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The Black Sea is of great interest to a wide variety of scientists and policy makers
due to the unique biogeochemical conditions of this basin and the large anthropogenic
stresses in this region. The Black Sea is unique biogeochemically, given that it is the
world's largest anoxic basin. Surface waters, which are brackish and strongly influenced
by the major river inflows in the Northwest, are separated from the deep anoxic waters by
a sharp density gradient. This pycnocline severely limits mixing between the upper and
lower layers, and thus sets up the conditions needed for maintaining the permanent deep
water anoxia. Anthropogenic influences are significant, given the large populations that
live within the watershed of the Black Sea, and hence influence local and regional fluxes
of materials to this basin.

In this presentation, an overview of the use of radionuclides in the study of
physical, chemical, biological and geological processes in the Black Sea will be provided.
A range of natural and man-made radionuclides will be examined. Examples will be
taken from work conducted by our own lab at WHOI and from a variety of other
international laboratories working in this area. An emphasis will be given to those
studies which are related to recent and ongoing IAEA activities in this region.
Radionuclides which originated from the Chernobyl nuclear power station accident in
1986 will be highlighted, given the proximity of the Black Sea to direct Chernobyl fallout
and further inputs from riverine born radionuclides from the accident site. A comparison
of overall radionuclide levels in the Black Sea and other basins will also be made.

In using radionuclides as in-situ tracers of physical, chemical, biological or
geological processes, one needs to know as background information, something about the
radionuclide source functions and the chemical behavior of the element of interest.
Broadly speaking, in oceanographic studies, radionuclides are grouped into either the
"conservative" or "particle-reactive" elements. Conservative tracers are used to follow
physical mixing and diffusion process in the waters of the Black Sea. Particle-reactive
tracers are used to study the vertical settling of sediments, biota and associated elements
from the surface to deep waters and their accumulation on the seafloor.

As an example of a successful application of a conservative tracer in the Black
Sea, a time-series analysis of the penetration of Chernobyl derived l37Cs and l34Cs into
the deep waters will be presented. Qualitatively, the presence of Chernobyl derived Cs
below the oxic/anoxic interface (between 100 - 500 m in the central basin) only 1 year
after the accident, has led to a re-evaluation of our understanding of Black Sea ventilation
and entrainment processes. The rates of mixing in this case can be evaluated though
numerical modeling of the time-series evolution of this tracer, and an example of this will
be presented. Another conservative tracer to be discussed is Sr. Of particular interest in
this case is the use of 90Sr to study the input and mixing of riverine waters in the NW
shelf region of the Black Sea.

Particle-reactive tracers have been used in the Black Sea to follow sedimentation
processes. Characteristic of the particle-reactive elements is their rapid removal from
surface waters and their accumulation in the underlying sediments. The anoxic bottom
waters exclude the major benthic macrofauna which in most oceans serve to mix or
perturb the sediment record. In the Black Sea, the sediment radionuclide record can be
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finely resolved, and hence the deposition history of a wide range of elements is accurately
recorded in this basin's sediments. Also, given the anoxic conditions, many elements
exist in alternate redox states which can significantly change their removal rates. For
example, the low redox conditions lead to a very high efficiency of plutonium removal
from the watercolumn, compared to the rest of the worlds oceans.

In summary, there are a number of important questions concerning the water
balance, pollution loading, and fate of materials dumped into the Black Sea that can be
addressed using radiotracers. These applications are quite interesting scientifically, as the
Black Sea is a unique environmental setting for making these measurements. These
radionuclides act as in-situ tracers which can be used to quantify the rates of many natural
and/or anthropogenically altered processes. These radiotracer applications are quite
relevant to the local communities surrounding this basin. A large number of issues
related to fisheries, pollution, tourism and recreation, and resource and waste
management can be better addressed through wise application of these natural and man-
made radionuclides.
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