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Abstract

Public concern about environmental problems continues. The consequences of an expanding population,
increasing industrialization, and greater demands for food production, raise serious questions about the ability of the
earth's natural life-support systems to sustain present trends. In order to assess the magnitude of potential problems
it is necessary to have comprehensive information. The absence of quantitative geochemical data to map the surface
composition of the earth is one of the major information gaps in present day environmental (and earth) science. An
IAEA Technical Committee meeting held in November 1993 reviewed the uses of uranium exploration data for
environmental purposes. Most attention was focussed on data involving radiation measurements. Uranium exploration
programmes conducted since 1970 in many countries collected a considerable amount of geochemical survey data,
providing information about the distribution of non-radioactive elements in the natural environment. Canada is one
of several countries where such data provided the foundation for national geochemical mapping; other countries could
benefit from similar actions. Increasing importance is being attached by governments to the need to enact effective
environmental legislation concerning "safe levels" of many chemical substances. Such legislation requires geochemical
variations in the natural environment. It is becoming necessary to make quantitative comparisons of element
abundances across national boundaries, and from continent to continent. In 1995 the IAEA, with other organizations,
supported UNESCO to publish a report concerned with the establishment of a Global Geochemical Reference
Network. This is designed to provide a framework to connect all types of geochemical survey, to move towards
international compatibility of data. The report contains recommendations relating to the standardization of field and
laboratory methods; the use of the most sensitive analytical techniques; and standardization of data management.
Ground and airborne gamma ray spectrometry, and nuclear laboratory techniques are all discussed. Following the
publication of the report, the International Union of Geological Sciences has now established a Working Group on
Continental Geochemical Baselines, to coordinate implementation of the recommendations in the UNESCO report.
National atomic energy organizations are invited to participate. The need for multi-agency co-operation and the
support ot the IAEA is discussed.

INTRODUCTION

This paper is written as a follow-up to two papers [1,2] presented in November 1993 at the
previous meeting in this series concerned with uranium exploration data and the environment. In the
intervening 30 months the world's environmental problems have continued to accumulate. Population
growth, widely accepted as the major underlying cause of many of the problems, has not been
checked, and relatively little progress has been made to mitigate the consequences.

At the previous meeting it was pointed out [1] that in order to react intelligently to global
environmental problems it is necessary to possess comprehensive data concerning present conditions.
It was pointed out that geochemical baseline data are (or should be) a major component of such a
dataset and that uranium exploration data and related exploration methods are a vital subcomponent.
For the reasons indicated, the need to acquire baseline data is increasing, not diminishing, and all
possible sources and methods must be examined. Uranium exploration data constitute one of the
largest existing reservoirs of information as far as the natural geochemical environment is concerned.
The only reason not to use these data is if their quality is unsatisfactory. Factors affecting data quality
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include considerations such as the use of proper calibration procedures, standardization of
measurements, adequate sensitivity, low detection limits, etc. It may be possible, by some additional
work, such as selective re-analysis of retained samples, or back-calibration (see [3]), to remedy
known deficiencies and avoid the necessity of repeating earlier large-area surveys. The scientific and
technical literature relating to uranium exploration methods and related data, much of it generated as
a result of the activities of the IAEA, is voluminous, and steps should be taken to ensure it is
carefully reviewed before commencing new work.

There are both economic and environmental reasons why baseline information grows in
importance with each successive year. For example, many governments are introducing legislation
affecting society's use and disposal of many types of materials. Regulations are being established
defining "safe-levels" of many substances, including naturally-occurring elements and metal-bearing
compounds. Unless these decisions are based on adequate information concerning the variability of
the natural environment, there could be excessive and unnecessary "clean-up" costs totaling billions
of dollars, which, directly or indirectly, will be a cost to society as a whole. Hence the importance
of comprehensive and reliable baseline information.

In recent years "sustainable development" has been identified as an international political and
economic objective. It is open to question whether sustainable development will be possible if the
human population continues to grow. Even with unlimited and pollution-free energy supplies, there
would seem to be practical limits to the ability to provide a steady improvement in economic and
social conditions for an expanding population. Unless the present natural environment can be sustained
the long-term future for mankind must be regarded as potentially precarious, and efforts to pursue
economic development without paying attention to potential detrimental effects upon the environment
are a recipe for disaster. To the extent that sustainable development is achievable, it should not be
pursued in the absence of an adequate database to describe and monitor current conditions.

The President of the International Union of Geological Sciences recently summarised the
environmental problems facing mankind [4]. Essentially they are as follows. Time is not on the side
of mankind. (Since the previous Technical Committee meeting in this series, world population has
increased by about 250 000 000, equal to the population of the USA; world population is increasing
at the rate of 10 000 per hour). Largely as a result of increasing population pressure, the quality of
the soil, fresh water, forest cover, and biological diversity of the Earth's land surface
(140 000 000 km2) is deteriorating. The 1992 UN Conference on Environment and Development in
Rio de Janeiro recognised the scale of the problems. Unfortunately, so far, the reactions of most
governments can only be described as modest. Regrettably few public authorities are yet willing to
assign priority to the need for an adequate data base about environmental or other similar matters.
Good decisions on any subject cannot be taken in the absence of relevant information. Systematic data
collection is a basic prerequisite for achieving a sustainable environment. Nuclear research institutions
and nuclear scientists can play a key role in gathering the necessary data.

THE EXISTING URANIUM EXPLORATION DATABASE

The 1993 meeting reviewed the uses of uranium exploration data for environmental purposes.
Most attention was focussed on data involving radiation measurements, as shown by the following
list of principal topics:

standardization of old gamma ray data, from car-borne and airborne surveys;
calibration of gamma ray measuring systems;
use of gamma ray spectrometry to map natural background variations and accidental emissions
of radioactivity;
use of uranium survey data for the assessment of radon hazards;
the use of gamma ray survey data to provide reference levels to correlate other multielement
geochemical surveys.
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The 1993 meeting devoted relatively little attention to the considerable amount of conventional
(e.g. drainage sediment and soil) geochemical survey data acquired in the course of many uranium
exploration programs. Many national and industry-sponsored uranium exploration programs, and also
some sponsored by the IAEA, deliberately collected data about non-radioactive elements (a) to assist
in overall interpretation and (b) because of the small incremental cost of obtaining data about other
commodities. As a result much useful information about the distribution of non-radioactive elements
in the periodic table was obtained and in a number of countries (e.g. Canada, Germany, USA), the
foundation was laid for national geochemical mapping programs. For a bibliography, see [5]. In
nearly every case the initial motivation was for economic mineral resource purposes, but subsequently
the datasets obtained have provided a base for environmental mapping.

It was pointed out in 1993 that the division of environmental concerns into those pertaining
to the radioactive as distinct from non-radioactive elements is arbitrary and undesirable from several
points of view. It is particularly unfortunate because there is no international organization comparable
to the IAEA with a mandate to gather data concerning the distribution of non-radioactive elements
in the natural environment. The radioactive elements, both natural and man-made, are part of a single
geochemical continuum and subject to the same chemical and physical processes as non-radioactive
elements. For many reasons their spatial distribution should be studied and recorded as part of a
common database. Not only are the non-radioactive elements essential constituents of the natural
environment (associated in many cases with their own specific hazards), their distribution has a
bearing on problems relating to radioactive elements, particularly in nuclear accident situations (e.g.
uptake of Cs, I, by ruminants).

Since 1993, very little new uranium exploration data has been gathered. Compared with the
period extending from 1970 into the 1980s, data acquisition in most countries has been negligible.
The author is aware of some compilations of large blocks of existing airborne survey data, for
example in Namibia, and plans to make similar compilations elsewhere. As a result of the almost
universal reduction in funding for scientific research there has been little new research on topics
relating to calibration, gamma ray mapping, and radon. Undoubtedly the knowledge that there is
already an extensive literature in mis field has contributed to the reluctance to undertake new work.
There have been some interesting advances in the UK in the use of multi-parameter map displays to
indicate radon hazard, reported elsewhere in this meeting.

TOWARDS A GLOBAL GEOCHEMICAL DATABASE

The International Geochemical Mapping (IGM) project, sponsored by the International Union
of Geological Sciences (IUGS) and UNESCO, was described at the 1993 meeting by Darnley [1]. The
reasons underlying the project were described. This project was started in 1987 to look into the
possibility of preparing a global geochemical map. The project was a logical extension of IAEA-
sponsored activities focussed upon nuclear raw materials. From the outset the IGM project was
designed to gather data about the surface distribution patterns of all elements in the periodic table,
not merely those which are radioactive. The IAEA was an active participant in the project, collecting
data and organizing meetings and preparing reports containing the latest information pertinent to
mapping both natural and anthropogenic radioelements.

The results of the IGM project were published in 1995 by UNESCO on behalf of IUGS, the
Royal Society of London, the IAEA and other organizations ("A global geochemical database for
environmental and resource management", [5]). Following a review of the existing state of
geochemical mapping worldwide, this report contains recommendations concerned with the
establishment of a Global Geochemical Reference Network. There are many components to the
work, involving the collection and preparation of standard reference materials from a variety of
representative natural sample media; standardization of analytical methods, with emphasis on ultra-low
detection limits combined with stringent quality control; and standardized comprehensive data
management. The geochemical reference network is intended to ensure international compatibility of
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data between all the principal types of geochemical survey, for both environmental and resource
purposes. It will allow quantitative comparisons of element abundances to be made across continents,
and from region to region. Analytical methods are recommended according to their suitability for the
particular element and media concerned.

The report had a favourable reception upon publication and within 3 months of its release all
copies in UNESCO's stock in Paris had been distributed. The IAEA was responsible for sending out
copies to national nuclear institutions. In response to continuing demand the report is now being
reprinted.

RECOMMENDATIONS IN THE UNESCO REPORT

The following requirements summarise the essential prerequisites of a global geochemical
database suitable for environmental baseline purposes:

commonly available representative sample media, including surface water, collected in a
standardized manner;
continuity of data across different types of landscape;
adequate quantities of the designated sample media for future reference and research
requirements;
analytical data for all elements of environmental or economic significance;
the lowest possible detection limits for all elements;
determination of the total amount of each element present, and
tight quality control at every stage of the process.

Chapter 7 in the UNESCO report is devoted exclusively to radioelement mapping. Several
sections of the extensive appendices relate to nuclear analytical techniques. Special attention is given
to gamma ray spectrometry because of its suitability for identifying and quantifying radioactive
elements, either by in situ measurements at fixed sites, or from a moving vehicle or aircraft. The
radioelements are unique in that it is possible to obtain continuous profiles of their abundance across
any type of terrain, using airborne gamma-ray spectrometry (AGRS). With properly calibrated
systems, quantitative correlation of airborne and ground data can be assured within definable limits.

It was pointed out in [2], that as a consequence of different methods and lack of
standardization, neighbouring blocks of conventional geochemical data in many parts of the world
exhibit pattern and level discrepancies. In the absence of any confirmatory evidence it may not be
possible to judge whether these discrepancies are real or apparent. Thorium and potassium surface
abundance profiles, derived from widely spaced gamma ray transects, can provide an independent
reference level against which discontinuities in other datasets can be assessed. These transects can
contribute to more reliable and comprehensive baseline data for all elements, and simultaneously
provide data about the natural radiation environment.

THE ESTABLISHMENT OF GLOBAL GEOCHEMICAL BASELINES

The project steering committee which prepared the UNESCO report realised that it was not
sufficient merely to make scientific and technical recommendations. Given the importance attached
to the subject it was considered necessary to comment on the practical aspects of implementing and
managing the work. Most of the required steps were outlined in [1], and they are given in full in the
UNESCO report [5]. Following from its publication, there have been several encouraging
developments. The International Union of Geological Sciences approved in 1995 the formation of a
new coordinating committee (Working Group on Continental Geochemical Baselines), reporting
directly to the Board of IUGS, with responsibility to take whatever steps seem appropriate to begin
implementation of the recommendations in the UNESCO report. Discussions are currently taking
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place with a number of organizations with a view to securing funding to cover basic operational and
administrative expenses.

Work is already in hand to initiate the establishment of global geochemical baselines in four
regions of the world. These are China, Brazil, Europe, and Russia. The Australian Geological Survey
Organization is currently carrying out an aerogeophysical survey of the entire country and this
includes gamma-ray spectrometry, which constitutes a component of the Continental Geochemical
Baselines project.

Floodplain sampling of large (1000 to 6000 km2) drainage basins is recommended in the
UNESCO report for preliminary reconnaissance purposes in regions where access is difficult.
Floodplain sampling has been carried out over all of China. In Brazil floodplain sampling has been
carried out over an area of 625 000 km2 in NE Brazil.

In Europe, the Forum of European Geological Surveys (FOREGS), representing 29 countries,
has published a Geochemistry Task Group Report [6], recommending the preparation of a
geochemical database for Europe, based on the sampling of both large and small (< 100 km2) drainage
basins, as set out in the UNESCO document. Plans are now being prepared for field work to
commence in some countries in 1996/97.

Responding to proposals from Greece and the Czech Republic, encouraged by the concepts
of the International Geochemical Mapping project, the European Union has financed and published
[7] an inventory of "Regional gamma-ray data in central and eastern Europe", relating to nine
countries. A series of recommendations have been made involving back-calibration and recompilation
of gamma-ray data for the whole region and ultimately the compilation of a gamma-ray dose map for
the whole of Europe. Preparation of radioelement maps for the whole of Europe would be a logical
continuation of this work in the near future.

THE FUTURE - THE NEED FOR COORDINATED ACTION

The Global Geochemical Baselines project is a multi-disciplinary task. Implementation of the
project requires the support and participation of leading scientific institutions with active field and
laboratory programs. Although the project has made a beginning, because of very limited financial
resources (essentially restricted to what individual countries are willing to commit) there is a serious
risk that different countries will make their own limited selection of the recommended methods
because this is all they can afford. This may represent an advance on the disparity of methods used
in the recent past, but it will fall far short of the aims of the project. Thus some countries may not
have access to recommended analytical methods and some countries may not have access to mobile
gamma ray spectrometry equipment.

For the project to succeed it is essential that there should be worldwide coordination of the
following activities:

overall strategy and planning;
sample collection procedures and sample management;
gamma radiation surveys;
analytical procedures;
data management;
training and quality control;
public dissemination of scientific information.

This degree of coordination cannot take place in the absence of a technically qualified
secretariat with an adequate budget.
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Regional cooperation is also essential. The tasks which have been identified for coordination
at the international level should also be coordinated regionally amongst groups of countries with
common borders, as is taking place in Europe through the Forum of European Geological Surveys,
in conjunction with the European Union. With regard to less developed parts of the world, expertise,
if it is not already available, must be built up in regional centres.

The usefulness of the data obtained depends in the first instance upon the reliability of the
field work, both sample collection and field measurements. If these components of the work are not
performed according to the specifications, the defects cannot be remedied and subsequent analytical
work would be misleading. For this and other logistical reasons field sampling must be undertaken
by trained personnel thoroughly familiar with the region in which work is being undertaken. In order
to standardize the work to the greatest degree possible, training sessions should be provided for all
local personnel, even those with experience.

In many countries the national atomic energy organizations often possess the best trained
analytical staff and the best equipped laboratories. In some countries these organizations possess an
extensive earth science database relating to radioactive minerals. It would benefit the countries
concerned, and facilitate the establishment of a comprehensive global geochemical database if these
national atomic energy organizations were willing to contribute their expertise to the Continental
Geochemical Baselines project, e,g., by providing field gamma ray spectrometry equipment and, if
necessary, personnel. As explained in the UNESCO report and in [2], gamma ray spectrometry
measurements, taken in conjunction with conventional geochemical sampling, provide a method not
only of monitoring the natural radiation background but also of monitoring the consistency of other
non-radioactive element datasets. It should be noted that national nuclear laboratories may be the only
establishment in a country to possess analytical techniques (e.g. neutron activation analysis, ICP-MS)
capable of achieving the low detection levels required for the acquisition of baseline data for some
of the non-radioactive elements. High quality datasets are an essential starting point for all types of
environmental monitoring and the geochemistry of the earth's surface poses a multitude of questions
and opportunities for further research.

It was pointed out in 1993 that the IAEA is one of the few, if not the only international
Agency with experience in the coordination of the type of activities outlined above. The IAEA has
established an enviable reputation with respect to technical assistance for both regional and national
organizations, which, as indicated, is essential for the acquisition of global geochemical baselines.

It is important to emphasize that the IAEA has already provided a variety of support to the
geochemical baselines project, including:

over a 20+ year period, the infrastructure for the buildup of a worldwide database on the
distribution of uranium;
over a 30+ year period, the development of nuclear and related techniques which are now
widely used for (non- radioactive element) geochemical analysis;
technical assistance (provision of equipment and training) for the collection of radiometric and
multielement data, some of which is now incorporated in the existing (limited) global
geochemical database.
text for inclusion in the UNESCO report, and a contribution to the cost of its publication.

The project could not have progressed as far as it has without this mostly indirect, low-key,
support. For the project to go forward, to establish continental geochemical baselines as a datum for
sustainable environment, more active support is now required. The Director General of IAEA, in his
recent address to the 50th General Assembly of the UN, has affirmed the Agency's intention of
assisting developing countries to achieve sustainable development. The IAEA currently has formal
involvement in projects relating to food production, water resources, and human health. Geochemical
baseline data pertain to each of these concerns. Given the Agency's participation in the evolutionary
stage of the "baselines" project, it is to be hoped that the IAEA will see fit to make a formal
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commitment to continuing support through the implementation stage of this project, within the limits
of the IAEA mandate.

CONCLUDING REMARKS

Whereas nuclear energy and nuclear power are treated with suspicion by many members of
the public, the use of nuclear data and techniques to mitigate environmental problems is not
contentious. Uranium exploration data, nuclear techniques, and a spectrum of related specializations
are essential components of global environmental data and the IAEA can provide an essential clearing-
house for their utilization. In doing so it cannot fail to create goodwill in the community at large. The
existing geochemical database needs to be expanded as a matter of some urgency, using the latest field
and analytical techniques, to provide reliable quantitative baselines to ensure that the natural
environment is not irreparably damaged by human activities.
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