrations, typical of
natural levels [5]. Along with iron, this element is an important chemical scavenger in the
ocean and thereby influences the geochemistry of several other trace metals [6]. Briefly,
ferromanganous and organic coatings on marine particles provide sites for adsorption and
complexation of dissolved trace metals and in general terms, marine particles grow through
accumulation of successive layers of these oxyhydroxide precipitates with surface-bound
organic and inorganic species. Once formed, particles may remain in suspension as small
colloids, aggregate or associate with other particles until their density is such that they fall
vertically through the water column [7]. These chemical processes account for, in part, the
removal of trace metals from surface waters to sea floor sediments.
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Figure 1. Results of experiments of (a) 54Mn particle formation, and (b) 365nm
light photolysis on 54Mn particle formation and (c) particulate 54Mn dissolution
on 365nm photolysis, modified from [5].

Further understanding of ocean particle scavenging processes has developed through studies
of naturally occurring radionuclides as tracers. Particularly suited to studies of chemical
scavenging in marine systems is the observed disequilibrium in 234Th/238U activities. 234Th, a
daughter isotope of 238U with a half-life of 24.1 days, provides a mechanism to trace processes
with temporal ranges of days to months. The activity of this tracer (Figure 2a) has been
applied to determine the residence times of particles in seawater (Figure 2b) and interpret the
behaviour of several dissolved trace elements (Figure 3). The residence times (x) of
suspended marine particles is calculated from measurements of the 234Th/238U activity ratio
using the following equation [7];

x = t m x R / ( l - R ) (1)

where xm is the mean-life of 234Th (I/decay constant = 34.8 days), and R is the 234Th/238U
activity ratio. 234U activity is relatively constant at 2.41dpm/L. Removal Rates (*F) are the
inverse of X.

Residence times (Figure 2b) deduced for suspended particles in Australian coastal waters
varied considerably (0.66 - 9.2 days for particles >10um and 4.2 - 23.4 days when all particles
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>0.5um were considered) over a period of five consecutive days [8]. Dissolved residence
times ranged from 30 to 64 days [8]. At each sample site the residence time of dissolved ^ h
was much longer than that of particulate 234Th implying the rate of uptake is much slower than
the rate of removal and limits the ultimate scavenging of 234Th from the water column. These
results are comparable to data from the North Atlantic [9], rather than coastal and shelf
systems [7] reflecting the extremely oligotrophic nature of tropical northern Australian coastal
waters.
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Figure 2. (a) Gamma activities of B4Th in Total, >10^im and >0.5fim particulate
size fractions and (b) dissolved trace element concentrations relative to Particle
Removal (Flux) rates [12].

The concentrations of dissolved trace metals in samples corresponding to 234Th sites (Figure 3)
varied from values typical of urbanised coastal and shelf waters to very low values typical of
open ocean systems [10]. All metals analysed decreased in concentration in synchrony with
observations of decreasing particulate 234Th residence times, however, differences in
scavenging efficiency and possibly mechanisms were evident. Dissolved Cr, Ni and Pb were
removed at a relatively constant rate (Figure 3a), while for Co, Mn and Cd an initial period of
rapid removal was observed, followed by a considerably reduced removal rate (Figure 3b).

Many coastal water bodies are impacted by human activities, and despite recent advances in
surface and solution chemistry, it is still not possible to deduce residence times for trace
metals in seawater from model calculations. It is therefore important to assess the chemical
residence times, or "self cleansing ability" of these waters according to the nature of
discharges and in situ biogeochemical scavenging processes. These processes allow natural
water bodies to cope with some level of disturbance, however, if the rate of chemical
discharges exceeds the rate of removal, deleterious impacts may occur. Radiotracer
techniques can quantify this balance.
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Figure 3. Dissolved trace element cone, as a function of the Particle Removal Rate (\j/p),
from [14].

Conclusions
Nuclear techniques have a wide utility in coastal zone studies. Applications include studies of
the offshore dispersal of sewage, the migration of sand and sediment, and processes important
to the biogeochemical cycling of elements in the marine environment. They are particularly
suited to elucidation of the compartmentalisation and rates of processes, both presently
occurring and in past times. Many studies are designed to contribute to the scientific basis, or
development of engineering concepts, for sustainable development in coastal regions where
population densities are high and there are potential conflicts in the exploitation of resources.
Other studies are aimed at developing an understanding of specific interactions within coastal
ecosystems and the rates at which these processes occur. These radiotracer techniques provide
a mechanism of fine tuning concepts and equations (models) in order to achieve a balance
between man's activities and his impact on the environment.
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