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Natural background radioactivity of the earth's surface — essential
information for environmental impact studies
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Abstract. An environmental impact study is basically a study of change. This change is compared to the preexisting conditions that are usually perceived to be the original one or the "pristine" stage. Unfortunately reliable
information on the "so called" pristine stage is far from adequate. One of the essential parts of this information is
a good knowledge of the earth's chemical make up, or its geochemistry. Presently available data on the
geochemistry of the earth's surface, including those related to radioactive elements, are incomplete and
inconsistent. The main reason why a number of regulations are judged to be too strict and disproportional to the
risks that might be caused by some human activities, is the lack of reliable information on the natural global
geochemical background on which environmental regulations should be based. The main objective of this paper
is to present a view on the need for complete baseline information on the earth's surface environment and in
particular its geochemical character. It is only through the availability of complete information, including reliable
baseline information on the natural radioactivity, that an appropriate study on the potential effect of the various
naturally occurring elements on human health be carried out. Presented here are a number of examples where the
natural radioactivity of an entire country has been mapped, or is in progress. Also described are the ways these
undertakings were accomplished. There is a general misconception that elevated radioactivity can be found only
around uranium mines, nuclear power reactors and similar nuclear installations. As can be seen from some of
these maps, the natural background radioactivity of the earth's surface closely reflects the underlying geological
formations and their alteration products. In reality, properly regulated and managed facilities, the levels of
radioactivity associated with many of these facilities are generally quite low relative to those associated with
some natural geological formations.

1. INTRODUCTION
An environmental impact study is basically a study of potential changes in the environment that may
be caused by industrial or human activities. These studies, however, tend to focus on very small
geographic areas that may be anticipated, will be altered through these activities, often neglecting the
broader natural environmental background that surrounds the areas of interest. These broader regional
perspectives more often than not are essential for understanding the environment as a whole and the
potential influence on the public's health and safety of the areas under investigation. Geologists or
geochemists perceive the earth's environment as rocks of different composition and their alteration
products. Abnormalities that might occur are known as anomalous areas and might have been caused
by geological or anthropological processes. Therefore, a good understanding of the geology of the
earth and the variable geochemical compositions of these formations will provide information on the
general natural environment of the earth's surface. The objective of this presentation is to show that
the environment of the earth's land surface varies greatly because of the geological and thus varying
geochemical make up. It is only through the use of complete information that defined limits for levels
of contaminants on the surface environment and our understanding of the potential hazards caused by
variations of these elements or substances to the living organism, including human, can a realistic
evaluation be carried out with an improved perspective.
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2. CURRENT KNOWLEDGE
It is probably safe to state that at the world level, our information on the earth's surface radioactivity
is poor to very poor. Only a small percentage of countries in the world have good quality information
on the natural background radioactivity of their landmass. The best information available, with
sufficient regional coverage that it can be used to produce natural background radioactivity maps are
the result of airborne gamma ray spectrometric surveys carried out for mineral exploration, uranium in
particular (Fig. 1). These surveys have been conducted in many parts of the world. This vast source of
gamma-radiation data is potentially valuable, not only to the geologist, but also to the health physicist
for assessing background radiation levels. Some of the examples cited below took advantage of the
availability of airborne survey data, collected over 10 years ago to produce the natural background
radioactivity maps of their countries.
As these airborne surveys were carried out at different times, often over a 30 year span and using
different systems, the greatest problem is standardization of the old data. This standardization,
commonly called "back calibration"[l], is basically a procedure to compare the count rate derived
from the old airborne survey with the ground level radiation flux as measured with a calibrated
portable gamma-ray spectrometer (Fig. 2). To assure that the maps to be produced will have
comparable values that correlate reliable calibration facilities are needed. Shown in Fig. 3 are the
locations of transportable calibration pads in the world. Similar calibration pads for portable
instruments can also be found in Ottawa and Calgary (Canada), San Rafael (Argentina), Rio de
Janeiro (Brazil), Palindaba (South Africa), Pribram (Czech Republic), Denmark, Mala (Sweden) and
in Sydney (Australia). Calibration facilities specifically constructed for aircraft are known in Ottawa
(Canada), Grand Junction (U.S.A.), Borlange (Sweden), Helsinki (Finland), Ankara (Turkey), Israel,
Tehran (Iran), Nagpur (India), Bangkok (Thailand) and Johannesburg (South Africa).
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FIG. 2. The relationship between the thorium ground concentration and the calibrated airborne
measurements in Malaysia.
A number of areas in the world have long been known to have high levels of natural radiation. These
are areas with beach sand deposits that contain appreciable amounts of monazite as in southern India,
the eastern coast of Brazil, Madagascar (also containing thorianite), Sri Lanka, Bangladesh, Malaysia,
Indonesia, the southeastern coast of U.S.A., and Egypt. Other areas with high levels of natural
radioactivity are those that are underlain by large alkalic and carbonatite intrusive complexes such as
in Pocos de Caldas in Brazil, Oka and St. Honore of Canada, as well as large areas in the world
underlain by phosphate deposits. Numerous hot springs in the world are also known to have elevated
levels of radon and/or radium. Some of these areas have been the subject of several epidemiological
investigations by those interested in the relation between cancer related mortality and high radiation
levels [2].
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FIG 4 The Geological Survey of Canada airborne gamma raj i* f*
spectromclry coverage from 1969 to 1993 [4]
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FIG. 6. Exposure rate map of parts of Peninsular Malaysia, reprocessed from old airborne survey
data [I]
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FIG. 7. Relation between natural gamma radiation and geological maps of Portugal [9]
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FIG 8

Natural radioactivity map of Slovenia
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Genei'aHzed geologic map of Mavinduquc Island (iviosified fiom ths Binsau of Mines, 1970).

Exposure rate map of Marinduque Island. Philippines, a product
of carbonic survey, in relation to the local geology' [12]

It is worth noting that during the past five years, a number of countries, particularly in western
Europe, Brazil, China, and Russia, have carried out country wide geochemical baseline mapping as a
contribution to the Global Geochemical Baseline program following the recommendations of the
International Geochemical Mapping (IGM) project. The IGM was organized under the International
Geological Correlation Program (IGCP) Project 259, sponsored by UNESCO and the International
Union of Geological Sciences (IUGS) [3]. The IAEA, with its interest in the radioelements and the
natural radioactivity of the earth's surface, also acted as one of the co-sponsors.
3. NATIONAL EXAMPLES
Increasing public concern on matters related to radioactivity and radioactive accidents has prompted a
number of countries to prepare a map of the natural radioactive background of their countries. It is
also a way to detect and map the extent of any man made contaminants that might have been
generated from within and/or outside their political boundaries.
These maps have been prepared using many different methods. Unfortunately, out of haste or lack of
understanding of the potential complexity of the earth's environment, some of these maps are too
general. They may, for lack of control points, be too general and hence portray a somewhat distorted
picture of the real natural environment. Noted below are some examples that were produced using old
uranium exploration data generated during the 1960's, and particularly from the exploration boom of
the mid 1970's to the early 1980's. The first three examples noted below (Canada, Malaysia, and
Portugal) were produced using old survey data to make high quality maps. The other two examples,
from Slovenia and the Philippines used new approaches to produce the maps at relatively low cost.
Canada: - Systematic Coverage Using Airborne Gamma Ray Spectrometry
One of the main products of the Geological Survey of Canada's Uranium Reconnaissance Program
(URP) started in the mid 1970's, is a systematic coverage of much of the Precambrian shield by good
quality airborne gamma ray spectrometry. URP was prematurely terminated in 1979. Regardless, the
Geological Survey of Canada (GSC) continued with its systematic airborne radiometric surveys at a
much reduced pace as compared to the late 1980's. However, even this reconnaissance airborne survey
program was stopped a number of years ago. The Canadian territory covered by airborne gamma ray
spectrometry is shown in Fig. 4 [4]. The GSC is at the moment in the final stage of compiling and
digitizing all these data to produce digital maps of the nation wide radioelements and the natural
background radioactivity. As the main objective of these programs was for mineral resource
assessment, the airborne surveys covered regions of the country considered most prospective for
mineral commodities, primarily the Precambrian shield. Unfortunately these areas are generally less
productive for agriculture and therefore the least populated parts of the country (Fig. 5). If one is
concerned that radioactivity might influence the health and safety of the general public, adequate
coverage for this type of information, at least for Canada, will never be sufficient if one is to rely
solely on surveys that are motivated by the search for mineral resources.
Malaysia: - Back Calibration of Airborne Survey Data
At the request of the Government of Malaysia, the IAEA assisted the Geological Survey of Malaysia
to evaluate the quality of earlier (1980) airborne survey results. Since the primary purpose of the
survey was for mineral exploration, the explorationist is generally concerned with only the relative
concentrations of the radioactive elements (in count rates) rather than their absolute values. A back
calibration program was carried out to enable conversion of the airborne data to the ground
concentrations of potassium, uranium and thorium. This conversion was necessary for the production
of a background exposure rate map [1]. The resulting map is shown in Fig. 6. The reprocessed maps
have been successfully used to improve the geological map of highly inaccessible areas, to better
assess their mineral potential, and to identify areas that are affected by former mineral exploitation
activities.
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The IAEA also assisted Argentina and Thailand in the reprocessing and/or back calibration of older
airborne radiometric survey results to produce exposure rate maps. Other countries known to have
done back calibration and recompilation of old airborne survey data are Brazil, the Czech
Republic [6], Namibia [7], Spain [8] and U.S.A. It is obvious from Fig. 1 that there is still a vast
source of airborne gamma ray survey data that can be used to produce standardized, hence
correlatable, radioelement and natural background radioactivity maps for a good percentage of the
earth's surface.
Portugal: - Back Calibration ofCarborne Survey Data
The example from Portugal as it used very old total count radiometric data commonly collected in the
early years of uranium exploration. The natural background radioactivity map was prepared using a
vast amount of records from ground surveys, particularly carborne, total count radiometric surveys
carried out from the late 1950's to the 1970's, combined with recent data from carborne and airborne
gamma ray spectrometric surveys that cover a large part of southern Portugal [9]. The work started
with back calibration of selected old survey areas using a calibrated portable gamma ray spectrometer
followed by very tedious work of recovering, plotting and eventually digitizing the corrected
information. The result was a high quality natural radioactivity map of the country at a scale of
1:200 000. As noted in Fig. 7, this map reflects much of the geological character of Portugal. It should
be noted that the project was also a direct result of an IAEA technical co-operation programme.
The next two examples differ from those described earlier because they are from new surveys with the
objective, among others, of producing natural background radioactivity maps. These examples are
selected to demonstrate that this type of survey can be carried out at very modest cost.
Slovenia: - Low Cost Ground Gamma Ray Spectrometry
In 1990, under a Research Contract agreement with IAEA, the Institut za geologijo, geotechniko in
geofiziko of Geoloski Zavod Ljubljana prepared radioelement geochemical maps of Slovenia using
ground survey methods[10]. The survey was carried out using calibrated portable gamma ray
spectrometers on a 5 x 5 km grid. Soil samples were also collected at each survey location and each
sample was analyzed for 33 elements. With this modest approach, the first country wide multielement geochemical maps of the country were prepared. One of the products is the natural
radioactivity map of Slovenia shown in Fig. 8. One should note that in Poland, a similar approach has
also been used [11].
The Philippines: - Low Cost Carborne Gamma Ray Spectrometry
Taking advantage of a well developed road network, the Philippines Nuclear Research Institute
(PNRI), with IAEA assistance, carried out a carborne gamma ray spectrometer survey over the small
island of Marinduque (959 km2) [12]. This pilot study was carried out in preparation for the planned
countrywide survey using the same approach. However, because of inadequate road density in many
parts of the country the carborne survey must be combined with ground measurements. The objective
of the project was to produce information that could be used in general mineral resource assessment,
geological mapping and most importantly, to provide baseline information for environmental studies
and monitoring. Fig. 9 shows the relationship between the produced exposure rate map and the local
geology. This pilot study has demonstrated that for areas with sufficient road density, high quality
carborne gamma ray spectrometry surveying can be easily and rapidly carried out at a very low cost.
4. DISCUSSION AND COMMENTS
It has to be stated that what is presented here is not a complete picture of the world situation. A
number of approaches are being used to prepare outdoor gamma ray dose rate maps in several parts of
the world. More studies have also been made in relation to the radon concentration in the
environment. What is presented here is an approach normally used by exploration geologists,
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geochemists and/or geophysicists for producing regional maps. The most important principle is to
have sufficient data over regularly distributed points, to produce maps that adequately represent the
surveyed areas. It is known that distorted information may be produced where the control point
density is inadequate. The important role of airborne surveying for rapid and accurate production of
radioelement and natural radiation maps is well established. However, the high cost of such a survey
may then make them prohibitive for many countries, particularly if the objective is to cover the entire
territory. Examples from Slovenia and the Philippines offer alternative procedures of how these maps
can be prepared with modest resources and low operating costs.
There is a general misconception that elevated radioactivity can be found only around uranium mines,
nuclear power reactors and similar nuclear installations. In reality, for properly regulated and
managed mines and nuclear facilities, the associated radioactive emissions from many of these
facilities are generally quite low relative to those produced by some geological formations. Of course,
this is an oversimplified statement when one accounts for all of the possible negative impacts that
may be generated by this type, or any other type of industrial operation.
As may be seen from some of the maps, the natural background radioactivity of the earth's surface
closely reflects the underlying geological formations and their alteration products. In fact, with some
understanding of the geochemistry of different rock formations, one can look at the general geology
map of the world and estimate what the natural background radioactivity of the earth's surface may
look like.
The main objective of this paper is to present an explanation of the need for complete baseline
information on the earth's surface environment and its geochemical make up in particular. The effort
made by the Working Group on the Global Geochemical Baseline under the auspices of the
International Union of Geological Sciences (IUGS) and the International Association of Geochemistry
and Cosmochemistry (IAGC) in achieving its objective, represents a good start. However, it is more
likely that the radioactivity component of the program will not receive equal attention. The IAEA is
the only international organization that can act as a coordinator for the establishment of a Global
Baseline on Natural Radioactivity. As indicated by some of the examples discussed above, through its
Technical Cooperation Program, the IAEA can further assist its Member States in the realization of
this important task, in particular at the interregional scale.
It is necessary to stress that only through the use of more complete information, including reliable
baseline information on the natural radioactivity, that appropriate studies on the potential effects of
the various naturally occurring elements on human health can be carried out. There is an increasing
amount of information available for the study of the potential benefit or harm of various major and
trace chemical elements on the human body. Probably the most important information needed for this
type of study is the knowledge of what concentration of a given substance is beneficial and what
amount is considered toxic. Do we need a certain level of radioactivity to be healthy? The answer is
probably yes.
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