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In the Republic of South Africa the generation of nuclear power compared with the use of
fossil fuel, mainly coal, is relatively modest. They have only one power plant situated at Koeberg
near Cape Town in the south with a maximum capacity of 2 x 900 MW. Besides this, a small
nuclear research reactor at the Atomic Energy Corporation (AEC), Pelindaba, near Pretoria in the
north, is operated at a maximum power of 20 MW. The AEC formerly enriched its own uranium
and manufactured fuel elements both for the Koeberg and Pelindaba sites. Nowadays, the research
reactor is mainly used for production of medical and industrial isotopes, colour modification of
gemstones, neutron diffraction for industrial applications and neutron activation analysis.

Natural radioactivity goes with the vast mineral resources in such concentrations that the
nuclides from the natural uranium, thorium and actinium decay series are found to pose concern
for occupational exposure at certain mining and mineral processing industries, and public
exposure to communities living around these areas. The main industries concerned are the gold,
copper, heavy mineral sand and the coal mining and processing operations.

The radiological impact of all operations is monitored as part of the license obligations,
imposed by the South African Nuclear Energy Act. The Council for Nuclear Safety is mainly
concerned about the impact on workers and the release of effluents and dust to the environment,
while the Department of Water Affairs & Forestry is intensively studying the concentration of
radionuclides in identified catchment areas around the mining and mineral processing industries
to assess the impact on the public using these water sources as part of their dietary intake.

The occupational exposure at the Koeberg Nuclear Power Station showed an average value of
about 0.90 mSv for the years 1994 and 1995. Liquid and gaseous effluents discharged from this
plant in 1995 resulted in a calculated radiation dose to the public of about 0.45 ftSv per year. Data
for the operation of the AEC site showed an average occupational exposure of 0.59 mSv for the
year 1995, while the public exposure due to airborne effluent discharges was calculated at a
maximum of 12 uSv per year for 1995.

Compared with the nuclear industry, the occupational and public exposure imposed by the
mining and mineral processing industries is more difficult to assess due to the many potential
transport mechanisms and pathways of the natural radioactivity Preliminary data show that
occupational exposure due to inhalation of respirable dust could be substantial if no proper
preventions are made. Yearly doses could be as high as 20 to 40 mSv per year in certain areas of
the uranium, copper and heavy mineral processing industries. Recent monitoring of surface and
borehole water in two catchment areas around the major goldmining activities revealed that public
exposure could accumulate up to a few mSv per year, if these were the main sources of drinking
water available to the communities living in and around this area.

Assessment of the yearly dose from the natural radionuclides of the uranium, thorium and
actinium series poses a major challenge to the Radioanalytical Laboratories of the Atomic Energy
Corporation of South Africa. In total some 36 individual nuclides which all have their own
individual dose conversion factor should be assessed In practice, after assuming radioactivity
equilibrium between the very short lived daughters and their respective parents, one has to analyse
about 10 to 15 long-lived nuclides. The analytical sensitivity required differs vastly from nuclide
to nuclide and matrix to matrix. All nuclides have their individual dose conversion factor, which is
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also age related, and the total dose received depends on the yearly intake via ingestion or
inhalation. The generally accepted first order assessment is based on certain default intake values,
and a dose screening level of 25 u.5Sv per year per individual source of intake.

Some of these nuclides, like elemental uranium and thorium, are determined with instrumental
neutron activation analysis or ICP-MS, followed by calculation of the U-238, Th-232 and U-235
nuclide activity. However, most of the natural radionuclides require radiochemical separation,
concentration and determination procedures. The matrices normally concerned are drinking water,
foodstuffs and respirable airborne dust. They all require an individual approach to analyse their
natural radionuclides. For drinking water and milk the Radioanalytical laboratory should be able
to analyse nuclides like Ac-227, Pa-231, Th-230, Ra-226, Pb-210, Po-210, Th-232, Ra-228 and
Th-224 at levels of about 1 to 5 mBq/L. For certain foodstuffs one is faced with a required
sensitivity of 0.1 to 5 mBq/kg, which poses problems with adequate sample dissolutions to allow
radiochemical separations. Usually direct measurements by y-ray spectrometry are not adequately
sensitive to assess the yearly dose. With respirable airborne dust one faces the problems of limited
sample quantities. This requires a specific analysis protocol, which again places severe constraints
on the turnaround time of the analyses. All these factors, together with the economic requirement
to produce large quantities of data at low costs challenges the capabilities of our Radioanalytical
laboratories.

An overview will be presented of the regulatory yearly dose restrictions, the translation into
routine radioanalytical requirements and how we manage and what we do to fulfil the needs of
the Southern African market.
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