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PREFACE

The International Conference on High Levels of Natural
Radiation (ICHLNR), held at Ramsar, Islamic Republic of
Iran from 3 to 7 November 1990, was the continuation of
previous conferences on this topic; the first in Pocos de
Caldas, Brazil in 1975, and the second in Bombay, India, in
1981. Due to availability of vast amount of new information
on this topic and a long time elapsed since the second
conference, the organization of another conference on this
topic was highly felt, especially in a place like Ramsar,
having itself the highest level natural radiation areas.

The conference was organized by the Atomic Energy
Organization of Iran in cooperation with the International
Atomic Energy Agency (IAEA), the World Health Organization
(WHO), the United Nations Environment Program (UNEP) and
the International Nuclear Track Society (INTS). It was
attended by eminent experts on high level natural radiation
areas from different parts of the world.

The scientific sessions encompassed 61 invited and
contributed papers scheduled from about 100 papers
submitted to the conference, on the topics including; World
High Level Natural Radiation Areas, Environmental Transfer
Pathways, Technologically Enhanced Natural Radiation
Environment, Radon in the Environment, World Indoor Radon,
Cytogenetic Studies in High Level Natural Radiation Areas,
Epidemiological Studies in High Level Natural Radiation
Areas and Radiation Measurement Methods.

Several reports on this conference were published in
different journals such as the International Journal of
Nuclear Tracks and Radiation Measurements, Vol. 18, No. 3,
pp. 357-361, 1991 by M. Sohrabi; the Journal of
Radiological Sciences (Japanese), Vol. 34, No.3, pp. 84-90,
1991 by T. Iwasaki; the IAEA Bulletin, Vol. 33, No. 2,
pp.36-38, 1991 by J. U. Ahmed; and the AEOI Scientific
Bulletin (Farsi), No. 10, pp. 101-110, 1991 by M. Sohrabi,
as well as many reports in different newspapers.

In the evening of the last day of the conference, a
panel discussion reviewed many questions raised and
discussed and made some recommendations as published in the
Conference Reports stated above. In particular, it was
emphasized that international conferences similar to the
one in Ramsar should be organized periodically to report on
studies of different countries and to review the results of
epidemiological studies and the assessment of risks. The
recommended host countries were People's Republic of China,
Czech and Germany (Saxony). From them, as it was informed
by Prof. Wei Luxin, the Ministry of Health in China has
accepted to host the next conference on this topic. We look
forward to hear more news on this conference as well as the



scientific information on high level natural radiation
areas which is important for the calculations of risks
based on natural radiations.

The papers received had different type-settings,
styles, etc., some needed major editorial corrections and
amendments. For uniform and standard reproduction of the
Proceedings, all papers were edited and retyped again from
which 61 papers were made ready and they are included in
the Proceedings. This made, with apologies from the
editors, some delay in the publication of the Proceedings.

The views expressed and the general style adopted
remain the responsibility of the main authors. In addition,
the views are not necessarily those of the nominating
Member States of the IAEA or of the nominating
organizations or the AEOI.

The use in these Proceedings of particular designation
of countries or territories does not imply any judgement by
the publisher, any of the organizations, as to the legal
status of such countries or territories, of their
authorities and institutions or of the delimitation of
their boundaries.

The mention of specific companies or of their products
or brand names does not imply any endorsement or
recommendation on the part of none of the cooperating
organizations of this conference. Also, authors are
themselves responsible for obtaining the permission to
reproduce copyright material from other sources.

For the success of the conference, a special
acknowledgment is due to the AEOI for organization and
financing the conference and the IAEA, INTS, WHO and UNEP
for their cooperation and moral support. In particular, the
IAEA also financially supported some participants from
member states for attending the conference.

All different steps to final preparation of the
Proceedings for publication were made by the National
Radiation Protection Department (NRPD) of the AEOI. The
major assistance of Mr. M. Katouzi and Mr. M. Salehi in the
preparation of the Proceedings is acknowledged.

M. Sohrabi, AEOI
J. U. Ahmed, IAEA
S. A. Durrani, INTS
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IN THE NAME OP GOD

THE MESSAGE OF HIS EMINENCE
HOJATOL ESLAM VAL MOSLEMIN

HASHEMI RAFSANJANI
THE PRESIDENT OF THE

ISLAMIC REPUBLIC OF IRAN
TO THE

INTERNATIONAL CONFERENCE ON HIGH LEVELS OF
NATURAL RADIATION, RAMSAR 3-7 NOVEMBER, 1990.

We honor the presence of you dear scientists
congregating for the International Conference on High
Levels of Natural Radiation.

You are well aware that man has always been exposed to
the natural radiations emanating from the earth's crust and
the body of the plants and the progress of technology and
its various applications in medicine and industry has also
compounded such exposures.

The exposure of human body to natural radiation has
particular significance and the man being in the path of
cosmic radiations and exposed to the radioactive materials
contained in the earth's crust, receives external doses of
radiation. It is for this reason that the investigation of
the effects of radiations especially in the areas with high
levels of natural radiation should receive particular
attention.

For the purpose of maintaining the health and
well-being of the societies it is essential to undertake
wide research activities to attain scientific methods to
reduce the effects of natural radiation worldwide.
For the purpose of exchanging the results obtained from
relevant research activities in Iran and other countries in
order to enhance the level of advanced research with the
aim of safeguarding public health and the encouragement of
the researchers in this field, this conference has been
organized by the Atomic Energy Organization of Iran, with
the cooperation of the International Atomic Energy Agency,
the World Health Organization, the United Nations
Environmental Program and the International Nuclear Track
Society, and is considered a very useful undertaking.
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We hope that in the same way that due to the ten-year
scientific activities of the Atomic Energy Organization of
Iran, no adverse effects have been observed as far as the
public and the various regions of this country are
concerned, the efforts and cooperation of all scientists
will ultimately lead to the safeguard of the public health
and the environment worldwide.

Akbar Hashemi Rafsanjani

The president,
Islamic Republic of Iran
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IN THE NAMB OF GOD

WELCOMING ADDRESS
BY

H.E. MR. R. AMROLLAHI

VICE PRESIDENT OF THE
ISLAMIC REPUBLIC OF IRAN
AND PRESIDENT OF THE

ATOMIC ENERGY ORGANIZATION OF IRAN

High level natural radiation areas in the world are
numerous. Such areas are well known in countries like
Brazil, China, India, Iran and Sweden. Natural radiation in
these areas are usually higher than normal background
levels, although the earth crust has uranium, thorium and
their daughter products like radium in abundance. In some
cases, levels of radiation measured even exceed standard
industrial limits. In particular, radon gas causes internal
radiation effects on human body in residential quarters
located in these areas, whereas radiations from other
radioactive materials emitted from the earth crust and the
construction material will affect the body externally.

In order to preserve public health and to protect
people against undesirable radiation in Iran, the Atomic
Energy Organization of Iran has performed extensive surveys
and operations throughout the country with particular
interest in Ramsar area. One reason for abnormal levels of
radiation in Ramsar area is the existence of hot springs
containing sulphur and radioactive materials, especially
aaBRa being carried up to the surface. High natural
radiation in these locations has caused an increase in
dosimetric measurements up to 90 uSv.h"1 in the surveyed
areas which have been grouped into three categories of
high, medium and low levels of radiation. Residential areas
constructed with materials containing radioactive materials
show levels of radiation higher than normal. Therefore,
external and internal radiation of houses have caused
respective radiation exposure of inhabitants there.

Systematic and extensive research carried out at the
National Radiation Protection Department in AEOI have been
performed in several directions summarized as in the
following:

A) Surveying the high natural radiation areas according to
their levels of radiation.
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B) Radioecologic studies in these areas with regard to
water, soil, air, food, construction materials, plants
and so on.

C) External radiation dosimetry of the residents of the
area and environmental dosimetry using different
dosimeters in the area and houses. Personal dosimetry
was carried out by film badges and TLDs.

D) Indoor radon measurement and dosimetry of Ramsar
district included 450 houses, 16 schools and Ramsar
Hotels. Periodic measurements were taken using passive
radon diffusion dosimeters developed and manufactured
by the National Radiation Protection Department in
AEOI.

E) Study of the size of particles in outdoors and indoors.

F) Cytogenetic research including chromosomal aberration
studies on resxdents of high level radiation areas of
Talesh Mahalleh in Ramsar, compared to results of
similar studies on residents of a control area in
Tonekabon, 60 kilometers from Ramsar.

G) Limited blood studies, concerning white and red blood
cells, reticulocytes, etc.

H) Radiological studies of a single house for the analysis
of effects of high level radiation with regard to
internal and external exposure as related to the health
state of the inhabitants including radon measurements,
radium determinations in food stuff, personnel
monitoring of the residents, chromosomal aberration
studies, etc.

It is worth mentioning that the ten year studies of our
organization on the subject have not shown so far any
specific health problems on human beings due to limited
number of people involved.

In order to exchange results of studies with those
obtained in other countries and arriving at procedures for
health protection of residents, the Atomic Energy
Organization of Iran in cooperation with the International
Atomic Energy Agency, the World Health Organization, the
United Nations Environment Program and the International
Nuclear Track Society held this International Conference on
High Level Natural Radiation from 3-7 November 1990 at
Ramsar in the Islamic Republic of Iran.

In this conference, the following topics will be
discussed:
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1) High natural radiation sources in the world,

2) policies and programs for prevention of such
undesirable radiation sources,

3) Transport factors and critical paths for such natural
materials,

4) Procedures and measurement methods for determination of
internal and external radiation,

5) Estimation of the risks involved in such radiations,

6) Epidemiologic studies on the population in such areas,
and

7) Social effects and public education for prevention of
such radiations.

It is hoped that the outcome of this conference will
offer means to guarantee protection of public health in
this area and similar areas of the world. Thank you.
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WELCOMING ADDRESS
BY

H.E. DR. R. HANS BLIX
DIRECTOR GENERAL

INTERNATIONAL ATOMIC ENERGY AGENCY

It is a great pleasure for me to be with you today and
to have the opportunity to speak to this expert audience.

The natural radiation environment, the subject of this
conference has existed long before life emerged on earth.
Humanity, since it arrived, has always lived in a dynamic
radiation environment. One part is natural. The other,
Whether from dwellings or modern X-ray, is man-made.
Gradually, in less than a century, even this artificial
part has become part of our every day radiation
environment. Today, for example, thousands of radiation
sources all over the world are used to support medical,
research, energy, agricultural and industrial needs. And
millions consignments of radioactive materials are
transported around the world every year.

Yet many people have an ambivalent attitude to
radiation. They openly welcome certain radiation practice,
such as radon spas treatments, despite their relatively
large radiological impact. They are anxious about the
slightest accidental releases of radioactive materials into
the environment and the consequences such releases might
have for humanity, for succeeding generations and for the
environment itself. Nuclear technologies seem almost unique
in provoking emotionally charged perceptions of something
sinister, and this powerfully influences attitudes, beliefs
and behavior. (Examples: Fear of mushrooms, low bickerer
milk, etc.)

While respecting people's anxieties, we must seek to
broaden the understanding of radiation as a normal and
daily part of human lives. Only on this basis can we build
and sustain public acceptance of the safe use of nuclear
technologies and the sound management of radioactive
wastes.

To create such understanding is a challenge which I
believe the radiation community can meet. Your
deliberations at this conference on the natural radiation
environment I am sure will advance these goals.

There are number of the international activities in
which the IAEA and its Member States are involved which, I
trust will also expand understanding. I should like to
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comment briefly on some of these endeavors which seek to
clarify the realities of the radiation environment and to
help people view nuclear accidents and the disposal of
radioactive wastes in a proper perspective.

INTERNATIONAL CHERNOBYL PROJECT:
GAINING A PERSPECTIVE ON RADIATION RISKS.

One way of creating a comprehensive perspective on the
real health and environmental risks of radiation exposures
is to analyze the consequences of radiological accidents
scientifically and authoritatively.

In the IAEA, we have the ambition to organize such
international analyses together with the countries in which
the accidents occur, so that the data become widely known
and all can learn from them.

Since the Chernobyl accident, the most tragic
radiological emergency humanity has experienced, the IAEA
post-accident report and other reliable analyses have
provided useful technical information about the causes of
that accident. Now, in response to a request from the
Government of the USSR, the IAEA is organizing an
international assessment of the radiological consequences
on human health and the environment in areas of the Soviet
Union most affected by radioactive fallout from the
Chernobvl accident. These areas are located in Byelorussian
Soviet Socialist Republic, the Russian Soviet Federation
Socialist Republic, and the Ukrainian Soviet Socialist
Republic, and include nearly 2500 settlements with a
combined population of about 1 million people.

This is no small understanding. Initiated early this
year (1990) the project has involved over 100 experts from
25 countries and 7 intergovernmental organizations. They
have corroborated Soviet radiological data on environmental
contamination and human exposures and evaluated the
efficiency of measures taken by Soviet authorities for the
protection of the population and environment. Independent
field work by the experts has included monitoring nearly
20,000 inhabitants for internal and external exposures,
taking over 2000 radiation measurements and collecting over
1000 environmental samples for analyses in laboratories
worldwide. The experts, study of the health effects in the
exposed population has involved medical examinations and
clinical analyses of more than 2000 inhabitants primarily
children. Medical and agricultural seminars held in the
affected regions for more than 2000 local specialists have
further enhanced their capability to deal with the
radiological problems.

The assessment will be concluded through an expert
report by the end of this year. Subsequently, the IAEA will
submit the report to the open meetings in the Soviet Union.
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Early 1991 a 19-member International Advisory Committee
will review the experts, reports and prepare a final report
on the scientific findings. A meeting will be hold in
Vienna. The purpose, of course, is not only to obtain and
present as accurate an assessment as possible, but also to
help identify the most appropriate responses.

INTERNATIONAL NUCLEAR EVENT SCALE:
THE IMPORTANCE OF CREDIBILITY.

Unlike the Chernobyl accident the vast majority of
safety related avents at nuclear installations have no
radiological significance and their implications for
continued safe operation are minor. For the media and the
public it is often difficult, however, to judge the
seriousness of such events, particularly where there is a
profusion of reports. A seven-level International Nuclear
Event Scale has recently been developed by the IAEA and the
Nuclear Energy Agency of the Organization for Economic
Cooperation Development. It should improve public and media
understanding of the radiological significance of an event
and help foster credible communication about the real
radiological impact -if any- of a reported event. The
international scale was designed initially to deal with
events reported at nuclear power plants, but it is now
being considered whether it could be extended to include
research reactors and systems for transporting, radioactive
material.

GLOBAL ASSESSMENT OF RADON EXPOSURES

Another international endeavour of relevance to this
conference is the global assessment of human radon
exposures that the IAEA is supporting jointly with the
Commission of the European Communities. As the recent
report by the united Nations Scientific Committee on the
Effects of Atomic Radiation (UNSCEAR) indicates, radon
normally contributes more than half of the radiation doses
people receive from all natural sources put together. Most
of the exposures occur indoors, with the lung being the
most exposed organ. Studies in several countries of the
radiation levels in dwellings built on or with highly
radioactive materials have shed valuable light on how to
reduce doses in existing dwellings and to control exposures
in future buildings. This knowledge needs to be broadly
disseminated throughout the world so that it can be
translated into practical policies and practices.

Thus this first worldwide assessment of the problems of
human radon exposures is expected to greatly advance
understanding of the associated cancer risks and foster
more effective techniques for reducing exposures. I am
pleased to report that Member States have responded very
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positively to this coordinated research program, and some
130 research contracts proposals are now being evaluated
from over 50 countries.

INTERNATIONAL SAFETY REGIME

Normally nuclear electricity generation releases only
negligible amounts of radioactive materials into the
environment. On average, the annual dose from all practices
in the nuclear fuel cycle is only a tiny fraction (less
than 0.1% ) of that from natural radiation. Why, then is
the impact of the use of nuclear power raising so much
fear?

The main reasons for public objection to nuclear energy
lie in the anxiety many people have about nuclear accidents
the disposal of radioactive wastes over long periods of
times. To help allay these fears several approaches are
needed. One is to improve information and understanding to
enable people to have a more accurate appreciation of risks
and to see these risks in perspective. Another approach, to
be taken simultaneously, is to take measures to further
reduce risks. The IAEA and its Member States are vigorously
pursuing efforts to further strengthen safety in all
nuclear activities. An international safety regime is
emerging to complement national safety efforts. This
international regime of standards, codes, expert visits is
expected to be effective not because nuclear power plant
operators, regulators and designers are legally obliged to
respect it, but rather because they recognize that it is in
their interest to follow it.

The nuclear and radiation safety services of the IAEA
are a key element in this safety regime. Since the
mid-1980s, the IAEA has strengthen existing services and
has developed new ones in response to requests by Member
States for impartial reviews of safety issues relating to
the siting, design, construction and operation of nuclear
power and nuclear research installations. With the
expanding use of nuclear technologies in non-energy
applications throughout the developing world. The Agency
has offered international expertise to help Member States
develop radiation protection infrastructures and to
establish national waste management programs.

In September 1991, the IAEA will hold an international
safety conference that will take stock of what we have done
and help define the agenda for future activities in nuclear
safety related matters.

I should like to comment further on the issue of the
disposal of radioactive wastes, which continues to 100 m in
the minds of many people as an unsolved problem. Public
concerns that these wastes cannot be controlled or managed
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safely over long periods of times contrast sharply with the
consensus among specialists as to technical solutions for
safely disposing of low, medium and high activity wastes.
This consensus is gradually being articulated in a new
series of IAEA documents entitled "Radioactive Waste Safety
Standards Series" (RADWASS). This information may be
particularly valuable for developing States wishing to
establish waste management programs, infrastructures and
regulatory schemes.

I should also mention that although no case has been
found of the unauthorized movement and "dumping" of
radioactive waste in developing countries, the IAEA has
responded to international calls for an instrument that
would exclude the possibility of such practices.

The 1989 Basel Convention on Transboundary Movements of
Hazardous Wastes and their Disposal has been supplemented
by a Code of Practice for the International Transboundary
Movement of Radioactive Waste. The Code, which was adopted
by consensus in September of this year by the IAEA General
Conference, affirms the sovereign right of every State to
prohibit the movement of such waste into, from or through
its territory. Further, it requires that transboundary
movements should take place in accordance with
internationally accepted safety standards, and with prior
notification and consent. The General Conference agreed to
keep the subject under active review, including the
desirability of concluding a legally binding instrument
under IAEA auspices.

ENHANCED INTERNATIONAL COOPERATION

Let me end by saying that the provision of reliable and
factually-based information on the benefits, risks and
protective measures taken in the field of radiation is
important, particularly for people who have not yet come to
terms with radiation and who may thus quite unnecessarily
reject a needed benefit of a radiation practice. As a lack
of understanding exists in most places the rationale for
enhanced international cooperation is very strong.

Lastly, I want to express my appreciation to the
Government of the Islamic Republic of Iran for the support
they continue to give to the Agency's activities and in
particular for the organization of the timely and relevant
international conference.
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ABSTRACT

The average radiation dose to the world's population
from natural radiation sources has been assessed by UNSCEAR
to be 2.4 mSv per year. The components of this exposure,
nethods of evaluation and, in particular, the variations in
the natural background levels are presented in this paper.
Sxposures to cosmic radiation range from 0.26 mSv per year
at sea level to 20 times more at an altitude of 6000 m.
Exposures to cosmogenic radionuclides (3H, 14C) are
relatively insignificant and little variable. The
zerrestrial radionuclides 4 OK, 2 3 8U, and 232Th and
:he decay products of the latter two constitute the
remainder of the natural radiation exposure. Wide
/ariations in exposure occur for these components,
particularly for radon and its decay products, which can
accumulate to relatively high levels indoors. Unusually
ligh exposures to uranium and thorium series radionuclides
rharacterize the high natural background areas which occur
Ln several localized regions in the world. Extreme values
Ln natural radiation exposures have been estimated to range
lp to 100 times the average values.

L. INTRODUCTION

There has always existed on earth a natural radiation
>ackground to which all living organisms are exposed. The
.ntensity of the natural sources of radiation and the doses
:o human beings have been carefully evaluated, because this
jxposure constitutes the largest component of the
:ollective dose received by the world population. Doses
Irom man-made sources are often compared to the reference
.evel formed by exposure to the natural background sources.

The natural radiation sources include external sources
•f extra-terrestrial origin (i.e.., cosmic radiation),
adiation of terrestrial origin (i.e., radionuclides in;
he earth's crust, in building materials and in air) and
nternal sources of radiation (i.e., natural radionuclides
nhaled or ingested into the human body). Some of these
•xposures are relatively constant and uniform to all
ndividuals throughout the world, for example the dose from

17
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ingestion in foods of *°K, an element that is
immethodically controlled in the body, and from cosmogenic
radionuclides that are relatively homogeneously distributed
over the surface of the earth. Other exposures vary widely
depending on location, for example greater cosmic ray
intensity at higher altitudes and elevated concentrations
of uranium and thorium in soils in localized areas.
Exposures can vary, as well, due to human activities and
practices. In particular the building materials of houses
and the design and ventilation systems strongly influence
the indoor levels of radon and thoron and their decay
products, which can contribute significantly to internal
doses through inhalation.

The United Nations Scientific Committee on the Effects
of Atomic Radiation (UNSCEAR) has assessed the average dose
to the world's population from natural radiation sources to
be 2.4 mSv.y 1, of which one-third is external exposure
and two-thirds internal exposure (1). The external
exposures were estimated to vary typically by a factor of
1.5 and internal exposures by a factor of 2.5 around the
mean values. For both types of exposure, it is noted,
however, that extreme values may vary around the mean by a
factor of 100.

2. COSMIC RADIATION

2.1. Cosmic Rays

The most important aspect of exposures to cosmic rays
is the variation with altitude. At sea level the dose rate
in air from the ionizing component of cosmic rays is 32
nGy.h"1 (2). This approximately doubles with every 1500
meters of altitude. The dose rates are slightly more at
higher latitudes than in the equatorial region.

The exposure rate from cosmic rays is slightly less
indoors due to the shielding effect of buildings. Depending
on the construction of the building, this may vary from 5
to 15% reduction for wooden ceilings and 50 to 60% for
concrete ceilings. An average reduction of 20 percent,
corresponding to a mean shielding factor of 0.8 has been
assigned by UNSCEAR (1). The occupancy factor (fractional
time spent indoors) also has an assumed value of 0.8.
Taking these into account and assuming the absorbed dose in
air to be numerically equal to the effective dose
equivalent, UNSCEAR estimates the annual sea level cosmic
ray effective dose equivalent from the ionizing component
be 240 uSv.

An additional component of cosmic ray exposure comes
from neutrons. The annual effective dose equivalent at sea
level is estimated to be 20 uSv (1), less than 10 percent
of the ionizing component. The neutron dose increases of
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more rapidly with altitude/ however, and it is the dominant
component of exposures above 6 km altitude.

Most of the world's population lives at altitudes close
to sea level. There are, however, several larger cities
located on elevated plateaux where the cosmic ray exposures
are much higher. Some of these cities are listed in Table
1. The annual dose equivalents are several times higher
than in cities at sea level, for example in La Paz, Bolivia
(6.3 times higher), Mexico City (2.6 times higher), Denver,
Colorado (1.8 times higher), and Tehran, Iran (1.5 times
higher).

Table 1. Annual per caput dose equivalent from cosmic rays

City

La Paz, Bolivia
Lhasa, China
Quito, Ecuador
Mexico City, Mexico
Nairobi, Kenya
Denver, USA
Tehran, Iran
Cities at sea level

Population

(millions)

1.0
0.3
1.0

17.3
1.2
1.6
7.5

Altitude

(m)

3900
3600
2840
2240
1660
1610
1180

0

Dose
equivalent

(uSv)

1640
1400
930
680
490
480
380
260

A detailed calculation of the cosmic ray dose variation
and the population distribution with altitude has given
estimates of the per caput effective dose equivalent to the
world's population of 300 .uSv (ionizing component), 55 ,uSv
(neutron component) and 355 juSv (total) (1,3).

2.2. Cosmogenic Radionuclides

Several cosmogenic radionuclides are produced in the
upper atmosphere by the interaction of cosmic rays with the
nuclei of atoms present in air (e.g., nitrogen, oxygen and
argon). These contribute quite low and relatively uniform
radiation doses over the earth's surface. The most
significant cosmogenic radionuclides and the annual
effective dose equivalents caused by internal exposure are
3H (0.01 juSv), 7Be (3 uSv) , X*C (12 ;uSv) and 22Na
(0.2 juSv) (1).

3. TERRESTRIAL RADIATION

Radionuclides present in the earth's crust since its
formation contribute to external and internal radiation
exposures. The most important of these long-lived,
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primordial radionuclides are *°K (half-life 1.28x10*
a), e7Rb (4.7xl010 a), a 3 eU (4.47x10' a) and
2 " T h (1.41xl010 a). Unusual occurrence of 2 3 OU and
its decay radionuclides in rock outcrops and especially of
222Rn in soil and ground water and 232Th in monazite
sands are the main causes of high natural background areas
that have been located in several areas of the world.

3.1. External Radiation

Most areas of the world have been monitored for the
external exposure rates, which reflect the activity
concentrations of the primordial radionuclides in the soil.
Country average outdoor absorbed dose rates have been found
to range from 24 to 85 nGy.h"1, with a mean of 55
nGy.h"1 (1;

The dose rates in normal circumstances are due in
almost equal portions to *°K and to 2 3 OU and 232Th
and their decay products. Estimated average concentrations
of these radionuclides in soil and the resulting dose rates
in air are given in Table 2.

Table 2. Dose rates in air and typical range
from natural radionuclides in soil

Rad ionuc1ide
or

decay series

2"Th

Concentration
in soil
(Bq.kg-*)

370(100-700)
25(10-50)
25(7-50)

Dose rate in air
per unit

concentrat ion
in soil

(nGy.h-VBq.kg-*)

0.043
0.427
0.662

Dose rate
in air

(nGy.h-*)

16(4-30)
11(4-21)
17(5-33)

UNSCEAR has estimated that about 95% of the world's
population lives in areas of normal background radiation,
i.e. with outdoor absorbed dose rates in air ranging from
30 to 70 nGy.h"1 (1). There are several areas, however,
where these dose rates are substantially exceeded. The best
documented regions are in Brazil and India. In the Kerala
ana Tamil Nadu coastal regions in India the absorbed dose
rates in air may reach 6000 nGy.h~x (5). In the regions
of Guarapari, Meaipe and Pocos de Caldas in Brazil, the
outdoor absorbed dose rates may range from 100 to 1200
nGy.h-x (6).

Large scale surveys have also been performed of the
external gamma radiation levels indoors. These levels
depend primarily on the composition of the building
materials used in the construction of houses. The results



ICHUfR,Raasar,3-7 Nov. 199O 21

of survey measurements available give a range of average
indoor absorbed dose rates in air of 20 to 120 nGy.h"1

(1). Most values are within a narrower range of 60 to 95
nGy.h"1. The mean value is 70 nGy.h"1.

The average external radiation levels are, thus,
slightly higher indoors than outdoors. Country-average
indoor-to-outdoor ratios range from 0.8 to 2.0 with an
average of 1.3.

Elevated external dose rates indoors arise from use of
particular building materials, for example alum shale,
granite and phosphogypsum. By making some extreme
assumptions regarding concentrations of radionuclides,
UNSCEAR estimated that the resulting dose rates could range
from 100 to 2000 nGy.h"1 (2).

To convert estimates of the absorbed dose rate in air
to the effective dose equivalent, UNSCEAR has used the
factor 0.7 Sv per Gy (1,2). This applies to environmental
exposures to gamma rays of moderate energy and is an
average value for both males and females and both indoor
and outdoor exposures. The indoor occupancy factor is taken
to be 0.8. With these assumptions, the annual effective
dose equivalents are derived as follows:

outdoors:55 nGy.h-2x0.7 Sv.Gy~1x8760 h.a~1x0.2=70 jiSv
indoors:70 nGy.h~1x0.7 Sv.Gy~1x8760 h.a-1x0.8=340 uSv

The total of 410 juSv has been apportioned using the
information in Table 2 as a guide to 150 )iSv due to *°K,
100 juSv due to the a3"U decay series and 160 jiSv due to
the 3 3 2Th decay series.

3.2. Internal Irradiation

Inhalation and ingestion of naturally occurring
radionuclides give rise to internal irradiation. UNSCEAR
has estimated the absorbed doses from available data on
concentrations of these radionuclides in the human body.

(a) Potassium-40

Potassium is an essential element that is under close
homeostatic control in the body. The radioactive isotope of
potassium, *°K, is present in the ratio 1.18xlO~* to
stable potassium. The average concentration of *°K in the
body is about 60 Bq.kg-1. The annual absorbed doses range
from 270 juGy to red bone marrow to 100 jiGy to the thyroid.
The annual effective dose equivalent is estimated to be
180 juSv.

(b) Rubidium-87

Less is known about the behavior of rubidium in the
environment. The average concentration of e7Rb in the
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body is estimated to be 8.5 Bq.kg-*. The annual absorbed
doses range from 14 îGy to bone lining cells to 3 jiGy to
the thyroid. The annual effective dose equivalent is
estimated to be about 6 jtiSv (1).

(c) Uranium-238

There are 14 principal radionuclides in the decay
series headed by 2 3 BU. Intake occurs by both inhalation
and ingestion. The annual dietary intake of a 3 eU in areas
of normal natural activity has been found to be about 5 Bq
(1). The intake in drinking water is usually much less.
However, in many areas with concentration of 2 3 BU in
water of around 25 Bq.m~3 and consumption of 0.5 1/d, the
intake could be 5 Bq, the same as intake from foodstuffs.

From available measurements of 2 3 8u in tissues, the
annual absorbed doses have been estimated to be about 1 yiGy
in bone lining cells and much less in soft tissues. The
annual effective dose equivalent from 2 3 8U and the decay
products in equilibrium, 23*Th, 23*mPa and 2 3*U, is
estimated to be 5

(d) Thorium-230

Annual intake of 2 3 oTh is estimated to be 0.01 Bq by
inhalation (1) and 2 Bq by ingestion in normal background
areas (7). Because of absorption differences, inhalation
accounts for about three-quarters of the total uptake of
"°Th to blood. Thorium is deposited primarily in bone,
where it is assumed retained on the bone surfaces. The
annual absorbed dose to bone lining cells is estimated to
be 7 uGy, and the annual effective dose equivalent is 7
uSv.

(e) Radium-226

Ingestion is the primary route for transfer of 2 2 6Ra
to the human body. Annual intakes in normal areas are
estimated to be 15 Bq by ingestion and 0.01 Bq by
inhalation (1). Intake from drinking water derived from
surface water sources is generally small, however when the
drinking water source is ground water, the intake may be
quite significant. These waters may have 2 2 6Ra
concentrations in excess of 200 Bq.m~3 (8,9). With 100
Bq.m"3 and a consumption rate of 0.5 liter per day, the
annual intake from this source would be 18 Bq.

Radium is retained in the primarily in bone, with
around 20 to 30% distributed relatively uniformly in soft
tissues. In the calculation of the absorbed doses to
tissues due to radium and its decay products, it is assumed
that the average retention factor for 2 2 aRn in bone and
soft tissues is 0.33 (1). The estimated annual doses are 5
juGy to bone lining cells, 0.2 jaGy to soft tissues, and the
annual effective dose equivalent is estimated to be 7 JJSV.
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It has been noted that the 226Ra annual intakes by
population living in the high background areas are about
200 Bq in India (10) and 140-540 Bq in Brazil (11). The
annual effective dose equivalents are, thus, 10 to 30 times
higher, namely 65 to 250 JJSV.

(f) Radon-222

The average annual intakes, concentrations in the body
and absorbed doses due to 222Rn and its decay products
are extremely variable. The main source of radon in the
atmosphere is the emanation from soil. The content of
radium in the soil and the soil properties are the primary
determining factors, but moisture content and
meteorological conditions are also of influence. Diurnal
variations in radon concentrations in air at ground level
occur with a minimum at noon and a maximum two times higher
in the night. Seasonal variations occur as well, with a
minimum in winter and a maximum three times higher in
summer. These results were obtained in long-term monitoring
at a site in New Jersey, United States (12). The mean
222Rn concentration over a six year period was 8
Bq.m~3.

Higher concentrations of 222Rn in air are encountered
at continental sites and lower concentrations on islands
and at coastal sites. A population-weighted average value
of 222Rn in outdoor air is estimated to be 5 Bq.m~3

(1). With an assumed equilibrium factor of 0.8, the average
equilibrium equivalent concentration of radon is 4
Bq.nr3, with a typical range, excluding extreme values,
of 1 to 10 Bq.m-3.

Radon enters indoor air from the soil or rock under or
surrounding the buildings, from building materials, water
supplies, natural gas and outdoor air. The ventilation rate
is an important factor in determining the build up of
concentrations, which often exceed outdoors.

The results of large-scale surveys of indoor radon
concentrations have been reported by UNSCEAR (1). The
results from countries generally fit a log-normal
distribution with a geometric standard deviation of around
3. The medians of the equilibrium equivalent concentrations
of radon were about 30 Bq.m~3 in Sweden and Switzerland
with up to a factor of 3 less in many countries and a
factor of 3 more in selected sampling in other countries.
Generally lower than average indoor levels are expected in
tropical countries where ventilation rates would be higher.
A population-weighted world average indoor equilibrium
equivalent concentration of radon is estimated to be 15
Bq.m~3 (1).

The dosimetry of radon following inhalation is still
under discussion. The mean value of the bronchial dose rate
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per unit equilibrium equivalent concentration of radon for
indoor or outdoor conditions was suggested to be 7
nGy.h"1 per Bq.nr3 in the UNSCEAR 1988 Report (1). With
the effective dose equivalent rate being 10 nSv.h"1 per
Bq.m~3. Accounting for average indoor and outdoor radon
concentrations with indoor occupancy of 0.8, the annual
effective dose equivalent is determined to be 70 uSv from
outdoor exposure, 1000 uSv from indoor exposure and 1100
pSv total. Higher values by a factor of 10 or more would be
obtained for concentrations near the upper tails of the
radon distributions.

(g) Lead-210, Polonium-210

The longer-lived decay products of 2 2 2Rn, namely
21oPb and 21°Po, enter the human body primarily through
foods. The concentrations of 21oPb and 21°Po are
usually low in meat and milk, intermediate in cereals and
vegetables and relatively high in aquatic organisms. Annual
intake reflects the composition of the diet and are about
20 to 40 Bq in many countries (1). Much higher intake
occurs where render or caribou meat is consumed, caused by
high accumulation of 21oPb and 21oPo in lichens on
which the animals feed. Annual intakes of 21oPb and
21oPo may then be about 140 Bq and 1400 Bq, respectively
(13,14). Cigarette smoking can also lead to increased
intake; 20 cigarettes per day could contribute to annual
intakes of 15 Bq of 21oPb and 20 Bq of aioPo (1).

The estimated absorbed doses to non-smokers in areas of
normal dietary intake of 21oPb and 21oPo are about 36
uGy to bone lining cells and 5 .uGy to soft tissues. The
annual effective dose equivalent is estimated to be 120
uSv. Values ten times higher would apply to populations
living on render or caribou meat (1).

(h) Thorium-232

Thorium-232 is the head of a series of 11
radionuclides. Both inhalation and ingestion of 232Th are
relatively low, annual intakes estimated to be 0.01 Bq and
2 Bq, respectively (1,7). The body retains a3aTh in bone
(60% of body content) and in soft tissues. The annual
effective dose equivalent is estimated to be about 3 jaSv.

(i) Radium-228

The decay product 22BRa in the 232Th decay chain is
more available to plants and animals. Dietary intake is,
thus, more important to body contents than decay of 23aTh
in the body. The shorter-lived decay products of a 2 eRa,
namely 22BTh (half-life 1.91 years) and 2a*Ra
(half-life 3.66 days), both alpha emitters, are the most
important contributors to the dose.
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The annual intake of 22BRa is estimated to be 0.01 Bq
by inhalation and about 15 Bq by ingestion of foods in
areas of normal radiation background (1). Ingestion of
drinking water could also contribute about 15 Bq per year.
The concentrations are low in surface water and quite
variable in ground water. In areas of high background
radiation, e.g. in the Kerala region of India, the annual
intake of 22eRa by ingestion is about 2000 Bq (1).

About 80% of the body content of 228Ra is in bone
with the remainder in soft tissues (15). The annual
absorbed doses are 4.4 jiGy to bone lining cells, 2.4 pGy to
lungs, 1.6 uGy to kidneys, 0.8 ,uGy to liver, and 0.35 juGy
to red bone marrow. The annual effective dose equivalent is
about 13 juSv (1) .

(j) Radon-220

Inhalation is the major pathway of exposure to 22oRn
(thoron) and its decay products (216Po, 2 1 2Pb, 2 1 2Bi,
212Po and 2 O ST1). Concentrations of 22ORn in outdoor
air at ground level are in the range 2-10 Bq.m-3. The
short half-life of 22ORn (55.6 s) makes indoor
concentrations less subject to the ventilation rate. The
concentrations are more determined by the exhalation rate
from soil and building materials. Indoor concentrations of
aaoRn are less variable than 2 2 2Rn, based on the
limited monitoring experience available. The average
equilibrium equivalent concentration of 22ORn is
estimated to be 0.7 Bq.m~3 ir temperate regions, with a
population-weighted value for the world being about 0.5
Bq.itr3 (1).

The annual absorbed doses from 22oRn gas in air at
concentrations of 2 to 20 Bq.m~3 are at maximum 5 >iGy to
the lungs, 4 .uGy to bone lining cells and 2 jiGy to the
kidneys. The annual effective dose equivalent is less than
20 juSv (1). The decay products of 22OTh give rise to
annual absorbed doses to the lungs of 5 jJGy outdoors and 40
;uGy indoors on average, with lower doses to other tissues.
The annual effective dose equivalent is estimated to be 160
uSv (1). It has not yet been possible to estimate extreme
values of exposure.

4. SUMMARY

A number of naturally occurring radionuclides give rise
to external and internal absorbed doses in the body. A
summary of the various contributions is presented in Table
3. The highest component of the annual effective dose
equivalent (1100 ̂iSv) comes from inhalation of radon and
its short-lived decay products. Of next importance is the
dose from external irradiation (800 pSv), divided
approximately equally between cosmic radiation and
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terrestrial sources. Less significant contributors to dose
are ingestion of *°K (180 >iSv), inhalation of 22ORa and
its decay products (160juSv) and internal irradiation from
21oPb and 21oPo (120 jaSv). The other radionuclides
contribute very little. The total annual effective dose
equivalent estimated to be 2.4 mSv.

Variations about the mean values by factors of 5 to 10
are not unusual for many of the radionuclides. The greatest
variation occurs for indoor radon concentrations, which
span over four orders of magnitude. Continued surveys of
natural background radiation levels will provide more
representative average values and better define the high
background areas to which many populations are exposed.

Table 3. Annual per caput effective dose equivalent, from
natural sources in areas of normal background

Cosmic rays:
-Ionizing component
-Neutron component
Cosmogenic radionuclides
Primordial radionuclides:
*°K
•'Rb
2 3 aU series:
-"»U >"*U
-a3OTh
-aa6Ra
-aaaRn >al*Po
-sloPb >aloPo
a3aTh series:
-a3aTh
-aaBRa >"*Ra
-"°Rn >aoaTi

Total (rounded)

Annual effective dose equivalent (JJSV)

External

300
55

150

100

160

800

Internal

15

180
6

5
7
7

1100
120

3
13

160

1600

Total

355
ft

15

330
6

1300
II

»

It

ri

340
II

II

2400
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ABSTRACT

High natural radiation background areas have been
extensively studied around the world. These include areas
having higher than normal levels of natural radioactivity
in the soil e.g. Pocos de caldas, Morro do Forro, Guarapari
and Meaipe in Brazil, Ramsar in Iran, Chavra and
Manavalakurichi in Kerala coast of India etc. Several hot
springs have also been found to contain higher levels of
natural radioactivity and some of these e.g. Badgestein in
Austria, Tuwa in India etc., have been used as spas. In
addition to these, several areas having rock phosphate
deposits have been found to be having higher levels of
natural radioactivity. Most important in this category are
some of the areas of Morocco and Jordan. The interest in
these areas is not only because some of these are the
potential sources of radioactive minerals but also because
they provide opportunity for studying long term effects of
low-level radiations on human and other biological systems.
The other source of enhanced nature.'! radiation exposures in
some areas of the world e.g. Sweden, Canada, U.S.A. etc.,
where indoor levels of radioactivity due to radon and its
progeny are very high. This presentation reviews briefly
the available information on exposures due to natural
sources for different areas of the world. Indoor exposures
mentioned above have not been included. Results of Indian
studies in Kerala region have been briefly discussed. The
future growth in the applications of nuclear energy,
particularly for electricity generation and ICRP
recommendations depend heavily on the results of such
studies. The need for well-planned, extensive and long-term
epidemiological studies has been stressed.

1. INTRODUCTION

Natural radiation sources have been of interest for
several reasons since the discovery of radioactivity by
Bequerel. They account for a very significant fraction of
radiation dose received by man (UNSCEAR 1988). Several
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naturally occurring radionuclides serve as useful tracers
for the atmospheric circulation studies and they are in
general, useful tracers for bio-geochemical pathway and
transfer coefficient studies. Recent discovery of a number
of areas with high indoor radon levels has given further
impetus to research in the field of natural radioactivity.

High natural radiation background areas have been of
special interest as they provide opportunity for the study
of biological effects of low-level chronic exposures.
Regions of the world best suited for such studies are areas
with uranium or thorium deposits, phosphate rock deposits
and some the hot springs having large amounts of dissolved
radium, particularly those springs which are used as spas.
Search for uranium and thorium for nuclear industry has
resulted in discovery of several high natural background
areas, most of which are not suitable for research on
effects of low-level nuclear radiations, either because
their natural radiation background levels, though higher
than normal areas are not significantly higher or else they
do not have any significantly human population. Such areas
can at best be called elevated natural radiation background
areas. This paper reviews only work on such areas which
satisfy the criteria discussed below. Even amongst these
only those high natural radiation background areas are
discussed where external radiation dose is as per the
criteria (high indoor radon exposure regions are not
included). It includes hot springs with high levels of
natural radioactivity.

Extensive results of radiation and radioactivity levels
in high background areas are available in the proceedings
of two special symposia on the subject (Cullen and Penna
Franca, 1977, Vohra et al., 1982), Natural Radiation
Environment symposia at Houston and Lisbon (Adams and
Lowder, 1964, Adams and Loweder, 1976, Adams et al., 1980,
RPD, 1988) and UNSCEAR, 1988 report. Not much additional
results on radiation exposures and radioactivity
measurements have been reported in literature since then
and hence this review is mostly based on the data available
from the above documents.

2. CRITERIA FOR HIGH NATURAL RADIATION BACKGROUND AREAS

Cullen and Penna Franca, 1977 defined anomalous
radioactive environment as one that is characterized by one
or more of the following observations:

a) The exposure rate from external terrestrial sources,
over extended areas, is greater than 200 mR.y~x.

b) The long-lived alpha activity, ingested with the local
diet and water, is greater than 50 pCi.d"1.

c) The 222Rn concentration of potable water is greater
than 5000 pCi.l"1.
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d) The Radon 220 and 222 concentration of the atmosphere
is greater than 1 pCi.l"1.

The author proposes the following criteria, based on
the above guidelines and UNSCEAR results on average global
external dose from terrestrial sources and has introduced
population factor, for consideration and adoption as such
or with modifications for future work and meetings on this
specific subject.

a) The exposure rate from external terrestrial sources,
over extended areas, is greater than 4 mSv.y-1. (10
times the average global value, UNSCEAR, 1988).

b) The long-lived alpha activity ingested with local diet
and water is greater than 2 Bq.day"1.

c) The Radon 222 concentration of the potable water is
greater t»-in 200 kBq.m~3.

d) The Radon 220 and 222 concentration of the atmosphere
is greater than 40 Bq.m~3.

e) The population receiving radiation dose from one or
more of the above sources is greater than 1000 so that
data obtained has some statistical significance.

with the above criteria, two high background areas of
Brazil and India and four hot spring areas of Austria,
Iran, India and Yugoslavia have been chosen for further
discussion in this paper, even though the Indian hot spring
area dose not qualify as high natural radiation background
area on the above basis. Further, a number of known high
natural radiation background areas of Argentina, Canada,
China, Finland, Japan, Nigeria, Poland, U.S.A., U.S.S.R
etc., have not been included because either they are being
covered in other papers at this conference or do not have
as extensive data as the areas chosen (e.g. Joshi and
Mishra, 1981 for the east coast of India is not included
even though it has patches of monazite deposits). Detailed
data for Kerala region in India has been covered in another
paper at this conference (Surnca, 1990).

3. HIGH BACKGROUND AREAS OF BRAZIL AND INDIA

Extensive data on external gamma radiation dose, levels
of alpha and gamma emitting isotopic radioactivity in
foodstuffs, soil, drinking water and vegetation etc. are
available for both areas (Adams and Lowder, 1964, Adams et
al., 1976, Cullen and Penna Franca, 1977, Adams and Lowder,
1980, Vohra et al., 1988, UNSCEAR, 1988, Sunta, 1990). Data
from limited epidemiological surveys and chromosomal
aberration studies are also included. BEIR III, 1981
presents findings regarding biological effects observed and
subsequent analysis of the data reveals the following
observations.

1) Whereas HBA's of Brazil are due to high concentration
of both Uranium and Thorium, Indian HBA's are primarily
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due to high Thorium (Monazite deposits). Both areas
have significant exposed population groups.

2) External radiation exposures in certain pockets of both
regions are higher by about 2 orders of magnitude as
compared to global average values (for terrestrial
dose).

3) Intake through food and water does not contribute to
total radiation dose, significantly.

4) Even though larger chromosomal aberrations including
eccentrics have been observed in statistically
significant numbers in the exposed population as
compared to control population, no statistically
significant cases of any adverse genetic effects have
been found.

5) Thoron and its daughters do not significantly
contribute to inhalation dose which is primarily due to
radon and its daughters.

Therefore, long term epidemiological studies including
studies on chromosome aberration, genetic defects and other
hereditary parameters in a statistically significant
exposed population and control population in both the areas
is essential. This type of study should also include
smoking, in particular, as a parameter so that any
synergistic effects can also be observed. Other parameters
to be included in such studies are special genetic
features, dietary peculiarities, environmental carcinogens,
if present etc.

4. HOT SPRING AREAS

Austrian hot springs are the most extensively studied
hot springs in the world (Pohl-Ruling et al., 1982,
Steinhausler, 1988) followed by Yugoslavian (Kobal and
Renier, 1987), Iranian (Khedami and Mesghali, 1971, Khedami
and Tahsili, 1976) and Indian (Joshi et al., 1981, Mishra
and Subba Ramu, 1988). The first three are being used as
spas and hence have large number of people exposed as
occupational persons as well as patients. Indian hot
springs at Tuwa, in central India are not used as spas even
though a small population in the neighborhood uses them for
bathing purposes and as a source of water. Some other hot
springs in India which are used as spas (e.g. Vajreshwari,
about 90 km from Bombay) have been found to have normal
radium concentrations in their waters.

Somewhat systematic and detailed epidemiological
surveys have only been carried out only for Austrian
springs and are being started in a systematic manner for
Iranian hot springs near and at Ramsar. Radiological
measurements and isotopic analyses have been carried out at
all the above places. All the above springs have higher
levels of dissolved radium in their waters and consequently
have higher levels of radon in water and in ambient air.
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Table 1 below summarizes data on radium, radon and natural
uranium for all the above springs. It gives the range of
concentrations observed.

Table 1. Range of radioisotopic concentration observed in
different hot spring waters and their environments

Sample type

Badgastein, Austria:
Thermal water

Cold spring water

River water

Ramsar, Iran:
Thermal water

Slovenia, Yugoslavia
Thermal water

Tuwa, India:
Thermal water
Dwellings

Radionuclides
mean value

(concentration range)

Uranium

3
(0.1-6.0)

4
(1.0-6.7)

2

-

0.2-2.7

-

Thorium

(ug.l-1)

2
(0.5-5.0)

3
(0.3-4.0)
0.3

-

-

-

2 2 6Ra
(Bq.l-1)

1
(0.04-4.9)

0.04
(0.01-1.0)

0.02

0.1-400

0.01-0.6

0.4-0.9

a"Rn
(Bg.l-1)

1500
(20-4500)

100
(4-130)
1.3

-

1.0-63

4-40
140-420
(Bq.m-3)

It has been estimated that the above concentrations at
Badgastein, for the practices followed for treatment result
in Effective Dose Equivalent (in mSv) of 0.02 for thermal
baths, 7 for inhalation sessions, 15 from drinking of
thermal water containing 2.8 mBq.l"1 radon and 1-120 to
spa workers including doctors and attendants (Steinhausler,
1988) .

Epidemiological survey data is available only for
Austrain hot springs as given in Table 2 below (Pohl-Ruling
et al., 1982) .

Even though this table demonstrates increasing trend in
respiratory tract cancer incidences with time, since the
traffic through these valley regions (indicated by traffic
coefficients) has also increased over the same period,
resulting in very much higher levels of automobile
pollution, it is difficult to asses how many cases are due
to each and if there is no synergistic effect when both are
present. This also points out the care with which such
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surveys are to be planned and the type of additional data
that needs to be collected for arriving at unambiguous
conclusions. It is hoped that data with better statistics
and correlations will be available in the near future and
similar studies will be undertaken at Ramsar, Iran and
Slovenia region of Yugoslavia.

Table 2

Period

1949-58

1959-68

1969-78

. Preliminary data for observed respiratory tract
cancer (RC)for Austrain hot springs used as spas

Badgastein

RC
observed

15

22

35

RC/yr/
million
persons

30

46

62

Hofgastein

RC
observed

0

15

25

RC/yr/
million
persons

23

35

46

Traffic
cceff.

1

8

12

5- CONCLUSIONS

Extensive radiation and radioactivity data are
available from a large number of high natural radiation
background areas around the world and is periodically
brought out in UNSCEAR reports. The author is of the
opinion that those areas which satisfy the criteria given
by him or their modified version should be identified and
long-term coordinated studies should be organized under
appropriate international organization in such areas. Such
studies should also include, besides external radiation
exposure measurements, internal dose assessments through
monitoring of food chains, bioassays etc., study of
biogeochemical pathways for determining transfer factors
and epidemiological studies on exposed population. Even
though population exposed to Chernobyl reactor accident
dose not fall in the same category, as it is a case of
acute exposures to higher dose rates, data from its exposed
population would augment the data from the above studies on
the effects of low levels of radiations on man
particularly, in terms of dose dependence.

3.
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ABSTRACT

Ramsar has some high level natural radiation areas
(HLNRAs) the study of which has been of some concern in
Iran for over twenty years. Due to the limitations in the
existing data, a program was established during the past
few years for detailed radiological studies in HLNRAs of
Ramsar which included a survey of indoor and outdoor gamma
exposures, external personal dosimetry of inhabitants,
determination of 226Ra in public water supplies and hot
springs, in food stuffs, etc., 2a2Rn level determination
in 473 rooms of near 350 houses, 16 schools and 89 rooms
and many locations of old and new Ramsar Hotels in
different seasons, cytogenetic studies of inhabitants of
Talesh Mahalleh of Ramak compared to that of a control area
and radiological studies of a house with a high potential
for internal and external exposure of inhabitants as well
as studies of construction materials.

The potential environmental gamma exposures measured by
survey meters range from 0.05 to 9 mR.h"1 for indoor and
outdoor exposures; the potential exposure in houses range
from 0.6 to 360 mGy.y~x as measured by TLDs, film badges
and survey meters; the potential doses determined by film
badges range from 1.2 to 186 mSv.y 1; and radon levels
measured range from 20 to 3700 Bq.m~3 with corresponding
effective doses up to 98.5 mSv.y~x. The mean radon levels
in different regions are 615 Bq.nr3 in Talesh Mahalleh,
326 Bq.nr3 in Chaparsar, 258 Bq.nr3 in schools of
Ramsar, 246 Bq.nr3 in Ramak, 111 Bq.nr3 in Ramsar city,
50 Bq.nr3 in Sadat Mahalleh and Katalom, 49 Bq.nr3 in
Tonekabon and 27 Bq.nr3 in Talesh Mahalleh cf Katalom and
90 Bq.nr3 in old and 50 Bq.nr3 in new Ramsar Hotels.
The cytogenetic studies, however, have shown some
significant differences between the results of the exposed
group and the control. In this paper, the overall program
as well as the highlights of the recent radiological
studies are of HLNRAs of Ramsar presented and discussed.

39
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1. INTRODUCTION

Many areas of the world possess regions having high
level natural radiation areas (HLNRAs) in particular in
Ramsar, Iran (1-4). The existence of HLNRAs in Ramsar was
first reported by an inspection group from the Ministry of
Industry and Mines about 30 years ago which was later
followed up with some investigations by the Nuclear
Research Center and the School of Public Health of the
University of Tehran on some radiological aspects of the
area (5,6). However, limitations on the existing data on
the radiological parameters of the area, required further
detailed studies. After a preliminary radon pilot study
(7), a program was established for environmental
radiological surveillance in Ramsar and its HLNRAs. It
included gamma exposure mapping indoors and outdoors as
well as external personal dose assessment (8), radon level
determination indoors, including 473 rooms of 350 houses,
16 schools and 89 rooms and locations of old and new Ramsar
Hotels (9), cytogenetic studies of the highest radiation
area of Ramsar compared to a control group (10), 22<sRa
determination in drinking water and in hot springs (11),
radiological studies of a house with the highest potential
for internal and external exposure of inhabitants (12). In
this paper, the radiological studies carried out recently
in Ramsar and its HLNRAs are summarized and discussed.

2. RAMSAR AND ITS HLNRAS

Ramsar, a beautiful northern city of Iran located at
the foot of the Elburz Mountains and overlooking the
Caspian Sea has some HLNRAs such as Talesh Mahalleh, Ramak
and Chaparsar as well as over 50 hot springs with low and
high radium contents used as spas. Figure 1 shows the map
of the HLNRAs close to the Hotel Ramsar, as studied. Their
geological origin is under current investigation. Based on
the limited geological studies, the high level
radioactivity seems to be due to the sulfurous mineral
waters having a fomeroline origin in a volcanic region,
where after a volcanic activity and depending on the
tectonic and natural drainage behavior of the earth crust,
they have found ways to the surface. Therefore, the
radioactivity can be considered to be first due to the
mineral water springs passing through the streams leaving
radioactivity residues filtered by the soil and second due
to some travertine deposits having a thorium content more
than that of uranium. In fact, the high mineral content of
water cause the orifices of springs to be closed and
reappear again in other places. Although there are HLNRAs
in Ramsar, the public still appreciate enjoying the
beautiful natural environment in Ramsar, especially using
the spas.
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Fig. 1. A schematic map of the high
level natural radiation areas of Ramsar
relative to Hotels of Ramsar.

3. GAMMA EXPOSURE MEASUREMENTS

Ramsar and its HLNRAs were surveyed for indoor and
outdoor gamma exposures using survey meters as well as
TLDs and film badges installed in the rooms together with
the AEOI radon diffusion dosimeters, the results of which
were reported at this conference (8). In particular, over
100 individuals were monitored by film badge dosimetry. The
results of environmental gamma exposures surveyed over
different areas both indoors and outdoors ranged from 0.05
to 9 mR.h"1. One school, in particular, showed potential
gamma exposures ranging from 5.6 to 15 mGy.y1. The dose
received by the individuals monitored in the area ranged up
to 132 mSv.y-x. About 60% of the public receive an annual
dose below 5 mSv.y"1, near 20% between 10 to 20 mSv.y 1

and about 20% having exposures below 20 mSv.y-1-. This
area was selected for detailed radiological studies. Figure
2 shows an isodose map of Talesh Mahalleh area showing five
different zones with different exposure levels of <0.05,
0.05-0.1, 0.1-1, 1-3 and 3-9 mR.h"1. It seems that Talesh
Mahalleh has the highest level of natural radiation
reported so far.
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Fig. 2. An isopleth map of dose rates for the Talesh
Mahalleh region showing five different exposure zones
of <0.05, 0.05-0.1, 0.1-1, 1-3 and 3-9 mR.h"1.
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4 . RADON LEVEL DETERMINATION INDOORS
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The levels of 2=2Rn were determined in 473 rooms of
about 350 houses and 16 schools of high and low level
natural radiation areas of Ramsar including Talesh
Mahalleh, Chaparsar and Ramak, Sadat Mahalleh, Katalom,
Tonekabon and Talesh Mahalleh of Katalom as well as 89
rooms and many locations of old and new Ramsar Hotels. The
AEOI radon diffusion dosimeters were used indoors in
different seasons applying electrochemical etching of
polycarbonate (7,13). A summary of detailed radon studies
in HLNRAs of Ramsar (9), is given in Table 1.

As shown in Table 1, the radon level in Talesh Mahalleh
is the highest and it is the lowest in one village in
Tonekabon where respectively selected as the study and the
control groups for chromosomal aberration comparison (10).
These radon levels were found to be mainly due to two
sources; from building materials such as stones with high
levels of radium (14) and from the local soil rich in
a26Ra. Also, it was found that the radon level in houses
built at a higher level above the ground even in the areas
with the highest gamma exposures were low compared to those
built directly on the ground. Therefore, this can be
considered as one recommendation for building construction
in such areas.

Table 1. Radon levels in different regions of Ramsar
and its high level natural radiation areas

Regions

Talesh Mahalleh
Chaparsar
Ramsar and
Suburbs
Schools of
Ramsar & HLNRAs
Ramak
Ramsar City
Hotels of
Ramsar
Sadat Mahalleh
and Katalom
Tonekabon
Talesh Mahalleh
of Katalom
Misc. houses

No. of
rooms

137
65

473

63
49
108

89

14
26

53
21

Mean
(Bq.m-3)

615
326

304

258
246
111

64

50
49

27
462

S.D.
(Bq.m~3)

725
435

516

372
290
171

66

31
19

24
692

Maximum
(Bq.m-3)

3700
1983

3700

1572
1459
1088

422

140
110

60
2515
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5 . RADIUM DETERMINATION IN HOT WATER SPRINGS

Hot water springs of Ramsar are usually used by
visitors as spas. More than 50 hot springs exist in Ramsar
with low and high radium contents ranging from 1 to 130
Bq.l~x (5,11). The water temperature of different springs
range from 25 to 45 C°. The drinking water in such areas is
tap water supplied by a reservoir in Ramsar with a very low
radium content; i.e. 2-3 mBq.m~3.

6. CYTOGENETIC STUDIES OF INHABITANTS

Cytogenetic studies of inhabitants of Talesh Mahalleh
were carried out in comparison with those in one village in
Tonekabon 30 km from Ramsar having similar socioeconomic
conditions but with a low natural radiation background,
selected as a control group (10). The chromosome
aberrations were scored in 10152 cells of 54 subjects in
Talesh Mahalleh of Ramak, 1729 cells of 15 subjects in
Talesh Mahalleh of Katalom and 5969 cells of 34 subjects in
the control region. The total chromosomal aberration
frequencies for these three groups are given respectively
as 2.81+1.88, 2.20±1.87 and 1.37+1.35 per 100 cells. Based
on this preliminary study, there seems significant
differences between cytogenetic results of study and
control groups, in particular between the data of the
inhabitants of a house in Talesh Mahalleh of Ramak and
those in the control group. Besides the three regions
studied, 13 subjects from Tehran were also considered as
control. A total number of 1640 cells was analyzed with a
mean aberration value of 1.3±0.29 per 100 cells scored.

7. RADIOLOGICAL STUDY OF A HOUSE

One house in Talesh Mahalleh which had a high potential
for external and internal exposures for the inhabitants,
was selected for an in depth study (12). It is a one-storey
villa with an effective area of 120 m3 built 1.5 m above
the ground in a very beautiful location at the foot of the
Elburz mountains, 2 km south east of Hotel Ramsar.
Different radiological parameters of the house were
studied.

The gamma exposure levels, measured with film badges,
TLDs and survey me.ers, were found to be up to 70 ̂ lGy.h
detected on the walls of the hall. The indoor radon levels
have a mean level of 1635±715 Bq.m~3 measured also in
four seasons. The external gamma dose received by the
inhabitants carrying film badges monthly showed annual dose
equivalents of 96.5, 126, 132 and 88.8 mSv.y-1

respectively for the husband (53 y, a school teacher), the
wife (47 y, a housewife), the son (17 y, unemployed high
school graduate) and one daughter (22 y, a college
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student). The effective dose equivalent (H.) due to the
some of external gamma dose and internal dose due to
inhalation of radon indoor were reported to be 128.2,
161.3, 167.3 and 11.2 mSv.y"1 respectively for the same
inhabitants stated above. The results were easily justified
by their residence times in the house.

It can be seen that the effective dose of the family
members are in general high. The dose received by mother
and son having longer and almost equal residence times in
the house are the same. They are more than three times
higher than the old dose limit of 50 mSv.y 1 for
radiation workers and over 8 times higher than the present
recommended limit of 20 mSv.y-1 (15). The dose reported,
however, excludes the dose received through digestion of
food products. For example, the concentration of 226Ra in
in-house food products showed (3.7-4.5)xlO2 mBq.kg"1 in
spinach leaves, (2.8-3.l)xlO3 mBq.kg"x in duck eggs and
2-3 mBq.kg"1 in drinking tap water of the public water
supply in Ramsar. By adding the doses received through
digestion, the effective dose is even higher.

The chromosome aberration studies indicated a
pronounced difference between eccentrics, fragments,
minutes, breaks and gaps of the inhabitants compared to
those of the control group. The family tree showed that the
owner's grandfather (70 y, dead, elderness,), uncle (110 y,
dead, elderness), mother (76 y, dead, duodenum cancer),
father (63 y, dead, asmethic disease), aunt (70 y, dead,
infraction), sister (55 y, healthy), sister (49 y,
healthy), brother (32 y, dead, asmethic), brother (60 y,
healthy), brother (63 y, healthy), brother (57 y, healthy),
wife (47 y, healthy), daughter (24 y, healthy), daughter
(23 y, healthy), daughter (20 y, healthy) and son (17 y,
healthy). The two elder daughters are college students
living in Karaj near Tehran, who were not available at that
time. As a whole and based on the owner's statement, the
family has not yet shown any increased incidence for any
special disease compared to others. The results indicate
that further research is needed for any concrete
epidemiological conclusion to be drawn from studies in
HLNRAs of Ramsar.

8. CONCLUSIONS

By reviewing the results of studies of some HLNRAs of
the world, it can be concluded that Ramsar has the highest
natural radiation areas studied so far. The effective dose
equivalents in HLNRAs of Ramsar in particular in Talesh
Mahalleh are high, even few times higher than the dose
limits for radiation workers. Although the chromosomal
aberration studies show conclusive differences with the
control group, any concrete evidence of increased health
detriment in such areas requires further careful
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epidemiological studies. Such information is of the highest
importance for obtaining proper radiation risk estimates
for setting radiation dose limits, which is at the moment
based only on the Hiroshima and Nagasaki data, as well as
to hopefully be able to answer many questions usually asked
by the public. The surveys strongly justify remedial
measures to be taken. Also, international efforts should be
continued to establish criteria for HLNRAs. Due to the
importance of solving the basic problems in radiation
protection, the international agencies such as IAEA, WHO,
ICTP, etc. as well as national competent authorities should
support continuous research on different aspects of HLNRAs.
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ABSTRACT

High radiation background area is an ideal field for
radioecological investigation because of the high content
of natural radionuclides in local samples. As a part of a
"Health Survey in High Background Radiation Area in
Yanjiang, China", this work reports the concentrations of
natural U, Th, 2 2 6Ra, 2 2 8Ra, 2TOpb and 21°Po, and
also their transfer in ecological chains, regarding a
certain snail (Achatina Fulica) and cassava, and
distribution in the bodies.

The determined results showed that the radioactivity
concentrations of 2 2 6Ra, 2 2 eRa, 21oPb and 21°Po in
the snail meat and cassava root were of the order of
10°-10x Bq.kg"1, but those of natural U and Th were of
the order of 10-6-10-= g.kg"1. The 22eRa
concentrations in both were more than their 226Ra
concentrations. U contents in soil, lived on by the snail
and nurturing the cassava, were 17.7 and 3.2 mg.kg"1

respectively; but the Th contents in the soil were 39.1 and
10.5 mg.kg"1 respectively.

By comparison with the Annual Limit of Ingestion (ALI)
for public ingestion, for the snail, critical nuclides are
2 2 8Ra, 226Ra and -loPb. According to the ALI of
2 2 8Ra, limited consumption of the snail meat should be
equal to 67 g per day. For the cassava root, critical
nuclide is 2aoPb; the limited consumption is estimated to
be 324 g per day. It was shown that these radionuclides
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should be paid more attention to in hygienical evaluation
for dietary ingestion of local population.

It was also indicated that in local soil these daughter
radionuclides of both U and Th series were nearly
equilibrated to the first nuclide, U and Th, respectively;
but in snail meat or cassava root, the contents of these
radioactive daughters were found to be 1-2 orders of
magnitude higher than that of the parent nuclide. In other
words, the concentration ability of the snail meat or
cassava root for these daughter nuclides is much more than
that for their parent nuclides.

In the snail, natural U and Th were found to be
deposited in the shell for the most part, but Ra isotopes,
21°Po and 21oPb mostly in the meat. The transfer
coefficient for U and Th from soil into snail meat were
found to be 2-3 orders less than that for Ra, Pb or Po.
From determined OR's between soft tissue and shell, it was
shown that in the transfer of the bone-seekers,the
absorbability of the shell for Ca was more than that for
these bone-seeker elements. The order of absorbability was
as follows: U, Th, 21°Po and Ra. As regards cassava, the
determined results showed that the concentration of U and
Th in cassava field soil decreased with depth, but that of
Ra isotopes increased. The concentration of 21oPb and
2XOPo was the highest on top. The concentrations of all
these nuclides as well as their relative distribution were
the lowest in root, lower in stem and the highest in leaf.
The determined transfer coefficients from soil to each
parts of cassava were of the order of 10~= for U and Th,
10~3 for Ra and 10~2 for 21°Po. It was indicated that
the absorbability of cassava root for Ca was the highest
and for 21oPb was more than for Ra.

1. INTRODUCTION

As a part of "Health Survey in High Background
Radiation Area in Yangjiang, China", this work reported the
concentrations of U, Th, 2 2 6Ra, 2 2 BRa, 2 1 oPb, 2iOPo
in a certain snail (Achatina Fulica) and cassava; their
distribution in the bodies; their transfer through relevant
ecological chains, and relation between the transfer and Ca
contents of media; and radiological evaluation on ingestion
of these foods for local public. The results showed that
226Ra, 22BRa, 2XOPb and 2XOPo concentrations in the
snail meat and cassava root were of the order of 1-10
Bq.kg"*; while the contents of U and Th were of the order
of 1-10 }ig.kq~x. 228Ra concentrations in the snail meat
or cassava root and relevant soil were higher than those of
226Ra in them respectively, while in eatable part of
snail or cassava, the concentrations of 2 2 BRa, 2 2 6Ra,
aioPb and 21°Po were 1-2 orders of magnitude higher
than those of primary parent, U or Th. In radiological
evaluation on their ingestion for local public, the
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critical nuclides were 228Ra, 2 2 SRa, 21oPb and
21°Po for snail meat; but for cassava it was 21oPb.

Natural radioactivity has been found to be principal
contributor of collective dose of human being and the most
important component of radioactivity in food. Regional
difference of natural internal radiation comes from content
of members of U and Th series in the environment,
especially long-lived 2 2 8Ra, 2 2 6Ra, 31°Po, 2 1 oPb, U
and Th (1,2). High radiation background area (HRBA) is an
ideal field for radiological investigation because of quite
high concentrations of natural radionuclides under natural
equilibrium in local environmental samples. As a part of
"Health Survey in HRBA in Yangjiang, China", this work
reported the result on two radioecological surveys about a
kind of eatable snail, Achatina fulica, and cassava.

The sources of background radiation are, the nearby
mountains whose surface rocks are granite, from which fine
particles of monazite have been washed down continually
year by year by rain, and deposited in the surrounding
basin regions. Thus, the background radiation level in
these areas has been elevated. The snail and cassava were
selected as the objects of this investigation because it
had been reported that some mollusks were able to
concentrate radionuclides in aquatic environment; and the
tapioca (i.e. cassava here) was able to accumulate them too
(3,4). The investigation is reported in the following two
parts.

PART I: Achatina Fulica

The kind of snail is one of the biggest terrestrial
snails in China, whose body weight can come up to 180-190
g. The snail was discovered in south Asia at first, but now
has spread over each province of southeast China. The snail
consists of shell and soft tissue, that includes
cephalopodium and neck containing abundant muscle, which
are called as eatable part here. In the location, the snail
lives on leaves of papaya, bajiao banana, sweet potato and
so on. According to analysis, 1 kg dried srail meat
contains 604.2 g protein, 32.5 g fat, and abundant Ca,
vitamins as well as trace elements, and it is the raw
material for a course of typical European dish. It was
reported that 470 tons of the snail meat were exported from
Guangdong and Taiwan Provinces to France in 1975. At the
present time, the snail meat is mainly used as feed of
domestic animals in the location.

2. MATERIALS AND METHODS

During 1980-1982, the snail and surface soil in
surrounding environment were collected periodically. The
sampled snails were treated and divided to shell, eatable
part and viscera with eaten food. Most of every sample was
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weighed, carbonized and ashed for analyses of U, Th, Ra and
Ca; while a part of the fresh sample was used for analyses
of 2aoPb and 2i°Po.

Using 133Ba as yield tracer, 226Ra and 22BRa were
determined by sequential analytical procedure: after alkali
fusion, the 226Ra contents were determined by emanation
technique; after Ra was coprecipitated with BaSOj and
reached radioactive equilibrium with its daughter 2 2 8Ac,
the Ac was extracted by bis-2-ethylhexy phosphoric
acid-heptane; the 22BRa content was calculated by 22SAc
counting (5). Natural U and Th contents were determined by
a sequential analytical method, extraction and
spectrophotometric method (6). 21oPb and 2XOPo contents
were determined by sequential analytical method: after
wet-ashing, the radionuclides were electrodeposited on Ni
film and the 21oPb and 21oPo content were determined by
low background and fl-counting (7). All determined results
were corrected for decay and expressed as 95% confidence
limit.

3. RESULTS AND DISCUSSION

3.1. Radionuclide Contents in the Snail Meat

The snails were collected and analyzed 5 times
altogether during the period. The results are shown in
Table 1. The snail lived in environment where soil was rich
in U- and Th-series nuclides, and the results showed that
concentrations of 2 2 6Ra, 2 2 SRa, 21oPo and 21oPb in
the snail meat were of the order of 1-10 Bq.kg~x and
about 2 orders of magnitude higher than those of natural U
and Th, which corresponded to the order of 1-10 glkg~x.
As reported (8), Ra was absorbed easily by organisms,
because both its bicarbonate and chloride are soluble.
Determined 226Ra in snail meat was a little less than the
228Ra contents, probably because there were elevated Th
and U-Series radionuclides in local soil as mentioned
above. It has been reported that some kinds of marine
mollusk were able to concentrate some radionuclides and
ranges of 2XOPo concentration, and the ratio of 21°Po
to 21oPb were 0.74-4.07 Bq.kg"1 and 4-23 respectively
(3). The U, Th, and 21°po concentrations in the snail
meat were comparable to the reported values for some marine
mollusks; but those of Ra isotopes and 2:LOPb in snail
meat seem much higher than the reported contents (9,10).
These differences probably were because of different
biological characters of these mollusks, special living
environments, and so on.

3.2. Difference of Radionuclide Constituent
in Soil and Snail Meat

Soil is the principal living environment of the snail,
and the primary nutrient source of natural radionuclides in
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the body. The nuclide contents in soil of Yangjiang and
Guangzhou are shown in Table 2. The typical contents of
natural U and Th in soil a l l over the world are 1 and 6

Table 1

Range

Average

. Natural radionuclide contents

U

0.08-
0.29
(3.3-
11.6)
0.18±
0.02
(7.3±
1.0)

Th

0.05
0.12
(11.3-
28.5)
0.07 +

0.00
(16.6
±0.6)

" 4 R a

2.6-
12.2

7.4 +
0.00

226Ra

8.1-
52.5

30.0
±0.7

m snail

22BRa

3.7-

74.0

33.3 +
1.1

meat, Bq.kg-x*

31°Pb

4.4-
8.5

5.6 +
0.4

21°PO

3.3-
4.8

4.1 +
0.4

* Value in parentheses are expressed as 10~s g.kg~

Table 2. Natural radionuclide contents in local soil, Bq.kg~x*

Location

Yangjiang

Guangzhou

U

446±96
(1.77+
0.38)

262±25
(1.04+
0.10)

Th

158±3
(3.91+
0.08)
78±1
(1.93+
0.03)

"*Ra

207
+6.0

90.3
±8.9

22&Ra

90.3
+3.3

43.3
•5.5

"*Ra

168
±7.0

33.3
+0.7

JloPb

58.1
+ 7.8

27.0

+5.0

J1°Po

41.4
±4.8

32.6
±5.5

* Value in parentheses are expressed as 10~3 g.kg-

mg.kg-1 (11),
Yangjiang were
while those in
typical value respectively
rock, natural radioactive
state; but in soil
some degree due to

so the U and Th contents of soil in
17.7 and 6.5 times more than typical value,
Guangzhou 10.4 and 3.2 times more than

It is believed that in airtight
series should be in equilibrium

the equilibrium is often disturbed in
leaching of passing water, escape of

gaseous nuclides, and so on. As regards organisms, the case
would be still more complicated due to different absorption
and metabolism rates. Some organisms with large affinity
for contaminated nuclides are often selected as indicator
in environmental monitoring.

In order to clarify the affinities of the snail meat
for different member nuclides of U or Th-series: supposing
activity concentration of the primary nuclide, 238if or
232Th, is one, the equilibrium degree of these daughter
nuclides in the media were calculated (see Table 3). It can
be seen from Table 3 that in soil the daughter nuclides
were nearly in radioactive equilibrium with their parent
nuclide, but in the snail meat, the concentrations of
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Table 3. Radioactive equilibrium degree of
daughter nuclides in soil and snail

Location

Yangjiang

Guangxhon

Saapla

soil

•nail M t

soil

•nail aaat

»»"Ha

0.42

336

0.34

203

»>«pb

0.27

62.3

0.21

18.4

"°Po

0.19

45.7

0.26

43.2

"•ft

1.06

493

0.43

83.1

"~Ba

1.30

110

1.20

46.0

daughter nuclides were 1-2 orders of magnitude higher than
of parent nuclide. It means that the snail meat had much
higher affinity to these daughter nuclides than that to U
or Th.

3.3. Distribution of Natural Radionuclides in Snail

The snail body was divided into 3 parts: shell, meat
and internal organs with undigested food. Depending on
their weight proportions and nuclide contents, the
distributions of these nuclides in different parts are
shown in Table 4. From Table 4 it can be seen that natural
U and Th are mainly deposited in the shell, but the other
nuclides are move in the snail meat. It seems that this was
because of physico-chemical state of the nuclides and the
affinity of the organism. As reported, 21°Po and 21oPb
were easily concentrated by marine organisms (3,9) and Ra
isotopes were much more available to organisms than Th was
(1)-

Table 4. Distribution of radionuclides in snail body (%)

Saaple

Shell

Meat

* O.D. •

•« r.o. •

u

38.8

1.1

60.0

Th

28.2

5.7

66.0

-""Ra

11.2

68.6

20.2

• Under detection limit.

Internal Organs.

"-Ra

12.6

82.7

4.6

"-Ha

25.0

71.7

3.3

65.2

34.8

3.7

53.1

43.2

3.4. Absorption and Metabolism of Radionuclides in Snail

Under equilibrium conditions, transfer of radionuclide
from environmental medium into the organism or organ can be
described by TF (Transfer Factor). In order to clarify the
difference among these bone-seeking radionuclides and Ca,
discriminating ability of transfer is always described by
OR (Observed Ratio). The determined results of the transfer
in question are listed in Table 5- Because the internal
organ sample contained a lot of undigested food, the result
relating to is omitted here. It is shown that 21oPb and
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Table 5. TF and OR for -transfer of radionuclides
from aoil into snail neat and snail shell

55

Factor

Snail Meat:

TF

OR

Snail shell:

TF

OR

location

Yangiiang

Guangzhou

Average

Tangjlang

Goangxhou

Average

Tangjlang

Yangjlang

0

4.1x10*

3.2x10 *

3.6x10-*

3.3x10-*

3.5x10 *

3.4x10*

1.1x10-*

4.5x10*

TlJ

4.2x10-*

7.8x10 *

6.0x10-*

3.6x10"*

5.2x10"*

4.4x10*

l.SxlO"1

1.7x10•»

"•Ra

0.33

0.19

0.26

0.40

0.21

0.30

0.06

5.6x10 *

""Ra

0.20

0.15

0.17

0.32

0.17

0.25

0.11

l.OxlO"*

9.6x10-*

2.7x10-*

6.2x10-*

0.10

0.03

0.06

O.D.*

B.D.*

"°Po

9.8x10-*

5.3x10-*

7.6x10*

0.13

0.06

0.10

e.9xio-»

a. oxio*

* 0.0.- Undar detection limit.

21oPo transferred from soil into snail meat or the shell
more than U and Th did, but less than Ra did. U and Th
transferred from soil into shell more easily than into
snail meat; but Ra 21oPb and 21oPo transferred from
soil into snail meat more easily than into the shell.

As regards discriminating ability of snail for these
nuclides from Ca, it can be indicated from Table 5 that for
transfer of these bone-seeking nuclides from soil into the
snail meat, all ORs were less than 1, meaning that affinity
of snail meat to Ca was stronger than to these nuclides.
The decreasing order of OR was Ra, 21°Po, 21oPb, Th and
U.

3.5. Radiation Hygienic Evaluation on Consumption of Snail

Limited Concentration of Radionuclides for public is
one of the derived limits. Its derivation should be based
on basic dose limit of public for continued ingestion, 1
mSv.a"1, and on proper dosimetric as well as metabolic
parameters. in order to evaluate ingestion of the snail
meat from radiological hygienic view-point, the following
derived values were estimated based on the highest,
determined contents, of these radionuclides in the snail
meat, HDC, and daily limit of ingestion of nuclides, DLI,
and are listed in Table 6: weight of snail meat
corresponding to DLI, WDLi, and the weight of snail meat
corresponding to daily ingestion of the nuclides in normal
radiation background area in China (DIC), WOi. From
Table 6, it can be concluded that 2 2 BRa, 2 a 6Ra, and
perhaps 21oPb should be considered as critical nuclides
for public consumption of the snail in the area. For
example, daily consumption of the snail meat for local
public should not exceed 66 g. 22BRa content in 1.1 g
snail meat would be equal to daily intake by ingestion in
normal radiation areas of China.
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Table 6. Radiological evaluation of snail meat

Item

BDC

DLI

DIC

u

11.6

1509

1. 3x10*

1.13

97

Th

28.5

1644

5.8x10*

3.60

126

'"Ka

52.5

3.84

73

6.05x10 '

1.2

"*Ra

74.0

4.93

66

8.27x10 *

1.1

aiopb

8.5

1.10

129

1.89x10 *

22

"°Po

4.8

S.48

1.1x10*

1.64x10 *

34

Dhl, DI*, and BDC of U and tn> are expressed a* ug and ug.kg ',

those of other noclides as Bq and Bq.kg * respectively.

It had been reported that there were some populations
who had elevated annual intake of natural radionuclides in
the world. For example, annual intake of 226Ra and
228Ra for population living in high background area in
southern India were 200 and 2000 Bq respectively/ while
that of 226Ra for most exposed people in Araxa-Tapira
region of Brazil ranged between 140 and 540 Bq; annual
intake of 21oPo for population living on reindeer meat in
the arctic or sub-arctic regions were about 140 Bq and 1400
Bq respectively (1); annual intake of 21°Po for Japanese
fishermen with high consumption of marine product was 230
Bq (12). in comparison with above mentioned annual intake,
ingestion of the snail meat in the area should be paid more
attention to.

PART II: Cassava (Tapioca)

Cassava is one of common foods and important forages of
poultry as well as raw material of industry in the area.

4. MATERIALS AND METHODS

Some whole plants of cassava were collected in the
area, where /-radiation level was 41-43 jiR.h"1, and were
divided into root tuber (i.e. eatable part), stem and
leaves. According to definite depth (0-14,15-20 and 21-30),
the soil surrounding the plants was collected too. The
procedure of pretreatment and radionuclide analyses were
the same as those above mentioned.

5. RESULTS AND DISCUSSIONS

5.1. Radionuclide Contents in Root-
Tuber of Cassava and Soil

The determined results of radionuclides in the
root-tuber and the soil are listed in Table 7. 228Ra
contents in the root-tuber and the soil were twice as much
as 226Ra contents in them respectively. It can also be
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Table 7. Contents of radionuclides in root-
tuber of Cassava and soil, Bq.kg~a

57

Saaple

Soil
0-14 cm

15-20 ca
21-30 cm
aw.

R.T.

U

(•g-fcg1)

4.64
2.40
2.62
3.22

8.QX10'3

(•g.kg-M

13.84

10.06

7.68

10.53

4.6x10 »

2.20x10=*

2.82x10=*

3.67x10="

2.89x10=*

1.48

"•Ra

s.ooxio*
5.37x10=*

6.25x10*

5.54x10=*

2.69

="°Pb

2.07x10"

1.22x10="

1.48x10*

1.60x10=*

3.44

1.66x10=*

1.04x10=*

1.26x10*

1.32x10=*

1.89

shown that local soil had elevated concentrations of these
natural radionuclides. According to the depth distribution,
it is indicated that the U, Th, 2roPb and 31°Po
contents in soil on the top layer were more than those in
deeper soil; but for Ra isotopes, the case was the
opposite.

5.2. Distribution of Natural Radionuclide in Cassava

The determined distribution of these nuclides in
different parts is shown in Table 8. Based on weight
constitution of different parts in whole plant, the
relative distribution shows that the stem contained about a
half of total radioactivity for all these nuclides; the
root-tuber contained about equal activity for U and Th as
the leaves did; but 2a6Ra and a28Ra contents in the
root-tuber were less than in leaves, while 2iopb and
aioPo contents were more than those in leaves. It can be
concluded that Pb and Po are absorbed more easily by the
root-tuber than by the leaves.

Table 8. Relative distribution of
radionuclides in Cassava Plant, %

Item

WT
U
Th

a26Ra
2 2 B Ra
2 1 oPb
21Op0

Root Tuber

49 .87
27 .4
2 3 . 8
17.7
12 .1
39 .0
32 .9

Stem

38.65
4 5 . 5
50 .6
55 .2
61 .6
4 3 . 3
5 2 . 0

Leaves

11.48
2 7 . 1
2 5 . 6
2 7 . 1
2 6 . 3
17.7
15 .1

5.3. Absorption and Metabolism of Radionuclides in Cassava

As mentioned above, absorption and metabolism of
radionuclide can be characterized by TF and OR (especially
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for bone-seeking elements). The determined TF and OR are
shown in table 9. From Table 9 it can be concluded that the
transfer ability of the elements from soil into the
root-tuber decreased in the following sequence: Pb, Po, Ra,
U and Th. The affinity of root-tuber for Ca was much more
than those for these elements, but the affinity for Pb was
the highest among these elements.

Table 9. TF and OR of transfer of radionuclides
from soil into root-tuber of Cassava

Item

TF
OR

U

2.5x10—*
7.6xl0-3

Th

4.3xlO~3

1.3xl0~3

= = *Ra

S.lxlO-3

1.6xlO~=

" B R a

4.9xlO-3

1.5x10-=

2 1 oPb

2.2xl0-2

6.6xl0~2

"°Po

1.4x10-=
4.4x10-=

5.4. Radiation Hygiene Evaluation on Consumption of Cassava

It should be borne in mind that cassava is a common
food in the region. As estimated above, in order to
evaluate consumption for local public, the highest
determined contents of these natural radionuclides in the
root-tuber, HDC; derived daily limits of investigation of
them, DLI; and estimated weight corresponding to these
amounts, W D L I / are showed in Table 10. It can be seen
that critical nuclides are 2 1 oPb, 228Ra and 21°Po for
local public. For example, in order to limit 2 1 oPb, the
daily consumption should not exceed 324 g for continuous
ingestion. It was reported that eating period of the
cassava for local public was months/a and daily consumption
was 0.5-1 kg on an average. It seems possible that through
some special ecological pathway some populations ingest so
much natural radioactivity as ALI for the public.

Table 10. Radiological evaluation of root-tuber of Cassava

Item

HDC *
DLI *
Wei. I , Vc&

u

7.98
1509
189

Th

4.56
1644
360

2-'

1
3
2

eRa

.48

.84

.59

2 2

2
4
1

eRa

.69

.93

.83

"°Pb

3.4
1.10
0.324

22.O

1.
5.
2.

Po

9
48
88

* DLI, and HDC of U and Th are expressed as g and g.kg-1;
those of other nuclides as Bq and Bq.kg-1 respectively.

6. CONCLUSION

6.1. The
23BRa, 21oPb

radioactivity concentrations of 2 2 6Ra,
and 21°Po in the snail meat and the
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root-tuber of cassava were of the order of 1-10 Bq.kg"1;
but those of natural U and Th were of the order of 1-10
Mg.~1kg. Both the 228Ra concentrations were more than
their 226Ra concentrations in these eatable parts and
related soil.

6.2. In local soil these daughter radionuclides of both
U and Th series were nearly equilibrated to the parent, U
and Th, respectively; but in the snail meat and the
root-tuber of cassava the contents of these radioactive
daughters were found to be 1-2 orders of magnitude higher
than that of the parent nuclide.

6.3. In the snail, U and Th mainly deposited in shell,
but Ra isotopes, 21oPb and 21°Po were mainly in the
snail meat. The TF for 21oPb or 21°Po to transfer from
soil into snail meat or shell was more than that for U or
Th, but less than for Ra. U and Th transferred from soil
into shell more easily than into snail meat, but Ra,
21oPb and 21°Po into snail meat more easily than into
shell.

6.4. In the case of the cassava, these nuclides mainly
deposited in the stem, 2iOPb and 2XOPo contents in the
root-tuber were more than those in the leaves; in contrast,
Ra content in the leaves was more than that in the
root-tuber. The TF of these elements for transfer from soil
into the eatable part of cassava decreased in the following
sequence: Pb, Po, Ra, U and Th.

6.5. The OR of these bone-seeking elements for transfer
from soil into snail meat or the root-tuber indicate that
the absorbability of them for these nuclides was less than
that for Ca. In the snail meat, decreasing sequence of OR
was Ra, Po, Pb, Th and U; but in the case of cassava the
order was Pb, Po, Ra, U and Th.

6.6. For consumption of the snail meat, comparing with
ALI for public ingestion, 2 2 BRa, 22eRa and 21oPb
should be considered as critical nuclides, but in the case
of the cassava, 2XOPb is the critical nuclide. Therefore,
from the view-point of radiation protection these
radionuclides should be paid more attention to.
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GAMMA RADIATION LEVELS AROUND THE
HIGHEST BACKGROUND AREA IN POLAND

T. Niewiadomski, J. Koperski, E. Ryba and P. Olko

Institute of Nuclear Physics, Radzilowdkiego 152,
31-342 Krakow, Poland

ABSTRACT

The highest radiation background in Poland was found in
a region close to the Sudety mountains, in the
south-western corner of the country, measurements were
performed using thermoluminescence dosimetry and a
pressurized ionization chamber, in order to find the
distribution of gamma dose rates around this area in
dwellings and outdoors. Outdoor dose rates fluctuated from
place to place between 20 and 190 nGy.h"1 and strongly
depended on the type of soil bedding. The highest gamma
dose rates were found over granite (average value 138
nGy.h"1) and the lowest over grass (70 nGy.h"1) and
over artificial bedding such as concrete or asphalt (81, 87
nGy.h"1). indoor dose rates correlate with the
surrounding open air dose rates and with the building
material used. The highest values were fonnd in red-brick
buildings (to up 190 nGy.h"1). It is estimated that
people living in this area receive an annual gamma dose
equivalent higher by a factor of two to five than the
country average.

1. INTRODUCTION

Natural radioisotopes are the main source of radiation
exposure for man. The introduction of new building
technologies in Poland in the 70's (concrete-based
prefabricates from the so-called "house-factories" or
fly-ash based bricks) increased the public concern about
the radiological impact of new building materials. Since
the mid-'seventies the Institute of Nuclear Physics in
Krakow (Poland) has been performing intensive
investigations of indoor and outdoor exposure to natural
gamma background in Poland (1), (2). Research concentrated
on the identification of geographical regions of increased
radioactivity of finding correlations between the dose
rates recorded in houses and the building technologies used
for their construction.

This paper reports the results of a survey of indoor
and outdoor measurements performed in the south-west corner
of Poland, by Sudety mountains (Fig.l). The Sudety
mountains constitute the natural border between Poland and

61
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Fig. 1. The province of Poland
surveyed in this study (hatched).

Czechoslovakia. About 100 km from this border in Joachimowo
(CS) a big and well known uranium mine is under operation
from many years.

Three main questions are analyzed in this paper.
Firstly, the influence of different building technologies
on gamma dose rates indoors was studied. Secondly, gamma
dose rates outdoors were investigated for different types
of bedding. Finally, correlations between the dose rates
indoors and outdoors were verified.

2. MATERIALS AND METHODS

The investigated region has an area of 8500 km2 and a
population over 1.3 million people. Measurements were
performed in 151 towns and villages of over 5000
inhabitants.

Two measuring methods were applied:

1. Thermoluminescence method (TL) for indoor
measurements. The complete system i.e. Automated TL Reader,
Mod. 748 and sintered LiF:Mg,Ti dosemeters were developed
and manufactured at the Institute of Nuclear Physics in
Krakow (3). Three TL dosemeters were enclosed in type KD-75
dosimetric cards and placed in 2.5 mm thick plastic badges
for electron equilibrium. These badges were distributed to
participants with a surface mail. The list of participants
was chosen from telephone c' ̂ rectories. People with academic
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degree were selected preferentially in order to increase
the probability of returning the badges (96%). Dosimeters
were fixed in dwellings to wooden furniture (usually under
tables) and returned by post. The typical time of each
measurement was about 4 months. Dosemeters were evaluated
immediately (up to 24 hours) after their return to the
laboratory. For calibration a 226Ra source was applied.
The overall statistical error of the method was estimated
to be within ±10% at 2a confidence level (4).

2. Ionization chamber method (ICH) for outdoor
measurements the ionization chamber used in the survey was
a portable steel flask of 51 volume, shielded with aluminum
and filled with argon at 35 atm. pressure (5). The
ionization current from the chamber was measured with a
Vakutronic VAJ-51 electrometer (DDR). During the
measurements the chamber was placed lm above the ground.
The system was transported by a small car and supplied from
an indepandent 12 V battery. The typical measurement time
(comprising three times repeated measurements) was 5
minutes. The chamber was calibrated with the same 226Ra
sources used for TL calibration. The source and the chamber
were located two meters above the ground level and the
scattered radiation was taken into account in establishing
the calibration factors. The total error of this method was
estimated to be within 12% at 2a confidence level (4).

All results presented in this paper are given with
subtracted contribution due to cosmic rays. The cosmic dose
rates outdoors were calculated taking into account the
height of the measurement point above sea level (6). For
indoor measurements it was assumed that for the
construction of a typical Polish house the cosmic gamma
dose rate is reduced by 30% (4).

3. RESULTS AND DISCUSSION

The final results from TL measurements in dwellings
were obtained for 366 measurement points. Figs. 2(a,b)
present the distribution of gamma dose rates measured in
dwellings constructed with two different types of building
materials. In Fig. 2a the distribution of dose rates
measured in houses built of red brick is presented. For
several centuries red brick has been traditionally used in
Poland to construct houses. In the last 30 years some new
building technologies were introduced in Poland. In the
last 20 years 50% of dwellings were built from gravel-sand
concrete prefabricated elements. This type of dwelling is
considered by the Polish society to be "unhealthy". In Fig.
2b the distribution of dose rates in this type of dwellings
is presented. The average gamma dose rate (after
subtracting the cosmic gamma rate component) was 69
nGy.h~x (range from 40 to 110 nGy.h~x) and was lower by
about one third than that measured in red-brick houses (94
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Fig. 2. Distribution of dose rate measured with TL
methods in dwellings built from a) redbrick b)
gravel-sand prefabricated elements. The contribution
of cosmic gamma rays is subtracted. The figure is
based on 366 TL measurements.

(b)

nGy.h"1 with range 40 to 180 nGy). Gamma dose rates in
red-brick dwellings in the Sudety region are almost 2 times
higher, on the average, than those measured in similar
houses in Krakow (58 nGy.hr1) (7).

Red brick is usually manufactured in small factories
from local source of clay. Concrete prefabricates are
produced in large " house factories " from gravel-sand and
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are often transported over distances up to 100 km. The
specific activities of concrete elements with regard to
concentrations of 4OK, 2 3 eU, " 2 T h are lower than
those measured in clay, by a factor of 2-3 (4). It was
suggested by Jasinska with coworkers (8) that the
concentration of radionuclides in soil depends on the soil
grain size. A great majority of radionuclides are attached
or captured by soil fraction of particles of diameters less
than 0.02 mm. This can explain the lower activity of
gravel-sand (having large grains of over 1.0 mm diameter)
in comparison to clay, having grains much below 0.1 mm
diameter.

233 rapid measurements were performed outdoors with the
ionization chamber (ICH) over the four typical types of
bedding:lawn, asphalt, cement prefabricates and granite.
Measurements were performed during dry summer months to
avoid shielding from the snow and water. The distribution
of gamma dose rates over these types of bedding are
depicted in Fig. 3. The corresponding gamma dose rates,
standard deviations and ranges were 70+24 (20-142), 87+28
(39-167), 81+24 (44-141) and 138+30 (89-191) nGy-h"1

respectively. For comparison, the population-weighted
average outdoor gamma dose rate in Poland from terrestrial
radiation was assessed to be 37.3 nGy.h^1 (range 15 to 90
nGy.h-1) (9).

OUTDOOR MEASUREMENTS

o>

lu

0.8

0-50 50-100 100-150

GAMMA DOSE RATE / nOy/h

150-200

Fig. 3. Distributions of gamma dose rates (outdoor)
over different types of bedding. The contribution of
cosmic gamma rays is subtracted. The figure is based
on 233 ICH measurements.
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The indoor gamma dose rate dependence on the activity
of building materials used for the house construction is
usually obvious. We noticed, however, that a correlation
exists also between the average indoor dose rate and the
average outdoor dose rates measured over lawns. Fig. 4
shows this relation measured for the largest 25 towns and
villages in the region. The heavy line the trend obtained
with linear regression analysis (Di= 0.73 Do + 16.6
where D1( Do are rates indoor and outdoors, correlation
coefficient r=0.65, N=25 points). The explanation for that
could be that houses in Poland are build mainly from local
materials.

150

125

O
Q

|

O
©

75

50

25

•

•

-

V

• • I I I

1

•

1

•

}**
<>*" m

mm

m

m

«

•

•

I 1
 I

 
1

-

25 50 75 100 125

Oomma Do** Rot* (Indoors) / nOy / h
I5O

Fig. 4. correlation between outdoor and indoor gamma
dose rates for 25 largest towns in Sudety region.

4. SUMMARY AND CONCLUSION

A regional survey of indoor and outdoor gamma dose
rates was performed in the south-west corner of Poland. For
indoor measurements LiF TL detectors were applied; for
outdoor momentary measurements pressurized ionization
chamber (ICH) was used. The final results were obtained for
366 dwellings and for 233 points in outdoor measurements.
An average gamma dose rate in red-brick houses, which is
the traditional building material used in Poland, was 94
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nGy.h"1. The average gamma dose rate in gravel-sand
prefabricate houses was lower by about 30% (69 nGy.h"1).
Outdoor measurements were performed over four typical types
of bedding showing the highest gamma dose rates over
granite (av. 138 nGy.h~x) and the lowest over lawns (av.
70 nGy.h"1). It was shown that not only the type of
building material used but also the outdoor dose rates
influence the gamma dose rates in dwellings. The results
obtained show that the inhabitants of the area with highest
terrestrial radiation absorbed form external radiation
doses two to four times higher than the country average.
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A REVIEW OF THE STUDIES OF HIGH
BACKGROUND AREAS OF

THE S-W COAST OF INDIA

C M . Sunta
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Bhabha Atomic Research Centre Bombay - 400 085

India

ABSTRACT

The thickly populated Indian monazitic area along the
south-west coast provides a unique situation to study the
effects of low-level natural radiation. Work of different
groups carried out during the last three and a half decades
can be divided into two categories: 1) Dosimetric, and 2)
Bio-medical. An external dosimetric survey covering about
70,000 inhabitants of a 55 km long coastal strip revealed
that a sizeable portion of the population receives
exposures exceeding 10 mGy.a"1. The measurements were
carried out with a natural CaF2 TLD in about 2,500
households and 10,000 persons selected on random basis. The
highest personal exposure observed was 32.6 mGy.a~x,
which belonged to a resident of a household registering
38.4 mGy.a"1. Radioactivity analyses of the food,
vegetable, water and air samples have been carried out in
an attempt to estimate internal exposures. Urine analysis
of a group of school children has shown significant
excretion. On the bio-medical aspects, there have been two
major efforts: (1) A demographic survey to correlate
certain long-term genetically-related health effects with
the dose received. The effects for which data were
collected and analyzed were fertility index, sex ratio,
abortions, still births, infant mortality and congenital
abnormalities. (2) An epidemiological survey which
indicated higher prevalence of Down's syndrome and other
forms of mental retardation. The poor statistics from which
these studies suffer render them inconclusive. Other
biological studies include chromosomal anomalies of human
blood cells and plant cells. Investigation on other forms
of life is represented by a study of rat population, in
which certain anatomical parameters of the species from the
high background area are compared with those from the
nearby normal area. This study too failed to detect any
genetic change.

1. INTRODUCTION

Along the south-west coast of India in the states of
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Kerala and Tamil Nadu lies a stretch of about 150 km
length, which is characterized by patches of radioactive
sand. The high radiation level in the sand is due to the
presence of monazite, which contains principally thorium
and its radioactive daughters along with several rare
earths. The thorium content of monazite is 8-10%. Two main
deposits which are being mined are at Chavera and
Manavala-Kurichi, separated by a distance of about 100 km
from each other. Being thickly populated, the area provides
an attractive situation for studying the long term
biological effects of low level chronic irradiation.

Historical account of the human habitation of the
south-west coast of India known as Malabar Coast is
available since the l B t century A.D. (a brief historical
account is summarized by Gruneberg et al. in the
publication listed as Ref. 1). Quilon, the city close to
the high background area, was the centre of trade between
the Chinese and the Arabs during the period between 13 t h

and 15tn centuries. Marco Polo and Ibn Battuta visiting
Quilon in 1294 and 1343, respectively, described this city
as the greatest port they knew. Vasco da Gama came to
Malabar Coast in 1498. In 1502 he visited Quilon.
Portuguese accounts show that the geography of Malabar
Coast was the same in 16th century as it is today. The
actual human habitation on the high natural background
strip which is separated from the mainland by backwaters is
recorded in the Dutch accounts of the 17 t h century.
Historians have suggested that the ancestors of a majority
of the people living on this strip came from Sri Lanka.
Most of them are fishermen. From all historical accounts it
can be said that human habitation on the strip is likely to
be older than 3000 years (1). It has also been
geographically separated by backwaters and lakes for a long
time.

2. DOSIMETRIC SURVEYS

2.1. Area Survey

The first radiation survey in the Kerala region was
carried out by Bharatwal and Vaze using a G.M. survey meter
(2). A detailed survey of that area was later carried out
by the same group to provide dosimetric data for a study of
genetic effects on the rat population (1). In this survey
observations were taken along 131 west-east transects
across the land strip from north to south. The transects
are separated by approximately 160-170 yards and successive
points along each transect (shore to inland) were 33-52
yards apart*. A G.M. survey meter calibrated with Ra source
was used, and observations were recorded about 1 m above
the ground. The radiation level in general was the highest
at the shore, except in the central area of the strip where

* 1 yard = 0.914 m.
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it increased from shore up to about 200 yards inland by
about 50% and then decreased continuously till flattening
to normal levels. The exposure levels ranged from 40
mGy.a"1 (4 rad.a-1) at some shore points to 4.5
mGy.a"1 (0.45 rad.a"1) at 500 yards inward. The land
strip separated by backwaters has an average width of
approximately 500 yards. It varies form 200 yards at
Kayamkulam in the north to 800 yards near Ponmana in the
central region. The average radiation level was estimated
to be 15.74 mGy.a"1, in contrast to an overall mean of
2.08 mGy for a nearby control area. David and Sunta
surveyed the river banks of flowing through this high
background area in order to locate the source of the
radioactive sands (3). They found that the sand coming down
with the waters of the river Ithikara has the highest
radioactivity among all other rivers of this region. This
river originates in the western ghats and falls into the
lake Ashtamudi, which is at the southern end of the
surveyed area. This lake opens into the sea. It is believed
that the high activity sand brought down by the river
waters gets deposited on the sea beach by the wave action
of the sea.

2.2. House Radiation Surveys

A detailed survey of indoor and outdoor radiation
levels was carried out later in the residential areas using
a G.M. survey meter. Additionally, indoor radiation levels
were measured with thermoluminescent dosimeters (4,5).
Average values of indoor radiation levels thus measured
along the coast for a length of about 150 km are
represented in Fig. 1. G.M. readings inside and outside the
houses or huts were recorded in over 13,000 residences. The
indoor radiation levels were consistently lower than the
outdoor values. The average outdoor to indoor ratio ranged
between 1.1 and 1.3 in different parts of area. The value
of this ratio is on the higher side in the regions where
the radioactivity is greater. A smaller dose level inside
the house may be attributed to the shielding effect of the
structure. Most of residential units are in the form of
huts thatched with coconut leaves. Apparently there is no
enhancement due to accumulation of 2 2° Rn inside the
dwellings. The breeze flows freely through these huts.

2.3. Hadiation Dose to the Population

The personal dosimetry device consists of mineral
CaFz powder deposited firmly on a Kanthal heater strip
sealed inside an impervious light-tight PVC envelope and
attached to a chain so as to be worn as a necklace (4). The
same dosimeter was used for house dose measurement. It was
hung at about 150-200 cm above the floor. The dosimeters
were calibrated with a Ra needle source whose energy
spectrum closely resembles that of the Th series
(monazite). A total population of about 70,000 persons
residing in the 55 km long coastal strip in the north of
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Fig. 1. Average radiation levels in different segments
of the survey area. The segments in the north of lake
Kayamkulam can be considered as normal areas and are
appropriate as control. The histogram shows average
population exposure of all occupational groups. Dashed
lines are house exposures.

the city of Quilon was covered. Fifteen percent of
households selected on random basis were given the
dosimeters. After a loss of about 10% of the distributed
dosimeters, we had 11,108 measured values consisting of
8,770 personal exposures and 2,338 of the dwellings. The
persons selected for wearing
the dosimeter from a household were chosen in such a way
that the three main occupational groups named here were
appropriately covered: Group 1: Office gores, students,
etc. who spend the day-time outside the area of survey.
Group 2: Persons staying at home, e.g. housewives, old
persons and children. Group 3: Fishermen.

The area of the survey was divided into 27 segments
based on local administrative and village boundaries. The
population of each segment ranges from 2,000 to 3,000. The
dose data of individual segments fall in a unimodal
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Fig. 2. Log-normal distribution of the relative cumulative
frequencies of population vs radiation exposure:
(a) Data combined for all the segments (occupational

group 2) demonstrating bimodal log-normal distribution.
(b) Data of (a) plotted as cumulative percentage vs

exposure.
(c) Data from occupational group 2 of high background

segment No. 51 (Chavara) plotted in the manner of (b).

log-normal pattern, whereas if the data of all the 27
segments are plotted together they fall into a bimodal
log-normal distribution. Figure 2 shows the plotted data.
The segmentwise average exposure values are schematically
represented in Fig. 1.

2.4. Radiation Exposures of Different Occupation
Groups and their Comparison with Respective
House Radiation Levels.

The distribution of segmentwise ratios of the average
population exposure to average house exposures is plotted
in Fig. 3 (a) for all the three occupation groups. These
ratios fit into a unimodal log-normal line for each of the
three individual groups. The geometric means of the groups
1,2 and 3 are 0.81, 0.96 and 1.00 respectively. Thus the
exposure received by the persons of occupation group 1 is
on the average 19% less than that of their residences. This
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Fig. 3. Relative cumulative frequency distribution of
the average personal-to-house exposure ratios of the
three occupation groups. The line of group 2 has the
smallest slope, indicating that the personal exposures
do not deviate much from their house exposure.

clearly is the effect of spending significant part of their
daily time outside in the less active area. For group 2 on
the average the personal exposure is closely similar to
their house exposure level, though a bit smaller. For group
3 (fishermen), the geometric mean of population to house
exposure ratio is 1. Fisherman's daily time can be divided
into three parts: (1) spent in the hut, (2) spent on the
beach, mending fishing nets, and (3) spent in the sea.
Radiation level in the beach is higher than that in the
hut. It is quite small in the sea. It appears that the
times spent in the sea and on the beach compensate for each
other, and this causes average personal exposure of the
group to be egual to their house exposure level.

An interesting effect of the mobility of the people on
their personal exposure values, is seen in Fig. 3. The
cumulative frequency distribution curve of personal
exposure appears lower than the house exposure line in the
high radioactivity area and the converse in the lower
radioactivity area. The relative cumulative frequency
distribution of personal and house exposures of a typical
sector in high background radiation area of Alappadu is
shown in Fig. 4.
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Fig. 4. Relative cumulative frequency distribution
of personal and house exposure of a typical sector
in high background area (Alappadu).

The dosimeters as described in this section would
record only gamma exposures. 228Ra (member of a32Th
chain) is a strong beta emitter. There may be significant
beta dose to the skin and male gonads. Beta dose may be
important in view of the scant clothing used by the people
and their habit of sitting and sleeping on the floor.
Gopal-Ayengar et al. place the beta contribution at about
15% of the gamma dose (6).

2.5. Internal Exposure Studies

A detailed dietary survey covering 460 families (3,210
individuals), carried by Mistry et al. (7) arrived at the
following per caput daily intake figures: Gross 215 pCi (8
Bq); ""Ra 162 pCi (6 Bq) ; and *°K 3,551 pCi (131.4
Bq). Paul et al. (8) analyzed the whole diet and drinking
water samples and estimated the daily intake of 238Ra to
be 136 pCi (5 Bq). They have analyzed the air for 2 2 ORn,
2aaRn and Th-natural (Table-1 c). They estimated that the
dose to the lung tissue due to 22ORn would amount to 26
uGy.a~x (2.6 mrad.a~a). The natural thorium
concentration in air was estimated by them as 3.6xl0~8

pCi per ml (1.332 mBq m ~ 3 ) . This is about 326 times of
that observed in Bombay, as can seen from Table 1 c (9).
Lalit et al. (10) have analyzed some of the food items. The
concentration of aa8Th in typical vegetables and rice of
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Table 1. Concentration of important radionuclides
in food, water and air samples

a)

b )

c)

23OTh (pCi.Kg-* wet weight)*

Kerala

Brinjal
Pumpkin (white)
Pumpkin (red)
Lady,s finger
Papaya
Rice

2 3 < B Ra
Water
(pCi. l-1)*

Rn and Th
A i r

(pCi.ml- 1)*

3 . 6
5 .6 , 2 ,5

-
IS .8 , 2 .8

28.8
8 . 6

Range = 1 .5-7 .8

Mean = 3.65±0.35

" a R n 8.7xlO~ s

aaoRn 2xlO~3

Th-natural 3.6x10-"

Control
(Bombay)

0 . 3
-

1 . 1
1 . 6
1 . 4
7-15 (range)

1.7±0.2
(Kerala Control)
0.002 (Bombay)@

(20-200)xl0-e

(l-lO)xlO-6 (Th B)
l . l x lO- 1 0

(Bombay)@

# Lalit and Shukla Ref. No.10
* Paul et al. Ref. No.8
@ Dang et al. Ref. No.9

Kerala and Bombay are shown in Table 1 a for comparison.
These authors estimated that average daily intakes of
22BTh and 226Ra for the Kerala population are 175.2
and 14.7 pCi. For Bombay the corresponding intake values
were estimated as 3.6 and 3.8 respectively (Table 2). None
of the abovs authors have attempted to compute the
radiation dose from the intakes of the different
radionuclides found in the foods.

Tabel 2. Daily intake of radionuclides
through diet (pCi.d-1)

Gross*
" a R a *

2 2 8Ra§
2 2 8Ra#
22BTh#

Kerala

215
162

136
14.7

175.2

Control

17(US+UK average)
2{ 2 2 SRa, US+UK

+ FRG average)
-

3.8 (Bombay)
3.6 (Bombay)

* Mistry et al. Ref. No.7
@ Paul et al. Ret. No. 8
# Lalit and Shukla Ref. No.10
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3 . DEMOGRAPHIC SURVEY

79

A demographic survey was carried out during 1968-69
with the help of the Bureau of Economics and statistics,
Kerala State (11). In all, 13,355 households representing
the total population of about 70,000 persons of all age
groups were covered. The households and each member of the
family were enumerated with name, sex, age, marital status
and occupation. The occupations were divided into three
groups relevant for radiation exposure, (see section 2.3).
For each married couple in a household, detailed fertility
history also was collected. The data on fertility history
included: (1) No. of pregnancies, (2) No. of children born
alive, (3) No. of children dead in infancy, (4) No. of
still births, (5) No. of abortions and miscarriages, (6)
No. of twins born, and (7) No. born with gross
abnormalities. There was no separate control group
identified. It was felt that a sizeable fraction of the
population would be receiving low or near-normal background
level of radiation exposure, which would justify this
fraction being considered as a suitable control group
within the total population surveyed. Dosimetric survey
showed that the segments in the northern part of the survey
area had near normal background of radiation level (See
Fig. 1). Thus, effectively, the northern part provided the
control population. The percentage of households showing
external gamma exposures exceeding 5 mGy.a"1 (500
mrad.a"1) in different parts from north to south are
shown in Table 3.

Table 3. Percentage of houses showing radiation levels
exceeding 5 mGy.a"1 from north to south

Name of area Population %

Purakkadu 1,957
Thrikkunnapuzha 14,703
Avrattapuzha 17,137
Allappadu 18,522
Ponmana 2,355
Chavara 3,105
Thekkumbhagam 11,232

Total 69,011

% of total population with
% of total population with
% of total population with
% of total population with

dose
dose
dose
dose

of

< 5
> 5
> 10
> 20

households with

(>

mGy.
mGy.
mGy.
mGy.

» 5 mGy.a-1

0
0
1.

26.
16.
80.
49.

a-1 76.3
a-1 23.7
a-1 6.5
a~x 0.67

exposures

>

2
5
8
3
9

Maximum personal dose recorded = 34 mGy.a"1. This person is a
resident of Chavara and fcalongs to occupation group 2. His house
dose was 38 mGy.a"1, which was the highest house dose recorded
,too.
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4. EVALUATION OF LONG TERM GENETIC HHRM

The dosimetric and demographic data were analyzed to
yield the following information: (1) Classification of the
households and the population into sub-samples according
to the radiation levels and the personal dose received. (2)
Fertility index. (3) Sex ratio among offsprings in each of
the sub samples. (4) ratio of abortions and still births to
total pregnancies. (5) Ratio of congenital abnormalities to
total live births. and (6) Infant mortality rates in each
of the sub groups. In all, 13,720 pregnancies of 2,420
married couples have been analyzed. The couple were grouped
according to the personal exposures received by the female
member, since in general the maternal dose recorded was
higher than the paternal dose. The results of the analysis
of the data are summarized in Table 4. The data are shown
for different dose ranges and averaged for all the seven
sub-areas from north to south. The authors of this study
(11) concluded that there are no statistically significant
differences in the various fertility history parameters
between population groups receiving different levels of
radiation exposures, except that the lowest value of
fertility index (4.99) and highest value of infant
mortality (309 per 1,000) were recorded for the groups of
married couples who belonged to highest exposure category,
namely above 20 mGy.a '. The number of couples in these
groups however were only 11 and 9 respectively, which is
too small to be of any value for a meaningful conclusion.
There is another drawback. The analysis of the data by
grouping the composite population according to the
radiation dose of the enumerated parents ignores the
genetic mixing of their ancestors. One cannot rule out the
maternal or the paternal side of some of their ancestors
having come from outside the high background area. The
long-term effects thus cannot be interpreted simply in
terms of the dose received by the present generation of the
parents.

5. DOWN'S SYNDROME

Kochupillai et al. (12), in the course of an
epidemiological study noticed high prevalence of Down's
Syndrome and other forms of mental retardation. They
surveyed a population of 12,918 in the high-background area
and another population of 5,938 in the nearby control area.
Their study showed that the frequency of this disease was
0.93 per 1,000 population in the high background area as
against less than 0.1% in the control group. The study
suffers from a number of shortcomings. The age structure of
the mothers has not been considered, which is particularly
important, since the incidence of congenital abnormalities
increases with the age of the mothers. The internal
consistency in the data was lacking. The normal incidence
rate itself was not recorded in the control group. Critical
opinions have been given (13,14) that the results suffer
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Table 4. Average fertility history parameters of the
total sampled population divided according
to radiation exposure received

81

Parameter

Fertility

Index (•)

Abortions (%)

Still births (%)

Cross

abnormalities

(*)

Twins (*)

Infant

•artality %

Sax ratio (•) M:F

Living group

Still born group

Infant •artality

group

(<5 sGy.a-»)

5.76*0.16

4.66

3.60

3.36

0.61

208112.3

1.06

1.7

1.06

(6-10 iGy.J ')

6.04±0.67

4.54

3.30

0.53

0.93

19819.7

1.12

1.2

1.03

(11-20 sGy.a »)

5.77±0.15

3.40

1.70

0.50

1.01

164±14

0.87

-

1.08

(>20 sfiy.a-1)

5.83±0.8

3.5

6.14

_

0.87

201152.4

1.2

1

0.69

+ lustier of pregnancies par couple.

% Percent of pregnancies

• •tnber dead in infancy per thousand live births, national average for rural India

is 145.9.

* Male to fesale ratio. Bational average for rural India is 1.09. On the basis of

genetic consideration, asternal exposures would result in greater loss of Bales,

resulting in reduction of M:P ratio in living group and its increase in still-born

and infant Mortality groups. There is no such trend seen.

from lack of statistics and are not precise enough to
conclude about a positive relation between the mongolism
and the high natural radiation.

6. CYTOGENETIC STUDIES

Blood samples, particularly of the new born (cord
blood), are being extensively analyzed for chromosomal
abnormalities. Dicentrics, rings and other aberrations are
scored in metaphases. A cytogenetic laboratory has been
established in the high-background area. It is functioning
for over one and a half decades. A paper on the findings is
being presented in this conference (15). The subject is
therefore not discussed in the present paper.
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7. GENETIC EFFECTS ON RAT POPULATION

7.1. Study Design

The only mammal other than man which occurs in large
numbers in this area is the black rat. Gruneberg et al. (1)
considered that in the mammals, including the rats,
metrical variation of the skeleton and of the teeth is
largely an expression of multifactorial inheritance and
that it can thus be used for the detection of phenotypic
differences between the populations. The rats were caught
by them alive in the traps of local design. 438 rats (219
males and 219 females) were caught in eight villages in
high-background area and 458 (210 males and 248 females) in
eight control villages. The dose received by the rats could
in general be larger than that received by the humans of
the same area since the former spend most of their time
either under the ground or on the surface. In addition to
gamma they would also receive the beta dose. The following
data were collected from each individual rat of these
population: (1) Six dental measurements, (2) Fifteen
skeletal measurement; 3) Twenty-six non-metrical skeletal
variations; and (4) Fertility and prenatal mortality in the
case of females.

7.2. Dental Measurements:

Six dental measurements from the three molar teeth of
the lower left jaw of each rat were taken. The dimensions
of the molar are known to be under genetic control. Each
measurement was accurate to the nearest 0.01 mm.

The means and variances for the six characters for each
of the eight populations of high-background and eight of
control villages were computed. Character values were
slightly but significantly larger for males than females.
The authors found no evidence for any consistent and
systematic difference between the high background and
control area population. Some differentiation between the
different population groups (belonging to different
villages) of both the areas had taken place, which
evidently has no relation with radiation.

7.3. Skeletal Measurements

Fifteen skeletal measurements were taken on each
animal. In the case of bilateral structures, the left-side
was chosen. The bones with number of characters measured on
each were: skull 1, humerus 1, skapula 1, mandible 2,
innominate bone 2, third cervical 3, and second thorasic 5.
Measurements were made accurately up to 0.01 mm by means of
a travelling microscope.

The data were subjected to various statistical
analyses. No consistent difference was observed between the
high background and control populations for any of the
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characters measured. Some of the variations which were
observed between the population groups of different
villages in the control as well as the high-background area
were attributed to environmental differences or genetic
isolation quite apart from the effects of radiation. The
authors of this study reached the possible conclusion that
if there is any effect of radiation, it is masked by the
variation already existing within both the areas from
population to population (i.e. village to village). The
cause of this variation could plausibly be due to genetic
drift, but environmental and selective influences could
also play a part.

7.4. Non-metrical Skeletal Variations

Data on some skeletal abnormalities which are
genetically related were collected. In all, incidence of 26
non-metrical variants was scored. There were no systematic
differences between the high-background and control
populations,

7.5. Fertility and Prenatal Mortality

The type of data collected in this study are shown in
Table 5. The proportion of pregnant females (pregnancy
rate) varied considerably from population to population
(i .e . village to village). However the overall mean rates
were very similar for the irradiated and the control
populations. The results summarized in Table 5 show that
the differences between the radiation area and control area
populations are insignificant.

Table 5. Fertility and prenatal mortality of black rats
The data collected in this study gave the
following average numbers:

1.

2.

3.

4.

Type of data

Overall mean pregnancy
rate %
Mean no. of implantations
per liter
Embryonic loss following
implantation (deciduomata
and dead embryos)%
No.of ova per ovulation

Average

High radiation
area

18.64

4.88

6.5

5.14

number

Control area

18.07

4.42

7.0

5.60

Conclusion: The slight differences that are seen are all in
favour of high radiation area except for item 4.
However, the differences are statistically
insignificant.
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This study of genetic effect on black rats failed to
discover positive evidence for genetic effect of low-levei
radiation. The authors stated that the negative findings
may be explained in the following four possible ways: (1)
at these levels gamma rays may not produce genetic
mutations; (2) mutations induced might have been
counter-balanced by natural selection; (3) variances due to
environmental factors might have masked the
radiation-induced effect; and (4) errors in sampling may
obscure a real effect. The Medical Research Council of U.K.
gave a pessimistic preface to these authors report by
stating that further studies of this kind in other areas of
high background radiation would be unlikely to yield any
more informative data.

8. STUDIES ON PLANT POPULATION

Plants are ideally suited for studying the effects of
chronic irradiation for long periods of time extending over
many generations. Samples of over 50 plant species covering
25 families and including both monocotyledons and
dicotyledons were collected and analyzed for 22aRa and
22<*Ra activities (16,17). The radioactivity was found to
relate with the nature of the root system, growth pattern
of the species, and concentration of the radionuclides in
the soil. Leaves had in general much higher content of
radionuclides than other parts. Cytological screening on a
number of plant species showed high miotic abnormalities
and pollen sterility in the high-background area. A variety
of cytological abnormalities were observed, such as
multiple nucleoli, fragments, anaphase bridges etc. the
radiosensitivity was found to show a significant positive
linear correlation with the interphase chromosome volume of
the species (18).

v
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PROGRAMS FOR A STUDY OF THE
RADIATION PROTECTION DOSE

RECEIVED BY THE POPULATION IN
POSSIBLY HIGH NATURAL RADIATION
ZONES IN THE REPUBLIC OF CUBA.

A.V. Bilbao Alfonso, L.A. Jova Sed,
O.L de la Cruz R, R. Cruz Suarez.

Center for radiation protection and Hygiene
Habana, Cuba

ABSTRACT

Since 1980, when the Executive Secretariat for Nuclear
Affairs (SEAN) was officially created, all the radiation
protection activities for the exposed personnel, the
population and the environment have been stressed.

The creation of the Center of Radiation Protection and
Hygiene and of SEAN'S Territorial Delegations in 1985 has
helped to carry out different programs to guarantee
radiation protection, the environmental radiation control
being included.

Several studies and measurements have been done
throughout the country and they show that the levels of the
radioactive environmental background are relatively low.
The mean value of the dose rate in the country is about
35-66 nGy.h"1.

The concentration of the different natural
radionuclides in different soil samples ranges from 50-400
Bq.kg-1 for 4OK, 5-20 Bq.kg-1 for 232Th and 5-40
Bq.kg-1 for 226Ra.

Preliminary studies were carried out in order to
determine the mean concentration value of different
radionuclides in building materials used in some locations
of the country.

The results also show relative low values: 7-15
Bq.kg-1 for 232Th and 5-70 Bq.kg-1 for 2 2 6Ra, At
present, only one zone has been determined having
radioactivity levels higher than the mean national value,
with a 226Ra concentration in soil of about 3-6
kBq.kg-1.
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A radiation dose study of the population and workers
from the area will be carried out in the next years.

A radiological chart of the country will be established
with the help of the National Environmental Radiological
Surveillance Network and different stationary and mobile
laboratories belonging to the Executive Secretariat for
Nuclear Affairs.

1. INTRODUCTION

The first environmental background studies in the
Republic of Cuba were carried out during the period from
1960 to 1975. They were not systematic and show isolated
values determined by collaborators from several institutes
of the Academy of Sciences in cooperation with different
foreign institutions (1).

The creation in 1985 of the Center of Radiation
Protection and Hygiene as a technical center, coordinator
and rector of the environmental surveillance in the country
and a link to the National Environmental radiological
Surveillance Network gave a qualitative advance to the
environmental radiological control program.

2. NATIONAL SYSTEM OF RADIOLOGICAL
MONITORING OF THE ENVIRONMENT

The State and the Government of the Republic of Cuba
pay special attention to the environmental radiological
control. The Decree-law No. 56 "For the regulation of
peaceful uses of nuclear energy", issued in May 1982 (2)
establishes that "the Atomic Energy Commission of Cuba is
in charge of the overall regulation and control, within the
framework of the National System for Environmental
Protection and of the use of the natural resources
established by the Decree-law No. 33 on the Environmental
Protection and the Rational Use of Natural Resources issued
in January 1981, of all measures to prevent and avoid the
radioactive pollution of the environment".

With this main goal, SEAN, in coordination with other
Ministries has organized a National Program for
Radiological and Environmental Monitoring. This network
allows us to maintain the systematic control of the
variations of the values from the integral gamma dose rate
received by the country's population from the radioactive
background which are the concentrations of radioactive
substances in aerosols, precipitations from the atmosphere
(fallout) and other environmental samples.

The National Network currently has several laboratories
for the environmental radiological monitoring located in
the east, center and western parts of the country, as well
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as the Cienfuegos Territorial Delegation belonging to the
Executive Secretariat for Nuclear Affairs respectively. The
building of a similar laboratory is also foreseen in
Holguin. The Network has also 50 control points for
radiological control scattered all over the national
territory for the measurement of the gamma dose rate by
using ionization chambers, thermoluminescent dosimeters on
Ca504 base; the activity in radioactive fallout, as well
as the contamination of atmospheric air by radioactive
aerosols is measured.

The main goal of these laboratories is the radiological
control of the environment surrounding the future nuclear
installations being built in the country, before their
start, and afterwards during their operation. They must
also take part on the creation of the radiological chart
and the evaluation of the dose received by the population
due to various radiation sources existing in the regions
under control.

These laboratories are being prepared to carry out the
environmental radiological control, as well as the
evaluation and prognosis of consequences during normal
operation, or under accident conditions in any of the
nuclear or radioactive installations in our country, or in
any other country, from which radioactive releases could
influence on the national territory. For such cases, a
mobile radiological control laboratory is also available
with the necessary equipment for making "in situ"
measurements in any region of the country.

Studies made in the last years have allowed to a
preliminary determination of medium radioactivity levels in
some regions, as well as to study their changes in zones
under surveillance, in order to compare them with dose
rates resulting from radionuclides release from planned
installations during operation.

3. SPECIFIC ACTIVITY OF DIFFERENT
CONSTRUCTION MATERIALS (ADDITIVES)

National radionuclides found in soil near houses, and
the materials themselves, used for their construction
contribute significantly to the radioactive load on the
population. Thus, the study of lung radioactive load
resulting from radon-daughter radionuclides, generated by
releases coming from buildings, as well as specific
activities from isotopes such as "26Ra, 232Th and *°K
in soil and different construction materials, should be
analyzed in detail.

The first step for the evaluation of these
contributions has been made in order to proceed to their
limitation and control wherever it may be necessary.
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Table 1 shows the results obtained through the analysis
of five types of construction materials (additives) used in
the Republic of Cuba. It also includes an estimate of the
gamma dose rate in air, calculated on the following basis:

D=KBaC(Ra)+KThC(Th)+K*C(K)

where, specific coefficients of doses rate have been used
corresponding to a model room built up of concrete plates
with the following 4x5x2.5 m dimensions:

KRa=0.764 y q g
KTn=0.893 nGy.h-VBq.kg
KK =0.0658 nGy.h-VBq.kg-

1

Table 1. Radionuclides concentration in different
building Materials (Bq.kg""1). Estimate
of the gamma dose rate in air (nGy.h"1)

PLASTER
CAST
CEMENT-250
CEMENT-350
CONCRETE
BLOCK
RED
BRICK

11

28
24

25

57

" R a

• 2±1

.9±1

.4±1

.1±1

.6±1

.4

.5

.3

.2

.1

" 2 l h

7.

9.
11.

12.

12.

6±1.7

8±1.6
1 + 1.6

5±3.1

4±1.7

142.1±29.3

571.0±33.6
507.2±33.1

845.0±38.5

2911.01128.5

D

24.

68.
64.

I'.

247

8

4
0

0

.7

The values shown in Table 1 must be considered as an
approximation of the dose rate received by the population,
because in the estimation the following factors were not
considered: the distribution of the radionuclides in the
walls of. the room, the mixture composition between the
different materials and also an important factor,
especially in the Republic of Cuba, which is the
ventilation, due to the hot weather.

Doing a comparative analysis of these results and the
results reported by other countries (Table 2), it is
appreciated that the samples of Cuban building materials
contain a greater *°k concentration also analog in other
countries. This tendency should be studied in the near
future.

Anyway, these preliminary results make possible to
state that materials analyzed are under the international
criteria recommended for the radionuclides concentration in
building materials. The evaluated contribution to the dose
to the population is less than 1.5 mGy.yr-1 in the gonads
by .ndoor external exposure (5).
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4. RADIOLOGICAL ENVIRONMENTAL STUDIES
CARRIED OUT IN THE REPUBLIC OF CUBA

The studies and measurements carried out in the country
show that the levels of radioactive background are of the
similar levels reported by other countries.

Table 2. Radionuclide concentration reported in different
building materials (Bq.kg-1) (7)

Material

PLASTER
CAST

CEMENT
250

CONCRETE
SLOCK

RED
BRICK

Radioactive

2aoRa
" 2 T h
4 OK

" 6 R a
" 2Th
*°K

" 6 R a
" 2 T h
*°K

2 3 SRa
" J T h
*°K

Denmark

7
4
20

20
12
90

16
13

360

42
34

330

Finland

7
2

25

44
22
240

61
37

830

90
62

980

Czechoslovakia

26
6

LD

44
21

219

32
24

496

47
48
587

Cuba

11
7

142

24
11

537

25
12

845

57
12

2911

LD Level of detection

The gamma spectrometry method based on Nal (Tl)
scintillating detectors is used in the environmental
monitoring of the country. The relative simple nature of
the spectra made possible this process.

The start of the Juragua Nuclear Power Plant urges the
use of the most accurate and expensive measuring techniques
such as the use of Ge detectors in environmental
monitoring's samples

Figures 1, 2 and 3 show the results obtained from the
quality control of 25 soil samples (6). They show the
results of the determination of potassium, radium and
thorium in each sample by gamma spectrometry using Nal (Tl)
detector and neutronic activation analysis for the
potassium and retarded neutrons for uranium and thorium.
From the pictures it can be seen that the reported values
are below the world average level and within the range of
normal regions (7).

Table 3 shows the gamma dose rate values determinated
in different zones of the country in 1989. They are at. the
same levels than the mean values reported by other
countries and they are shown in Table 4 (7).
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Fig. 1. Results obtained from "he quality
control of 25 soil samples (6).
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Fig. 2. Results obtained from the quality
control of 25 soil samples (6).
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Fig. 3. Results obtained from the quality
control of 25 soil samples (6).
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Table 3. Gamma dose rate's values determined in different
regions of the country (nGy.h~a)

93

Region

EAST
CENTER
WEST
NATIONAL

Number of
measurements

23
11

45

Minimum
value

33.30±0.09
35.10±0.90
45.20±0.90
33.30±0.90

Maximum
value

65.80±0.90
64.90±0.90
60.30±0.90
69.80±0.90

Average
value

43.50±0.90
47.40±0.90
54.00±0.90
48.60±0.90

Table 4. Absorbed air dose at
1 meter (nGy.h-1)

Country

AUSTRIA
CANADA
DENMARK
FRANCE
FINLAND
GERMANY
HUNGARY
U. STATES
POLAND

Average

43
24
38
68
65
53
55
46
37

Range

20-150
18-44
17-52
10-250

4-250
20-130
13-100
15-90

The environmental gamma dose rate has been studied and
also evaluated both in cosmic and terrestrial components.

Table 5 shows the measurements of the cosmic component
to the gamma dose rate in two regions of the country. It
can be seen that the contribution of this cosmic component
to the gamma dose rate is up to 70% of the average value.

Table 5. Measurements of the cosmic
component at the gamma dose
rate (nGy-h"1).

Gibara reservoir

Cumanayagua reservoir

35.1+0.9

35.1+0.9

NOTE: Both reservoirs are located at
the same height above sea level.

The terrestrial component was also evaluated as well as
their main contribution. The results shown in Table 6
demonstrates that the principal contribution to the
terrestrial " component are the natural radionuclides
a a sRa, a33Th and



94 BILBAO ALFONSO et al.

Table 6. Measurements of the terrestrial ccmponent of dose in some
radiological posts by means of in SITU gamma spectrometry

Po»t 1

4

5

6

13

15

16

17

18

22

Potassiia• 40

Contribution

Concentration

Bq.kg *

52.1010-20

385.6010.30

252.0010.30

267.3510.30

170.3010.20

24.0010.10

42.7010.20

176.0010.30

250.0010.30

Rate

nGy.h *

2.1010.9

16.1010.9

10.5010.9

11.2010.9

7.1010.9

0.9610.9

1.7010.9

7.4010.9

10.4010.9

Radius 226

Contribution

Concentration

Bq.kg •

1.1010.12

9.5010.13

3.3010.11

2.3010.11

41.4010.20

2.3010.10

2.4010.10

1.7010.10

12.9010.20

Rate

nGy.h *

0.5310.9

4.2010.9

1.4010.9

1.00±0.9

18.1010.9

0.9610.9

1.1010.9

0.7 tO.9

5.6010.9

Thorium 232

Contribution

Concentra tion

Bq.kg •

1.0010.04

4.6010.04

2.3010.04

3.1010.04

5.1010.04

0.5010.03

0.0510.03

5.2010.04

4.5010.05

Bate

nGy.h •

0.7 ±0.9

2.9810.9

1.5010.9

2.1010.9

3.3010.9

0.4010.9

0.4010.9

3.4010.9

2.9810.9

Total

Bs tints

Rate
nGy.h •

3.3310.9

23.3010.9

13.4010.9

14.2810.9

28.5610.9

2.2810-9

3.1510.9

11.5010.9

9.0110.9

The radiological environmental studies made also
possible the identification of a zone with the level of
concentration of the natural radionuclides above the
national average.

Table 7 shows the results obtained by the measurements
of soil samples taken in this zone. As could be seen, the
values of concentration of 226Ra are higher than in other
zones and according to the evaluation, they can originate a
gamma dose rate of 2, 5-3 .uGy.h"1 in this site.

Table 7. Measurement of concentration of some natural Radio-
nuclides in soil samples from anomalous area (Bq.kg"1)

SAMPLE 1
SAMPLE 2
SAMPLE 3
SAMPLE 4

Potass ium 40

455.30+50.10
438.40+48.20
880.10+96.80
505.80+56.60

Radium 226

4126.30±453.90
2906.90+319.90
5478.5 ±602.60
3234.40±355.80

Thorium 232

34.20+4.70
69.81+8.30

145.90±16.6
98.60+11.30

A detailed study of this zone will be carried out. next
year which will include the measurements of the gamma dose
rate in the whole region using different equipments,
including the "in situ" gamma spectrometry. The integral
gamma dose will be also measured by TLD dosimeters which
will allow the evaluation of the radiation dose for the
local population, the patients and the workers of this
center. the sampling of this area is also included for its
analysis and evaluation in the laboratory.

Air gamma spectrometry will be also used to determine
other zones with a similar condition.
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5. CONCLUSIONS

During the last years, the necessary infrastructure for
the development of a comprehensive radiological
environmental control program was created in the Republic
of Cuba.

Studies of the environmental radioactive background
carried out during this period have allowed to evaluate
zones with a high population density, as well as normal
zones according to their environmental radiation levels.

Preliminary evaluation of additives for the
construction used in the Republic of Cuba shows that the
natural radionuclide concentration in those materials lay
between the internationally approved limits, and taking
into account the peculiarities which the Cuban weather
imposes on the average citizen so far ventilation is
concerned. It is expected that a most precise evaluation of
such contributions to the medium dose could lead to even
lower results.

A zone has been detected with higher natural
radionuclide levels, A detailed study of this zone is
planned for the next few years, with the use of different
techniques.
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STUDIES ON THE NATURAL RADIATION
LEVELS AROUND THE CASPIAN SEA AREA

R.B. Akbari

Tehran University, Science Faculty,
Physics Department, Karegar Avenue,

P. O. Box 11365-7693
Tehran, Iran

ABSTRACT

We measured about 80 items from four areas of
Mazandaran, randomly selected samples of food products,
soil and water, around the shore of the Caspian sea area.
The results showed that the natural radioactivity in beans
and broad beans in some areas is much more than in others.
The results were also compared with the levels of
radiations from some materials from Brazil, which also
contained high levels of radiations. Samples measured in
this study showed higher levels of radiations than the
American food products.

1. INTRODUCTION

It is worth mentioning that regular measurements of
total alpha and beta activity for natural atmospheric
radiation and long half-life isotopes were started in the
Tehran University Nuclear Centre (TUNC) in 1963. The
airborne artificial radioactivity in Tehran from March 1966
to January 1967 was estimated to be about 2 to 5 per cent
of the natural level. The fallout from the Chinese
thermo-nuclear bomb explosion on May 9,1966, appeared in
Tehran on May 22 and again on June 7, 1966 (1).
Measurements of radium content of water samples in
different areas in Iran has previously been carried out by
some authors in TUNC (1,3-6). All of these measurements
were based on radon produced by radium decay. Generally,
two samples of filtered and unfiltered water were examined
and the result compared. In addition to the routine and
regular measurements, over 20 MSc projects during, 27 years
(1963-90) were carried out in these fields at the Division
of Health Physics and Environmental Measurements of Tehran
University Nuclear Centre and the Physics Department of
Science Faculty, Tehran University.

The chosen project for the present work has arisen from
the research carried out on a wide range of subjects since
1968, concerning cancer in the north of the country, by the
Faculty of Health and the Institute of Health Research
(recently named the Faculty of Health and Medical Treatment
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of Tehran). We have measured over 80 items from four areas
of Mazandaran, involving randomly selected samples of food
products such as broad beans, beans, rice, haricot, wheat
bread, as well as spring water, rain water, mineral water
and agricultural soils. The total alpha and beta
radioactivities were measured; and gamma-spectrometry has
also been carried out when the amounts of gamma radiation
from the samples were high enough to be considered. In
some areas in the north, such as Ramsar, the level of
environmental radioactivity in a number of water springs
and the surrounding earth was higher than the natural rate
in other areas. The results of measured total radioactivity
of the food products were compared with those for some
areas in Brazil (2). The natural radioactivity in the
edible and leafy vegetables were measured by G. Moridi (3),
and the natural radioactivity in wheat and rice by K.A.
Behjat Abady (4) (both unpublished data). The measurements
in this work are in completion of the above works and are
more valuable from the point of view of determining the
background natural radioactivity and the variation over the
seasons.

2. MATERIALS AND METHODS

2.1. Sampling

Samples from four areas of Mazandaran with the name and
specifications are given in Table 1.

Table 1. Name and areas of sampling places

Area No.

1

2

3

4

Village

Niaz-Abad
Khajeh-Nafas
Yalghy-Saggez
Ghorban-Abad
Mery
Soltan-Mohammad Abad

—

Borough

Bandar-Shah

Pahlavi-Deg

-

—

Province

Ghorgan

Ghorgan

Babol

Ramsar

Samples taken are:
1) Food products; haricot, Turkmen bread, beans, broad

beans, wheat flour, rice (with and without husk), and
barley+skin.

2) Soil; agricultural soil.
3) Water; rain water, spring water, drinking water, and

mineral water.

2.2. Mineralization of Food Samples

We used the following methods for mineralization of the
samples:
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2.2.1. About 100 grains of foodstuff was heated in a
china crucible at 580°C for 24 hours in an electric
furnace. Thus all the organic materials were combusted and
the residue left as ashes. The ashed samples were weighed
after being cooled. Then about 50 mg of these ashes were
carefully spread wide on a stainless steel planchet with a
diameter of 2.5 cm, using a few drops of silicon benzene
solution,the sample was dried. Now the sample was ready for
measurement.

2.2.2. In the case of soil samples; wet soils were
heated till complete dryness; then ground in a mortar till
they became soft and uniform; 50-100 mg of it being then
placed on the planchet with a few drops of silicon benzene
solution. They were then heated at a low temperature till
they became a thin and uniform source for measurement.

2.2.3. For preparation of water samples; a known volume
of water (100 cc), was heated at low temperature until a
few ml volume, remain. It was then poured into the
stainless steel planchet as above but by pouring drop by
drop; It was then evaporated under infra-red radiation. The
slight precipitated material in the beaker, using a few
drops of nitric acid, was again evaporated in the steel
planchet. The sample was now ready for counting.

2.3. Equipment

2.3.1. Total beta radioactivity were measured using
Beckman Low Beta II.

2.3.2. Total alpha radioactivity were measured using
Beckman Low Beta II

2.3.3. Gamma Spectrometry on the 60 grams (ashes) of
the samples was carried out using Nal (Tl) detector in
connection with a 400 channel MCA. The spectrometry system
was so adjusted that gamma radiations from 0.25 MeV upward
could be detected, and 24 hours was chosen as the counting
time.

2.4. Geometric Efficiency

By definition the geometric efficiency of the detection
is the ratio of the number of counts (n) to total number of
particles entering the detector (No), which can be
calculated by

Rc=(N-n)/(No-n)

where n is the background counts of the detector . We used
a 9OSr calibrated source for this measurement and found
Rd= 0.963. After allowing for the condition of counting
(2n), since we need the total activity in the whole sample,
in our calculations we used Rd=0.963/2 or Rd=0.48.
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2.5. Total Beta Radioactivity Calculation

For beta radioactivity per gram (specific
radioactivity) in curie we used:

A=(N-n)/(60x3.7xl0lomRcla)

where N=number of counts/min in the sample
n=number of counts/min of the detector background.
m=the weight of sample in gram
Rn=geometric efficiency of the detector
a=self-absorption factor.

Using the above relation and the amount of
radioactivity in Ci.g"1 of ashes, the activity of the
original foodstuff was obtained. For calculation of total
beta radioactivity per 1 cc of water samples in Ci.ml~x

we used:

A=(N-n)/(60x3.7xlOxo.V.R<i.a)

Where N, n, R<* and a are the same as above; and V=the
volume of the precipitated sample, which was used for
counting.

3. RESULTS

3.1. The results of total beta radioactivities of
samples measured using Beckman Low Beta II are shown in
Tables 2, 3 and 4. The alpha radioactivities of the food
products and Ramsar soil are shown in Table 5.

3.2. The average beta radioactivities of different food
products from Vables 2 and 3 are shown in Table 6.

3.3. Comparison with Literature
Areas with high natural radioactivity in different

parts of the world are very interesting and valuable for
scientists, because they can study the long-term and
continuous radiation effects and the transition processes
of heavy radionuclides from the earth to the human body and
the plants. For this reason two areas with high background
radiation in Brazil have been investigated (2,7,8). In this
study the rate of radioactivity which each individual in
the experimental group will receive in each meal on the
basis of the average contents of food products in different
areas under study and the estimated weight of cooked foods,
was calculated. After calculation of daily intake, the
average intakes in 6 months and yearly intakes were
evaluated.The relevant results are shown in Tables 7 and 8.

3.4. Gamma Spectrometry
In samples under study we did not see a noticeable

gamma energy peak from *°K in broad beans samples. An
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average figure for this measurement of 17.96x10"* g/lOOg
of ashes was obtained. When we calculated for the fresh
foodstuff, the radioactivity (4OK) was at about the
background level.

Table 2. Beta radioactivity of foodstuff (items less
than 3 pCi.g~1is not shown in the l ist)

•o . of
ltaaa

1

2

3

4

5
6
7

«

9

10

11

12

13

14

IS

16

Bo. of
saeplea

5

5

3

3

5

5

5

3

5

4

3

5

3

5

S

5

Sailing-
place

123"

TS-PD-Ch

M B

M B

9MT B

M B

M B

GoA-FD-Ch
TS-PD-Ch

YS-PD-Ch

YS-M-Cb

KhB-BaS-Ch

Kbll-BaS-Ch

TS-PD-Ch

atr B

Iba-BaS-Ch

TS-PD-Ch

Saapling"

material

B

Be

BrBe

BrBe

BrBe

Hh

Hbfl

Hh

Hhfl

Nh

Whfl

Vh

Ri

Rl

BaS

BaS

Data

saapling/
•eaauring
day-Month

1-2/12-2
8-1/27-1

7-11/22-12
25-12/22-1

1-2/12-2
3-10/22-12
J-10/22-12

2O-12/29-1
20-12/17-1

9-1/28-1
10-1/21-1
1-2/12-2

2-10/24-12
7-11/24-12
10-1/27-1
9-1/27-1

Average total
activity in
pCi.g ' of

saaple

4.1010.62
8.5610.73
7.7510.52
9.2410.72
6.8010.60
3.6910.44
4.7110.25

25.1110.65
4.610.54
3.0110.30
3.3410.32
3.0010.30
3.601-.45
3.6010.05
3.3610.37
3.3110.36

(a) atr - Soltan Mohaeaad Tatar
B - Babol
Gh " Gborgjui

CD - Pahlavi-Deg

T8 - Talgy Saggaz

0oA - Ghorban Abmi

H > Hery

KhH - Khajeh Kafas

BaS K Bandar Shah

•A * l i u Abad

(b) 1 - Village

2 - borough

3 - Province

(c) H ' Haricot

Be » baana

BrBe " Broad Baana

Wh - What

Mhfl * Wheat Floor

Hi - Rice

BaS - Barlay»8kln
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Table 3. Beta radioactivity of water sources samples

•o . of

itaan

1

2

3

4

5

6

7

B

9

10

11

12

13

14

15

16

17

18

Ho. of

Maple.

5

3

5

5

5

«

5

4

s
3

5

5

5

3

5

3

S

5

Sapling

aonrca

m
HMf

«Mf

Dis.M

«MH

HUH

mi

DrW

m
DrW

HgW

M1H

tUM

tn

VOW

DrW

HUN

DrW

Sampling

place
1 2 3

KM-BaS-ai

Qcvt-PD-Cb

M B
Ph-Lab

M B

TS-FD-Gh

KhK-BaS-Cll
GoA-PD-Gh

KhH-Bas-Gh

BoR-RaaMLT

YS-ED-Gh
Slch-Kaasar

Ba-H-BoK

XM-BaS-Gh

M B

GcA-PD-Gh

H B

•U-BaS-Ctl

Date

sailing/

•Baaurn—nt

day-aonth

2-10/2S-11

2-10/25-10

2-10/25-11

2-10/25-11

7-11/25-11

7-11/25-11

7-11/25-11

20-12/24-12

20-12/24-12

6-1/16-1

6-1/17-1

6-1/17-1

«-1/17-1

8-1/17-1

8-1/22-1

20-12/22-1

25-1/22-1

25-12/22-1

Average total

activity

in pci .g 1

Of IIIM|l1ll

1 4 0

102

2 0 0

6 6

3 4 0

72

72

112

72

46

92

15502

28

168

272

IB

412

46

m = Rain Mater

NUN - Mall Watar

Olaw * Distilled Water

Ph-Lab - Phyaica Lab

DrV - Drinking Vater

M1W = Mineral Hatax

Sich Raaaar > Siafa ItehnalMah Baaaar

BoK = Hotel Ranat

Ba-H-BoR - Bath Itaxt to Botal

4. DISCUSSION

4.1. Considering the above tables, one can see that the
natural radioactivity in beans and broad beans of Babol is
more than for the other samples collected from elsewhere.
The levels for these food products are even more than the
average radioactivity of tea-leaves measured in the same
areas (12) which in turns adds to the importance of these
data.

4.2. Soil samples from Ramsar area showed 25382
Bq.~1kg(xl0-6) or (686+36 pCi.g-1) of soil for total
beta radiation. in comparison with the soil samples from
Babol and Ghorgan (28±3.9 and 58±1.1 respectively), soil in
Ghorgan showed 10-20 times higher radioactivity than the
other areas.
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4.3. Total radiation form the Black Spring of Ramsar

(Siah Tcheshmeh) compared with the other water sources

showed very high level, i . e . 100-160 times higher.

4.4. These results in comparison with the levels of

radiations from some materials from Brazil showed high

levels. Also samples measured in this study contain higher

levels than similar American food products.

Table 4. Beta radioactivity of agricultural

soil samples

H o . o f

l t e r a

1

2

3

4

5

6

7

a

9

10

11

12

13

14

15

16

17

IB

19

H o . o r

saaple

5

3

3

5

3

5

5

3

5

5

3

5

3

5

3

5

5

3

5

Stapling

place

1 2 3

SHAT B

I S P O O l

G o A P D G h

H A B a S G h

K M B a S G i l

H B

T S P D G h

K h H B a S G h

Y S P D G h

Y S P D G h

U K B a S G h

M — B

G o A P O G h

H B

M l H B a S G h

G o A P D G h

n « — I I I

Y S P D G h

S M T B

D a t e o f

• a a p l i n g /

M e a s u r i n g

d a y - B o n t h

3 - 1 / 2 5 - 1 1

2 - 1 0 / 2 5 - 1 1

2 - 1 0 / 2 S - 1 1

2 - 1 0 / 2 S - 1 1

7 - 1 1 / 2 5 - 1 1

7 - 1 1 / 2 5 - 1 1

7 - 1 1 / 2 5 - 1 1

2 0 - 1 2 / 2 5 - 1 1

2 0 - 1 2 / 2 2 - 1 2

2 0 - 1 2 / 2 4 - 1 2

2 0 - 1 2 / 2 4 - 1 2

2 5 - 1 2 / 1 7 - 1

2 5 - 1 2 / 2 2 - 1

2 5 - 1 2 / 2 2 - 1

10-1/2-2

9-1/2-2

6-1/2-2

9-1/2-2

8-1/5-2

Average total

activity

(pci.g •) or

saaple

20.6014.2

17.8014.1

11.2013.2

19.6014.2

19.6514.1

20.6014.3

15.9013.9

5.6212.2

16.8215.6

9.3414.1

54.0019.3

28.0013.9

58.0013.1

7.6013.7

7.4013.6

13.1014.9

686.00136.0

29.8017.5

7.6013.7

Table 5. Alpha radioactivity of foodstuff

and agricultural soil in Ramsar

H o . o f

itea

1

2

3

4

5

6

7

H o . o f

aaaple

5

6

4

5

3

5

5

Sampling

material

BrBo

Be

B

Ml

Ml

Hh

S o i l

Saapllng-

placo

M B

H B

YS-PD-Gh

KMt-BaS-Gh

Y3-PD-Gh

YS-PD-Gh

Raaear

Date of

sampling/

Measuring

day aonth

1-2/5-5

1-2/5-5

1-2/5-5

1-2/5-5

1-2/5-5

1-2/5-5

6-1/10-1

Average

activity

in (Bq.kg ' ) of

>oaple(xl0 -•)

19

0.00

0.00

B

8

0.00

12173
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Table 6. Average beta radioactivity for different
food products for one sampling area

Sample
material

Beans
Broad Beans
Haricot
Barley
Wheat
Wheat
Rice
Pice

Sampling
area

Babol
Babol
Ghorgan
Ghorgan
Ghorgan
Babol
Babol
Ghorgan

Average beta
radioactivity
(Bq.kg-*) of

sampling (xlO~s)

3 1 7
3 1 8
1 4 6
1 2 3
1 1 3

9 9
94
8 1

Table 7. " s R a and 2 2 ORa in some foodstuff
in Bg.kg-1 of ashes

Sapling

area
i

Cnarapari

£ Mealpa

Avaxa t,

Taplra

Rio da

Janlro

*<w York

Leafy vegetables

•

5

4

8

5

30-233

2-297

•11-67

7-37

"If

11-37

48-329

•11-33

Roots

•

4

1

e

"tut

19-185

140

3-52

"•Ra

7 - 3

56

Hil-22

Fnilt»

•

12

2

-

""Ha

4-140

33-48

-

**"Ra

•11-89

-

-

•* VuHbar of

Table 8. Total alpha radioactivity in the
vegetables of above areas in Brazuk

Sampling
area

Guarapari &
Heaipe
Avaxa
Tapira
Normal Areas

No. of
samples(N)

6

10
16
15

Range of variation
(Bq.kg-* fresh
weight)xlO-3

148-2109

111-24235
296-29970
37-6512
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POPULATION DOSES FROM TERRESTRIAL
GAMMA EXPOSURE IN CHINA

T. Ren, Z. Wang and C. Zhu

Laboratory of Industrial Hygiene,
Ministry of Public Health

P.O. Box 8018, Beijing 100088, China

ABSTRACT

In order to estimate terrestrial gamma radiation
exposures, three nationwide surveys have been completed
since 1961. The population weighted outdoor and indoor
arithmetic means of gamma dose rates based on momentary
measurements using a Nal(Tl) environmental radiation meter
and a high pressured ionization chamber are 80.3 and 120
nGy.h~a. The means based on integrating measurements
using TLD CaS0*(Dy) are 67 and 89 nGy.h"1. The means
based on natural radionuclides concentrations in soil,
determined by gamma spectrometry analyses, are 72.8 and 102
nGy.h"1, respectively. These surveys were conducted
independently and equally representative. The best
estimation of site-averaged and population weighted gamma
dose rates in China, based on all these surveys, would be
70 and 98 nGy.h"1 for indoor and outdoor, respectively.
The annual average of effective dose equivalent is 0-56
mSv. These values are higher than the world averages
estimated by UNSCEAR. The main reason is that the
concentrations of 23aTh and 4OK in soil of China are
much higher than the world average estimated.

1. INTRODUCTION

Doses received by individuals and populations from
natural ionizing radiation sources can hardly ever be
measured directly by one method. The doses are usually
estimated on the basis of measurements carried out using
different methods and the measurements usually differ,
depending on the methods applied and on the season and the
place of measurements. In the literature, three principal
techniques have been used for this purpose now: momentary
dose rate measurements, integrating dose measurements and
calculations based on spectrometric soil analysis.

Several nationwide survey programs have been carried
out in China by the Environmental Radioactivity Monitoring
Network, coordinated by the Laboratory of Industrial
Hygiene, Ministry of Public Health, since 1981, in order to
estimate the individual and population doses form natural
ionizing radiation sources. In 1981, a momentary dose rate

107
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survey program was initiated by means of high pressured
ionization chambers and scintillation survey meters (1).
Two years later, an integrating dose survey program using
thermoluminescent dosimeters (TLD) was developed and
demonstrated their particular usefulness (2). The soil
survey program, determining the natural and artificial
radionuclides contents in the upper layer of soil to
acquire data for calculation of dose rate, was started in
1984 (3).

In this paper, a summary of the surveys and a best
estimation of gamma dose rates in China are reported.

2. METHODOLOGY

2.1. Momentary Dose Rate Measurements

Field measurements were carried out at selected sites,
which cover almost all the counties of China. Survey
measurements were taken at several points in every site.
After the extraordinary readings were deleted carefully,
data were averaged to give a representative value of the
site.

A high pressured ionization chamber (HPIC) and a
portable survey meter (FD-71) were used as the main
eguipments in the survey. The former is Reuter-Stokes
RS-111 made in USA, having most appropriate features for
external gamma radiation measurement, and we took it as a
"secondary standard" instrument during the survey. The
latter is a domestic made environmental radiation meter
used for practical measurements. It has a 2 cm diameter by
3 cm long Nal(Tl) scintillation crystal. At some sites
measurements were made using the HPIC and survey meters
simultaneously, then a correction relation was obtained and
applied to every survey meter to convert the survey meters
readings to dose rate.

Outdoor measurements were done in open flat fields. The
HPIC and FD-71 survey meter were set at lm above the
ground, and the latter was always set horizontally.
Calibration of the instruments was carried out with a26Ra
source and the survey meters (FD-71) were also checked with
HPIC frequently.

Terrestial gamma-ray absorbed dose rates were obtained
after subtracting cosmic-rays contribution, which was
calculated based on the barometric pressure and geomagnetic
latitude of the site (1). The total uncertainty involved
for a single site measurement is within +15%.

2.2. Integrating Measurements with TLDs

Thermoluminescent dosimeters (TLD), with dysprosium
doped calcium sulphate [CaSO4(Dy)] powder in glass
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capillary tubes about 1.3 cm long and 0.2 cm in diameter,
were used. For flattening the pronounced oversensitivity of
the response to photons with energies below 300 keV, the
capillary tubes (usually 5 pieces) are covered with a 0.13
cm thick tin filter. A plastic capsule provides protection
against dust and moisture. The energy dependence of the TL
Dosimeters for photon energies within the range of 62 keV
to 1.25 MeV are less than ±21% (2).

The lower limit of detection of the dosemeter with the
readout system (National UD-502A (B) made in Japan, and
FJ-377 made in China) is about 1 mR for 3 months exposure.
The precision depends on the magnitude of exposure and is
characterized by a variation of less than ±11% for exposure
of 3-100 mR on a 95% confidence level.

The dosimeters were calibrated with a 226Ra source in
the laboratory, which can be traced back to the Chinese
National Bureau of Standards. The total uncertainty of
integrating measurements estimated is within ±10% (1SD).

All measurement sites were selected very carefully in
order to represent the local exposure. The outdoor TLDs
were placed in shutters of local meteorological stations or
attached to tree trunks. For indoor measurements, TLDs were
kept in drawer or at table top, at least 30 cm from wall.
The duration of the exposure was three months.

2.3. Soil Survey on Radionuclides Contents

Five upper layer soil samples at each site, which was
considered to be representative both geologically and
geographically, were sampled and mixed to be considered as
one sample. Totally 1848 sites were selected in the
program. After removing stone and grass, soil samples are
dried overnight at about 110 °C and then ground to pass a
60-mesh sieve. The geometry used for soil sample counting
was a 0.6-liter Marinelli beaker. Aliquots of each soil
sample were placed in the container, sealed and set aside
for at least 4 weeks to allow secular equilibrium between
226Ra and its daughters to be established. After the
storage period, samples were measured with gamma
spectrometry. Most samples (from 21 provinces) were counted
on Ge(Li) detectors with relative efficiencies ranging from
20% to 30% and energy resolution ranging from 1.9 keV to 3
keV. Some samples (from 7 provinces) were counted on 7.5 cm
by 7.5 cm Nal(Tl) detectors. The detectors were housed in
lead chambers, with a thickness of 10 cm to reduce
background activity, and there were interfaced to
multichannel analyzers or computer based spectrometry
systems.

In order to determine radionuclides concentrations,
full-energy peaks were analysed. We have chosen 93 keV for
2 3 BU, 352, 609, 1120 and 1765 keV for 2 2 6Ra, 853, 911
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and 2614 keV for a32Th. These peaks together with 662 keV
for 13vCs and 1460 keV for *°K constitute the peaks
analysed.

The gamma spectrometry systems were calibrated by
spiking simulated blank samples with known quantity of
radionuclides concerned. Two interlaboratory
intercomparisions on the analyses of soil samples were
conducted during the survey. It indicated that 80% of the
results from participants were in agreement within ±10%
with the reference values. The laboratory has also
organized five international intercomparisons with WHO'S
international Reference Center (WHO-IRC), and all the
results are agreeable within ±10% to the IRC's reference
values (3) .

For calculation of the absorbed dose rates in free air
1 m above ground, Beck's model is adopted (4). The total
uncertainty involved is within ±12%.

3. RESULTS AND DISCUSSION

The momentary dose rate survey program was completed in
1985. In total, 38611 outdoor sites and 53952 indoor sites
were measured. It seems the outdoor and indoor dose rates
are normally distributed. The ranges and site-averaged
arithmetic means are listed in Table 1 for each province
(1) (or autonomous region, or city, the same below). It
indicates that the southern provinces have higher outdoor
dose rates than the northern provinces, and Fujian province
and Beijing city have the highest and the lowest values,
respectively.

For the whole country, the outdoor arithmetic means,
site-averaged and population weighted, are 81.5±24.5 and
80.3±19.6 nGy.h"x, respectively. For indoor gamma dose
rates these values are 124 and 120 nGy.h"1, respectively
The ratio of indoor-to-outdoor exposures, on average, is
about 1.5 (1).

The integrating measurements program was completed in
1989. Totally 1508 outdoor sites in 24 provinces and 2452
indoor sites in 22 provinces were measured. Both the indoor
and outdoor gamma dose rates are normally distributed (2).
Table 1 lists the ranges and site-averaged arithmetic means
for each province. The data present a trend that the
terrestrial outdoor gamma dose rates are lower in northern
part of china, compared with the southern part. As a whole,
for outdoor gamma dose rates the arithmetic means,
site-averaged and population weighted, are 69 and 67
nGy.h~x, respectively. For the indoor gamma dose rates,
these values are 92 and 89 nGy.h"1, respectively. The
indoor-to-outdoor ratio of the terrestrial gamma exposures
is about 1.3 (2).
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Table 1. Outdoor absorbed dose rates from terrestrial gamma rays
in above ground level obtained in the surveys (nGy.h~x)

a n a

•aljlng
Man;) in

Babal

Snanxl

•alaaog
Liaonlng

Jllln

Hallonejiaa

Shanghai

Jlangao

Xhajlang
Annul

rajIan

Jlangxi

Shandong

•an MI

Bubal

Bonan

Guangdong

Onangxl

Sichuan

ODlzhon

Yonnan

Xlzang
Snan'Xl

flantw

Qjnghal

•lngxia
Xinjiang

Hbola country

Moamtary

Range

17.4-123

49 -111

32 -137

11.6-137

29 -138

24 -127

31 -159

44 -120

48.6-162

17 -226

24 -198
5 4 - 9 9

36 -288

53 -449

17 -226

31 -165

23.1-226

17 -271

15 -291

20 -438

12 -243

21.8-335

14 -295

26.7-523

17.2-175

36 -127

26.6-117

53.7-110

25 -313

11.6-523

—or—t-

Arithaatic

60.7
74

66.7
69.3
69.3
68.5
76.9
7 0

69.5
69.2
93.1
7 0

112

103

77

76.9
7 5

9 2

10.3
91.2
80.8
94.3
87.1

97.4
68.4
80.2
77.6
74.2
85.4

81.5

Integrating

Ranga

44-74

-

43-93

35-86

25-76

35-91

35-84

41-116

50-90

-

21-79
-

31-160

36-146

19-177

43- 78

33- 79

33-157

32-151

22-131

42-153
-

33-166

-

47- 71

22- 87

36- 66

47- 76

46-114

19-177

an inure—if

Arlthartlc

57

-

62

56

4 9

5 9

68

67

7 2

-

4 3

-

75

6 8

6 3

57

5 2

67

79

75

9 1

-

85

-

58

55

65

59

75

69

Soil analysaC

ftanga

37.9-98.9

34.3-65.6

43.1-92.8

36.8-70.3

45.7-80.3

44.7-143

36.5-77.8

33.6-427

50.8-107

52.9-84.5

42.2-163

34.3-88.2

38.8-414

12.7-202

39.8-110

48.4-262

40.8-91.2

40.2-135

18.1-1300

32.5-205

23.4-119

26 -130

37 -152

45.9-194
50.2-158
20.8- 74
55 -131
29.4-77.9
50.6-94.2

12.7-1300

Arlthaatlc

56.7
51.7
69.8
5S.9
60.3
67.7
60.0
67.2
66.8
63.1
78.8
61.7
116

80.9
58.2
68.6
64.9
82.1
88.2
8 1

69.1
77.6
76.8
8 9

70.6
60.4
65.4
58.1
64.3

69.9

Bart •

Manga

17-123

34-111

32-137

11-137

25-138

24-143

31-159

41-472

48-162

17-226

21-198

30-100

S I - i l 4

3< -449

17-226

31-262

23-226

17-271

15-1300

20-436

12-243
22-335

14-295

26-523

17-175

22-127

26-131

29-110

2S-313

11-1300

•tlaatlon

Arithaatlc

58

6 0

6 6

59

57

6 4

67

6 8

7 0

6 6

65

6 5

9 6

7 9

6 4

6 5

6 1

77

67

6 0

8 2

84

S3

92

6 4

62

6 8

62

74

7 1

(a) Data

(b) Data

(c) Data

lam Wang (1985).

licm Hinistry of Public Haalth (1989).

fjxm Zhang (1968).

The soil survey program on radionuclides contents was
completed in 1988. Soil samples from 1848 sites,
distributed all of the country, were measured with gamma
spectrometry (3). The population weighted activity
concentrations of 2 3 8U, 2 3 aRa, 23aTh, and *°K for
each province and for the country are listed in Table 2.
The outdoor terrestial gamma absorbed dose rates 1 m above
the ground calculated based on radionuclides contents are
listed in Table 1 (column 7). The arithmetic mean,
site-averaged and population weighted for the whole
country, are 69.9 and 72.8 nGy.hr1, respectively. The
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relative contributions from 2 3 8u and a3aTh series and
*°K on average, are 21%, 48% and 31%. The contribution
from fallout is estimated to be less than 1.6% of the
total.

It indicates again that the outdoor gamma exposure
calculated is lower in northern provinces compared to
southern provinces. The difference is attributable to
higher 3 3 eU and 233Th concentrations in soil in the
southern provinces, as shown in Table 2.

Table 2. Activity concentrations of
natural radionuclides in soil

ZV Y*0A
fli. K5CL

Beijing
Tianjin
Hebei
Shanxi
Neimeng
Liaoning
Jilin
Heilongjiang
Shanghai
Jiangsu
Zhejiang
Anhui
Fujian
Jiangxi
Shandong
Henan
Hubei
Hunan
Guangdong
Guangxi
Guizhou
Yunnan
Xizang
Shan'Xi
Gansu
Qinghai
Ningxia
Xinjiang

Whole Country

Concentration (Bq.kg"

—
18.6
31.6
29.8
27.5
31.1
31.3
30.8
34.4
33.3
45.5
30.9
53.1
33.3
31.3
32.8
33.7
46.7
60.0
59.6
67.0
48.2
45.1
33.5
27.9
32.9
34.1
37.1

39.3

" 6 R a

19.8
31.1
31.4
29.8
22.6
30.6
25.2
33.5
35.3
29.6
39.1
31.5
71.5
43.4
24.9
28.9
33.9
59.8
57.9
64.7
72.0
44.0
39.5
36.2
30.9
34.8
29.9
36.0

39.0

a32Th

35.5
36.2
50.0
45.2
33.7
41.9
40.9
46.4
47.9
49.4
59.8
48.3
117
67.3
40.4
55.6
52.4
74
102.3
81.1
60.0
66.8
74.9
53.1
40.4
48.5
43.6
40.0

60.6

"M*
*°K

579
479
707
491
780
746
616
731
593
466
614
492
620
540
621
562
537
562
413
609
447
474
687
655
539
600
534
646

567

* Data taken from Zhang (1988).

Comparing the results of momentary and integrating
measurements, we observe a difference. The average values
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for the country given by dose rate and TLD measurements are
81.5 nGy.h"1 and 69 nGy.h"1, respectively. The former
is higher by a factor of 1.18. This difference is
significant if we consider the number of measurements made.
If many factors are taken into account, however, the
difference can be explained:

1. Energy response: though for typical natural environment
field, only about 15% of the dose rates is due to
photons of energy less than 250 keV, however, for gamma
flux, it constitutes about 60% of the total of the
radiation field. It means that those detectors whose
overresponse at low energy is not fully corrected
during the course of survey, would probably result in
overestimation of gamma dose rates.

2. Seasonal variation of natural radiation field: under
the combined influence of meteorological condition,
water content in the soil, snowfall coverage of the
land, dose rates measured in spring, and autumn
(sometimes in summer) may be higher than that in
winter. It is more likely for the momentary dose rate
measurements to perform the field survey in spring and
autumn (or sometimes in summer) rather than in winter.
It might be supposed that the extrapolation of these
data to whole year, would overestimate the annual
average.

3. Subtraction of cosmic ray contribution: in the case of
momentary measurement cosmic exposure were inferred
based on barometric pressure and latitude, however, in
the case of TLD measurement, no correction was made on
the TLD response to cosmic ray, i.e. it implies a 100%
response. In the literature, however, TLD's response to
cosmic ray is about 0.85. This would lead to an
overestimation of cosmic ray exposure and
underestimation of the gamma dose rate.

4. Shielding: During the integrating outdoor survey, most
TLD dosimeters were placed in wooden shutters of local
meteorological stations. This may increase the gamma
ray attenuation by the shutter wall and may result in
underestimation of gamma dose rates.

The three national survey programs mentioned above were
carried out independently by three separate research
groups. All the programs are well designed and carefully
conducted with fairly established quality assurance
programs. Thus, the results obtained are representative of
the real natural radiation environment from different
approaches.

The best estimation of the dose rates from terrestrial
gamma rays can be reached by weighting the results of
different survey programs in inverse proportion to their
variance of total uncertainty involved. Table 1 (column 8
and 9) lists the best estimations of the range and
arithmetic mean of indoor gamma dose rate for each province
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and the whole country. The estimation of the site-averaged
outdoor gamma dose rates in China is 71 + 11 (ISD) nGy.h"1,
and the population weighted value is 70 nGy.h"1. These
are agreeable with the momentary measurements, integrating
measurements and soil radionuclides analyses within ±15%,
±4% and ±4%, respectively. The best population weighted
value is also consistent with the Chinese Environment
Protection Agency's result, 62 nGy.h~x, within +11%.

The value, however, is higher than the world average,
55 nGy.h"1, estimated by UNSCEAR (4). The main reason is
that the concentrations of 232Th and *°K in soil of
China, being 60.6 and 570 Bq.kg"1, are higher than the
world average given by UNSCEAR (4). As 232The and 4OK
are two possible contributors to China's outdoor gamma dose
rates, on average, 48% and 31% respectively, a higher value
of outdoor gamma dose rate in China is expected.

If the indoor-to-outdoor ratio is taken to be 1.4, then
the best estimations of site-averaged and population
weighted indoor gamma dose rates are 99 and 98 nGy.h"1,
respectively. If UNSCEAR's coefficient of 0.7 Sv/Gy is used
to convert the absorbed dose in air to effective dose
equivalent for adults and indoor occupancy factor for
Chinese people to be about 0.77 is considered, then, the
annual average value of effective dose equivalent from
terrestrial gamma rays for the country is about 0.56 mSv.
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RADIATION EXPOSURES IN GACHIN REGION
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ABSTRACT

Gachin region is located in the vicinity of the city of
Bandar Abbas, and is an interesting area due to the traces
of naturally occurring uranium. The average activity varies
at different locations, depending on geological conditions.
This region consists of twelve blocks; and since these
blocks, specially the first one, are on the border of the
city, it is a good example for radiation investigation.
This paper describes our preliminary results of an
area-monitoring program performed at several times.
Measurement techniques are briefly discussed, and
estimation of gamma radiation dose equivalent based on
survey data is presented. The average exposure rate was
found to be in the order of 0.3-0.8 rnR.h""1, but higher
exposures (30 mR.h~L) were also measured in some
trenches. Airborne radioactive materials in the form of
radon and radon daughters were measured. Radon
concentrations in the trenches, except in two blocks, were
less than 15 pCi.l"1, and radon daughter concentrations
were generally less than 0.03 working level.

1. INTRODUCTION

Gachin region is located 40 km southwest of Bandar
Abbas port at 27° 05'N and 55° 56'E. Measurements and
studies carried out in the area have indicated a high level
of natural radiation in a number of locations as compared
to the adjacent sites. A natural radiation level of more
than 5 mR.h"1 were observed in the region (1,2).

The area is inhabitable and fairly inaccessible, and
few people live there for an extended period of time.
Therefore, the high level of natural radiation has not
attracted any concern so far. But the circumstances may
start to change from now on. The radioactive rocks
represent major low grade uranium resources (1,2).

The area is under investigation, and more study is
expected to continue for the estimation of uranium
resources in the area. Thus, there may be a possibility to
assess the radiation level in the area more closely. A
number of field locations were monitored by which gamma

115
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exposure rate and dose equivalents were recorded. Also
several measurements were carried out on a22Rn and its
short-lived daughters in a number of trenches. In this
work, the measurements at 5 sites are represented and
briefly discussed.

2. RADIOACTIVE AREA

Salt domes are one of the interesting geological
features of Iran. The spread of this phenomenon is not
limited to just one area: it extends to many parts of
Kerman, Azarbaijan, and Semnan provinces. Natural radiation
levels indicate that radioactive materials exist in some of
the salt domes. Only a few of the more than 100 salt domes
existing in the North-East of Bandar Abbas to the West of
Kazerun have been studied up to now. The most interesting
one is Gachin salt dome, which is located in the southern
part of the area (Fig. 1), and indicates the existence of
radioactive materials. Gachin salt dome covers an area of
about 100 km2, with an elevation of 300 meters above sea
level (1).

0 10 CO SO Km

Fig. 1. Location of southern Iran salt domes (2).

Up to now, 14 blocks in this region have proved to
contain radiation count rates above back ground radiation
level. Trenches and wells have been dug in some of these
blocks, and geological studies were carried out in order to
determine the extent of radioactive resources in them. The
samples obtained from trenches contain uranium minerals.
The host rock is mainly ryolite and the active minerals in
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slate rocks are concentrated between slate layers. In cross
section, a block layer is found to contain ryolite. The
radioactive minerals found in the region are shown in
Table 1.

Table 1. Radioactive minerals observed in salt domes (3)

Mineral

Uraninite
Pitchblende
Compreignacite
Becquerelite
Schopeite

Chemical composition

UO2
U02
H 2U 60 1 9. 11 H20
CaU6O19. 11 H20
UO3• 2H20

3. GAMMA EXPOSURE RATE

Background gamma radiation level of Gachin region is
found to be around 0.02 mR.h"1 (Counts Per Second), and
could reach up to more than 5 mR.h"1 at the surface of
radioactive zones. Gamma exposure rates were measured by an
Eberline surveymeter with HP-177 GM detector. In addition,
a surveymeter, (2x2) inch Nal (11) scintillator, was used
as a complementary device. Exposure rates were measured at
blocks numbers 1, 5, 6, 9 and 10 (Fig. 2), where
exploration activities were being conducted, of which, the
results for block No. 5 are shown in Fig. 3.

Ptrtltn tulf

Fig. 2. Location of block in Gachin region (7)
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Fig. 3. Gama exposure rates
of anomaly 1, block 5.

The experimental results show that the exposure rate in
trenches of different blocks varies between 0.1 and 2
mR.h~x. However, at some points, the exposure rate
reaches up to 30 mR.h-1 and even higher, but these points
are very rare.

In this study, excluding the high measured values, the
average of remaining points is chosen as a representative
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value for each block- Using the average exposure rate and
the root-mean-square deviation for each measurement, the
most probable exposure rates were calculated (Table 2).

Table 2. Dose estimation

Block

1
5(A* -1)
5(A -2)
6(A -1)
6(A -2)
9
10

Most probable exposure
ratefmR.h-1)

0.7+0.7**
0.610.6
0.510.5
0.310.2
0.410.4
0.810.8
0.310.3

Quarterly dose
equivalent(mrem)

3501100
300185
300170
150±25
200156
5401125
150140

* Anomaly
** a

The exploration activities are usually performed in the
moderate weather conditions, specially in the spring and
fall. Therefore, the quarterly dose equivalents were
estimated according to the values of most probable exposure
rates and on the basis of 500 hours work. The estimated
values, shown in Table 2, were compared with the results
obtained from personal film dosimeters. The comparison
represents that the values obtained by film dosimeters are
20 to 30 percent less than the estimated values. This could
be due to the persons not being at the sites for the whole
measurement period or not wearing the film dosimeters at
all time while taking measurements.

4. RADON AND RADON DAUGHTERS MEASUREMENTS

Radon concentration were measured by two Filter Method,
and the concentration of short-lived radon daughters
determined by the Kusnetz method in which the counting rate
meter was replaced by a sealer-timer (4-6). The air to be
sampled was drown through a 4 cm diameter Gelman-type fiber
filter with a pore size of 0.2 jum. For a constant time of 5
min, a flow rate of 15 l.min"1 was obtained using a pump
operated by a portable generator.

The alpha disintegration rates
minute of sampling for radon. In
daughters,the collecting filter was
known period of 40 to 90 minutes
counting instrument was Eberline
Millipore scintillation cetector
efficiency was calculated by using
241Am. The concentrations of radon

were counted after one
the case of radon

allowed to decay for a
before counting. The
Racal Sealer with

SPA-1. The detector
a standard source of

and its daughters were
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calculated from the disintegration rates for each filter by
using the correction factors considering the geometry of
filters (Table 3).

The maximum concentrations of radon and radon daughters

Table 3. Air concentration

Block
No.

1
1
1
5
5
6(A-1)
9
9
10
10
Lunch room

Sample
location

Ta*
T 3

T
Tlo

Tax
Wa*»
T 3 3

T 1 3

T3

T i ,

-

Radon
concentration

(pCi.l-i)

15
-
-
-
-
19
26
-
-
-
-

Radon daughters
concentrat ion

(WL)

0.006
-
-
-
-

0.01
0.03

-
0.002
0.003
0.001

* Trench
** well

in the examined trenches are
respectively.

24 pCi.l-1 and 0.03 WL,

5. CONCLUSION

Gachin is a high natural radioactive area due to
concentrated radioactive minerals (3). The results obtained
in this study indicates that the average ratio of external
radiation in the anomalies to back ground radiation varies
between 10 to 50.

Therefore, the gamma dose rate is significant and its
hazards are higher than that of radon and radon daughters.
Table 2 shows that the estimated quarter dose equivalent
ranges between 150 to 700 mrem (1.5 to 7 mSV). However, the
dose equivalent determined by film dosimeter is usually 20
to 30 percent less than the estimated figures. The
difference between calculated values and those obtained by
film dosimeter could be due to many reasons such as not
using the film dosimeter for the whole measurement period.
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ABSTRACT

Environmental transfer factors, as well as
concentration and accumulation factors, have been
increasingly used in environmental dosimetric models. These
models are often the basis for decision-making processes
concerning radiological protection. However, the
uncertainties associated with measured and default values
of transfer and concentration factors are usually not taken
into account in the decision making processes. In addition,
laboratory-based values for these factors do not
necessarily agree with site-specific and species-specific
transfer and concentration factors. Soil-to-plant transfer
factors and water-to-aquatic-organisms concentration
factors are not only time and concentration-dependent, but
also species-and site-specific environment-dependent. These
uncertainties and dependencies may make the decision-making
process, based on models, quite a difficult exercise T'he
current work examines, as an example, the time-depf-ndent
variations in the accumulation of 32SRa in zooplankton in
a laboratory experiment as compared with the concentration
factor measured in a natural environment. In addition, the
work reviews differences in 228Ra and 226Ra
concentration factors for several plant families measured
in a highly radioactive environment.

1. INTRODUCTION

The fate of radionuclides released into or naturally
extant in the environment is usually studied by means of
models for radiological assessment purposes. Figure 1
represents schematically the basic elements of an
environmental mathematical model suitable to be used in
dosimetric decision-making processes. The source terms
represented in the top box of Fig. 1 can be either a point
or an extended source. The first kind of source term can be

* Currently on partial leave from Pontificia Universidade
Catolica do Rio de Janeiro, Depto de Fisica, C.P. 3871, Rio
de Janeiro, RJ 22453, Brazil.
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Fig. 1. Basic elements for a general compartment model.

adequately illustrated by releases of gaseous radionuclides
into the atmosphere through a stack, while good examples of
extended sources can be a patch of soil or sediments, or a
body of water with naturally occurring radionuclides
uniformly or non-uniformly distributed.

The environmental transfer pathways and transfer
factors that enter into environmental dosimetric models
concerning extended source terms of selected naturally
occurring radionuclides will be examined here. Such models
allow one to estimate the fraction of the amount of
radionuclides released from a source term that enters an
environmental pathway and ultimately reaches human beings.
However, one should bear in mind that when models are used
for decision making processes, as for example to estimate a
radionuclide concentration for comparison with a derived
limit for a particular practice, the uncertainties
associated with the parameters that enter the model will be
reflected in the model outcome, thereby affecting the
decisions.

This review will examine a time-dependent variation in
the accumulation of a26Ra in zooplankton, as observed in
laboratory experiments, to discuss the implications of such
variation in the likely 226Ra distribution and
concentration factor measured directly in the environment.
In addition, the review will also include the examination
of the differences in 22aRa and 226Ra concentration
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factors for several plant families measured in an area of
highly radioactive environmental background.

2. LABORATORY EXPERIMENT

A laboratory experiment was performed to observe the
time-dependent accumulation of " s R a in zooplankton.
Hundreds of zooplankton organisms, Gammarus, were
maintained for a period of several months in an aquarium
with river water until the living conditions were
considered to have stabilized. A 1 liter Teflon beaker with
550 ml filtered water, taken from a river, was labelled
with aaBRa to be used in the experiment. The room and
water temperatures were maintained at about 20°C, the pH
adjusted to 7, and the aerated system consisted of two
independent pumps. The initial aa6Ra concentration in the
labelled water was Cw(0)=34.7±0.4 Bq.ml-1 (=937+11
pCi.ml-1), and dropped with time t in accordance with the
following empirical equation:

Groups of six organisms were taken out of the water at
different times, and counted by means of gamma
spectrometry. Further experimental details can be found
elsewhere (1). Figure 2 represents in a graph the
non-equilibrium aa6Ra concentration factor CF(t) as a
function of time, defined as:

CF(t)=Co(t)/aCw(t) (2)

O 40Q.

100

TIME (hours)
200

Fig. 2. Graph of the non-equilibrium a2ORa
concentration factor CF(t) as a function
of time t (Data from "THESISANS").
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Where Co(t) is the 2 2 6Ra concentration in the
zooplankton organisms in Bq.g-1 wet; while <jCw(t) is
given by Equ. 1 with the water density being taken into
account. The third-degree polynomial,

CF(t)=4.876t3-0.0955t2+6.2701t+13.4909 (3)

represented in Fig. 3, fits the experimental data with a
correlation coefficient of R=0.97. this suggests that a
first plateau of concentration factor may occur before 100
hours, and further accumulation occurs later on.

1000
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o 400

y * /9.4tO*+«.£70lx- 0.0»95»*+4.f7««-4ii3

.»» 0.97

100

TIME (hour*)
200

Fig. 3. The third-degree polynomial that fits
the data presented in Fig. 2 with a correlation
coefficient R=0.97 (Data from Thesisans).

The first plateau could be related with mechanisms of
uptake and release of 226Ra between the organisms and the
labelled water. This first plateau is likely to result from
the uptake and accumulation in soft tissues of the
organisms. If similar mechanisms take place in the
environment, in the case of accidental release of 2 a 6Ra
into a water body containing plankton, it will be important
to know that there may exist short-and long-term mechanisms
of accumulation and release of 2 2 6Ra by plankton. After
about 100 hours, the concentration factor appears to
re-start increasing. Such increase may be due to the
beginning of 226Ra accumulation in the exo-skeleton of
the organisms. Such mechanisms will be translated in a
model by transfer parameters to be determined. The
conventional way to describe mathematically the uptake and
release of 226Ra in terrestrial media, as well as aquatic
plants and animals, is through a single exponential
equation, such as:



ICHLNR,Ramsar,3-7 Nov. 1990 129

CF(t)=CF.<3(l-e-'ft) (4)

where CF.«j is the equilibrium concentration factor after
the accumulation process has reached a plateau; and Jfis the
characteristic coefficient of the release rate process.

The conventional single exponential described in
equation (4) has inconveniences such as: (i) to be based on
the assumption that the biological processes of
accumulation and release are of the same nature; (ii) to
determine it is necessary to undertake experiments to
measure the radionuclide rate of release or to fit
experimental data on the accumulation, and (iii) it cannot
be applied when there are short and long terms accumulation
rates, as in the case described above. In such a case, it
is necessary to establish two different values for, one for
the short and the other for the long term process. The
uncertainties associated with this kind of procedure are
usually quite significant. Moreover, when experimental
laboratory results are applied to environmental conditions,
which are usually equated to equilibrium conditions, the
effects of the uncertainties become more pronounced.

However, the experimental data shown in Fig. 2 indicate
that the parameters related with uptake and elimination
rate of 226Ra in plankton need to be better examined.

If a two-exponential model would be applied to the
laboratory data on the accumulation of 226Ra in Gammarus,
as discussed above, the two values of would represent
release rates for soft tissues (short term) and
exo-skeleton (long term). The uncertainties associated with
these values of would be quite significant. Considering,
however, that in a long time-range an equilibrium
concentration factor will eventually be achieved, one can
anticipate that such equilibrium value will be of the order
of 103. Although the actual time for 226Ra to reach the
equilibrium concentration factor in Gammarus in the
environment is not known, measurements made in the Hudson
river indicate relative concentrations, organisms-to-water,
up to 3xlO3 (1). Values of concentration factors for
zooplankton reported in the literature range from 50 to
5.2xlO3, and from 60 to l.lxlO3 for 226Ra and
22aRa, respectively (2).

In the important case of fish, Justyn and Havlik (3)
reported recently that 226Ra concentration factors for
the whole body of different species ranges from 2.3
(Thymallus thymallus L.) up to 700 (Carasslus Carassius
L.)» This means that plankton concentration factors are,
in general, higher that those for fish.

3. TERRESTRIAL TRANSFER FACTORS

Models try to mimic in a quite simplified way the
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interaction and transfer processes that radionuclides
undergo in the environment. However, these processes are
usually of physical, chemical and biological nature, and
consequently cannot be incorporated in models. Pathways and
transfer factors are then used to follow the radionuclides
from the source until they reach human beings.
Unfortunately, experimental data are much too scarce to
allow quantification of transfer parameters as a function
of time, location, pathway, radionuclide, chemical form,
atmospheric and hydrological conditions, and agricultural
practices. In addition, data obtained under laboratory
conditions cannot always be directly applied to the
environment. All these facts contribute to the great
variability that one can find in the reported values of
transfer parameters. When actual data cannot be found,
default values are adopted for transfer parameters.

Commonly used transfer factors for food in terrestrial
pathways include, among others, the following: to cow's
milk Fm; to hen's eggs F»; to meat FM; and in a more
general way concentration ratio plant-to-soil CR. Transfer
coefficients to animals and to animal products are usually
expressed in terms of daily activity intake of a
radionuclide by an animal to the activity concentration in
the product, expressed as activity per volume or per mass.
The quantity CR expresses the relationship between the
activity concentration in plant at the time of harvest and
the activity concentration in the soil. As is easily
noticed, CR is a dimensionless quantity.

The International Union of Radioecologists (IUR)
underwent an extensive review of soil-to-plant transfer
factors that included cereals, fodder, grass, pea, tubers,
and green vegetable for a number of radionuclides (4).
Tables 1, 2, and 3 list, respectively, the CRs for radium,
thorium and uranium uptake by plants. One can observe by
comparing Tables 1 and 3 that the CRs for radium are
usually higher than those for thorium by at least one order
of magnitude. This observation is in good agreement with
remarks made earlier that thorium io not taken up by plants
as easily as radium (5,6). On comparing, now, all three
Tables, one can notice that radium is taken up by plants
slightly more easily than uranium, while uranium is also
taken up more easily than thorium.

A recent worldwide review by Simon and Ibrahim
indicated that soil-to-plant CR for 226Ra in normal
environmental conditions ranges from as low as 0.01 all the
way up to 110 (7). This highest value is reported to be
associated with ledum (leaves) grown in an area with high
level of uranium and radium (7). Thus the reported 22SRa
CR values cover a factor of 10* from the lowest to the
highest value.

Soil-to-plant 226Ra concentration factors for
vegetables (brown beans, carrots, potatoes, and corn) grown
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Table 1. Concentration ratio values for radium
uptake by plants (taken from Ref. 9)

1 3 1

Type of plant

Grain (cereals)
Grass
Pod (bean)
Root (carrot)
Tuber
Collard
Green
Vegetables

Number of
observations

11
35
8
6

18
6

9

Recommended
values

1.2xl0~3

8.0xl0-2

7.0xl0~3

l.lxlO~a

l.lxlO-3

1.0xl0-x

4.9x10-=

Range

2.4x10—»-6.OxlO-3

1.6xl0-3-4.0xl0-:l

1.4xl0-3-3.5xl0-2

2.2xl0-3-5.5xl0-3

2.2xlO-*-5.5xlO-3

2.0xl0-a-5.0xl0-:l

2.5xl0-3-9.8xl0-1

Table 2. Concentration ratio values for thorium
uptake by plants (taken from Ref. 9)

Type of plant

Grain (cereals)
Fodder
Grass
Pod (bean)
Root (carrot)
Tuber (potato)
Green
Vegetables

Number of
observations

9
2

20
5
7
10

8

Recommended
values

3.4x10-°
7.5xl0-3

l.lxl0~a

1.2x10-*
3.0x10-*
5.6xlO~B

1.8xl0-3

Range

3.4xlO"»-3.4xlO-3

1.5xlO-*-3.8xlO-1

1.1X10- 3-1.1X10- : L

1.2xlO-"-1.2xlO-3

3.0xl0-s03.0xl0-3

5.6xl0-e-5.6xl0-*

4.5xl0-B-7.2xl0-3

Table 3. Concentration ratio values for uranium
uptake by plants (taken from Ref. 9)

Type of plants

Grain
Grass
Roots
Tuber
Green

(cereals)

(mixed)
(potato)

Vegetables

Number of
observations

2
31
13
2
13

Recommended
values

1.3xl0~3

2.3xlO~a

1.4xlO~a

l.lxl0~a

8.3xlO~3

2.
1.

8.

Range

3xl0~3-2
4xl0-3-l

3xlO-*-8

.3X10-1

.4X10-1

—
.3xlO"a

in the Pocos de Caldas plateau range from 1.4xlO~3 to 0.2
( 8 ) . In the same general area of high natural
rad ioac t iv i ty , the a a cRa concentration factor for non
edible plants of several famil ies range from lxlO~3 to
0.05 ( 6 ) . Equivalent data for " e R a concentration factors
range from 7.5x10-* to 0.04 ( 6 ) . Although concentration
factors are dependent on s p e c i e s , type of s o i l , c l imate,
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and other aspects, one can notice that the ranges for
aa6Ra CFs in vegetable are not too different from those
of naturally grown plants. In addition, the Cf range for
228Ra is not too much different from the CF range for
aa6Ra.

One should be aware that when using parameters like
transfer factors in an environmental model, the model
outcome can be highly affected by the uncertainties
associated with these parameters Thus, the decision making
process may be affected by a too uncertain parameter.
Ranking parameters can be a useful way to deal with the
uncertainties, but it is not a substitute for improving
parameter values. However, when the resources for improving
parameter values are too scarce, ranking parameters can
help to allocate resources to improve values of the most
relevant parameters to the model being used. An
illustrative exercise in ranking parameters was presented
elsewhere(9).

4. CONCLUDING REMARKS

1. Whenever results obtained in laboratory conditions are
applied to the environment, the effects of the
uncertainties initially associated with the
determination of parameters become more pronounced.

2. A range that encompasses two orders of magnitude is
typical of concentration factors for different species
of aquatic organisms like zooplankton and fish.

3. Concentration factors for 22SRa in zooplankton are,
in general higher than for fish, confirming that the
lower the trophic level the higher the concentration
factor.

4. Concentration ratios from soil-to-plant for 22ORa
range from 10~3 to 102, and for 226Ra the range
is not expected to be too much different.

5. Concentration ratios from soil to plants for radium,
uranium and thorium are such that CR(Ra)>CR(U)>CR(Th).

6. Uncertainties in the values of parameters entering into
an environmental model for radiological assessment may
affect the model outcome, and in consequence the
decision making process.
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ABSTRACT

The presence of monazite in the beach sands of Kerala
and Tamilnadu, in the southern part of India, gives rise to
one of the well known natural high background areas in the
world. The studies carried out at Manavalakurichi in
Tamilnadu clearly show higher leach-out of radionuclides
such as Th, U, 2 2 SRa, 226Ra and 2iopo from the
monazite ore body. The humic matter obtained from the soil
samples also shows higher accumulation of Th, 2aoPo and
22eRa in high background soil by factors ranging from 3
to 9. It is observed that up to 1% of the total 22eRa and
21°Po in monazite is leachable. Low leachout is also
observed with respect to Th. The higher leachout of 2aoPo
is partly attributed to the alpha recoil process. These
observations show that mobilization of radionuclides from
the mineral constitutes a pathway of internal exposure in
the high background area. The per capita dose due to indoor
and outdoor thoron and daughters has been estimated at 0.3
mSv per year. Another factor contributing to the internal
exposure is the inhalation of the wind-borne radioactive
mineral dust. The per capita yearly Committed Dose
Equivalent due to this works out to 0.8 mSv. An unspecified
route of internal exposure is the direct ingestion of the
mineral, especially in small children residing in this
area. The studies have identified the important pathways of
internal exposure as 1) inhalation of thoron and progeny;
2) inhalation of finer grains of the mineral; 3) intake of
food and drinking water; and 4) direct ingestion of the
mineral. The total internal dose due to the first three
factors has been estimated at 1.8 mSv per person per year.

1. INTRODUCTION

Extensive heavy mineral deposits occur in the South
West Coast of Peninsular India. These consist mainly of
ilmenite, monazite, zircon, rutile, garnet and sillimanite,
spread over the southern coastal region in the states of
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Kerala and Tamilnadu. Monazite, an important mineral
containing Th and Rare Earths in an orthophosphate form, is
present in the beach sands in varying levels ranging from
0.5 to 5%. Thorium content in monazite varies from 8 to 10%
and contributes the high radiation background in some beach
areas. Detailed investigations on external radiation and
population exposure have been carried out by several
workers, since 1958 (1-4). The typical individual exposures
range from 1.5 to 20 mSv per year with an average of 4 mSv
per year.

Higher radioactivity uptake by plants have been
reported in the natural high background area (5,6). A
detailed study carried out at Manavalakurichi in Tamilnadu
has identified several pathways of internal exposure such
as drinking water, whole food and inhalation (3). These
investigations revealed high uptake and metabolisation of
22BRa through food and high excretion of 22aRa through
urine in children residing in this area. An unspecified
route of entry by way of ingestion of raw sand has also
been identified as a possible pathways of internal exposure
in these studies.

The present study carried out during 1986 to 1989 deals
with systematic investigations undertaken at
Manavalakurichi to evaluate the geochemical mobilization of
radionuclides from the monazite ore body leading to higher
uptake. The study aims at predicting the total internal
dose received by population residing in the area through
the major pathways of exposure.

2. THE STUDY AREA

The study area (Fig. 1) is located on the West Coast
towards the tip of Peninsular India at 7.8 degree N
latitude and 77.5 degree longitude. The area has a
population density of approx. 2000 persons per km2. The
major occupation is fishing, and several fisherman colonies
such as Chinnavilai, Periavilai and Kadiapatnam are
situated here. The agricultural activity is mainly coconut
cultivation. Banana and rice are also grown here. Valliyar,
a small river originating at the southern end of western
Ghats, flows through the high background area and joins the
Arabian Sea. This river has a catchment area of approx. 80
km2 and a course of 12 km. The rainfall in the catchment
areas is about 1000 mm per year.

2.1. Zonal Characterization of the Study Area

For the purpose of these studies the area extending to
10 km radial distance from Manavalakurichi has been divided
into several sampling grids. Thermoluminescent dosimeters
(TLDs) were fixed at each location for a period of 3 months
for assessment of external radiation exposure. Depending on
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Fig. 1. Sampling grid of the study
area at Manavalakurichi.

the external radiation field, the area was broadly divided
into 3 radial zones (Cf; Fig. 1). The characterisation of
each zone with respect to the external radiation field
prevailing is provided in Table 1, indicating the wells
sampled. Each zone was further subdivided into 5 sectors to
facilitate systematic studies. Thirty community wells,
spread out evenly in the study area, have been used for
water sampling.

Table 1. Zonal segregation of the study area with
respect to the external radiation field

Zone

I
II
III

External radiation field
(uGy h-*)

1.0 - 6.0
0.5 - 1.0
<0.5

No. of wells sampled

15
10
5
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3. SAMPLING AND ANALYSIS

Water: 10 litre of drinking water was collected from
each well at 3 monthly intervals for a period of one year.
Each well was thus sampled for 4 times in different seasons
and 120 water samples were obtained. The samples were
filtered through Millipore filters of 0.45 um and analyzed
for Th, U, Ra and Po by radiochemical methods (7). Water
samples were also collected from river Valliyar at
Manalakurichi and analyzed for Ra.

Soil/sediment: Surface soils near the wells were
sampled and analyzed for gross beta activity. Samples of
surface sediment were obtained from the river Valliyar at 2
locations, one at Pallom 10 km from Manavalakurichi in the
natural background area, and the other at Manavalakurichi
situated in the high background area. These samples were
extracted with an alkali mixture consisting 0.4 M NaOH and
0.4 M Na2CO3 to separate the humic matter (8). The
humic matter obtained was purified by dialysis and
estimated. The organic matter was destroyed by acid
digestion (HNO3-HC1O4 mixture) and the radionuclides
were analyzed.

Air; Air sample were collected using a suction pump (60
lpm) located in the high background area. Long duration
sampling (4 to 8 h) was carried out for estimating the
long-lived activity after decay of the short-lived activity
due to radon-thoron daughters. Portable, battery-operated
air samplers (Staplex Model BSA) of 15 lpm were used in the
indoor and outdoor thoron daughter sampling. The samples
were counted for alpha activity using a radiation counting
system, type ECIL RCS 4027, with ZnS(Ag) as scintillator
coupled to a photomultiplier to estimate the concentration
of radionuclides.

Minerals: Different minerals separated from the beach
sand, such as monazite, zircon, and ilmenite, were analyzed
for gross beta activity using a GM end-window counter. The
samples were subjected to gamma spectrometric assay for the
determination of 238Ra. The beach sand and monazite were
treated with different leachants such as 0.16 M HCl,0.5 M
ammonium acetate, and 0.25 M ammonical EDTA in solid:liquid
ratio 1:1000. The leachates were analyzed for 228Ra,
21°Po and Th. Monazite of different grain sizes ranging
from 50 to 300 jim was also subjected to the leaching
studies.

Valliyar river: Physical parameters of the river such
as its course and flow pattern were evaluated. The river
water and bottom sediments were sampled and analyzed for
different radionuclides.
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4. RESULTS AND DISCUSSION

4.1. Drinking Water

The average concentrations of different radionuclides
in drinking water from wells in the study area are
presented in Table 2. All the nuclides show decreasing
concentrations, as one moves away from Zone I to Zone III.
Though the levels are not high in terms of absolute
concentrations, the difference is nearly an order of
magnitude between the high background and normal background
areas. No significant seasonal variation has been observed
in the concentration of radionuclides. It may be noted that
the rainfall in the area is only of the order of 1000 mm
per year. No significant mobilization of radionuclides has
been reported for a similar study conducted at Morro do
Ferro, Brazil (9). The concentration of U in the drinking
water in the high background area is comparable to its
surface water concentration in a river in the uranium
mining area (10). The average nuclide concentration ratio
between 22BRa and 236Ra works out to 5.5, which is
lower than its ratio of 9 in monazite (11). The high ratio
is due to higher concentration of a26Ra possibly from
zircon, another mineral having uranium based activity. The
concentration of Th in drinking water in the high
background area exceeds its levels in natural waters and
hence this could lead to a higher uptake which is estimated
at about 0.0?6 Bq per day. This is compared to 0.004 Bq of
natural ingestion of Th through all sources (12). Based on
the observed concentration of radionuclides in drinking
water the per capita dose works out to 0.06 mSv per year
through this mode of intake of which 75% is accounted for
by 228Ra alone.

Table 2. Average concentration of radionuclides
In drinking water at different zones

Zone

I

I I

I I I

Soil

gzous
beta

(Bq g-»)

15.012.0

6.211.5

1.510.05

Kadlonoclids canoantratlon In watax

Th(»l»)

0.610.2

0.110.03

<0.05

O(pgl»)

1.110.30

0.210.04

<0.01

"•Sa

(Bq 1 - )

0.1210.04

0.0710.02

0.0410.01

" T o

(Bq l-»)

0.0810.02

-

0.0210.01

(Bq 1 - )

0.0210.003

0.0110.003

-

4.2. Humic Matter

The humic matter of the river sediment was only 0.1%
due to the high mineral content, which is to be compared
with nearly 1% of humic matter reported in sediments
obtained in a river in the natural background area (8).
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Table 3 presents the radionucli.de concentrations in humic
matter in the sediment collected from the normal and high
background zones of river Valliyar. Ratios of individual
nuclide concentrations between ^ese locations are
presented in Table 4. The concentration ratios are high for
all nuclides except for U. The high ratio indicate higher
availability of the radionuclide due to natural leaching of
the monazite ore in the high background area. The highest
ratio of 9.4 was observed with respect to Th, even though
this nuclide is considered to be comparatively immobile.
These studies also substantiate the earlier observation
regarding higher nuclide concentrations in drinking water
at the high background area. The nuclide activity ratio of
22BRa to 226Ra is about 4 which is in agreement with
its concentrations in water, reported earlier.

Table 3. Radionuclides in humic matter in sediments
collected from river Valliyar

Radionuclide

Th
U

22oRa

21°Po

Concentration in humic matter

High background
(Manavalakurichi)

35.70+7.10 ug g-1

0.14 + 0.06 jig g~x

0.40+0.12 Bq g"1

0.1110.03 Bq g-1

0.42+0.12 Bq g-1

Normal background
(Pallam)

3.80+0.76
0.29+0.06
0.11+0.02
0.03+0.01
0.17+0.03

Table 4. Ratios of radionuclide concentrations in
humic matter between the high background
and normal background areas

Radionuclide

Th
U

" 8 R a
2 2 f iRa
2XOpo

Ratio of concentration=
(High background/Normal background)

9.4+2.64
0.5+0.15
3.6+1.26
3.7+1.30
2.5+0.83

4.3. Minerals

The activity values in some of the mineral samples are
presented in Table 5. The 22aRa activity is generally
related to the monazite content in the minerals. The
radioactivity of zircon, however, is mainly associated with
U and its daughter products.
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Table 5. Radioactivity in the mineral samples
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Mineral

Monazite
Ilmenite
Zircon

Activity (Bq.g~x)

Gross beta

1150+65
5.0+0.8

21.0+1.5

22BRa

320+20
1.6+0.2
0.6+0.1

The leach out of activity under different sets of
conditions from the raw sand and monazite are presented in
Table 6 and 7. Nearly 0.4% a28Ra activity was leached out
from the raw sand containing 5% monazite (Table 6). The
amount of Th leached out was insignificant though in terms
of concentration it measured 1 ug in 1 liter of the
leachate used. Higher leach out was observed for 2 1 oRa.
The presence of zircon in the raw sand and higher leach out
due to alpha recoil explain the higher value for a i oPo.
This aspect is discussed later.

Table 6. Leach out of radionuclides
from raw sand with 0.16 M HC1

Nuclide

Th

U

a38Ra
226Ra
aiop0

Activity leached out
from 1 g

1.12 + 0.20 yxq

1.98 + 0.35 )xq

0.06+0.02 Bq
0.01+0.003 Bq
0.33+0.04 Bq

Conditions of
leaching

Raw sand= 1 g
2 2 8Ra content=16 Bq

Solid: liquid=l:1000

Temperature= 37°C
continuous agitation
for 4 hours.

Leach-out of radionuclides from monazite of different
grain sizes is presented in Table 7. Size-dependent
leach-out was not prominent with respect to the nuclides.
However, lower grain sizes generally showed higher
leachout. The ratio of 21°Po to 2 2 6Ra in the leachates
ranged from 5 to 45, showing high leachout for the former.
Since Ra is more soluble than Po, this observation seems to
be anomalous. However, this could be explained by an alpha
recoil process by which 21°Po is made available as
follows:

'Bi- ->ai*Po- ->aioPt ->21oBi- ->21°Po
7.8M>V
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Table 7. Leach out of radionuclides fron monazite
of various particle size with 0.16 M HC1

Paztlel*

• la

(P-)

>250

250-200

2O0-150

150-100

100-75

<75

Badionoclida laachad oat

Ih

(P9)

4.6010.80

2.63±0.35

2.7HO.4O

2.4510.40

1.5910.30

4.*fttO.B5

0

0"9>

0.1110.02

l.l±0.05

1.2*0.05

2.110.15

2.U0.25

2.410.25

•*^Ra

(•q)

0.5410.05

0.0710.01

O.OG10.01

0.1510.02

0.2010.02

0.1510.02

(Bq)

0.0210.003

0.0110.002

<0.01

0.0110.002

0.0110.002

0.0110.002

(Bq)

0.0910.02

0.2110.03

0.1610.03

0.1210.002

0.4710.03

Ratio of

»*°po

"•Ra

4.5

21

>ie

12

47

Honazlta - lg, "•*» activity « 320 Bq.

Solid: liquid - 1: 1000, Tiiiiilmi 37»C, continuous agitation for 4 boora.

The effect of recoil due to the 7.8 MeV alpha is
highest in the U series, and the nuclides succeeding
ai*Po will be rendered more available as compared to its
precursors. Since this process is also taking place on the
surface of the mineral grains, this will explain the higher
leach out of aioPo. The leachout in this instance is
about 1% of the total activity present in monazite.

Use of different leaching agents such as 0.5 M ammonium
acetate and 0.25 M ammoniacal EDTA did not show leach-out
higher than what was observed with 0.16 M HC1.

The leachants used in the above experiments and the
conditions employed simulate the digestive fluids in human
stomach. This is important when it is considered that one
of the pathways for intake in the high background area is
by way of ingestion of the raw sand itself (3).

4.4. Air

4.4.1. lTh:

Inhalation of air containing elevated levels of thoron,
radon, a32Th and their daughter products constitutes an
important source of internal exposure in the high
background area. The a3aTh concentration in outdoor air
ranges from 0.9xl0~* to 7.17xlO~"* Bq.m~3, with an
average concentration of 3.5x10-4 Bq.m~3 (Table 8).
Assuming that an average adult breathes 20 m3 of air per
day, the yearly intake of 33aTh works out to 2.6 Bq,
which gives a Committed Dose Equivalent of 0.8 mSv per
year.

4.4.2. Thoron Daughters:

The levels are higher outside the dwellings as compared
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Table 8. Estimated internal exposure
at the high background area
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Mode of
Intake

Inhalation
Inhalation
Ingestion

Total

Critical nuclide

Thoron+daughters
" 2 T h
2aaRa

Exposure
(mSv)

0.30
0.8C
0.70

1.80

to the indoor when calm conditions prevail. This is due to
the fact that monazite containing sand is not present
inside, and the confined space of houses provides for
further decay of thoron daughters. However, under breezy
conditions the outdoor levels are an order of magnitude
lower than the indoor levels. The indoor and outdoor thoron
daughter levels were 2.3 and 3.7 mWL, having a weighted
average of 2.7 mWL on the basis of occupancy. This
corresponds to a concentration of 0.8 Bq.nr3, which gives
an Effective Dose Equivalent of 0.3 mSv per year for an
adult member of the public.

4.4.3. Radon:

The radon concentration in the high background area is
reported to be 3.2 Bq.m~3 (3). This value is within the
natural variation of radon concentration levels measured in
the indoor atmosphere (13). There is no significant
difference in the indoor and outdoor radon levels in the
study area. This is because most of the dwellings are
thatched sheds having high ventilation rates, which does
not allow for build-up of radon.

5. SUMMARY AND CONCLUSIONS

Measurement
thermoluminescent
external exposures
the study area.

of external radiation field, using
dosimeters, estimated the average
to be about 17 mSv.y"1 in zone I of

Analysis of drinking water from wells clearly showed
higher levels of radionuclides such as Th, U, a 2 8Ra,
226Ra and 2 1 oPo. The concentration measured in drinking
water directly correlated with the monazite content in the
soil. The difference in the concentrations was an order of
magnitude between the high background and normal background
areas.

The concentrations of radionuclides in the humic matter
of the soil also indicated higher availability of the
nuclides in the high background area.
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Leaching studies carried out with monazite showed that
up to 1% of the activity could be available from the
mineral under varying conditions. The leach-out was highest
for 21°Po, probably due to an alpha recoil process.
Several factors contribute to the higher internal exposures
in the high background area. The important among these from
the studies are (i) exposure to thoron and daughters, (ii)
inhalation of 232Th-based activity present in the
airborne mineral dust, (iii) intake of food and drinking
water, and (iv) direct ingestion of the mineral. The
estimated total dose works out to 1.8 mSv per person per
year (Table 8 which is about 10% of the external exposure.
This is in addition to the internal exposures from other
natural factors amounting to about 1.4 mSv.y"1 mainly due
to *°K, 222Rn and others. These estimates exclude the
exposure attributable to non-specified ingestion of the
mineral, which needs further quantification.
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ABSTRACT

This paper reports the daily intake and organ burdens
of thorium (Th) for Indian population. The Th analysis was
carried out using neutron activation technique. The results
of analysis showed that the uptake of Th in skeleton is
much lower and that in muscle is much higher as compared to
that assumed by International Commission on Radiation
Protection (ICRP). The hair samples obtained from subjects
living in low and high background areas and also from those
working in Thorium processing plant were also analyzed. The
results of analysis showed distinctly different
concentrations. However, there was no linear correlation
between the Th concentrations in air and those in hair
samples of subjects living or working there.

1. INTRODUCTION

Living in a high background area, leads to both
internal and external exposures. For the assessment of
internal radiation dose due to Th, the knowledge of its
biokinetic behavior in the human system is important.

There is little information available on the
biokinetics of Th in humans. The biokinetic model suggested
by ICRP (1) is based on the experimental studies carried
out by Stover et al. (2) on beagle dog. The data on the Th
concentrations in different human tissues and organs is
very limited and wherever available, there are large
variations in the reported concentrations in different
organs. For bone, the reported Th concentrations showed
variation by more than an order of magnitude (3-9) and
ranged between 0.9-15.7 ng/g (fresh weight). For lung, the
variation was by a factor of three (3,9). For urine, the
variation was by two orders of magnitude (5,10-12) and that
for blood also it varied by more than two orders of
magnitude (3.-5,13,14). For muscle, there is no information
available in the literature, the large variations in the
reported concentrations of Th in different tissues in the
literature, could be due to non-availability of
sufficiently sensitive analytical techniques.

147
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In view of these large variations in the data available
in the literature, it was imperative to develop a sensitive
analytical technique for the determination of Th in human
diet, excrete and in different tissues, for the better
understanding of the human biokinetics of Th.

The technique of neutron activation analysis followed
by radio chemical separation was developed and applied to
measure the Th concentrations in human diet, air, drinking
water, and human tissues.

2. METHODOLOGY

2.1. Sample Collection

The human tissue samples were obtained during autopsy
from different hospitals of Bombay. Only those human
tissues, which were found normal from a gross examination
as well as by histology, were taken up for analysis. The
hair samples were collected from population living in low
background area of Bombay, low and high background areas of
Kerala and also from subjects working in thorium processing
plant. About 250 mg of dry tissue material was taken up for
analyses, after it was freeze dried and homogenized. About
50-100 mg of hair were taken for analysis. The procedure
for the collection of diet, and drinking water samples is
given in detail by Dang et al., (15).

2.2. Analysis

The Th concentration in the samples was determined
using neutron activation analysis technique, which
consisted of the irradiation of the samples in neutron flux
of 1013n.cm-2.s~1 for 2 days and then 2 3 3Pa, the
activated product of 232Th was radiochemically separated
by coprecipitation first with MnO2 and then with BaSO«.
The BaSO* ppt containing a33Pa which got quantitatively
ppted with BaSO«, was counted for 311.8 KeV *-line using
54 cc Ge (Intrinsic) detector. The details of the procedure
are given by Dang et al. (11).

3. RESULTS AND DISCUSSION

The main objective of the study was to have better
understanding of the human biokinetic behavior of Th. Table
1 shows the daily intake of Thorium by urban Indian
population. All the results are expressed in terms of
activity. The intake through air and water is negligible
(<2%) as compared through the diet. The total daily intake
of Th is marginally lower than 12 mBq reported by (ICRP).

In the calculation of the intake of Th through drinking
water and air, it was assumed that an average Indian
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Table 1. Daily intake of thorium
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Scores of
intaka

Hbola dlat
* t t c (a)
Air (b)

Total

•a . of
aaaplaa

16
S
•

Dally intaka (aflq)

llanga

3.3-17.2

0.08-0.4

0.02-0.24

3.4-17.«

Haan

9.0

0.16

O.OS

9.24

S.D.

3.6

0.12

o.oa

OM

8.3

0.12

0.08

SSD

1.5

2.1

2.3

8 . 5

a> Dally Intaka of vatar - 2.6 1 (16).

b) Dally intaka of air - 20 a* (19).

consumes 2.6
each day.

liter of water (16) and inhales 20 m3 of air

The mean and range of concentrations of Th in some of
the major body organs and tissues are given in Table 2. The
highest concentration of Th is in the lung tissue and the
least in the muscle, however due to the larger mass of the
muscle (20 kg in Indian Reference Man) the Th burden of
muscle appears to be significant and comparable to the lung
burden.

Table 2. Thorium concentrations in human tissues

S. no.

1.

2.

3.

4.

5.

Tlaaoa

PiilflstjQUcy

U n t
Boos
Moacla

•o. or
aaaplaa

25

12

22

19

17

Th cone. (pMq.g * fraah wt.)

Bang*

6.0-64.3

126.3-343.8

0.8-19.7

0.8-7.4

0.2-2.5

Maws

27.8

234.5

3.9

2.2

1.0

SD

16.9

63.9

3.9

1.5

0.6

OH

22.7

226.0

3.0

1.8

0.8

OBD

2.0

1.3

2.0

1.8

1.9

The figures for Th burden are given in Table 4 and
compared with the literature values. The organ burden data
of Wrenn et al. (1981) is for Washington D.C. population
The organ burden values of Hamilton (3), Hill (17) and
those of UNSCEAR (18) were obtained on the basis of the Th
concentration in individual organs and ICRP Reference Man
organ weights for these organ. The organ burden values for
lung and liver are comparable with those in the literature.
The burden for bone is lower, whereas for that of muscle,
there are no corresponding values available in literature
for comparison. The ICRP has given only the bone burden of
Th to be 120 mBq, which is based on the result of bone
analysis of Lucas et al. (7) and it appears to be much
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higher. Our results of the Th concentrations in bone of
subjects in different age groups as shown in Table 3,
indicate that there is a linear correlation between the Th
concentration in the bone and the age of the subject. The
average age of our subjects was 34 y.

Table 3. Thorium concentrations in bones of Indian
subjects in different age groups

S. no.

1
2
3
4
5
6
7

Age group

<10
10-20
21-30
31-40
41-50
51-60
>60

No. of
subjects

1
3
3
2
5
2
1

Cone. (uBq.q-1 freshwt)

Mean

0.80
1.37
1.33
2.05
1.89
3.14
7.36

S.D.

0.76
0.56
0.68
0.80
0.84

From the results in Table 4 i t is clear that a
significant proportion of total Th (25%) in the body is in
the muscle. Wrenn et a l . , have assumed about 10% in the
muscle, they have however not reported any results of Th
concentration in the Muscle. ICRP assumes that 16% of
systemic uptake goes to soft tissue, about half of which

Table 4. Organ burden of Thorium-comparison
with reported values

from

1

2
3
4

5

Lung

Lymphnodes
Liver
Skeleton

Muscle

Th burden (mBq)

Present
study

18.1

3.5
3.4
12.9#

16.9

ICRP Calculated

reported values

_

-
-

—

11.7(9)44.2(3)
7.2-37(17)
2.0(9)

3.3(9) 3.6(18)
120.6(1) 37.0(9)4

631.0(4)

< Average age of Indian subjects was 34y.
4 Average age of Indian subjects was 33y.
Organ burdens for Indian subjects were calculated on the
basis of organ weight data on Indian Reference Man (20),
whereas those for ICRP and also of that for other workers
were obtained by using ICRP Reference Man data (19).
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is in the muscle. The soft tissue compartment is therefore
likely to form the major deposit site.

The results of this study are likely to have important
bearing on annual limit of intake for Th (ALI), which is
based on limiting the stochastic effect to the bone
surface. The larger Th burden of soft tissue is of lesser
consequence in term of dose.

The concentrations of Th in hair are shown in Table 5.
These are shown along with the median air Th activity in
the living/working environment. There is a distinct
difference in the Th concentrations in different group,
however, it is clear from the air concentrations that the
concentrations in the hair was not linearly co-related to
the air activity.

Table 5. Thorium concent rat: ions
subjects from different

in bair saaples of
air activity levels

Work placa/

raaidanoa or

•object*

Boabay

(•oraal Bkg. Ana)

•on-Occupational grp.

Monazlta Ana (Karala)

low Bkg grp. (•on-Occ.)

Glgh Bkg grp. (-do-)

Tborlua procasalng

plant at Bombay

(Occ. grp.)

•o. of

anbjacta

14

a

23

11

Air activity

0.004

-

27.0

130.0

Th cone, (i

Xaoga

0.012-0.044

0.048-0.55

0.073-2.32

1.93-237.0

OH

0.02

0.13

0.25

20.0

can

1.4

2.1

2.5

5.7

4. CONCLUSION

The Th burden of human skeleton is much lower than that
assumed by ICRP, whereas that for muscle is higher. The
radioactivity in the bone increased linearly with age.

Although the Th concentrations in hair samples from
subjects living and working in different environments
increased with the increase in air activity, but no linear
correlation was observed.
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INVESTIGATION ON FOOD RADIOACTIVITY
AND ESTIMATION OF INTERNAL DOSE
BY INGESTION IN TWO CHINESE

HIGH RADIATION AREAS

H. Zhu

Food Radioactivity Cooperation Group
Institute of Radiation Medicine, Chinese Academy

of Medical Sciences, P.O. Box 71, Tianjin,
China

ABSTRACT

As a part of a nationwide survey, the activity
concentrations in 14 categories of food for 8-9
radionuclides (or elements) in Yangjian Country (Guangdong
Province) and an area near U-mining area (Jiangxi Province)
of China were determined. the radionuclides are natural
uranium (U), natural thorium (Th), 2 2 6Ra, 2 2 8Ra,
2 1 oPb, 2 X OPo, 2 2 7Ac, 4OK and 87Rb.

According to the local diet composition, public Annual
Intake and resultant committed dose equivalents for these
natural radionuclides by ingestion in the area were
estimated. In normal radiation background areas of China
the total Annual Intake of the Public (Adult male) for U
and Th series nuclides were 1.6xlO2 and 35.5 Bq, the
total Committed Dose Equivalent were about 1.3xlO~4 and
1.4xlO~3 Sv respectively, but the total Committed
Equivalents for U and Th series nuclides in Yangjiang area
were about 2.5 and 6.7 time that in the normal area, while
in the U mining area, only Committed Dose Equivalent of U
series nuclides was 6.4 times that in the normal area.

As a part of a nationwide survey, carried out with the
cooperation of 30 radiation protection units during
1982-1986, the activity concentrations in 14 categories of
food for 9 radionuclides (or element) in Yangjiang high
radiation background area (Guangdong Province) and an area
near U-mining area (Jiangxi Province) of China were
determined. These radionuclides include natural U, natural
Th, 226Ra, 2 2 eRa, 2 1 oPb, 21°Po, 2 2 7Ac, 4OK and
87Rb. The result showed that Committed Dose Equivalents
for U and Th Series nuclides in Yangjiang area were
estimated to be 3.3 x 10~4 and 0.9 x 10~4 Sv.a"1 (2.5
and 6.7 times as much as that in normal area in China)
respectively, while in the area near U-mining area only
that for U Series nuclides was as high as 8.5 x 10~4

Sv.a"1 (6.4 times as high as that in normal area). The
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relative contributions of each food category or
radionuclides to the total are calculated.

Environmental radionuclides transfer from soil, water
into human body principally through food ingestion. For
more than 20 years, UNSCEAR has summarized world scientific
achievements on estimations of internal dose of the public
in normal and elevated radiation areas, but the data were
mostly concerned with Western diet. In order to estimate
internal dose by ingestion and provide necessary basis for
establishment of Radionuclide Concentration Limit of Food
in China, a cooperation group, consisting of 30 radiation
protection units, was organized and a nationwide survey on
food radioactivity and estimation of resulting internal
dose was conducted during 1982-1986. Here we report a part
of the result, related to elevated food concentrations of
natural radionuclides in Yangjiang High Background Area
(HBRA) and an area near U-mining area (ANUA) in China,
their resultant Annual Intake (AI) and Committed Dose
Equivalent (CDE) for local public.

The HBRA is located in south-western part of Guangdong
Province and the sources of elevated background radiation
are nearby mountains where surface rocks are granites, from
which fine particles of monazite are washed down year by
year by rain and deposited on the surrounding basin
regions. The ANUA is located in central section of Jiangxi
Province and some farmland probably was affected by
released radioactive liquid or gaseous effluent from the
nearby U-mining area.

1. MATERIALS AND METHODS

According to the local public dietary composition,
reported for 1982 (2), 14 categories of principal foods
were sampled from fresh, recently harvested products in the
areas. The edible parts of samples were used for analyzing
and pretreated with routine procedure. 21°po and 2xoPb
contents were determined by use of dried samples and the
other nuclides by use of ashed samples.

Determined natural radionuclides include long-lived
members of U and Th Series, 4OK and a7Rb. The used
analytical methods were as follows: sequential
determination for natural U and Th, sequential
determination for 226Ra and 2 2 8Ra, sequential
determination for 2ioPb and 21°Po, *°K determination
and 87Rb determination (1). For quality control of
analysis and estimation, following measures were adopted:
sampling and pretreatment of samples under unified
requirements; temperature correction or control for
dry-ashing or wet-ashing; control of stability of
radioactivity measuring instruments with background control
chart; checking of analytical methods with unified
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requirements; detection of detector efficiency and
self-absorption correction with authorized standardized
solutions or sources and estimation of AI of the public
with diet composition obtained from the 1982 National
Nutrition Survey (2).

All determined results were corrected for decay and
expressed as radioactivity of the samples at the time of
collection. According to determined concentrations of
nuclides in foods and public consumption for the categories
of food, obtained from 1982 national nutrition survey, the
AI and resulting CDE for local public were estimated. In
this paper, nuclide concentrations are expressed as 95%
confidence.

2. RESULTS AND DISCUSSION

2.1. Contents of Natural Radionuclides
in Different Categories of Food.

Table 1 indicates the comparison of radionuclides
contents in several foods between the two areas. The
comparison shows that U Series (including 22VAc of Ac-U
Series) nuclide concentrations in samples from ANUA were
obviously higher than those from HBRA, but Th Series
nuclide contents were quite lower than those from HBRA and
almost the same as those from normal radiation area (1).

Table 1. Radionuclide contents of several foods in two areas

Food

Rice

sweet Potato

Eggplant

Radish

Port

Araa

HBRA

junn

HBRA

AHUA

BBRA

AHUA

BBRA

AHUA

HBRA

AHUA

0

0.29

84

1.8

26

0.25

0.37

l.S

21

0.54

1.2

Th

2.1

10

7.4

2.7

1.3

0.27

4.8

1.1

1.2

0.45

"•R»

0.25

1.1

0.59

3.0

0.22

0.09

0.30

4.4

0.02

0D

""Ha

0.37

0.10

1.1

0.09

0.29

0.05

1.2

OD

UD

0.01

"°Pb

0.57

2.4

0.28

0.54

0.28

-

-

0.24

0.01

0.33

»'°Po

0.47

2.5

0.15

0.51

0.10

-

-

0.10

0.46

0.14

"»Ac

1.0

14

14

46

14

46

15

33

0.33

0.37

*°It

28

53

50

98

60

51

38

69

32

32

* Unit for u and Th are pg.kg ', for ""'Ac 10 'Bq.kg ', for the others are Bq.kg *.

UD = Under Detect liait.

Comparing with reported average of the nuclides in
these kinds of food in normal radiation areas of China (1).
It can be showed that: contents of U and Th Series nuclides
in HBRA samples were higher than those from normal areas,
but in ANUA samples only the contents of U Series nuclides
were higher than those with normal contents and even higher
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than those in HBRA samples; among the 7 member nuclides,
2 2 TAc, 226Ra, 32SRa and U contents in the foods were
elevated most obviously, 2iopb and 2XOPo second, Th
contents the least; among these foods, rice contained
21oPb and 21°Po more than other samples and rice from
ANUA contained quite higher U than the other samples did,
sweet potato and radish contained more than other samples,
but pork and eggplant seems to contain less than the
others. As regards 4OK and svRb, the contents in foods
were showed to be less changed. From viewpoint of radiation
and radioecology, all of these finding were of importance
for identification of critical nuclide, critical pathway
for radiation protection and radioactive tracer for
environmental monitoring.

2.2. Public Annual Intake of Radionuclides by Ingestion
and Resultant Committed Dose Equivalent in Two Areas

Annual Limit of Intake (ALI) is the secondary standard
for internal radiation, so estimation of AI by ingestion
should be one of the important items for radiation
protection. Based on determined radionuclides contents in
component foods and composition of local diet, quoted from
the result of nationwide nutrition survey (2), the AI of
these natural radionuclides by ingestion for male adult in
the areas were estimated (Table 2).

Table 2. Annual intakes of nuclides for
local public by ingestion, Bq.a"1*

Radionuclide

Natural U
Natural Th
a2<5Ra
« 8Ra
"°Pb
"°Po
2 2 7 Ac
4 OK
B7Rb

HBRA

10.66(416.8)
7.43(1.84xl03)
1.47xlOa

2.64xlO3

1.60xl03

1.31xl03

1.84
1.70x10*
—

ANUA

288.15(1.127x10*)
5.59(1.386xl03)
5.18xlOa

27.1
3.57x10=
3.11x10=
7.20
2.14x10*
3.73xlO3

* Values in parentheses are expressed ug U or Th.

Committed Dose Equivalent by ingestion is regarded as a
measure of internal dose. Based on above estimated AI and
relevant Dose Conversion Factors (3), the resultant CDEs
also were estimated and compared with the estimated values
in the normal radiation areas of China (1) (Table 3). In
the literature, internal doses of 4OK and 87Rb in
foreign normal radiation areas were estimated with average
specific activities in human body because of being under
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close homostatic control in the body, so the world average
of annual effective dose equivalent for *°K and avRb
were adopted in our estimation (4) supposing the CDE of the
nuclide in normal areas as 1, relative comparison of the
CDE in two areas and normal areas can be indicated
diagrammatically in Fig. 1. From Table 3 and Fig. 1, it is
showed that tne CDE of U Series and Th Series radionuclides
for local public in Yangjiang HBRA were found to be,
respectively, 2.5 and 6.7 times higher than that in normal
areas, but in the ANUA, only the public CDE of the member
nuclides of U Series was estimated to be 6.4 times higher
than that in normal areas, while the values of the member
nuclides of Th Series was showed to be the same as that in
normal areas., indicating local food being contaminated by
U Series nuclides. Subtracting the CDE in normal areas from
the CDE in two areas, for HBRA and ANUA the net elevated
CDE were calculated to be about 2.8x10-* and 7.0xl0~4

Sv.a"1 respectively, being quite higher than CDE,
resulted from past reported contamination of artificial
nuclide.

Table 3. Resultant committed dose equivalents
by ingestion for a male adult, Sv

Radionuclide

U and Ac U
Series:

Th Series:

Others:

Total

U
226Ra
2 1 oPb
2 1 DPo
"''Ac

Th
2 = aRa

" R

a7Rb

Normal area

6.7xlO-7

6.9x10"*
9.7xl0~s

2.6xl0-s

l.lxlO-s

3.9xl0-6

l.OxlO-5

1.8x10-*
(1.16x10-*)
6.0x10-°
(1.66x10-*)

3.4x10-*

HBRA

7.2xl0-v

4.6xl0~5

2.2x10-*
5.8xlO~s

7.0xl0~s

5.5xl0~6

8.7xlO"5

1.8x10-*
(8.6xlO-6)
6.0xl0-6

( ~ )

6.2x10"*

1.
1.
5.
1.
2.

4.
9.

1.

(1-
6.
(4.

10

ANUA

9xlO-s

6x10"*
0x10-*
4x10-*
7xlO-s

lxlO-6

OxlO-6

8x10"*
09x10-*)
OxlO"6

85xl0-6)

.4x10-*

Values in parenthesis were estimated from the AI.

From Fig 1, it also can be seen clearly that:
resultant CDE from 2Z7Ac and Ra isotopes were more than
those from 2 1 oPb, 21°po and Th, but for U the case
seemed quite interesting in HBRA the resultant CDE was
almost the same as that in normal areas, however, in ANUA
was 28 times higher than that in normal areas, probably
being the result of different chemical forms.
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Fig. 1. Comparison between committed dose
equivalents by ingestion in the two elevated
exposure areas and normal area.

2.3. Relative Contributions of Different Nuclides
and Different Categories of Food to Total
Committed Dose Equivalent

In order to clarify the contribution of different
nuclide to the total CDE, the relative contributions of
them are listed in Table 4. It can be showed that in HBRA
and ANUA, the biggest contributions to the total came from
21oPb instead of *°K in normal areas, accounting for
35.5% and 48.1% respectively. 2 l oPb, 2l°Po and
radioactive isotopes seem to play quite important roles in
such natural radioactive contaminations.

As regards food category, table 5 lists the relative
contributions of different categories of food to the total
CDE. As mentioned above, K and Rb in human body are under
close homeostatic control, so Table 5 only includes U and
Th Series nuclides. For U Series, Ac U Series and Th Series
nuclides, the resulting CDE in HBRA and ANUA were about 4.3
x 10~4 and 8.6 x 10~* Sv.a"1 respectively. From Table
5, it can be concluded that the Table 5. Relative
contributions of foods with the greatest contribution to
the total CDE in HBRA and ANUA were rice, vegetables and
yam, being the same as those in the normal radiation areas
in China. These foods should be paid more attention to than
the others.

3. CONCLUSION

3.1. As a part of a nationwide survey, U, Th, 2 2 6Ra,
2 3 8Ra, 2 1 oPb, a i oPo, 2 2 vAc, 4OK and BVRb
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Table 4. Relative contributions of different nuclide
to to ta l committed dose equivalent (%)

159

Radionuclide

U and AC U
Series: U

22<sRa
"°Pb
aiopo
a27AC

Th Series: Th
228Ra

Others: 4OK
a7Rb

HBRA

0.1
7.4
35.5
9.4
1.1

0.9
14.0

29.0
1.0

ANUA

1.8
15.4
48.1
13.5
2.6

0.4
0.9

17.3
0.6

Table 5. Relative contributions of different categories
of food to total committed dose equivalent (%)

Food Category

Rice
Wheat flour
Other grains
Yam
Dry bean
Vegetables
Algae
Fruit
Milk
Egg
Pork
Beef and Mutton
Fish and Shrimp
Tea

HBRA

49.1
0.3
0
16.9
1.4

24.8
0.3
0.6
0.0
0.8
0.6
0.0
2.7
2.3

ANUA

55.4
1.7
0
9.6
0.3

31.9
0.0
0.0
0
0.1
0.4
0.0
0.1
0.4

concentrations in 14 categories of food in Yanfjiang high
radiation background area and an area near U-mining area of
China were determined. The results showed that: the
contents of U and Th Series nuclides in samples from HBRA
were higher than those from normal radiation areas, but
only the contents of U Series nuclides in samples from ANU
were higher than those normal contents and even higher than
that in samples from HBRA; among the 7 member nuclides,
a 2 vAc, aaeRa and U contents were elevated most
obviously, and in these foods, 21oPb contents in rice and
a 2 6Ra, aaBRa and 2a7Ac in sweet potato and radish
were elevated more obviously than the others, meaning these
can be considered as tracer nuclide for environmental
monitoring.
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3.2. Based on the determined radionuclides contents in
component foods and composition of local diet, the AI and
resultant CDE in two areas were estimated and compared with
those in normal areas. The results showed that the CDE of U
Series and Th Series radionuclides for local public in
HBE4RA were 2.5 and 6.7 times higher than that in normal
areas, but in ANUA, only the CDE of U Series nuclides was
6.4 times higher than that in normal areas, indicating
local food contaminated only by U Series nuclides. The
elevated net CDE were about 2.8xlO~* and 7.0x10-*
Sv.a"1 for HBRA and ANUA respectively, being quite higher
than those, resulted from artificial nuclide contamination.
It means that such elevated natural radiation areas should
be paid more attention to from view-point of dose-effect
relationship.

3.3. From the estimated results, it can be concluded
that: the nuclides with the greatest contributions to the
total CDE were found to be 2 1 oPb, 21°Po and Ra
radioactive isotopes, the food categories with the greatest
contributions to be vegetables and yam as well as rice in
the areas. These finding were of significance for
identification of critical nuclide and critical pathway for
radiation protection in similar case.
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Division of Nuclear Safety

Vienna, Austria

ABSTRACT

Technologically enhanced natural radiation (TENR) is
the result of a wide range of industrial activities, such
as: non-nuclear energy production, manufacturing, and ore
extraction and refining. In addition, recycling of
industrial wastes (e.g. phosphogypsum, fly-ash) as
construction material, special architectural
characteristics (e.g. energy-efficient solar homes) and
specific uses (e.g. mineral storage by collectors) can
cause an increased radiation exposure to workers and
members of the public. The total collective effective dose
equivalent commitment (CDEC) from the TENR on a global
scale in about 400,000 man Sv per year of practice,
predominantly due to the impact of the phosphate fertilizer
industry. This is equivalent to about 140-times the CDEC
resulting from the present complete nuclear fuel cycle
worldwide.

1. TENR vs. NRE

The term "technologically enhanced natural radiation"
(TENR) was first used by T.F. Gesell and H.M. Prichard
(USA) in 1975. They defined TENR as exposure to sources of
a truly natural radiation environment (NRE) which would not
occur without (or is increased by) some technological
activity not originally designed to produce radiation. The
practical application of this definition can be
problematic, since it rests heavily on the use of
"naturalness" as the decisive parameter whether the
observed radiation exposure is "truly natural" of
"technologically enhanced natural" . This distinction
between the two exposure situations is not always clear, as
is illustrated in a few examples:

a) Terrestrial radiation and radon inhalation:
A guide in a cave in a US-National Park, developed for
tourism, receives an increased occupational exposure
from external gamma radiation and radon; the same is
true for a staff member in an underground hotel in

163
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China (P.R.), or -as non-occupational exposure- in case
of an Italian inhabitant living in a dwelling built of
volcanic stuff;

b) Cosmic rays:
A tourist receives elevated non-occupational exposure
to cosmic rays during skiing on Alpine glaciers in
newly developed summer resorts, as does a hydroelectric
power plant operator whose occupational and
non-occupational exposure is increased by working and
living at the same altitude, or an astronaut during a
space mission.

By replacing "naturalness" with "controllability", as
suggested by the International Commission on Radiological
Protection (ICRP), the situation is not improved
significantly. The degree of control over a radiation
source containing natural radionuclides changes with time:
as the understanding of natural source terms and modifying
effects improves, these natural sources are increasingly
being controlled by man. For example, previously
uncontrolled -because considered as uncontrollable- radon
exposure indoors (dwellings with unsuitable construction
material, increased influx from the subsoil, etc.) have
become controllable even to the extent of setting
regulatory limits in several countries. Also limiting this
aspect of NRE-control to "existing" vs. "new" exposure
situations is of questionable value in some instances, e.g.
to decide in situations where an existing but as yet
undetected elevated radon exposure in a given dwelling
represents a new or old situation for a potential new
buyer. In future the areas of definition for NRE and TENR
will be found to overlap increasingly, thereby limiting
their usefulness.

In this paper various exposure situations are described
involving elevated levels of natural radionuclides in the
human environment, excluding those cases where the source
itself remains unchanged (e.g. during supersonic air
travel).

2. INDUSTRIAL ACTIVITIES

Figure 1 shows an example for the radiological impact
of non-nuclear industrial activities over the past two
centuries on the environment (1). Over that period " 6 R a
concentration in ice samples from a Polish glacier has
increased 20-fold and in pine tree-samples about 50-fold.
This is mainly due to the increased anthropogenic use of
fossil fuels and the resulting air pollution.

2.1. Non-Nuclear Energy Production

Energy production using non-nuclear fuels, such as
geothermal power, natural gas, oil, coal and peat is
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associated with significant atmospheric emissions, liquid
discharges and solid wastes containing natural
radionuclides as summarized in Table 1 (1-7).

Rn concentration [Bq/I]

ii A h**J Islribullon LPG (retail) inmelhan* SOUTCe term
les (geopressurlzed

aquifers)

Fig. 1. Pre-industrial and contemporary industrial
pollution of the environment with radium in POLAND

Table 1. Radiological impact of non-nuclear energy production

Type of energy production

Geothermal power:
Atmospheric release of
STEAM/Gas mixture

Natural gas/oil:
Brines from gas and oil
fields scale on equipment

Oil shale:
Raw oil shale
Raw shale leachates
Retorting gases

Coal:
European blended coal
(as used in Germany)
US coal
European fly ash (furnace
temperature <1300 °C)

aaaRn:

aa6Ra:

"•U:
"•U:
aaaRn:

"•U:

aa*Ra:

aa»Th:

Radiological effect

1961-6031 Bq.l-i(gas)

7.6-286 Bq.I"1(effluent);
202-1000 kBq.kg"1(solids)

3.7-366 Bq.kg-x;aa*Ra: 30-54 Bq.kg-1

0.3-42 Bq.l-*
17.1 Bq.kg-1

19 Bq.kg-1;
<3.7-31 Bq.kg-1;
220 Bq.kg-1

20 Bq.kg-1;
0.37-27 Bq.kg-1;
220 Bq.kg-1

8.1 Bq.kg-1;
6.3-20 Bq.kg-1;
110 Bq.kg-1
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Geothermal power production is accompanied by
atmospheric releases of a mixture of steam and
radon-containing gases with concentration levels up to
several kBq.l"1. This amounts to a total radon release
from the cooling towers typically in the order of hundreds
of GBq.d'1, i.e. about twice as high as the radon flux
from the surrounding ground.

Natural gas contains radon in largely varying
concentrations up to about 9 Bq.l"1 (7,10); a summary of
the different source terms is given in Fig. 2. Depending on
the consumption rate, this results e.g. in Western Germany
in an annual radon release of 10 TBq. Continuous exposure
to radon decay products leads to surface contamination of
vessels and pumps with 21°Po and 21oPb up to 85
Bq.g 1 deposit; in condensates 21°Po can reach levels
<320 Bq.g-1 (11). As a result of these deposits surfaces
of equipment show gamma dose rates up to 80 jiSv.h"1.

*Rn concentration [Bq/I]

at well head distribution LPG (retail) in methane Source term
lines (geopressurized

aquifers)

Fig. 2. Range of average radon
concentration in US natural gas.

During natural gas- and oil production, thermal brines
are raised to the surface, enriched with radium. Resulting
scales forming on pipes, valves, etc., cause elevated gamma
dose rates, e.g. on the surface of brine storage tanks p<50

Oil shale, a sedimentary rock containing kerogen, is
used to produce synthetic shale oil. As oil shale has on
average about 2.5 times the 2 3 aU content of coal, raw-
and spent shale particles released to the atmosphere during
mining and processing can represent a major radiological
pathway to man via inhalation and ingestion. Two additional
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source terms are: leaching of radionuclides from spent
shale piles (226Ra-concentration <42 Bq.l"1) with the
potential for ground water contamination, and radon
released with retort gases (222Rn-concentration <18

l 1 )

Coal is the largest contributor, among non-nuclear
fuels, to the total radiological impact on man and the
environment. The significance of this source term is
illustrated in the example of the 22SRa-emission rate of
pre-1980 German coal-fired power stations (CPS), ranging
from 200 to 2400 MBq.GW(e).y-1 (12). About 99% of the
radioactivity emitted from CPS is in the respirable form of
particles (13). The actual stack-emission rate of a CPS
depends largely on the type of coal used and the boiler
characteristics (Fig. 3), causing radionuclide enrichment
in fly-ash to differ by up to a factor of 30 (14). The
transboundary environmental impact of the emitted fly-ash
(226Ra concentration 300 Bq.kg"1) is demonstrated in
Fig. 4. The atmospheric nuclide concentration resulting
from the use of coal as fuel is significantly higher even
in a lightly industrialized zone as compared to a remote
coastal zone without polluting industry (15).

ER
35

30

25

20

15

10

5

0

11 yr-old cyclone boiler
(874MWe), operated at 90%
capacity, firing high suiter/
high ash subbltumlnous coal
11 yr-old dry bottom boiler
(593MWe), operated at 93%
capacity, firing low sulfur/
high ash lignite

2 3 2 T h

*)ER = radlonucllde cone. In fly-ash
radionuclide cone, in coal

Fig. 3. Comparison of nuclide specific enrichment
factor (ER)* for two coal fire-power plants with
different boiler/fuel characteristics.

Peat is used in Scandinavia as fuel for energy
production. Dried peat can contain 2 3 8U activity of up to
10,000 Bq.kg-1 (16)., with an ash/fuel environment factor
of about 20. Environmentally-benign disposal of U-enriched
ash can represent a future challenge.
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Specific activity
[Bq/kg]

SO

30

20

10

...non-lndustrlallzed coastal
area (Sklbotn, Norway)

...light-Industry continental
area (Braunschweig, Germany)

') Based on annual mean
values over 4-year
observation period

U-238 Th-230 Th-232
STEIM7/90- 10-11. FL'IP

Fig. 4. Environmental impact of
fly-ash on the atmosphere ".

2.2. Manufacturing

In some manufacturing industries natural radionuclides
have been identified as the source of inadvertent
radioactive contamination with nuclides from the U and Th
decay series, resulting in increased external and/or
internal radiation exposure (17-22; Table 2). The products
affected cover a wide range, such as optical photo-lenses,
jewelry, paints and scrap metal. Correspondingly the
environmental and societal impact can also be manifold,
ranging from contaminated soft-drink factories to increased
skin cancer of wearers of contaminated jewelry.

Generally two main categories can be defined:

a) Manufacturing industries, in which the elevated levels
of natural radionuclides represent an integral
component of the work-related health hazards and should
be subject to routine control programs, e.g. titanium
oxide production using ilmenite (226Ra in scales <105
Bq.kg"1) or paint production using zircon sand
(gamma-dose rate levels near sand bags <700 nGy.h"1).

b) Manufacturing industries where the potential exposure
of workers or customers has a low probability of
occurrence and is often a single, mostly accidental
event (e.g. contamination of gold recycled for
jewelry). In this case it is more difficult to apply
adequate exposure control measures on a routine basis.
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Table 2. Inadvertent radioactive contamination in
products from manufacturing industries

169

Product

Scrap —>»»i

Gold nuggeti for

jewelry production

Soft-drink industry

Titanium dioxide

production

Zirconium in paint

production and

ceraHic industry

Camera lens

production

Aircraft instrument

repair facilities

Source of contamination

"*Ra static eliminator

aaaRn long-loved decay products

in medical equipment ("An-seeds")

"°Po static eliminator

Th/U series on pipe coatings

Th/O series in ZrOa-sands

" 1 b doped glaas used

far photographic lenses

"•Ra containing luminous

compounds for instruments, dials.

markers

Observed effect

y-dose rate of surface 2mGy.h *

increased incidence of skin cancer

average, u-activity on floor and

equipment s 28.7 Bq.cmr*

snrface contamination s 16 Bq.cm-*

("•Ra), s 35.4 Bq.oi'l"^)

axoPo in vork area air

S 430 iflq.11

'-exposure rate in front of lens

s 2 mH.h-x

'-exposure rate at various

facilities s 60 mR.h1

2.3. Ore Extraction and Refining

Mining and milling operations of ore result in a
release of natural radionuclides into the environment in
the form of: liquid effluents from the mine itself and
leachate from tailings; solid waste in the form of
tailings; atmospheric releases of dust particles and radon
{24-31/ Table 3). The actual amount of activity released
varies greatly, depending on the type of ore mined.
Elevated levels have been reported for the following ores:
bauxite (aluminum), sphalerite (zinc), copper (copper),
clay (refractory materials), and galena (lead) (33).

The mining of uranium ore generally results in a larger
radiological impact on the biosphere than other ores, e.g.
waste disposal practices of two US-uranium mills over a
period of 13 years resulted in 200,000 kg of dissolved
uranium released to the subsurface, i.e. approximately 74
TBq of 2 2 6Ra, 232Th and U (nat.) seeped or were
injected into the ground water. However, the phosphate
mining industry is actually dealing with higher total
amounts of radioactive ore than the uranium industry, e.g.
the US-phosphate mining industry extracted about 40% more
U 30 B per year than the US-mining industry (23). This
represents a total extraction of ore with a 22SRa-
activity of 370 TBq.a"1 by both industries. It is
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Table 3. Radiological impact of ore extracting
and refining industries

Operational prooediue

Processing of tin tailing

Into concentrated in ore*

morlus refineries

Fs—*b extraction from*

WSTJI Ilmj of SB saBlter-

slag as landfill

Reclamation of open pit

0-aine aa artificial lake

Discharge of D-mtoe and

sdlllng waters to streams

Slopes backfilled with

nimtwrt U-ad.ll tailings

Impact

Occapational exposure

to 0- and Th-series frost

asang and tti-cake

"°Rn in exhaled breath

of workers

liquid waste and

*"*Bn occupational

exposure

Osama exposure of

general public

"•Ra uptake in fish

"*Ra ground water

contaBlnatl on

1000-tiaea increase of the

*"Rn emanation into sine

Radiological effect

"""Hi: 37-327 kBq.kg-1

"•Ra: 16-174 kBq.kg"1

"°Kn: s 19 Bq in breath

"•Ha: about 1110 Bq.l"1

(effluent)

"*Bn: s 22 Bq.l-T

(air at work site)

"»Th: 333-7696 Bq.kg-*

(slag)

/-dose rate: 23-226 oR.n »

"•Ba: s 259 Bq.kgr1

(bone)

""•Ka: 3.7-5.6 Bq-l"1

(effluent)

"'Vat 0.020 Bq.csr^.s-1

(̂ nffijilat-irvi ratjt]

interesting to note that -besides the marketable rock- in
the course of the fertilizer production unwanted by-produts
(slime, gypsum) show 226Ra-construction values comparable
to the raw material (Fig. 5). This can cause about a
doubling of the average exposure to terrestrial radiation
for workers in fertilizer storehouses (32). Ore refining
industries are often faced with solid waste management
issues. Tailings are frequently targeted for recycling in
the construction industries. However, radionuclide contents
of some tailings (e<g« 226Ra concentration in
niobium-tailings <46 kBq.kg"1) are unacceptably high.

2.4 Indoor Exposure

"Normal" indoor levels of radon and gamma dose rate are
summarized in Ref. 33. This paper deals with increased
exposure levels due to recycled industrial wastes (13,
34-37; Table 4) and special architectural characteristics
(38-41; Table 5). The highest levels of radionuclides have
been found in slag from the copper industry and in gypsum
from the fertilizer industry (226Ra concentration <2100
Bq.kg"1). Such materials can be considered as unsuitable
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226 Ra-concentration [Bq/kg]

2,000

1,500 -
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1,000 -

markeiaDie
rock

slimes sand
tailing

phospho-
gypsum

super-
phosphate
(crlillztr

•nfmal
feed Product/waste

Fig. 5. Ra-concentration in commercial products
and wastes derived from Florida phosphate rock.

for recycling as construction material because of resulting
increased gamma dose-rate levels and radon exhalation
indoors. Ashes from CPS (a2SRa cone. <230 Bq.kg-1),
however, can be used as additives, e.g. in the cement
production. Besides the construction material, the use

Table 4. Radium concentration of industrial
wastes recycled as building materials

Material

red slime
slag
brown coal ashes
phosphogypsum
phosphor slag
boulder flint, grit
slag

Origin

aluminum mills
coal power plants
coal power plants
fertil izer industry
fertil izer industry
mining waste rocks
copper industry

a26Ra concentration
{Bq.kg-1)

93-248
44-125
40-227

259-1038
160-2000
37-1870

481-2097

of a dwelling and its location can also be decisive for the
resulting indoor exposure of its inhabitants (38-41, Table
5). Storage of minerals by Swiss collectors in their
private homes results in radon levels comparable to those
measured in an Australian radon laboratory, processing GBq
of radioactive samples per year. Elevated exposure to
workers and residents also results from the Chinese
practice of placing buildings for residential and
occupational use underground (222Rn concentration <1100
Bq.l"1). Another category of buildings with
technologically increased radon exposure levels (222Rn
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Table 5. Technologically enhanced radon exposure in dwellings

Use of site

Mushroom cultivation
plants

Dwellings of mineral
collectors

Sewerage room

Control room of
linear accelerator

Hotels, recreation
areas

Radon laboratory

Underground buildings

Description of
site

former underground
shelters

open shelves or
closed showcases

rock wall on
one side

large mass of
concrete shielding

former underground
shelters

processing
12 GBq.a-1

residential and
occupational use

Mean " 2 R n -
conc. (Bq.m-3)

236-710

400-1148

174

64

511-1100

1230

17-320

concentration <370 Bq.m~3) are energy-efficient dwellings
with reduced natural ventilation rate (£0.2. h"1) and/or
using rock storage in their active solar systems (42,43).

3. IMPACT ON SOCIETY

The enhancement of the NRE, resulting from the various
anthropological activities described, together with the
large number of persons affected, has a major impact on the
collective radiation exposure of the global population. The
most important sources and the estimates for the collective
effective dose equivalent commitment (CEDEC) are listed
below for one year of worldwide practice (33):

It is evident that the annual radiological impact of
the phosphate industry is larger than that from all other
TENR-sources combined, and represents the equivalent of the
impact of more than 100-times the presently installed
nuclear power (complete nuclear fuel cycle-CEDEC=2850
manSv). Even the total CEDEC for the Northern hemisphere
resulting from the Chernobyl nuclear reactor accident
(CEDEC=600000 manSv) is only the equivalent of the
radiological impact from two years of operation of the
phosphate fertilizer industry worldwide.
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Energy production
Domestic use
Fly-ash

Energy production
Energy production

: Fertilizers
by-products, wastes
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CEDEC (manSv)

2000
<40000
50000

100
3

10000
300000

REFERENCES

1. Z. Jaworowski, Influence of Industry on Pollution of
the Environment and Human Population with Natural
Radionuclides and Heavy Metals. Central Lab. Rad.
Prot., Dept. Rad. Phys., Rep. no. CLOR-116/D, Warsaw,
Poland (1982).

2. A. George, G. Scandiffiao, A.J. Breslin, The
Distribution of Radon and Radon Daughter in the
Geothermal Region of Larderello, Proc. 2nd DOE-ENEL
Workshop for Cooperative Research in Geothermal Energy,
Berkeley, CA., 1981.

3. W.A. Kolb, M. Wojcik, Enhanced Radioactivity due to
Natural Oil and Gas Production and Related Radiological
Problems. The Science of the Total Environment, 45, pp.
77-84 (1985).

4. C.V. Gegolak, An Evaluation of the Potential
Radiological Impact of Oil Shale Development, US-Dept.
of Energy, Env. Meas. Lab., Rep. No. EML-406 (1982).

5. W. Kolb, Radioactive Stoffe in Flugaschen aus
Kohlekraftwerken, PTB-Mitteilungen No. 89, pp. 77-82
(1979) .

6. H.L. Beck, C.V. Gogolak, K.M. Miller, W.M. Lowder,
Perturbations on the Natural Radiation Environment due
to the Utilization of Coal as an Energy Source- Proc.
Int. Symp. on Nat. Rad. Env. Ill, Houston, USA (1978).

7. United Nations Scientific Committee on the Effects of
Atomic Radiation, Report to the General Assembly
(1977).

8. B.E. Hankins, R.E. Chavanne, R.A. Han, O.C. Karkalits,
J.I. Palermo, Chemical Analyses of Geothermal Waters
from a South Louisiana Well, Proc. 3rd Geopressurized
Geothermal Energy Conf., Univ. of Southwestern
Lousiana, Lafavette, Lousiana, Nov. 16-18 (1977).

9. T.F. Kraemer, Ref. In: C.V. Gogolak, US-DOE Rep. No.
EML-385 (1980).

10. I. Drummond, P. Boucher, B. Bradford, H. Evans, J.
McLean, E. Reczek, H. Thunem, Occurrence of a22Rn and
progeny in Natural Gas Processing Plants in Western
Canada, Health Phys., 59, 133-137 (1990).

11. Van der Heidje, H. Beens, A.R. de Monchy, Ecotoxicology
and Environmental Safety, 1, pp. 49-87 (1977).

12. G. Keller, Die Konzentration Natiirlich Radioaktiver
Stoffe in Saarkohle and Saarkohlenasche, Proc. 12,



174 STEINHAUSLER

Jahrestagung Fachverband F. Strahlenschutz, Norderney.
pp.1016-1026 (1978).

13. C. Papastefanou, S. Charlambous, On the Escaping
Radioactivity from Coal Power Plants (CPP), Health
Phys., 47, pp.775-783 (1984).

14. D.R. Roeck, T.C. Reavey, J.M. Hardin, Partitioning of
Natural Radionuclides in the Waste Streams of
Coal-Fired Utilities, Health Phys., 52, pp.311-323
(1987).

15. W. Kolb, Jahreszeitliche Schwankungen des Uran- and
Thoriumgehalts in Aerosolen der Bodennahen Luft., Proc.
18 Jahrestagung Fachverb. f. Strahlenschutz,
Lubeck-Travemunde, Oct. 6-10 (1985).

16. H. Ehdwall, B.T. Holmberg, K. Farzar, Radiological and
Legal Aspects of energy Production by Burning Peat,
Sci. Total Env., 45, pp.69-75 (1985).

17. J.O. Lubenau, D.A. Nussbaumer, Radioactive
Contamination of Manufactured Products, Health Phys.,
51, pp.409-425 (1986).

18. J.D. Wallace, M.R. Williamson, Contamination of a
Soft-drink Manufacturing Plant by a i oPo, Health
Phys., 58, pp. 469-475 (1990).

19. B. Pucelj, R. Martincic, Proc. 6th IRPA-Congr., Berlin,
pp.106-108 (1984).

20. M. bergamini, et al., The Science of the Total
Environment, 45, pp. 135-142 (1985).

21. M.P.R. Waligorski, M. Jasinska, J. Schwabenthan,
Enhanced Nuclear Radiation from Camera Lenses, Health
Phys., 49, pp. 491-494 (1985).

22. G.D. Schmidt, Evaluation of Radium Contamination in
Aircraft Instrument Repair Facilities, U. S. Dept. of
Health, Education and Welfare, Bureau of Rad. Health,
Rockville, MD, USA, Contr. No. 86-67-66 (1967).

23. R.J. Guimond, S.T. Windham, Radioactivity Distribution
in Phosphate Products, by-products, Effluents, and
Wastes, US-Env. Prot. Agency, Criteria and Standards
Div., Techn. Note No. ORP/CSD-75-3 (1875).

24. S.J. Hu, S. Kandaiya, Radium-226 and Thorium-232
concentration in amang, Health Phys., 49,pp. 1003-1007
(1985) .

25. Y.S. Mayya, S.K. Prasad, P.P.V.J. Nambiar, P. Kotrappa,
S. Somasundaram, Measurement of 22ORn in Exhaled
Breath of Th Plant Workers, Health Phys., 51, pp.
737-744 (1986).

26. A.S. Paschoa, E. Palacios, Preliminary assessment of
Occupational Radon Dosimetry in the Araxa Fe-Nb
Facility, Proc. Int. Specialist Meet. "The Assessment
of Radon and Daughter Exposure and Related Biological
Effects", Rome, (Eds.: G. Clemente, F. Steinhausler, A.
Nero, M. Wrenn),pp. 153-161 (1980).

27. E. Stranden, The Radiological Impact of Mining in a
Th-rich Norwegian Area, Health Phys., 48, pp. 415-420
(1985).

28. C.S. Chong, H.Y. Chong, H.K. Fun, L.S. Leong, Gamma
Radioactivity Level in Sn Slag Dumps, Health Phys., 49,
pp. 1008-1010 (1985).



ICHLMR,Ramsar,3-7 Nov. 1990 175

29. S.K. Rope, F.W. Whicker, A Field Study of Ra
accumulation in Trout With Assessment of radiation Dose
to Man, Health Phys,, 49, pp. 247-257 (1985).

30. R.F. Kaufmann, G.G. Eadie, C.R. Russell, Effects of
Uranium Mining and Milling on Ground Water in the
Grants Mineral Belt, New Mexico, Ground Water, 14, No.5
(1976).

31. J.C. Franklin, R.A. Washington, J.C. Kerkering, H.
Montone, R. Regan, Radon Emanation from Stopes
Backfilled with Cemented Uranium Mill Tailings,
US-Dept. of the Interior, Bureau of Mines, Report of
Investigations No. RI 8664 (1982).

32. H. Pfister, G. Philipp, H. Pauly, Population Dose from
Natural Radionuclides in phosphate Fertilizers. Proc.
3rd Europ. IRPA Congr., Amsterdam, G7 (1975).

33. United Nations Scientific Committee on the Effects of
Atomic Radiation, Report to the General Assembly
(1988)•

34. W. Kolb, H. Schmier, Building Material Induced
Radiation Exposure of the Population, Env. Int. vol. 1,
pp. 67-69 (1978).

35. C. Man, S. Lau, S. Au, Wing, Radionuclide Contents in
Building Materials Used in Hong Kong, Health Phys., 57,
pp. 397-401 (1989).

36. A. poffijn, R. marijnr,, H. Vanmarcke, J. Uyttengove,
Results of a Preliminary Survey on Radon in Belgium,
The Sci. of the Total Env., 45, pp. 335-342 (1985).

37. E. Ettenhuber, R. Lehmann, The Collective Dose
Equivalent Due to the Naturally Occurring Radionuclides
in Building Materials in the German Democratic
Republic. Part 1: External Exposure, Health Phys., 50,
pp. 49-56 (1986).

38. W. Burkart, R. Cramer, R. Buchli, Increased Indoor Rn
Levels due to Actinide Containing Mineral collections
Displayed in living Areas Health Phys. Vol. 57, pp.
413-416 (1989).

39. G.M. Hines, C.F. Wong, R.G.S. Taylor, Radon in
Non-Residential Buildings, Rad. Prot. in Australian,
Vol. 6, No. 1, 25-28 (1988).

40. H. Liu, R. Xian, X. Zeng, A Survey of the Concentration
of Radon and its Daughters in Air of the Dugouts in
Three Cities of Changsha, Hehgyang and Zhuzhov, Rad.
Prot. in China, Vol. 6, No. 1, p.34-39 (1986).

41. L. Lin and T. Ren, Radon Concentration in Beijing
Underground Buildings and Assessment of the Internal
Dose Equivalent, Rad. Prot. in China, Vol. 7, No. 2, p.
114-119 (1987).

42. A.C. George, E.O. Knutson, H. Franklin, Radon and Radon
Daughter Measurements in Solar Buildings, Health Phys.,
45, pp. 413-420 (1983).

43. R.F. Holub, R.F. Droullard, T.B. Borak, W.C. Inkret,
J.G. Morse, J.F. Baxter, Radon-222 and 222Rn-progeny
Concentrations Measured in an Energy-Efficient House
Equipped with a Heat Exchanger, Health Phys., 49, pp.
267-277 (1985).



ICHLNR,Ramsar,3-7 Nov. 1990

NEW HOUSES WITH HIGH
RADIATION EXPOSURE LEVELS

J. Thomas, J. Bulks and J. Salava

Institute of Hygiene and Epidemiology, Praha
Regional Hygiene Station, Hradec Kralove

Ministry of Health of the Czech Republic, Praha

ABSTRACT

Twenty five years ago family houses were built of slag
concrete prefabricated blocks with radium concentrations
from 1000 to 4000 Bq.kg-1. Dose rates of gamma radiation
are 0.92x%1.36 jiGy.h"1. Radon daughters concentrations
185x%1.81 Bq.nr3 are high due to low air exchange and
energy saving, because the blocks have high heat
penetration up to 1.9 nPK.w-1. Three quarters of these
houses need remedial action. But counter measures
(shielding by lead or bricks, exchange of blocks, coating
walls by watersoluble polyamide resin, thermal isolation
from outside and controlled ventilation, air condition) are
very expensive and on top of it unacceptable to the owners.
Provision of new houses are required by them. Calculation
of saved health detriment supports their requirement.

1. INTRODUCTION

In our country three serious problems have been
experienced which involved building material containing
high concentrations of 22<sRa. The indoor radon problems
were first registered (not solved) in the year 1978 in
Joachimsthal, where extremely high indoor radiation
exposures occurred in consequence to mining of silver in
the Middle Age of uranium in modern era. This exposure
situation was considerably contributed by the application
of extremely high (up to 300 kBq.kg"1 of radium)
contaminated wastes from a factory producing uranium paints
(1). As half of the house stock to the town of 2800
inhabitants is unacceptably contaminated the solution is
complicated.

The second highly contaminated raw material was found
in 1982-fly ash with concentrations of up to 1000 Bq.kg-1

of radium from a power station burning low caloric brown
coal with high content of uranium. This ash was used to
produce aerated concrete blocks. Because guilty was here a
state enterprise the totalitarian regime was interested in
remedial actions. The survey in such houses showed that the
action level was, but only slightly, exceeded in 2% of this
house stock, i.e. in about 200 houses, and the remedial
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measures were simple and relatively cheap (2).

The third problem, which is today a hot and pressing
one, was encountered in 1987 and concerns the houses built
with prefabricated slag concrete blocks in the years
1965-83 (concentrations range from 2000 to 4000 Bq.kg-1

of radium). In three quarters of those houses the exposure
is unacceptable but remedial measures are very complicated
and expensive and, on top of it, unacceptable for the
owners This problem is here explained in more detail.

2. THE FAMILY HOUSE START

The discussed house type of START is a standardized
family house with a ground-floor and two living floors with
six rooms constructed of slag concrete prefabricated blocks
showing concentrations of radium in the range from 1000 to
4000 Bq.kg-1 and only slightly elevated *°K and
232Th. The floors, inner walls and roof have normal
concentrations.

3. SOURCE OF CONTAMINATION

The high active slag used as raw material originates
from the former power station at Rynholec burning black
coal mined in the former coal mine Anna alongside the coal
basin area of Kladno in Central Bohemia. Some coal seams
were rich in the content of uranium. In the 1950s the
Uranium Industry tried to exploit this source but gave it
up for complications with organic admixtures in the
technology of uranium separation.

The use of this slag in residential buildings was
prohibited in 1960, by a secret decision not to disturb
people living already in such houses. At that time only the
external irradiation was considered, the- radon problem was
completely disregarded. Unfortunately, the decision was
kept so secret that no one recall it during the
reorganization of the state establishment, and the new
production of START prefab blocks began in 1965, without
the knowledge of competent hygiene supervision. The
production was stopped for the second time in 1983, again
by a new secret decision. Unfortunately, the first
measurement in a START house in 1985 were appeasing because
it was less contaminated and well ventilated. The risk
increased with the effort tj save money for heating by
decreasing the natural infiltration of atmospheric air. In
1987 the first houses exceeding the action level were
found.

4. THE GAMMA RADIATION FIELD

In the START houses the gradient of the radiation field
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with the distance from the peripheral walls is significant
as well as the contamination differences between the
blocks. The action level of 2 jaGy.h"1 for the maximal
value of the dose rate (in air) in each room in the
distance of 0.5 m from the wall was introduced in 1987. The
distribution of these values is gi^en in Fig.l. The
geometric mean is 0.92x%1.36 uGy.h"1 with a range from
0.4 to 1.8 uGy.h"1 giving an arithmetic mean of 1

h"1 (3).

99

IOOO

Bq/nf

Fig. 1. Cumulative frequency distribution on
annual average EEC of radon a.«,u (Bq.m-

3),
maximal dose rate f>~~~ OiGy.h~x) and
summation index n=a/200+6/2 for START houses.

Some dosimetric problems arise. In the dominant gamma
radiation from radon daughters in the wall 90% of the dose
rate is produced by scattered radiation with a continuous
spectrum with a peak at 80 keV. Therefore common
doseratemeters have to be recalibrated in such field by an
energy independent equipment.

5. CONCENTRATIONS OF RADON DAUGHTERS

past
As the ventilation regime in these houses during and
the heating season is extremely different an annual
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average value a.au obtainable only by integral dosimeters
is required for the comparison with the action level of 20(
Bq.m~3 for the radon daughters (EEC). The representative
results are shown in Fig.l -geometric mean 185x%1.8<
Bq.m~3 with a range from 50 to 500 Bq.m~3, giving ai
arithmetic mear of 220 Bq.m"3 (3).

6. SUMMATION RULE FOR EXTERNAL AND INTERNAL RADIATION

To be able to consider both types of exposure, <
summation rule is used

with the index n being the joint measure of exposure.

The radiation exposure in START houses can be
illustrated in the a«<,u, Dm«^ diagram in Fig.2, when
the decision curve, borders for 68% of the values are givei
together with a scale indicating that 63% of the exposure
is due to radon daughters. In this graph the results ol
remedial measure can also be indicated by vectors.

900

90

o.t 0.9

Fig. 2. Distribution of &..» and a.qu values in
START houses; decision curve; A, G arithmetic .and
geometric mean, standard deviations; a.quxDmax
proportionality line; border for 68 and 95% of values.
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7. ESTIMATION OF THE AVERAGE VENTILATION COEFFICIENT

The use of the mean values a.<,u, D»W»JC, of
experimental results as(Bq.nr

a.h-x)=180 D(juGy.h-x),
of the estimate 5=0.8 Dmax (I3-average exhalation rate
from the walls, 6-average dose rate 0.5 m from the
peripheral walls) and of values V=60 m3, S=25 m2 for
volume V and surface S of representative room and F=0.4 for
the equilibrium factor give an estimate k=0.17 h~x for
the average ventilation rate. Assuming equal duration for
summer and winter (heating) season, then
ic=2/( l/k.+l/kw), and with the common summer exchange
rate Jc. = l h~x the winter exchange rate k"w=0.9x%2
h~x results. This is a very low value but responds with
the third fault of the prefabricated slag concrete blocks
(radon exhalation and gamma radiation being the first and
second): the high coefficient of heat penetration K=1.9
m2K.W-x against the limit of 0.6.

8. PROPOSED COUNTERMEASURES - f

The exhalation of radon, gamma radiation, heat
penetration, condensation of moisture on walls and
therefore expansion of mildew, formation of cracks between
the blocks etc. classifies the house START as a reject. To
find a remedy for these houses is a very difficult, complex
and expensive task. Up to now the following measures are
proposed (with objections in brackets):

- exchange of the worst prefabricated blocks (limited
possibility),

- shielding with lead foils (2mm) in frames shot into the
blocks combined with isolation layers and surfacing
(groundless anxiety about toxicity of lead),

- built-on wall (reduces the room),
- thermal isolation of the house from outside and
reducing the tightness of windows and doors,

- coating all peripheral walls with watersoluble
polyamide resin (have to be applied each 5 years),

- air conditioning with inlet and outlet distribution
system (noise, by import only, continuous operational
costs) .

9. THE ATTITUDE OF THE OWNERS OF THE START HOUSES

The owners of these houses (about 2000) are now joint
in an association. The fear of radiation (together with
mutual frightening), the long waiting time, the
unacceptibility of some technical countermeasures (which
are of course not verified and their effectiveness is for
the owners not credible), the firm conviction in the guilt
of the previous totalitarian regime, etc., lead tf *-he
conclusion that they do not agree with remedy but dema s .n
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immediate provision of a new house (without radiation
exposure) on the charge of the state budget. The
fulfillment of these requirements are strongly urged on the
government under threat to strikes or demonstrations. As a
countervalue the state will get the remedied houses and can
sell them after remediating them with costs approximately
50% of the value of the house.

This problem is not decided as yet. Has the parliament
to capitulate and vote on an act about the provision of new
house is not yet known. The estimation of the monetary
equivalent of the saved health detriment by removing these
critical group of population into "normal radiating" houses
leads to an amount higher than the purchase price of the
START house (relatively three quarters for radon and one
quarter for gamma radiation, calculating with 100 years of
occupation time of on an average 4 persons in 4
generations). This is obviously speaking in favour of
providing a new house.
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ABSTRACT

In 1898 Mme Curie used wastes from the uranium factory
in Joachimsthal for separation of the new element, radium.
This waste was unfortunately also used in plasters and
mortars for restoration of houses after frequent fires and
conflagrations in the past century. Concentrations of 100
kBq.kg"1 and gamma dose rates of 40 juGy.h"1 in contact
with the wall are not rare events in these houses; but the
wastes are usually not the worst sources of radon there.
Results of measurements obtained in a house investigated in
detail are evaluated and intercompared, using relations and
models (dose rates, exhalation rates, radium and radon
concentrations, air exchange rates). Basic remedy measure
(knock off of plasters, removal of a vault and of filling
under floors) are proposed, and a new measurement is
required before providing definitive measures.

1. INTRODUCTION

Jachymov (Sankt Joachimsthal in Germany; Joachim's
Valley in England), a small town with 2800 inhabitants now,
is called the cradle of the atomic age. The reason for this
is that Mme Curie used wastes from the uranium factory of
Joachimsthal, producing uranium paints for the glass and
ceramic industry of Middle Europe, for the isolation and
discovery of radium (1). Radium with its progenitors and
progeny plays a crucial role in the understanding of the
structure of elements and of their transmutability. It was
a very clever idea at that time to use wastes from a
uranium factory as a preconcentrated raw material for the
isolation of radium. Mme Curie began with an amount of 5 kg
in 1898; but up to 1904 she processed 26 tones of these
wastes. For example to produce 0.1 g (4 MBq) of radium she
had to process 5 tones; therefore the waste had a
concentration of 300 kBq.kg~x. In the present
classification of radioactive wastes, it would belong to
low active wastes. But unfortunately this waste has been
used in the years 1850-1904 as excellent and gratis sand-in
essence it was a fine grained rock-to produce plasters and
mortars for the restoration of houses after frequent fires
and conflagrations in Joachimsthal and surrounding. The
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radiological impact is described in a typical case of
usage.

2. THE INVESTIGATED HOUSE

The house No.204 was unoccupied and empty at the time
of measurements in 1988, and proposals for reconstruction
had to be given. It is a simple house without a cellar,
with 2 rooms on the ground floor, built in the XVIth

century, with 3 rooms on the upper storey built (or
rebuilt) in the XIXtH century. The extension towards the
rock behind the house was built in the 1 " half of the

century. The loft below the. roof was unused (Fig.l).

UPPER STOREY WOUND FLOOR

l_l
fXTIMSmgl

KtrCHtM / *OQM t

Fig. 1. Scetch of house No. 204, Joachimsthal.

3. EXTERNAL RADIATION

The range of dose rates of gamma radiation in air near
the walls is shown in Fig. 2 for the different parts of the
house. Figure 3 shows the scan along the internal walls of
a room. The atypical decrease in corners can be explained
by thinner layers of the plaster, and is a direct
demonstration that the activity is in the plaster only and
not in the mortar of the walls. To distinguish between
active plaster and/or active mortar on an area of 0.5x0.5
m, the plaster was removed from the wall, which resulted in
a tenfold decrease of the dose rate.

Figure 4 shows typical isodose rate lines on the floor
of the kitchen on the upper storey. As the vaulted ceiling
in the kitchen beneath also shows high dose rates, the deal
on the floor was removed, and a vault constructed of bricks
bound with high active mortar was identified, as well as
active filling (rest of plaster).

4. CONCENTRATION OF a26Ra IN SAMPLES

Table 1 shows concentrations of 226Ra in some samples
determined by gamma spectrometry. The concentrations of
a32Th and 4OK are normal. For the explanation of the
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Fig. 2. Ranges of gamma dose rates D (.uGy.h"1) on walls.

Fig. 3. Scan of dose rate
along the walls, room and
upper storey.

Fig. 4. Isodose-rate lines
above the vault, kitchen
and upper storey.

origin of these highly active materials in two samples the
concentration of 2 3 8u was determined by gamma
spectrometry, indicating the origin from the Uranium
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Table 1. Concentration of " s R a in
building material (Bq.kg~x)

Localization

ground floor passage
kitchen

upper stairs
storey kitchen

vault

Material

plaster
plaster
mortar
stone
filling
plaster
plaster
mortar
filling
mortar

Concentration

"«Ra

6
28
3
2
11
60
3
0.4
13
80

-
10
-
-
-

24
-
-
-

factory. A sample taken at the place of the former factory
has shown 350 kBq.kg~x of " s R a , and 60 kBq.kg"1 of
2 3 OU. In another house mortar with 300 kBq.kg"1 was
found.

5. EXHALATION RATES OF RADON FROM SURFACES

In Table 2, some results of the exhalation rated aa
of radon are given, determined by charcoal in boxes
attached to the surface.

Table 2. Exhalation rates of radon from
surfaces a s

ground
tf

storey
it

ii

Localization

floor kitchen
II M

kitchen
II

•I

room 1
room 2

stairs

wall,

wall,

floor
floor
wall.
floor
wall

extension wall

south
north
south
north

west

&»

100
400
160
120
30
10

200
30
130
10

6. CONCENTRATIONS OF RADON AND RADON DAUGHTERS IN AIR

Concentrations
Bq.m~3 on the
storey and about

of radon were in the range of 140-270
ground floor, 300-530 Bq.m~3 on the
70 Bq.m~3 in the extension. At the time
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of measuring (February) their was a quiet winter weather
with snow falling, and with outside and inside temperature
around 0° Celsius (unoccupied house), but with a good stack
effect given by broken window glasses. So these values are
not representative for the situation with an occupied
regime.

A ventilation experiment was carried out in the
evening, also in quiet weather. After measuring the
steady-state concentrations of radon and daughters in both
kitchens simultaneously, the house was ventilated by
draught by opening doors and windows on both storeys. After
closing windows and doors, concentrations were measured
three times successively, and the results are given in
Table 3.

Table 3. Results of a simultaneous ventilation
experiment in both storeys

Time, p

before vent
after vent.

.ID.

. 7
8
8
9

.30

.00

.30

.00

Ground

Radon
Bq.m~3

130
350

Concentration

floor

Daughters
relative

1
0.17
0.60
0.86

Upper

Radon
Bq.m"3

690
140
400
670

storey

Daughters
relative

1
0.07
0.33
0.74

7. EVALUATION OF THE EXPERIMENTAL VALUES

The results obtained are not mutually independent, and it
is therefore necessary for their understanding and also for
their verification to look for adequate relations between
them. On the other hand, one has to keep in mind that all
these results are obtained in "field conditions" 120 km far
from the Institute with transportable equipment in an
abandoned house in desolate condition (so that we could
take samples of plasters and mortars and have a "look"
below the wooden floor), in makeshift (improvised)
situation at zero temperature and in a short time of two
days. Therefore only rough agreement can be expected.

8. THE GAMMA RADIATION FIELD

The radiation field from the plaster layer on the walls
can be approximated by the model of spherical surface with
equivalent ^contamination and dimension (V=4rrR3/3). The
dose rate D (x) at a distance x from the inner surface is
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D (x)=2rcrBamPd[R/(R-x)]ln[(2R-x)/x] ; as=Pdam

with P=1800 kg.nr3 (plaster density); d= 0.01 m (plaster
thickness); B=3 (build-up factor); R=2 m (equivalent
radius); one gets D =1.2 }iGy.h~x at a distance of x=0.1
ra, compared with the experimental result 3 juGy.h~x;
r=2.7xl0~13 Gy.m2.Bq~1.h"1 (gamma-ray constant of
radium) and am=3.3 kBq.kg-

1 is used.

The vault between the ground floor and the upper storey
can be approximated by an equivalently homogeneously
contaminated unlimited layer. The dose rate near the
surface is

with P=2300 kg.nr3 (density of bricks); a=40 kBq.kg"1

(the concentration of the mortar is "diluted" by the bricks
two times), ju=20 m~x (effective absorption coefficient),
the dose rate is 30 juGy.h"1 compared with 29 and 42
juGy.h"1 from the top and the bottom of the vault.

9. THE EXHALATION RATE OF RADON

The exhalation rate of radon from the plaster layer can
be estimated assuming complete exhalation.

as= *Pndam

with *=2.10~6s-i { radon decay constant); Y=0.1
(emanation coefficient); am=60 kBq.kg~x (radium
concentration of plaster), the exhalation rate as=220
mBq.m~a.s~a results in rough agreement with the
experimental value.

Exhalation from the floor resulting from the active
filling can be estimated by:

as=amD./L

With D. = 2.10~6 rt^.s"1 (effective diffusion constant);
L=1.4 m (relaxation depth for radon in soil); and am=25
kBq.m'3 (measured radium concentration of filling), the
estimated exhalation rate 40 mBq.m~a.s"x is in rough
agreement with measurements.

10. EVALUATION OF THE VENTILATION EXPERIMENT

The time course of the radon concentration after
complete removal of radon at t=0 increase as

a(t)=av(l-e-'«
:t)/k; a.fc=av/k

and allows one to evaluate the ventilation coefficient (air
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exchange rate) k (in h" 1), the radon entry rate av
(Bq.m"3^"1) and the steady-state concentration a.t
(Bq.nr3). The results obtained in the experiment can be
fitted by k=l, av=500, a.t=500 on the upper storey and
by k=2, av=1300 and a.t=650 on the ground floor. The
high values of k and av are justified by several broken
windows and the disrupted floor on the ground level.

Summing up the exhalation rates from walls and floors
in both rooms with V=60 m3 each, enables us to estimate
the radon entry rate at 1300 and 560 Bq.m~3.h-X. The
agreement of the measured and estimated values is more or
less a chance than a demonstration of precise measurements
and adequate models.

11. EVALUATION OF THE RADIATION EXPOSURE

In our country, action levels of 200 Bq.m~3 for radon
daughters as an annual average, and 2 uGy.h"1 for gamma
radiation 0.5 m from the surface, are used (requiring a
dose equivalency between the two action levels, a value of
3 juGy.h"1 would be a better one). In combinating both
risks, a summation rule (aa<au/200) + (D/2)=n=<l is applied
and the index n can be used as a criterion to assess the
radiation exposure.

In the examined house the action levels are severely
exceeded, and mitigation action has to be started. We have
proposed:

to knock off the active plaster,
to remove the vault constructed with the use of
extremely highly contaminated raw material (this
measure is a statistically complicated change in the
construction of the house, but is possible),
to remove all the active filling below the floors.

By these measures, the radiation field is expected to
decrease more than ten times but a new measurement is
required to decide about the next steps of mitigation.

The investigated house is not an exception. In
Joachimsthal, with about 700 houses, more than 300 need
remedy against radon sources and about 100 of these houses
need measures against gamma radiation. Although the
radiation exposure of the inhabitants is, on average 500
Bq.nr3 (with a range from 10 to 5000) (2) and 0.5
uGy.h"1 (with a range from 0.2 to 20), the population is
too small-and with a great migration rate that an
epidemiological study would be of limited value. About the
people who lived in the investigated house, it is known
that they died in old age and the progeny is living in
health in another (also radioactive) house in this town.
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The remedial actions have been started only this year,
although this situation has been known for ten years,
(albeit concealed from the inhabitants). This is one of the
offences of the previous totalitarian regime in
Czechoslovakia. Houses in Joachimsthal will be now urgently
remedied, with full support for the state budget.
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ENHANCED RADIUM LEVEL IN
TIN MINING AREAS IN MALAYSIA
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ABSTRACT

A nationwide study to measure soil radioactivity has
been carried out in Malaysia. About 1000 samples were
collected from 230 locations including tin mining areas.
The samples were analyzed for 226Ra and 32aRa using
gamma spectrometry. It was found that the average
concentrations of 226Ra and 228Ra in normal background
areas were 64 Bq.kg"1 and 84 Bq.kg"1 respectively. An
enhanced level of more than 5 times of these normal
averages was found in a few locations in alluvial tin
mining areas. This is believed to be due to tin tailings
which contain radioactive minerals such as monazite, zircon
and xenotime.

1. INTRODUCTION

Most tin ores in Malaysia come from alluvial tin mines.
In the mining process, tin tailings and dirty minerals are
produced as wastes. The former is used by tin tailing
upgrading plants to recover residual tin ores and
by-product minerals such as monazite, zircon, xenotime,
struverite, ilmenite and others. The latter is upgraded to
clean minerals for export or local consumption. When the
market demand is low, the mining wastes are accumulated and
left on the ground at the mine site. Since the minerals
contain radionuclides from uranium and thorium decay
series, the mining waste could be considered potentially
hazardous if they are not handled in a proper manner.

In alluvial tin mining areas, it is generally assumed
that mining-related activities have either directly or
indirectly caused enhancement in radioactivity level. A
nationwide study of soil radioactivity carried out by the
Nuclear Energy Unit of Malaysia has included tin mining
areas. The aims of this study are:

i) to establish the normal level of soil radioactivity,
ii) to identify areas with high radioactivity,
iii) to assess radiation exposure to members of the public.
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iv) to suggest appropriate measures to relevant government
authorities.

This paper describes the radium concentration in
alluvial tin mining areas and its significance in terms of
safety of the general public.

2. SAMPLING AND MEASUREMENT

In the nationwide study, about 1000 soil samples were
collected from 230 locations including tin mining areas.
Top soil samples (0-5 cm) were collected and oven-dried at
105°C. After removing stones and plant residues, the
samples were ground and sieved. About 300-500g of the
samples were packed in plastic containers, sealed and put
aside for 30 days to allow 222Rn to reach equilibrium
with its parent radionuclide (22<sRa). The samples were
then counted (2-16 hrs) and analyzed for 22BRa (609 keV,
352 keV), 23ORa (911 keV) and others using gamma
spoctrometry (Hyper-pure Ge detector/Canberra Series 90
MCA). The system has a resolution of 1.9 keV for 1333 keV
6OCo peak. The counting efficiency of the system was
calibrated with a mixed-standard radionuclides (Amersham,
England) added to potassium chloride (Analytical Grade) in
a similar container as for the samples, an error of 6% was
obtained for 226Ra in IAEA's standard reference material
(Soil-6) and the same was assumed for 228Ra.

3. RESULTS AND DISCUSSION

In the areas of normal background, it was found that
the average concentrations of 226Ra and 228Ra in soils
were 64 Bq.-1kg and 84 Bq.kg-1 respectively. A much
higher level was measured in some samples collected from
the beach of an island, hilly areas and alluvial tin mining
areas. The first two areas are being investigated further
and the results will be reported somewhere else. With the
exception of a few sites, the radium concentration in the
tin mining areas can be considered normal. It is believed
that the enhancement of radium concentration at the few
sites is due to tin tailings and other mining waste. The
radium concentration of tin tailing and its major minerals
are shown in Table 1. Monazite, xenotime and zircon contain
high concentrations of radium. The 226Ra/228Ra ratios
of the minerals are quite different from each other. Thus
the mineral composition of the mining waste will determine
its activity.

Apart from the general survey in the tin mining areas,
a brief follow-up study has also been carried out to
measure high radium concentration in soils. The results of
.this study and other measurement (1) are shown in Table 2.
As expected, an enhanced level of radium was measured
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Table 1. The concentration of radium in
tin tailing and its minerals
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Sample

Tin Tailing

Monazite

Xenotime

Zircon

Ilmenite

Concentration(Bq.kg-x)

a26Ra

1190
730

2830
960

2430
1420
1260

9880
6590

64600

11400

1620

a a aRa

1580
980
1060
450
870
1450
550

42100
39700

15900

5250

890

a=sRa/aasRa

0.8
0.9
2.7
2.1
2.8
1.0
2.3

0.2
0.2

4.1

2.2

1.8

inside the compound of a tin tailing upgrading plant
(KR-1). Huge tin tailing piles on open ground are a commc-
scene at such plants. Thus, it is not unusual to observe
tin tailing spreading all over the ground. In some cases,
tin tailings are carried outside the plant perimeter by
heavy rain (DL and BB-2), or are spilled out of transport
vehicles to the roadside (BM) or near railway tracks
(BG-2). The measurements at 15m and 30m from the plant at
BB-2 revealed that tin tailings were not migrated far by
natural processes. It was also found that radium
concentration was higher in the finer soil portion. A piece
of land (KR-2) which was formerly used to dump tin tailings
was found to have enhanced radium concentration even after
all the tailings had been removed.

Surprisingly, a high radium concentration was also
observed for soils collected from a public park (BG-1) and
a public health centre (BB-1). It is suspected that tin
tailings have ignorantly been dumped at the park during its
development. A uniformly high concentration of radium was
observed down to a depth of 30 cm at one of the sites.
Thus, contamination to a deeper depth could be expected. At
the health centre, tin tailings (black in colour) were
brought in from a tin mine and put in the garden. It is
possible that the tailings have been mistaken as black
fertilized soils. The absorbed dose rate in air was
measured by a scintillation counter 9 SCINTREX BGS-4).
Enhanced radiation levels were observed at BG-1 (0.4-0.8
jiGy.h"1) and BB-1 (0.3 jaGy-h"1). Although the .'level is
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Table 2. High radium concentration in
Alluvial tin mining areas

Location

KR-l

KR-2

BG-1

BG-2

BM

DL

BB-1

BB-2

BB-3

0 -15 cm
15 -30 cm

+30 #
-30 #

0- 10 cm
10- 20 cm
20- 30 cm

Black
Brown
Brown
Brown

Concentration

a"Ra

2270
1190
880
480

400
710
520

340
400
580
660

350
1010

400
490
940

2770

690
670
600

930
500
240

2560
9830
6930
6700

(Bq.kg-1)

" 8 R a

1940
1460
1040
540

450
230
640

490
760
1120
1270

420
1490

400
1410
2880

1800

250
190
210

520
300
180

2110
12930
8850
9930

not expected to harm people, it is suggested that
appropriate action be taken by relevant government
authorities in order to minimize unnecessary exposure to
members of the public.

In this study, soil samples near a tin mine (BB-3) were
also collected. The samples were found to have very high
concentrations of radium. The site, accessible to public,
is believed to be a dumping ground for the tin tailings or
dirty zircon produced from tinshed. The area of the dumping
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sits is reasonably large. At the time of sampling, there
were mine staff working at the sits. Radiation levels of
2.5-7.5 }iGy.h~x were measured. By taking 4 jjGy.h"1 as a
representative average value at the site and assuming an
exposure of 2 hrs.d"1 for 250 days.y-1, the 4 workers
would receive an additional dose of about 2 mSv.y"1.
Thus, it is clear that safety measures should be done by
the appropriate authoritier and mine owners.

4. CONCLUSION

Although the alluvial tin mining areas are generally
considered as having normal levels of radioactivity, some
sites are expected to have enhanced level of radium due to
tin tailings and other mining wastes. This is probably due
to little knowledge of the general public about the
radioactivity level of the materials and the potential
hazard posed by them. Thus, a more through study of the
mining areas is suggested in the future.
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DETERMINATION OF SOME TRACE
ELEMENTS IN ATMOSPHERIC

PARTICULATES USING A NEUTRON
ACTIVATION ANALYSIS METHOD

F. Moattar, H. Ghiassedin and Z. Khorassani

Nuclear Research Centre
Atomic Energy Organization of Iran

P.O. Box 11365-8486 Tehran
Islamic Republic of Iran

ABSTRACT

Using a neutron activation analysis method, it was
possible to measure some trace elements in the Tehran
atmosphere. The environmental radioactivity were also
measured by gamma spectrometry. The air samples were chosen
from different parts of the city. High volume air sampler
and Whatman filters no. 41 were used for sampling with a
rate of 40-60 cfm for a 75 minutes duration. Some 28
elements were recognized in the air samples by neutron
activation analysis and the elements Cl, Na, Mn, Mg, Zn,
Sbr Cr and Fe were determined by a quantitative analysis.
Golshahr, a district of Karaj located about 35 km from
Tehran, was used as a background area.

The results obtained for Theran were compared with
those of background area, Golshahr. The comparison of the
results made with those of previous investigations show an
increase of 12 times for Zn, 5 times for Mn, 4 times for
Pb, 3 times for Sb and Cr during the last decade. The level
of radioactivity in the samples shows no abnormality
compared with the background.

1. INTRODUCTION

The air quality in cities is an important factor for
the health of the public. Therefore the presence of trace
metals in the environment has received some considerable
interest (1-4). Air pollution in the urban areas of Tehran
is a problem and the monitoring of heavy metal
concentrations in the air was the aim for this research.
Neutron activation analysis and atomic absorption
techniques were used earlier for determination of some
Toxic elements in the Tehran atmosphere (5,6). Due to
increasing rate of the air pollution, it was necessary to
repeat the measurements of trace elements in Tehran's
atmosphere.

197
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The accident at the Chernobyl nuclear power plant in
April 1986, and the confusion in the public's mind over the
nature and extent of the resulting fall out pointed out the
need for measurement of radiation background. In this paper
the results of concentrations and the seasonal changes of
Cl, Na, Mn, Zn, Sb, Cr and Fe in atmospheric particulates
are reported.

2. EXPERIMENTAL

The instrumental neutron activation analysis (INAA) is
very well suited for application in environmental research
and monitoring. It has been discussed extensively in the
literature (7-11). The INAA offers a multi-element
capability, a high sensitivity for relevant elements and a
high accuracy for many sample types. Another favorable
characteristic of the INAA is the low risk of contamination
or element losses. The 5 MW nuclear research reactor of the
Atomic Energy Organization of Iran in Tehran were used for
sample neutron irradiations. A Gamma spectrometry system
consisting of a high purity Ge/Li detector (60 cm3) and a
multichannel analyser from Ortec with a computer were used
for measurements and data analysis.

An IAEA reference standard sources was used as a
standard material for calibrations. The air samples were
taken by a GMW-L-2000 high volume air sampler. The air
volume passed through the filter was 40-60 cfm during 75
minutes. The filter used for this purpose was Whatman no.
41 filter.

3. PROCEDURES

The pumps were installed in various locations around
the city. The samples were taken at the same time at all
the stations. To prepare the air samples for multielement
determinations, a 5 cm section of it was inserted into
polyethylene vials and was irradiated for 4 minutes in the
rabbit system and one hour and 3 hours irradiation time
respectively in the core of the research reactor.

4. RESULTS AND DISCUSSION

During September-March 1988, samples were collected
from different parts of the city. The elements recognised
in the air filter are shown in Table 1. Table 2 shows the
mean concentration of elements measured by neutron
activation analysis. The gamma ray spectra of the samples
are shown in Figs. 1-4. For comparison of the polluted
area, we choose Golshahr, a suburb of Karaj as a clean area
selected as a control. The concentration of lead was
measured also by flameless atomic absorption technique.
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Table 1. Stable elements recognised
in the air samples.
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No

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Element

5XTi
soBr
28A1
27Mg
=6Mn
* xAr
2 4Na
" V
38C1
67Cu
= 1Cr

l s 3Sw
e 2Br

1 9 eAu
1 4 OLa
1 2 4Sb
4 6Sc
s = Zn
S 4 F e
6 e C o

1 7 7 L a
1 3 1 B a
122Sb
144Ce
169Yb
97Ru

iB1Hf
192Ir

Half

5.
50.
2.
9.
2.
1.

15
3.

37.
61.
27.
47
35
2.

40.
60
84

245
45
0.
6.

11.
1.

32.
30.
2.

44.
47

life

9
56
3
5
58
83

77
3
9
8

7
2

26
8
6
7
5
7
9
6

m
m
m
m
h
h
h
m
m
m
d
h
h
h
h
d
d
d
d
y
d
d
d
d
d
d
d
d

Y-Energy (keV)

320
616,2.665,6
1778,7
843,8,1014,4
846,6,1811,2
1293,6
1368,5 2756,1
1434,1
1642,1 2162
93,1
320
69,7,103,2
221,3
411,8
487
603,1691
889
1115,4
109912
1332,5,1173,2
208,3
123,7,216
564
145
177
324,5,215,7
482,2,133
316,468

Table 2. Mean concentration of elements in the
air of different part of Tehran.

No.

1
2
3
4
5
6
7
8
9

Element
measured

Zn
Fe
Sb
Cr
Mn
Na
Cl
Mg
Pb"

Mean concentration (pg.m~3)

1988

0.95
3.10
0.07
0.13
0.22
0.59
0.42
0.12
2.47

1978

0.072

0.022
0.046
0.043

0.63

"Pb was determined by flameless atomic
absorption techniques.
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cm3 Ge (Li) detector 7 day after a 1 h irradiation.
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Tehran, the capital city of Iran in which these
measurements have been made, is located on the slope of
Elborz mountains. The city has accommodated some 6 million
people in 600 kma, some 2800 industrial plants and
workshops and more than one million moving cars which
discharge several tons of polluting agents by poorly
ventilated systems into the atmosphere.

The results of the investigation are as follow:
Mn: the average concentration was 0.217 jig.m"3 which was
3 fold higher than Golshahr, Pb: average concentration of
above breathing zone was 2.471 jug.m~3, that is higher
than standard (1.5 .ug.cm"3) and is 9 times more than
Golshahr, with the maximum amount of 6.16 ug.m"3 which is
as high as 4 times the recommended standard level. The
average concentration of another elements are shown in
Table 2.

The comparison of the data with obtained by the same
method in 1978 (6) shows that the levels have increased
since that time: i.e. Zn those 12 times, Mn 5 times, Pb 4
times Sb and Cr 3 times. This corresponds to the
development of the city with the same magnitude. The
average aerosol concentration is measured to be about 479.3
ug.m~3 in breathing zone which is nearly 5 times more
than Californian standard (100 ,ug.m~3).

The measurement of environmental radioactivity
especially from fall out, on the air filter, could be
facilitated using high resolution gamma spectrometry with a
Ge/Li detector with sufficient shielding. Table 3 shows the
radionuclide identified in the air filters.

Table 3. Radionuclides identified in the air
filter by gamma-spectroscopy.

No.

1
2
3
4
5
6
7
8
9
10

Radionuclide

aioPb
"*Th
x**Ce
5lCr

21 "Be
X O 5Ru
i a 9Sb
" M O

14OLa
" a A c

No.

11
12
13
14
15
16
17
18
19
20

Radionuclide

la6Sb
137Cs
xaaSb
l«3Cs
7 6 As
B2Br

139Ba
l44Ce
93Nb
38C1

From the elements which are significant fallout
radionuclide sources of gamma rays, only 1 3 7Cs, 13*Cs,
14OLa, iO3Ru and 9sNb could be detected as shown in
Table 4. However some naturally radioactive occurring
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elements could also be detected. The concentration of fall
out radioisotopes in the air filter was very low in the
range of a few Bequerels.

Table 4

Isotope

"Nb
9SZr

lo3Ru
1O5Ru
13lI
132J

x3*Cs
137Cs
1*°La

. Significant fallout radionuclide
sources of

Half Life

35.15
65.50
39.50

368.20
8.05
2.38

750.00
30.12
40.27

d
d
d
d
d
h
d
y
h

gamma ray.

Energy

766
724,
497,
622
284,
532,
569,
662
487,

757
610

367,
630,
605,

816,

of (keV)

637
668, 773
796

925, 1596

10.

11.
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RADON MEASUREMENTS AT THE SITE OF
A FORMER COAL-BURNING POWER STATION

S.A. Durrani, N.A. Karamdoust*,
C.J.M. Griffiths and S.A.R. Al-Najjar

School of Physics and Space Research,
University of Birmingham, Birmingham, B15 2TT, OK.

ABSTRACT

The exhalation rate of radon from coal by-products
(i.e. fly ash and bottom ash) was measured in the
laboratory as well as in situ at a housing site being
developed at a disused coal-burning power station in the
English midlands. Both the laboratory and the
site-measurement results showed that the radon exhalation
rate from coal by-products is lower than that from ordinary
soil collected from the site. From these measurements, and
also from those made at three existing houses in England,
the activity concentration inside a typical house to be
built at the site of the power station, including the
ash-dump locations, was estimated. It was concluded that
fly and bottom ash can be used as low radon-exhaling
materials forming the foundations of dwellings.

1. INTRODUCTION

An English midlands power station was demolished in
1989 and was, at the time of this investigation, in the
process of being prepared as the site of a future housing
development scheme. Of special interest was the fact that
large quantities of coal refuse had been dumped in certain
areas of the above-mentioned site during the operational
life of the power station. In view of the commonly held
perception that, since coal ash contains concentrated solid
decay-products of uranium and thorium (especially radium),
hence this may enhance the radon exhalation from the
subsequent decay of radium, the local Environmental Health
Officers demanded that a competent team carry out radon
measurements on the site before further development of the
housing site was permitted.

Extensive radon measurements were therefore carried out
to determine the radon exhalation rate from fly ash and
bottom ash as well as from soil samples at the site. The
results of these measurements were used to estimate the
likely radon activity concentration levels inside typical

* Now at the Faculty of Education, University of Tehran,
Tehran, Iran
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houses to be built at the site, and especially those on the
location of the ash deposits.

2. EXPERIMENTAL PROCEDURES AND RESULTS

2.1. Radon Activity of Near-Surface Soil and Ash Samples

Nine near-surface samples were collected from the site
from various locations. The first seven samples
(subsequently divided into two aliquots from each location,
and code-numbered Ai to Av and Bx to B7) came from
depths of 0, 25 and 50 cm, and consisted of fly ash or
bottom ash (as detailed below) from various locations at
the site. The last two of these nine samples (viz.,
aliquots Aa, A9 and BS/ B9) consisted of ordinary
soil from the site, collected from two different locations
near the river that formed the boundary of the site, and
far removed from the ash deposits.

Each aliquot (weighing =150 g).. after being dried in
the laboratory, was placed at the bottom of a special can
(6.5 cm in diameter, height of air space: c5 cm), with a
filter paper separating the sample from the can's air space
(Fig. 1). A CR-39 plastic detector was attached to the
underside of the can's top, and the cans were sealed for
(i) 16 days in the case of aliquots A, and (ii) 63 days in
the case of aliquots B. (Note that the half-life of Rn-222
is 3.82 days, so that in 16 days the radon activity attains
94.5% of its full equilibrium level). Calculation shows
that the exposure of a detector to radon gas for 16 days,
during its gradual build-up towards equilibrium, is
equivalent to an exposure for 10.72 days had the
quasi-equilibrium value (attained at the end of 16 days)
existed throughout the period. Similarly, exposure for 63
days (for samples B) can be shown to be equivalent to 57.72
days at the equilibrium level.

At the end of the exposure period, the CR-39 detectors
were removed from the cans, etched simultaneously in 6M
NaOH at 70°C for 3.5 h, and the alpha tracks on the
detectors counted under an optical microscope. Using the
conversion factor which we had already determined through a
calibration experiment (1) at the NRPB (National
Radiological Protection Board, UK) laboratories, our track
densities were converted to the radon activity
concentration values (in Bq.m~~3) inside the cans. The
results of this experiment are shown in Table 1.

An important result that emerges from examining Table 1
is that the average activity concentrations in the can-air
(Bq.m~3) for all fly ash and bottom ash samples are
always less than the corresponding values for the ordinary
soil samples. This is in line with our earlier laboratory
experiments on radon exhalation rates from fly ash versus
normal soil from many sources (2,3).
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CR-39 decectror

x-drink can
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i l t e r paper

Fig. 1. Dosimetry can for measuring the radon activity
concentration levels from soil/ash samples in the
laboratory. A filter paper, secured by rubber 0-rings,
separates the sample from the air space in which the
radon (22aRn) level is to be measured. The filter
also impedes the penetration, into the air space, of
thoron (22ORn) -which has a half-life of only 55 s,
and thus mostly decays while diffusing through the
filter paper. A CR-39 detector, attached to the
underside of the Perspex lid fitted to the can so as to
seal the radon gas in, records the cr-particle tracks
from the decay of 222Rn and its short-lived daughters.

2.2. Radon Activity of Drilled Samples
from Depths of 0-3 Meters

A number of additional samples were collected from the
site. These were obtained by drilling holes at different
locations on the site, to a depth of 3 m. The positions of
these trial pits or holes (A-E) are shown on the site map
(Fig. 2) and code-numbered TPA to TPE. From the 37 drill
samples collected, 19 samples, giving a uniform coverage of
the marked PFA (pulverized fuel ash) deposits at different
depths, were analysed. The 19 samples, obtained from depths
of 0, 1, 2 and 3 meters from inside the drill, were placed
inside the dosimetric cans in the laboratory, carrying
CR-39 detectors, and left for 32 days. The effective length
of exposure to radon gas, at equilibrium level, is
calculated to be 26.72 days.

For the sake of comparison, surface samples of ordinary
soil (Ao and A9 in Table 1) from near the river on the
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Table 1. Near-surface samples collected from the power station site
on 5 June 1989: Values of radon activity concentration
(Bq.m~3) in the dosimetry can air and specific activity
(Bq.kg"1) of samples

Code

•o.

A4

B4

A3

B3

Al

81

A2

B2

A7

B7

A6

B6

A5

B5

A8

B6

A9

B9

Type of

sample

Fly asb

r*

n

rt

n

r*

t*

Bottom

ash
n

ft

M

«•

1*

Ordinary

soil

n

if

Depth

from

surface

0 ca

•*

25 cm

•*

50 ca

n

§t

n

0 ca

•1

25 ca

50 cm

n

0 cm

n

0 CB

*«

Track

density

(tr.oi ')

1480

B140

1930

7170

38O

1989

2710

3920

1470

2260

2010

3810

2280

7030

4000

11910

2860

11670

Activity cone.

In the can air

(Bq.» ')

761

712

1018

627

195

174

1393

343

756

198

1034

333

1172

615

2057

1042

1469

995

Average

act. cane.

in can air

(Bq.a »)

737

823

185

868

477

684

894

1S50

1232

Specific

activity

of saaple

(Bq.kg -*)

13.3

13.8

18.0

13.0

3.2

3.6

23.7

7.0

12.4

3.6

17.1

5.7

20.8

11.9

38.0

21.1

24.7

18.7

Average

specific

activity

(Bq.kg ')

13.6

15.5

9.4

8.0

11.4

16.4

29.6

21.7

1.A11 Maples were ISO g, except for saaple A6, which was 145 g (necessary correction Bade).

Codes A and B with the saae subscript represent two different aliquots (subeaaples) froa

the saae location and depth, which Bay display soae inhoaogeneity; but note that saaplea A

were exposed for 16 daya, and Maples B for 63 days. Also note that saaples Ai and A 3

(and Bi, Ba) case froa different locations, though froa equal depths. The two ordinary

soil saaples (subscripts 8 and 9) also caae froa two different locations on the site.

2.The track density values in column 4 have been corrected for the background in all cases

(viz. 320 tr.cm•' tor saaples A, and 950 tr.ca * for saaples B ) .
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3.In coluao 5 (and 6), all activity concentrations (Bq.«*) correspond to ISO g of saaple

(aab or aoil); bat different volaeaa of air inside the can (above the aolld saaple)

prevailed In different cases (around 260 ca>, with a variation of =-110%). The values ahown

are basad on the actual air voluae in each can.

4.Values io coliams 5-8 have bean corrected for the fact that radon takes -4-5 half-lives

(*»«"3-«2 d) to reach equilibria. Thus 16 days exposure (saaplae A) represents

effectively 10.72 days* exposure at full equilibrium value. Similarly, 63 days*-57.72 days,

effectively.

S.Oolaana 6 and 8 represent* the averaged activity concentration (Bq.ar*) and specific

activity (Bq.kg-1) of each Maple of a given type and fraa a given depth, in order to

•sooth oat any inhosogeneltlas in the ash or soil collected frcsi the saan location.

site were also exposed in the cans for 32 days. From the
track densities, the values of the activity concentration
in the air inside the cans (in Bq.m~3) were again
determined, and are shown in Table 2. It will be noticed
that, as in the case of near-surface samples of Table 1,
the activity from all ash samples (both fly ash and bottom
ash, and occasionally an admixture of the two) is always
less than that from ordinary soil samples. It is also
interesting to note that the activity corresponding to the
deep samples is always lower than that from surface
samples, and indeed, in general, monotonically falls with
increasing depth in the ash deposits. This again points to
the activity being higher at or near the top surface of the
PFA deposits, where there is expected to be a greater
content of the ordinary or normal soil.

From the radon activity inside the cans the specific
activity (Bq.kg-1) of the soil samples was calculated.
Incidentally, it was found that the average of the specific
activity for the two ordinary soil samples from near the
river on the power station site is remarkably close to the
reported average value (4) fcr soil in the earth's crust
(i.e. 25.7 Bq.kg-1 as compared to 25 Bq.kg"1). It is
important to mention here that our calculations are based
on an emanation factor of 0.1 and a porosity of 0.5 for the
soil samples.

2.3. In situ Measurements of Radon Exhalation

The final series of measurements carried out by us
consisted in conducting on-the-spot tests. For this
purpose, we buried seven PVC tubes, each of diameter 11 cm
and =70 cm in height, in holes designated A-G, at
positions across the PFA (pulverized fuel ash) deposits-and
in proximity to the locations where the drilled samples
(Table 2) had come from-as well as elsewhere on the power
station site. Five of the tubes (T-3 to T-7) were buried in
the coal-ash (PFA) dump areas, the sixth (T-2) on the edge
of the PFA dump area, and the seventh (T-l) in ordinary
soil near the river (see attached sketch-map, Fig. 2). Each
tube reached down to a depth of -50 cm, with the top
=20 cm projecting out of the ground, and the top end of
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B 8.u MTi/,7
C 15.21 'fWUp /,

i uv; #///^

^ ^ V / . ' UXUT10N OF TK1AL PnS /

Fig. 2. Site map of the disused coal-burning power
station in the English west midlands showing the
locations of (i) the Trial Pits Drilled on 29 June
1989 to collect saaples froa depths up to 3 oetres
(and Barked as holes A to E), and (ii) the holes
•ade on 17 July 1989 to bury the '70 cm long PVC
tubes. The latter locations are Barked as Tubes 1
to 7 (where, for instance, 'Tube 2' stands for
the position of burial of tube No. 2, carrying
dosiaetry can No. 2).

the tubes being closed. At the bottom of each tube we
placed an inverted dosimetry can, with its base exposed to
the soil through a filter paper, and a CR-39 detector
attached to the underside of its closed top. Each can
carried a quantity of silica gel to absorb excess moisture
(Fig. 3). These cans were placed in situ, and left there
inside the tubes for 36 days.
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Table 2. Drill saiaples collected from the site on 29
June 1989: Values of radon concentration
(Bq.rn-3) in the dosiaetry can air
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Our ooda

rabar

1

3

5

7

a

10

12

IS

17

19

21

22

24

26

2*

29

31

33

35

M , A9

lypa of

•all

Bottas u b

Fly a h
••

••

Ply M h

• •Oil (7)

Fly aril

• bottoa aab (?)

Fly aril

Fly aril

* aoil (?)

FIT M b
n

••

FIT aab

(• soil?)

FIT aata

Fly 4MB

» bottoa

•ah (?)

FIT arii

Fly aak

• aoil (7)

Fly arit
M

Fly aab

• bottca

aah (?)

Ordinary

•oil

Position*

TPA
flt

w

•»

m

•t

*•

sc

M

W

M

no

»

™

m

•t

w

«?

aaar

rlvar

Daptb

(•)

0

1

2

3

0

1

2

0

1

2

3

0

1

2

3

0

1

2

3

0

Activity cooc.*-

in ths fTjfi <1 r

(Bq.B>)

311

395

407

407

946

311

•SO

1090

539

•02

407

479

335

251

335

695

551

SSI
22*

1275

(araraga)

valna nlatlv*

to ordinary aoil

activity cone.

(*)

24%

31%

32%

22%

74%

24%

67%

•5%

42%

62%

32%

3M

2C%

20%

26%

54%

43%

43%

1«%

100%

"Plaaaa • » alt* aap (Fig. 2) to find tba poaltlona

of Trial Pita or bolaa A TO I (i.a. TFA-TW).

"all activity concantratloa valuaa hara an nnoartalnty

of *t(9-12)». Tba valoaa for ordinary* aoll aaaplaa ara:

M : 1401; 19: 1150 Bq.ar» (with an araraoa of 1275 •q.ar>l9.9%).
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PVC tube

.110 ra

65 nrn —[

T
20 cm

70 en

Ex-drink can

CR-39 detector

Silica gel crysc/us.

Filter paper

Plascic cubing
Hole-soii surface

Metal grid

Fig. 3. A sketch (not drawn to scale) of a PVC tube,
carrying a dosinetry can, for in situ measurement of
radon gas exhalating out of the ground. The tube, which
is closed at the top, is =70 en high; it is buried into
the ground to a depth of -50 cm, with the top =20 cm
projecting out the ground. A perforated bag containing
silica gel crystals helps to absorb excess moisture
inside the tube, allowing the CR-39 detector to
successfully accumulate a-particle tracks from the decay
of radon (and its progeny).

The purpose of burying the detector-bearing cans
in situ was to allow natural conditions of temperature,
pressure and moisture at the site to prevail; and the 36
days exposure was long enough to take account of variations
in these environmental parameters, which affect the
exhalation and emanation properties of radon gas. At the
end of the exposure period, the cans were removed from the
site, and the detectors taken out and processed in the
laboratory in the normal way. The alpha tracks resulting
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from the decay of radon and its short-lived daughters were
then counted. The track densities were, again, converted
into activity concentration levels in the air inside each
dosimetry can. The result are shown in Table 3.

Table 3. In situ samples buried at the si te on 17 July 1989 for
36 days: Activity concentration levels in the car air

Smriml

no.

1

2

3

4

5

6

7

Type of soil

Fly ash
•«

n

Bottcm asb
«

Ordinary soil

Tabs and

can code

T-3

T-7

T-4

T-6

T-5

T-2

T-1

Bole position

and depth

A; 55 ca

C; 50 cm

D; 57 ca

B; 55 ca

B; 50 ca

F; 55 ca

C; 42 ca

Track density

(tracks.ca ')

2.02x10'

1. 53x10"

2.49x10-*

1.33x10*

1.35x10*

4.10x10*

3.68x10"

Activity

concentration

in the can air*

(Bq.a»)

3640

2760

4490

2400

2430

7390

6640

"All activity values have bean corrected for pre-equilibritai tiae lag, and have

statistical uncertainties of 7-M.

3. DERIVATION OF EXPECTED RADON LEVELS IN DWELLINGS

3.1. Estimation of Radon Activity Concentration Levels
in a Dwelling froa the Values in a Dosimetry Can

The most important exercise required was to derive the
expected radon activity concentration values in the houses
to be built on the site from the values obtained from the
can air. A straight volumetric conversion would not be
realistic. In such a volumetric (but unrealistic)
conversion, one would simply replace the 5 cm high cylinder
of air above the soil/ash sample resting at the bottom of
the dosimetry can by an imaginary column of air extending
to the full height of the room standing on the same
base-area as that of the can. In such a case, the activity
concentration in the room would be reduced in straight
proportion of the room-height: can-air height; e.g. in a
room 9 feet high (=274.3 cm) the reduction would be by the
ratio 274.3:5 (since the height of air above the soil\ash
sample in our dosimetry can was 5 cm), namely by a factor
(5/274.3=) 0.0182, i.e. -1.8%.

The above conversion factor (»1.8%) is unrealistic in
view of the following facts: (i) It assumes a permanently
sealed room, like the dosimetry can, with no ventilation;
and (ii) it completely ignores the drastic cutting off of
the ground-radon exhalation rate by the floor of the house.
It is also known that radon activity in second and higher
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storeys is progressively smaller than on the ground floor
(first storey) of a house- by something like 20% per storey
(5). In the published literature, average radon
concentrations prevailing in the first storey of dwellings
are reported to be as low as -5% of that from bare ground
(5). The exact value strongly depends on the construction
and material of the floor.

To get an idea of the order of magnitude of the radon
concentration level expected to prevail inside a 9 foot
high room, the data in Table 4 would be useful. Here we
give the values resulting from: (i) a straight conversion
(shown in column 3) from the can values given in column 2;
and (ii) as reduced by a conservative (and ad hoc) factor
of 5 (i.e. 20% of the ground-based values, resulting from
the attenuation introduced by the flooring material: cf. 5%
quoted towards the end of the last paragraph)-and shown in
column 4. In Table 4, the values corresponding to a base
made of ordinary soil (mean of holes F and G in Table 3) as
well as of fly ash (means of holes A, C and D of Table 3)
and of bottom ash (means of holes B and E of Table 3) are
shown separately in rows 1, 2 and 3, respectively.

Table 4. Conversion of activity concentration values in

the dosimetry can to those expected in a 9 foot

high room (volumetric and ad hoc conversions)

Serial

no.

1

2

3

Type of aoll

Colon 1

Ordinary soil

(•ean of holes

P and G)

Fly u b

(•ean of holes

A, C and D)

Bottom ash

(asan of holms

S and •)

Activity concentration

(Bq.m •)

In can

air

(5 cm high

air space)

Colon 2

7015

3630

2415

In room air (rota height: 274.3 cm )

Straight conversion

(ratio of heights)*

Colon 3

12a

66

44

Corrected for

attenuation by

floor"

Colon 4

26

13

9

•A ratio of (5 cm/274.3 cm -) 0.01S2 i s used for the volumetric

(or 'straight') conversion from column 2 to c o l o n 3.

••The values in column 4 are simply 20% (an ad hoc attenuation factor)

of values In column 3.
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3.2. Experimental Determination of Conversion
Factors Between Ground Soil and In-house
Activity Concentrations

To obtain more reliable and "real life" values of
conversion factors between radon activity concentration as
measured inside a dosimetry can buried in situ in the
ground and that prevailing inside a built-up house, the
following experiments were carried out.

Three houses were chosen in different parts of England,
viz. W. Midlands, Derbyshire and East Sussex. Dosimetry
cans, inside the same PVC tubes as at the power station
site, were buried at depths of 50 cm, in the garden of
each house and as close to the house as possible (to ensure
that the soil in which the cans were buried was roughly the
same as that beneath the house). At the same time,
NRPB-type dosemeters were placed inside the ground-floor
kitchen of each house (typically, on top of a fitted
wal1-cupboard). These dosemeters, made of 2 mm thick
moulded plastic, had a detachable circular base (of
diameter 5 cm) and a domed top (zenith height =2 cm). The
base -which carried a CR-39 detector- fitted so tightly
into the screw-thread at the bottom of the dome that, while
radon gas (a2aRn, rX/-2=3.82 d) could penetrate into the
dosemeter within =30 min, thoron gas (22ORn, t 1 / s =
55 s) would decay before effecting entry. All three houses
were two-storey types, of modern brick construction, and
all had concrete flooring. The houses were code-named as
follows; house A: in Northfield area of Birmingham in the
W. Midlands; house B: in Melbourne, Derbyshire; and house
C: in Hastings, E. Sussex. The cans and the NRPB-type
dosemeters were left in place for periods varying between
35 and 51 days (a given can+dosemeter set being exposed, of
course, for the same length of time); they were then
collected, the CR-39 detectors processed, and the track
densities counted in the usual way. The track densities
were then converted into radon activity concentration
values, using the known relationships (for the can and the
National Radiological Protection Board (NRPB) dosemeter,
respectively). The results are shown in Table 5.

It will be seen from Table 5 that the track densities
inside the house were so low in every case that there are
considerable statistical uncertainties both in the
calculated activity concentration values and in the
house-to-ground ratios obtained therefrom. It was decided,
therefore, that the safest course would be to use the
geometrical mean of the three ratios as the best estimate
of the conversion factor between the radon activity
concentration as measured from soil burial of the dosimetry
can and that inside a ground-floor room (first storey) in a
constructed house. This value of the geometrical mean is
given (from the three values listed in Table 5) as:

{(8.8xl0-3)x(6.4xl0-*)x(6.2xl0-3)}1'3=3.27xl0-3(±60%).



218 DURRANI et al.

Table 5. Experimental determination of the in-house to ground-

soil ratio of radon activity concentration using three

geographically distinct houses as models

BOOM coda and

location*

A.£ Bicslngtua)

B: Derby

C: Hastings

Poaltlcn of

can or

ilna—alal

Garden

BOOM

Carton

Boos*

Cardan

BOOM

Track density

(trackc.car*)

9800

(±10%)

4 0

(±»0%)

6.22x10*

(t6%)

1 8 0

(±«0%)

2.89x10*

(±5%)
SO

(±65%)

activity

concentration

(Bq.ar*)

1470

(±11%)

1 3

(±80%)

7.5x10*

(±8%)

48

(±40%)

5.36x10*

(±7%)

3 3

(±65%)

Activity cone.

ratio

(Boose/gronnd)**

8.8x10-*

(±81%)

6.4x10-*

(±40%)

6.2x10"*

(±65%)

1 9 M booses ane locatad as follows.

A: Korthfleld In P<r»1nijha» (W. Midlands)

8: Hslbonrne In Derbyshire

C: Basting* In East Sussex

All ar» Modern two-storey brick types with concrete flooring.

"Tto gaoBBtrlc Bean of tbo three ratios given

in this colon is 3.27x10-* (±60%).

Upon applying this conversion factor (3.27xlO~3) to
the radon activity concentration values measured in situ
at the power station site (viz., those given in column 2 of
Table 4 for the can air), we obtain the values given in
Table 6 for the expected radon activity concentration
inside ground-floor (first-storey) rooms in the houses
built on the site, assuming broadly similar construction to
that in the three experimental houses (viz., modern bricks,
with concrete flooring, and similar room-heights). These
values (Table 6) may be compared with the calculated values
for the room air, presented in Table 4. It is clear that
the calculated radon concentration values of Table 4, based
on a reduction by an ad hoc factor of 5 from the straight
conversions, viz. the values listed in column 4 of Table 4,
are fairly close to the values recorded in Table 6 (which
are based on the experimentally determined conversion
factors). A corollary that can be drawn from Table 6 is
that fly ash and bottom ash may, indeed, serve as materials
that would suppress the exhalation rate from the ground, if
used for forming the foundations of dwellings.
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Table 6. Expected radon activity concentration values
in a ground-floor room in a house built on
the power station site (based on tables 3-5)

219

Serial
no.

1
2
3

Type of soil
on which house
is constructed

Ordinary soil
Fly ash
Bottom ash

Expected radon activity
concentration in a

ground-floor room in the
house* (Bq.m-3)

23±14
12±7
8±5

•These values are obtained by multiplying the activity
concentration values inside the can air (as obtained
from the dosimetry cans buried in situ at depths of
=50 cm within PVC tubes on the power station site and
listed in column 2 of table 4) by the experimentally
determined conversion factor 3.27xlO~3 (±60%), based
on table 5. Thus, the first value in. column 2, Table
4, viz. 7015 Bq.m-3, yields the value 7015x3.27x10-==
(22.9±13.8) Bq.m-3 -which is shown in the second
column of the present Table.

4. CONCLUSION

I t i s c lear from our inves t iga t ion described above that
the expected radon concentration levels inside houses to be
constructed on the power s t a t i on s i t e - provided tha t the
construction i s broadly s imi lar to tha t of our prototype
houses A, B and C, referred to in subsection 3.2 - are very
much within the l imi t s l a id down by the UK Department of
the Environment Building Regulations 1985 - Part C: Radon
Interim Guidance on Construction of New Dwellings, and are
much below the 'Upper Bound1 for future dwellings
recommended by the National Radiological Protection Board
(7) , v i z . 5 mSv.a~x, which corresponds to a radon
concentration level of 100 Bq.m~3. Indeed, the
concentration levels inside houses b u i l t on the PFA
(pulverized fuel ash, i . e coal ash) dumps on tha t s i t e are
expected to be even lower - by a factor of -2-3 - than
those b u i l t on the ordinary s o i l : and the l a t t e r values
are , indeed, qui te close to the average radon a c t i v i t y
concentrations in UK houses (7) , namely =20 Bq.m-3. I t
i s worth pointing out tha t the values quoted in tab le 6 -
v iz . =23 Bq.m~3 for houses b u i l t on ordinary s o i l , and
=10 Bq.m~3 for houses b u i l t on the PFA dumps a t the
s i t e - are for ground-floor ( f i r s t - s t o r e y ) rooms; the radon
concentrations in second-storey rooms are expected to be
further reduced (to perhaps 80% of the above va lues ) .
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NATURAL RADIOACTIVITY IN FOSSIL BONES
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ABSTRACT

The results of radioactivity of fossil bones derived
from radioactive zones of Siwalik Himalayas of India are
reported. Uranium (U) and Thorium (Th) are estimated using
alpha-particle and fission track radiography. Uranium
concentrations measured by alpha radiography are found to
be significantly less than those determined by fission
tracks analysis (which gives actual values of the U
content),which reveals the radioactive disequilibrium in
fossil bones. Qualitative analysis of fission track
radiographs of radioactive fossil bones indicated
inhomogeneous distribution of U, dependent upon the matrix
of fossil bone. It is also observed that U concentration in
fossil bones is controlled by availability of U in
contemporary environment in which vertebrates lived. The
detailed investigations employing X-ray spectrometry are
under progress and will be helpful in establishing the
model for geochemical up-take of radioactive elements by
fossil bones.

1. INTRODUCTION

Radioactive fossil bones with secondary derived U have
been recovered from widely distributed locations of
Wyoming, Idaho, Colorado and Utah in United States; Thurso
in Scotland and Siwalik Himalayas in India (1-3). The
geochemical behavior of secondary uranium in these bones
has been studied by various authors (4-6). Charalambous and
Papastefanou (7) have reported that during the
fossilization of bones, an exchange of the organic
components of bones by inorganic compound takes place. On
account of this, it is evident that in a fossil there may
be found particular concentrations of some elements which
are very different from their initial concentrations in the
bones. This may be the results of either a high
concentration of these elements in the liquid environment
during fossilization or to a preferential deposition of
these elements onto the bones. Thus eclectic exchange
deposition of U could be explained by the measurement of
the radioactivity of the fossils. Jaffe and Sherwood (8)
found a high concentration of U which they a associated
with the carbonate apatite of the fossil bones.

221
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In India, Siwalik system of deposits is known to
enclose a rich collection of petrified remains of animals
of the vertebrate sub-kingdom. Udas and Mahadevan (9) have
reported that U is fixed in these bones from circulating
ground water. Although U concentration in Siwlik
vertebrates is uneconomical, yet it could be used as a tool
in prospecting Uranium in Siwalik rocks (6). Singh et al.
(10,11) on the basis of LI estimation in Siwalik bones have
reported the possibility of U mineralization in Saharanpur,
Naraingarh and Nalagarh areas.

In the present investigations radioactive fossil bones
has been analyzed for U and seme other elements in order to
study the geochemical behavior of radioactive elements
present in fossil bones. Non-destructive nuclear techniques
are employed for mapping and analysis of different
elements. Uranium concantration and its spatial
distribution studies are carried out using fission track
technique. Elemental concentrations are determined using
X-ray spectrometry in order to correlate enrichment of U
with its pathfinder elements.

2. AUTORADIOGRAPHIC INVESTIGATIONS

Uranium and Th in fossil bones are studied with a-
particle and fission track autoradiographs. Alpha track
measurements from" the samples under secular equilibrium
define total U and Th concentration, while fission track
measurements yield U concentrations alone. Thus, by
combining the results of both these measurements U, Th and
Isotopic equilibrium/disequilibrium is determined. The
details are given below.

2.1. Theory

Uranium and thorium are natural a-particle emitters and
an a-particle sensitive plastic detector, when placed
against the surface of a geological sample, should record
the alpha disintegrations. If U and Th, respectively,
represent the concentration of uranium and thorium (in
ppm), N is the number of dr-particle trajectories counted
per cm2 per second in LR-115 type 2, and k is an
absorption coefficient for a-particles which depends on the
chemical composition of the studied material then, we have

106N = 6.77 kU (1)
if U is present without Th; or

106N = 1.60 kTh (2)
if Th is present without U; and

106N = (6.77U + 1.60 Th)k (3)
if both U and Th are present.

where, k= 0.85/(ECS/A) (4)

In equation (4), C is the concentration of an element
of atomic weight A and S is the stopping power of an
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a-particle for that element. Knowing the value of k and
estimating U by fission track technique, Th concentrations
can easily be determined from Equ. 3. A comparison between
the U concentrations determined by autoradiography and
those by other methods (viz., fission track, fluorimetry)
reveals the existence of radioactive equilibrium or
disequilibrium.

2.2. Experimental Technique

The experimental procedure has been given elsewhere
(10,11). Polished sections of the samples were prepared by
grinding with emery powder of mesh size varying from 100 to
600 jam and polishing with cesium oxide. To obtain a-
autoradiographs, a sheet of LR-115 type 2 plastic is placed
against the surface of the samples, which is then stored
undisturbed for a period of time to allow the tracks to
accumulated. A surface area of <1 cm2 is convenient, both
for preparation and later for scanning. After the
accumulation period, the plastic sheet is removed and
etched for 2 hours in 2.5 M NaOH at 50°C. The tracks are
then counted using an Olympus binocular microscope with a
magnification of 600X. The background of a-tracks in LR-115
type 2 plastic is checked and is found to be zero.

To obtain a fission track radiograph, a sheet of Lexan
plastic is placed against the surface of the same samples
and is irradiated in the thermal neutron region of a
nuclear reactor along with suitable standards. After
irradiation, the plastic detectors are removed and etched
in 6.25 M NaOH at 70°C for 25 minutes to obtain the fission
track radiograph of the samples: these are then scanned
under a microscope for track density measurements.

2.3. Results and Discussion

To determine the U and Th concentrations in fossil
bones it is sufficient to determine the number (N) of the
optically visible a-particle tracks emitted per cm2 per
sec and to apply equations 1 to 3. However the value of k,
which depends upon the composition of the sample and is
given by,

k=0.85/(ECS/A)

is not known. The constant k is calculated using S/A values
already reported by Singh et al. (10), and was found to be
15.51 for fossil bones (Table 1).

2.3.1. Uranium Concentration by Alpha-Autoradiography

If U and Th represent the concentration of uranium and
thorium (in ppm), N the number of alpha tracks per cm2

per sec and k the coefficient of absorption of a-particles,
we have:
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Table 1. Ca lcu la t ion of K for f o s s i l bones

Element

Ca
P
F
0

A

40
31
19
16

C

0.3829
0.1773
0.0726
0.3668

S / A

0.047
0.049
0.054
0.066

CA/A

0.017996
0.008687
0.003920
0.024208

ECS/A = 0.54811
k = 0.85/ (2CA/A)
k = 15.51

106N=(6.77 U+1.60 Th)k

if both uranium and thorium are present. Since thorium is
reported to be absent in Siwalik fossil bones (9).

U=106N/6.77k

For fossil bones k is found to be 15.51. Hence knowing
N, we can calculate the values of U and uranium
concentrations determined by a-autoradiography in fossil
bones of different locations, and are reported in Table 2.
The uranium concentrations determined in the samples
collected from Sharanpur (Utter Pradesh), Naraingarh
(Haryana) and Nalagarh (Himachal Pradesh) are anomalous and
are typical of those found in the Siwlik Himalayas.
Moreover, the U concentration in fossil bones is controlled
by the availability of uranium in the contemporary
environment in which the vertebrates lived and on the
nature of the mineralizing solution acting as the carrier
of uranium.

Table 2. U concentration measured by alpha autoradiography
and fission track analysis in fossil bones

Sample
location

Saharanpur

Naraingarh

Nalagarh

Sample
number

F S 1
FS2
FS3
FS4
FN3
FN4
FV1

FV2
FV3

Specimen

Elephant tusk
Elephant tusk
Molar teeth
Unidentified
Tortoise bone
Unidentified
Horn piece
Elephant tusk
Unidentified

U<x(ppm)

62.27
28.43
54.34
66.58
71.76
52.46

164.68
108.68

61.25

ue<ppm)

118.6
93.8

102.9
159.7
165.1
119.7
418.0
292.8
131.7

UQ=U content determined by alpha-autoradiography.
U*=U content determined by fission track analysis Value

of k (absorption coefficient) for fossil bone-15.51.
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2.3.2. Study of Radioactive Equilibrium/Disequilibrium

Uranium concentrations calculated by a-autoradiography
and fission track analysis (which give the true uranium
content without taking the daughters into account) are
given in Table 2. A comparison of the results show that the
U contents obtained using a-autoradiography is
significantly lower than those determined by fission track
analysis, and this confirms the presence of radioactive
disequilibrium in the fossil bones already reported by some
authors (6,10).

2.3.3. Study of Uranium Distribution

Figure 1 shows a photomicrograph of a portion of molar
teeth of Stegodon from Saharanpur (UP), the fission track
radiograph. In this sample, a high fission track density is
observed in the dark black zone, which is known to be
identified as iron rich. The uranium concentrations in this
ferruginous zone is estimated to be about 562 ppm as
compared to 37 ppm in a siliceous matrix. Thus, the above
results are in good agreement with similar results reported
earlier (5,6,10,11). Qualitatively, the uranium
distribution is found to be homogenous in different zones
of the bone samples, with no evidence or radiating
clusters.

So*-

(a) (b)

Fig. 1. Photomicrograph of a portion of molar teeth
of Stegodon (a) and fission track radiograph (b).
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The present studies reveal radioactive disequilibrium
in fossil bones which confirms the hypothesis of secondary
enrichment of U as reported earlier (6), and anomalous
values of U concentration can be helpful in U exploration.

3- X-RAY SPECTROMETRIC INVESTIGATIONS

The elemental analysis of the bones is carried out
using X-ray florescence technique. Brief description of the
procedure is as follows:

The samples in the form of thin pellets are bombarded
with X-rays using a X-ray tube (Mo anode). Characteristic
X-rays induced due to different element present in the
samples were analyzed using the X-ray spectrometer
arrangement consisting of Si (Li) detector coupled to
multichannel analyzer. The concentrations of different
elements are determined from the intensity of
characteristic X-ray peaks.

The elemental concentrations of Ca, Ti, V, Mn, Fe, Cu,
Zn, Sr, Y, As and U in the bone samples are reported in
table 3. The data show that elemental concentration varies
significantly from sample to sample. The concentration of
Ca, the major constituent of the bone, has been found to
vary from 40 % to 65.60 %. The elements Ti, V, Cu, Y and As
have been detected only in some bone samples with anomalous
U content (threshold value for U content in these sample is
already reported (10) to be 56.2 ppm). These are the
pathfinder elements of U and their presence suggests that
besides Uranium, Ti, V, Cu, Y and As also got enriched in
bone samples with anomalous U content.

3.1. Correlation of Uraniun with Other Elements

Values of the correlation coefficient (r) between U and
elements i.e., Ca, Mn, Fe, Zn and Sr in bone samples of
different locations are reported in Table 4. Values of
correlation coefficient of Uranium with calcium are found
to vary from -0.66 to -0.99, indicating a strong inverse
correlation. Neumann et al. (4) have reported that in bones
Ca is replaced during U absorption, which is supported by
the high value of the inverse correlation of U with Ca as
observed in elemental analysis. Fe shows a positive
correlation with U in bone samples of Naraingarh and
Nalagarh locations because of the anomalous U content.
Also, a high value of Fe (i.e. 6.52 %) is recorded in molar
teeth of Stegodon in which U enrichment is observed in
ferruginous matrix by fission track radiography. The above
results confirm that U enrichment is directly associated
with Fe content of the bone samples with anomalous U
content. This may be due to the fact that the ferrous ions
chemically help the uranyl complex to reduce which,
accounts for the observed higher concentration of U in
ferruginous-rich bones and may be due to the similarity
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Table 3. Concentration of elements in Siwalik fossil bones

227

Saaplas
location

wnOKUB

SaHMIMPUR

nuKm

ttttUMBUR

•fllAGMB

Lab
mywbol

m
FB2

FW3

FW4

P81

rsi
FD4

P3

P4

PA

F5

F6

P9

PS

PV1

FV2

PV3

Ca

(»)

38.2

57.2

44.3

48.3

45.0

41.7

52.3

62.3

62.9

47.4

55.2

63.1

65.6

40.0

51.3

SO. 6

« .

(»)

3.4

•>
2.1

•D

•D

• D

HD

•D

m
m
MD

MD

0.9

MD

•D

V

(*)

1.5
n>
0.6

MD

HD

HD

HD

HD

HD

HD

•ID

MD

MD

0.2

RD

RD

Ml

(•)

2.7

0.5

2.7

1.3

1.2

0.4

0.2

0.1

2.2

1.3

1.5

1.6

0.7

7.3

0.8

0.8

Pa

(•)

8.5

0.6

5.2

9.7

1.8

5.7

1.6

3.7

1.7

0.2

0.4

0.4

1.3

4.5

1.2

0.1

Ca

(«•)

26.1

32.4

HD

HD

105.2

485.0

n>

K>

n>
•D

•D

n>
•D

•D

157.2
63.7
51.3

En

<PP"J

654.9
215.6
333.3
195.0

263.0
727.0
350.0

442.2
308.1
391.4

169.0
280.6
248.0
535.9

253.5
364.7
170.8

Sr

(Pf»)

665.7
1244.8
1235.2
1160.0

993.1
1876.9
695.11

412.5
2061.6
2892.6

921.4
2000.3
1889.7
1937.2

246.7
1658.2
788.8

T

(IV)

183.1

•D

•>
804.0

562.4
825.4

MD

•D

•D

•D

•D

•D

Ml

HD

•D

•D

•D

km

(PP-)

244.3
•D
•D

209.6

4072.0
19286.0

1486.0

M>

IB

m>

m

M>

m
MD

m
517.8

MD

0

(PP-)

120.9
98.5

108.9
119.7

118.6
93.8

159.7

49.7
39.4
38.2

41.3
37.5
51.6
50.2

418.0
292.8
131.7

Table 4. Correlation coefficient (r) values of U content with
other elements in bone samples of different locations

Element

Ca
Mn
F e
Zn
S r

Naraingarh
( r )

-0.66
0.36
0.93
0.48
0.43

Saharanpur
<r>

-0.90
-0.90
-0.02
-0.67
-0.92

Kangra
( r )

-0.99
-0.86
-0.47

0.97
-0.97

Tirlokpur
( r )

-0.79
-0.32

0.53
0.47
0.30

Nalagarh
( r )

-0.79
-0.83

0.94
0.49

-0.31

in the electron affinity of uranyl and iron ions. The
correlation of U with some elements i.e., Mn, Sr and Zn is
inconsistent, and varies with sample locations.

4. CONCLUSIONS

i) The present studies reveal that U estimation and
spatial distribution in fossil bones can be helpful in
U exploration.

ii) Uranium present in radioactive bones is in
disequilibrium.
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iii) Ti, V, Cu, Y and As can act as pathfinder
U in radioactive bones.

elements of
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EFFECTS OF AIRTIGHTENING OF THE
BUILDING SHELL ON THE INDOOR

RADON LEVEL IN A HOUSE SITUATED
IN THE SWISS ALPINE AREA

R. Crameri, D. Azimi*, D. Furrer and W. Burkart

Radiation Hygiene Division, Paul Scherrer Institute,
CH-5232 Villigen PSI, Switzerland

'On leave from the Department of Physics,
University of Tehran, Tehran, I.R. Iran.

ABSTRACT

The high variability of soil structure in Switzerland
gives rise to indoor radon concentrations ranging over more
than two orders of magnitude. The high altitude of the
Swiss alpine region above sea level results in a cold
climate heating periods. Thus, the effects to save energy
may contribute to the increase of the indoor radon
concentration as well as the concentrations of other indoor
air pollutants, /in this pilot project, the correlation
between meteorological parameters, airtightening of the
building shell and indoor radon concentrations in a single
family house situated in the Swiss alpine area at 1340 m
above sea level have been studied^ The house was unheated
and uninhabited during the experiments. The radon gas
concentrations were determined using cup-type passive
alpha-track detectors The detector ' foils were
electrochemically etched and counted by an image analyzer
computer. The radon decay products concentrations were
determined with working level monitors. Outdoor and indoor
temperatures and wind velocity were also recorded,
measurements of air exchange rates were carried out with
N20 trace gas technique. The house consists of 0.9 m
thick stone walls with a sub-ground basement and two floors
above ground. The exhalation rate from the bare earth floor
of the cellar was found to be in the range of 270 to 890
Bq.m^'.h"1. '"The results showed that the outdoor-indoor
pressure difference increases by a factor of about 2.7 from
(0.251+0.083) Pa to (0.687±0.192)Pa as a consequence of the
retrofit of the building shell.(No alterations of the mean
inside-outside temperature difference was detected before
and after the airtightening. The measured total air
exchange rate at different floors was reduced by a factor
of about 2 after airtightening. However, the finding that
the indoor radon levels remained unchanged was somehow
unexpected. While it is too early at this stage of the work
to conclude that the airtightening of the building shell

229
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does not influence the indoor radon level, it should be
noted that the stack effects are the main forces driving
radon from the subsoil into the living area.

1. INTRODUCTION

Switzerland is a small country, in the center of
western Europe. The high variability of the soil structure
gives rise to indoor radon concentrations ranging over more
than two orders of magnitude, depending on the geology and
radium content of the subsoil (1,2). The contribution of
soil gas to the indoor radon concentration depends also on
the soil air sufficient to maintain transport into the
house and the degree of coupling between the indoor and the
ground (3). Long term variations found in the soil radon
concentrations indicate that the indoor radon levels may be
known with a limited accuracy even when measurements are
integrated over an entire year (4). In the southeastern
parts of Switzerland, the arithmetic mean of radon
concentration for the living quarters exceeds 300 Bq.m~3

and leads to annual effective dose equivalent in the range
of 9 mSv.y-1 to the population living in this area (5).
Also in the other areas of Swiss Alpine, indoor radon
levels turn out to be relatively high (6-8). The high
altitude of the region above sea level results in a cold
climate with long heating periods (9). Thus the efforts to
save energy are particularly intensive in this region and
may contribute to their increase of the indoor radon
concentration as well as concentration of other indoor air
pollutants (10). Reducing air filtration is a
cost-effective way to reduce home heating requirements.
Although saving energy represents a desirable benefit,
possible health risks as a consequence of deteriorated
indoor air quality should not be underestimated. The
primary environmental issue confronting energy-efficient
homes is the effect that reduced levels of ventilation may
have on indoor air quality. Many factors affect the level
and mix of pollutants found in a given home. Among these
are source strength, house volume, occupant behavior, and
ventilation rates, one of these, ventilation rates, is also
associated with energy efficiency. Reducing air flow
between indoors and outdoors is likely to contribute to the
built up of indoor pollutant levels. Radon is an important
indoor pollutant because researchers have linked them to
causing lung cancer and have developed risk force making it
possible to quantify lifetime cancer rates (11,12). The
qualification of the effects of airtightening of the
building shell on the indoor radon level is particularly
important for homes situated in geological zones with
elevated radon source strength. In a pilot project, we have
studied the correlation between meteorological parameters,
airtightening of the building shell and indoor radon
concentration in a single family home situated in the Swiss
Alpine region.
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2. MATERIALS AND METHODS

Passive alpha-track detector of the Karlsruhe type were
used for the determination of radon gas concentrations
(13). The dosimeters used strongly suppress the 2aoRn
concentration (14) and have a detection limit for radon gas
of about 10 Bq.m~3 for an exposure period of three
months. After the exposure, the detector foils were
electrochemically etched and track counting performed with
a computerized image analyzer (Quantimet 920, Cambridge
Instruments Ltd., Rustat Road, Cambridge, UK). For quality
control, a set of detectors exposed to a known dose of an
alpha-source was etched and counted with each batch of
field dosimeters. The internal calibration standard was
tested as describes elsewhere (1). Radon decay product
concentrations were determined with Eberline working level
monitors type WLM/WLR (WLM-1/WLR-1A, Eberline, P. O. Box
2108, Santa Fe, NM 87501, USA). Outdoor temperatures were
continuously recorded with mechanical thermohygrographs
(model KRW 5654, Haenni & Cie. AG, Jegensdorf, Switzerland)
and indoor temperatures were monitored with an indoor
climate analyzer (Model 1213, Bruel 6 Kiaer Naerum,
Denmark). Wind velocity was measured 3m above ground with
an anemometer. Measurements of air exchange rates were
carried out with a trace gas technique (NaO) as described
elsewhere (15,16).

The test house used for this investigation is located
in an alpine areas of Switzerland at 1340 m above sea level
and is a typical construction for this region. It consists
of 0.9 m thick stone walls with a full sub-ground basement
and two floors above ground. The basement has a bare earth
floor and the house was unheated and uninhabited during our
experiments.

3. RESULTS

To assess the influence of airtightening of the
building shell on the indoor radon concentration it is
essential to well characterize the house before any
measures devoted to energy conservation are taken. From the
three main sources of indoor radon, building materials,
subsoil and tap water only the first two have to be
considered because the home was uninhabited during the
whole experimentation period. The contribution of building
materials to the indoor radon level in Switzerland is in
the range of 10 to 30 Bq.m~3 (17). Such a contribution
represents only a few percent of the measured average radon
concentration in this specific home and can therefore be
neglected. The radon source responsible for the high radon
concentration measured turn out to be the soil on which the
home is constructed. The exhalation rate from the bare
earth floor in the cellar was calculated to be on the
average of about 580 Bq.m~a.h~l. This high energy rate
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is sufficient to expiain the measured average indoor radon
concentrations (18).

An experimental verification of the radon exhalation
from the cellar surface by in situ measurements yielded
values in the range of 270 to 890 m-a.h"*. The average
value for the radon concentration at different floors, wind
velocity, outdoor temperature and barometric pressure
recorded before and after retrofitting of the house are
reported in Table 1. In addition to the data reported in
Table 1, the basement-first floor pressure difference, the
outdoor-indoor pressure difference, the inside-outside
temperature, and air exchange rate before and after
retrofitting were also recorded, in contrast to the
unaltered basement-first floor pressure difference, the
outdoor-indoor pressure difference increased by a factor of
about 2.7 from (0.251+0.083) Pa to (0.687+0.192) Pa as a
consequence of the retrofit of the building shell. No
alterations of the mean inside-outside temperature
difference was detected before (5.3±1.2)°C and after
(5.5±2.2)°C the airtightening.In contrast, the measured
total air exchange rate at the different floors diminished
relatively by a factor of about 2 for the living area after
airtightening as reported in Table 2. The lowering of the
exchange rate as a result of the airtightening of the
building shell is a predictable result. However, the fact
that the indoor radon levels remained unchanged was somehow
unexpected and will be discussed extensively.

4. DISCUSSION

The efforts devoted to reduce heating costs over the
past decade have encouraged energy conservation in
buildings. In this period, several articles were devoted to
the study of the possible increase of the radon and radon
decay products concentration in energy-efficient homes
(9,19,20) and on the possible health effects of energy
conservation (9,21,22). These studies cover information
available from the literature, theoretical considerations
and comparative field studies involving groups of
energy-efficient and conventional homes (19,23,24).
However, systematical studies on the effects of
airtightening on the same building, before and after
retrofitting were not reported so far. We have decided to
start a project devoted to the systematical study of the
influence of airtightening on the indoor radon level which
could be used also as model for other indoor air pollutant
generated in the subsoil on which homes are constructed.
First results obtained for a single home are reported in
this paper. They show that airtightening of the building
shell do nor produce the expected effects on the indoor
radon level at least in this single case study, of course,
it is too early at this stage of the work to conclude that
airtightening of the building shell do not influence the
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indoor radon level. However, if we agree that the stack
effects are the main force driving from subsoil into the
living area, we have to recognize that the investigations
involving ever a large numbers of conventional and
retrofitted homes cannot solve the problem.

Table 1. Indoor radon concentrations at different floors and
meteorological parameters before and after airthightening
of the building shell in a single family dwelling

Measurement period

Radon concentrations
(Bq m - 3 ) :

Whole House
Basement
Ground Floor
First Floor
Loft

Meterological
parameters*:

Average wind
velocity (m.s"1)
Average outdoor
temperature (°C)
Average barometric
pressure (kPa)

Before retrofit
15.02.1988-30.03.1988

1114
2068
1225
980
204

•

2.57+0.07

-4.55-0.75

83.43-0.12

After retrofit
13.02.1989-29.03.1989

1119
1950
1276
1020
209

1.85+0.51

0.10+3.90

84.02+0.48

Wind velocity + 1 standard velocity.
Outdoor temperature and barometric
pressure + difference from norm.
Norm = monthly average from 1901 to 1960.

Table 2. Average Indoor Concentrations of radon decay products
and air exchange rates during a measurement period of
four weeks before and after airtightening of the
building shell in a single family house

Floor

Cellar
Ground floor
First floor

Radon concentration (Bg.m~3)

Before
retrofit

1392±250
706±132
610±148

After
retrofit

13271191
670±106
628137

Air exchange rate (h~a)

Before
retrofit

0.19
0.37
0.25

After
retrofit

0.13
0.16
0.13
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GENERAL IMPACT OF ROBOTICS AND
AUTOMATION IN RADIATION ENVIRONMENTS
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ABSTRACT

Robotics and automation systems in nuclear environments
require special design considerations. This paper presents
an overview of selected robotic systems already designed
and developed for use in nuclear applications at some U.S.
laboratories. It will further emphasize on tasks
Identification, operational constraints, special
considerations in materials selection, and a general
guideline for robotic systems design in radiation
environments.

1. INTRODUCTION

Nuclear workstations challenge automated handling
technology and equipment. Radiation, hazardous chemicals,
and particulate contamination require many process areas to
be inaccessible to humans and hostile to all but
specialized tools and equipment. Hence, developing robotics
and automation systems for nuclear applications should be
the primary focus of any nuclear energy organization when
speaking of ways to minimize personal exposures. Principal
activities may include identification and development of
error-free automation processes for hazardous and
repetitive operations. Special design considerations and
modifications are generally required to apply robotic
systems in radiation environments (i.e. glove boxes). This
is due to the fact that most robot manufacturers have
developed their products for major markets such as
automobile assembly, spot welding, or small appliance
assembly and have not addressed the problems associated
with the nuclear industry. Due to the interaction of atomic
fission fragments with the almost unlimited array of solid
materials, developing equipment for this type of
environment involves a wide variety of factors. Some of
these design considerations arise from the need for making
robotic systems compatible with glove box environments, the
necessity of repairing various equipment within glove
boxes, selecting proper fabrication materials that are
radiation and corrosion resistant and developing
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mechanical, electronic, and control systems that are
operational within radioactive or corrosive atmospheres.

In 1945, at the dawn of the atomic Age, scientists at
the Massachusetts Institute of Technology realized the need
for high technology instruments to automate the emerging
nuclear technology. Their realization pioneered early
developments of safer methods for handling hazardous and
toxic materials produced in nuclear industry. Early
mechanisms developed for handling nuclear or contaminated
materials started by applying awkward usually
overhead-mounted devices, master/slave manipulators mounted
through the vertical face of the containment wall, and
ended up with electric-servo manipulators with the master
remotely located from the slave. Figure 1 shows a clear
picture of these mechanisms.

Today, the robotics systems technology in conjunction
with other electro-mechanical equipments can be used to
automate the safe handling of hazardous/nuclear materials
in day to day operations. In support of the demands for
reduced exposure to all forms of hazardous materials all
nuclear organizations and laboratories should identify,
develope, and implement automation processes for hostile
operations.

2. TASK IDENTIFICATION FOR ROBOTIC SYSTEMS

Proper selection of a robotic remote handling system
requires a basic knowledge of most types of manipulator
systems. Figure 1 shows four types of commercially
available manipulator devices suitable for nuclear
operations. These are namely, mechanical master/slaves,
power manipulators, servo master/slaves, and robots. Each
of them has advantages in different applications.
Master/slave manipulators are operated through the walls of
shielded cells to perform dextrous tasks in line-of-sight
applications. In large process areas, power manipulators
have been mounted on large Cartesian gantry cranes. The
manipulators are controlled unilaterally with switches
which move each joint of the arm individually. These units
are best suited for heavy materials handling and tasks
where precision motions are not critical. Computerized
servo master/slave manipulator have been developed to
expand the capabilities of mechanical master/slave to
remote process areas. Like mechanical master/slaves, they
may be bilaterally controlled, meaning that position and
velocity information is transmitted from the master arm to
the slave arm and vice-versa. In general, servo
master/slaves have light, low inertia linkages, and
backdrivable gear trains and are intended for light duty

^ applications. Thus, they are ideally suited for emergency
response operation maintenance functions, and tasks where
the operator must make motion responses based on tactile
information.
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Mechanical Master/Slave Servo Master/Slave

Robotic System

Power Manipulator

Fig. 1. Pour types of manipulators.

Other special purpose computer controlled manipulator
systems have been developed for selected nuclear
operations. Asano (1) describes a 17 degree-of-freedom,
snake-like manipulator developed by Toshiba, Inc. which can
pass through a small port hole to perform remote
inspections. The Westinghouse Energy System Service
Division has developed a remotely operated service arm
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(ROSA) that has been successfully used to perform eddy
current inspections and manual tube plugging operations in
steam generators. It has also been used to insert plugs
into a reactor core barrel.

In general, three types of remote handling operations
can be solved by a robotic system. In nuclear applications
which contain repeated structured tasks, automation can be
considered. Note that automated tasks are those which can
be performed in a completely preprogrammed mode. They
require a structured work environment. A second type of
application contains specific tasks which can be performed
automatically. These, however, require operating personnel
to monitor and sequence their execution. A robot can
perform these tasks through a manually supervised control
system instead of a fully automatic one. The last type of
application requires manual (teleoperated) control of the
robot's motions in addition to programmed motions. This
type of application requires the arm to function in a
tele-robotic control mode.

3. AUTOMATION

Industrial robots can be used to automate routine and
nonroutine tasks, which are repeated in structured nuclear
applications. Routine processes are mainly production tasks
which include fuel slugs, performing radiation assays on
parts, and preparing samples. These nuclear operations
share many similarities with standard industrial robot
applications, and a dedicated robot work cell may provide a
successful automation alternative. Other tasks suitable
for robots, but not as easily recognized, are nonroutine
but repeatable jobs which are awkward or potentially
dangerous to perform. Examples of these tasks include:
handling radioactive waste containers, changing filters,
and performing selected or planned maintenance functions.

Complicated or multiple step operations may also be
candidates for automation. Robotic systems are not
generally limited by the complexity of particular tasks
since arms can be adapted with multiple tools and end
effectors. Furthermore, the number of steps required in an
operation is also not a limiting factor since robots can be
adapted with virtually unlimited memory for stored
routines. A successful strategy in a particular automation
process requires the designer to be fully aware of various
robot capabilities. In addition, a general awareness of
robotic systems cost and performance is essential for most
applications. Furthermore, successful and efficient
implementation of a robotic system in an automation process
necessitates a thorough knowledge of the process that is to
be automated. On the whole, the following guidelines should
be addressed in a particular automation process:

1. Fully understand the process that is to be automated
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and present a process profile outlining the details of
the process, the number of steps involved, the level of
skills required, etc.

2. Find out whether a robotic device can be mounted in the
process area or adapted to an overhead gantry system,
floor conveyer, or mobile platform to access the parts
and machines in the process?

3. Find out when and how often the operations are modified
with special procedures? Can these instances be
recognized and alternate procedures be implemented
automatically?

4. Study the possibility of alternate approaches to
perform the operations in a simpler manner.

5. Find out whether any of the parts that are to be
handled/assembled are sensitive to scratches, dents,
etc. And if any of these materials are hazardous,
corrosive, or radioactive.

6. Estimate the work space that is required to perform the
whole process.

7. Study the sizes, shapes and weights of the parts that
are to be handled/assembled by the robotic system.

8. Evaluate the minimum degree of precision required to
perform the predefined tasks.

9. Study the load carrying capacity of various
commercially available robotic systems and determine
the ones satisfying the requirements.

10. Carefully study the workspace of these robots and see
if any are compatible with the required workspace for
the predefined tasks. Furthermore, study the number of
degrees of freedom required to access all the parts and
perform all the operations within the required work
space. Six degrees-of-freedom generally provide the
sufficient dexterity to perform a very large variety of
tasks and operations.

11. Study the claimed accuracy and repeatability of the
selected robotic systems and determine those which best
suit the requirements.

12. Study the possible requirements of special tooling,
such as end effectors, conveyors, and other
supplemental fixtures. All designs must incorporate
fail-safe operational modes in the event of a power
interruption.

13. Study the number of sensor interrupt channels required
for part orientation sensing, gripper sensors, safety
sensors, etc. Determine whether it is required for the
robot to have force sensing capability.

14. Determine the required memory capacity for a large
number of program points in the application program,
and the robot ' control configuration for such memory
requirement.

4. CHOICE OF EQUIPMENT: RADIATION CONSIDERATIONS

Industrial robot controllers and sensory devices rely
heavily on digital integrated circuit (IC) technology (i.e.
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bipolar and metal oxide semiconductor). The IC's in a robot
or sensors are usually the limiting factor in the radiation
hardness of the device. The Gamma and neutron radiation
cause extensive and unpredictable damage to semiconductor
devices and the packaging they come in. Consequently, a
analysis of the expected radiation fields is required to
determine if standard off-the-shelf robotic components are
usable or if specially designed or selected devices are
required. For a complete data on radiation hardness of
various semiconductor (IC's), the reader should refer to
Long (2). In addition to the above, the reliability and
maintainability factors of the industrial robots are very
important in a radiation environment. Industrial robots
have shown to be reliable in many commercial applications
(average time is over 5000 hours for some units).
However,when these systems fail, repairs may be complicated
and labor intensive. Consequently, special maintenance
considerations must be addressed before a system is
installed in an area with high radiation fields or
potentially harmful levels of nuclear contamination.

In high radiation applications, the robotic system and
components should be installed so they can be easily
transported to a "cool" regulated area. This greatly
simplifies installation and maintenance operations and may
also extend equipment life since radiation-sensitive
components can be removed from the radiation zone when they
are not in use. One design approach is to mount the robot
on a sliding platform. The slide mounting provides a stable
base for the robot and an easy means to transport the
system. An alternate approach uses and overhead bridge
crane to transfer the robot and system components. Lifting
bails, alignment pins and fixtures must be integrated into
the workcell to allow the robot to be removed and
subsequently remounted.

Contaminated nuclear workcells present special problems
to system maintenance. In many existing nuclear processes,
hands on repairs, using maintenance personnel in plastic
suits, are required. This practice, however, is avoided
whenever possible to reduce radiation exposure and the
possibility of nuclear material assimilations. A
maintenance method preferred to operating through plastic
suits is to remotely decontaminate components to a suitable
level; then to transfer them to a "cool" regulated area for
repairs. Decontamination chemicals used in nuclear
processes include: nitric acid, caustic solutions, and
"Freon". Unfortunately, very few commercial robot arms and
components can be cleaned with these chemicals without
damaging their internal components and wiring. Protective
covers, boots and gauntlets, however, can accomplish the
same function as mechanical sealing. Covers should be
designed for easy removal and replacement so they can be
changed in a glove box. Air purging is also desired to keep
contaminated process air from entering the cover as it
expands.
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An alternative to decontamination is to employ a
modular system design. System components such as end
effectors, sensor devices, and arm sections can be removed
remotely and replaced remotely via master/slaves, remote
cranes, or through glove ports. Many times this approach is
after, easier, and more economical than attempting to clean
a contaminated piece of process equipment. Depending on the
accessibility of the equipment in a process, modularity may
be an important design requirement. Few commercial robots
use modular designs, but several manufacturers will quote
modular designs as special options.

5. SAMPLE AUTOMATION PROCESSES

5.1. Direct Oxide Reduction

Plutonium metal is produced from plutonium oxide by the
direct oxide reduction (DOR) process. The procedure calls
for introducing three reagents: PuO2, calcium metal,
powdered calcium chloride, and a pressed calcium chloride
cylinder into a magnesia crucible inside of a glove box.
The reagents and the CaCl2 cylinder are placed in the
crucible which is then inserted into a stainless steel can
and into a reduction furnace. At about 800 °C, the
reduction reaction starts and stirring of the molten
mixture begins. After the exothermic reaction is complete,
the components are disassembled and the plutonium metal
button is broken away from the bottom of the crucible. The
product metal and salt residues are then transferred out of
the glove box.

At Los Alamos National Laboratory (LANL), this process
is successfully automated by an IBM 7565 rectangular robot
in the following four phases:

1. Measure reagents and assemble components.
2. Control furnace cycle and mixture stirring.
3. Disassemble components.
4. Separate product and residues, and assay.

5.2. Milliwatt Generator Calibration Line

238PuO3 heat sources are routinely produced at some
nuclear laboratories around the world. These sources
generate heat by the alpha decay of 2 3 BPu0 2 which is
converted to electricity by the use of a thermopile. The
electricity generated is used to powef remote systems such
as satellites, and arctic and subsea installations. The
thermal calibration of these heat sources is generally
carried out manually and is very routine in nature. A
typical measurement currently takes about two hours. At Los
Alamos National Laboratory, a robotic system based on the
cylindrical Zymark robot is developed to perform this
operation automatically. The robot has been interfaced to a
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HP 9825 desktop computer that operates the two calorimeters
and maintains the data base for the results. Figure 2 shows
a radiation-resistant modified version of the Zymark robot.

Fig. 2. The Zymark Laboratory Robot-

5.3. Automated Bagout Operation

Most of the waste generated inside of glove box trains
is extracted in one gallon cans. Removal of these cans from
the glove box is called a "bagout operation". This
operation involves removing a can from the glove box
through a special port into a plastic bag without breaching
the atmosphere of the box. Robotic systems have been
developed and installed to remotely perform the bagout
operation at both Los Alamos and Savannah River National
Laboratories in the United States. As the can is extracted
by the robot, a plastic bag collapses around it. A
gathering and clipping mechanism necks down the bag between
the extracted can and the glove box port. Four metal clips
are applied at this point, isolating the waste can from the
glove box. A penumatically driven knife severs the bag
between the two inner clips with two clips each sealing the
newly formed ends of the bag. Figure 3 shows a clear
picture of this operation.
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Fig. 3. The fail-safe gripper removing
a waste can from a Glove Box.

5.4. Environmental Gamma Spectrometers

The Health, Safety and Environment Division of the Los
Alamos National Laboratory is in charge of monitoring the
environment around the Los Alamos County to insure that
radioactive contamination is not being released due to many
activities of the laboratory. To discharge this role, the
division operates a gamma spectroscopy laboratory where
environmental samples (i.e. soils, rocks, grasses, etc.)
are counted for activity. Due to the extremely low activity
of these samples, long counting periods (10000 seconds) are
commonly used. Hence, in an eight hour day, no more than
three samples can be measured on any of the six counters in
the laboratory. To make more efficient use of the counting
equipment and to use the evening and weekend hours more

a robotic system is developed to
change samples in each counter at the
each counting period. Due to the extremely
of radioactivity encountered with these
samples, no modification were required for

productively,
automatically
conclusion of
low levels
environmental
the PRI 2000 robot used.

5.5. Isotope Detector Fabrication Process

Detectors are fabricated from a family of isotopes that
include up to six or seven different elements. The
radioactive oxides, in the form of low density powders are
received at the Los Alamos in a wide variety of shipping
containers. In this process, which takes place in a
controlled atmosphere glove box, highly radioactive oxides
are subdivided, weighed and placed into target capsules
which are then welded shut. This process is automated by a
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PRI-1000 robotic system and a number of automated devices
such as a capsule cutter installed within the glove box.
Figure 4 and 5 show pictures of the PRI robot installed in
a glove box for the IDF process.

Fig. 4. The PRI-1000 robot in a glove box.

Fig. 5. The glove box used for
isotope detector fabrication.



ICHLNR,!Uunaar,3-7 Nov. 1990 247

6. CONCLUSIONS

General issues for implementing robotic systems in
radiation environments have been addressed. Samples of
successful automation systems were briefly explained. It
can be concluded that automation is currently playing a
major role in nuclear industries around the world.
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ABSTRACT

Naturally occurring radioactivity in building materials
constitutes a portion of the background radiation that
people receive. This source of exposure is of greater
importance when there are abnormal concentrations of
radionuclides. The use of natural products from areas with
high natural radiation, as raw or manufactured building
materials, can be a source of such abnormalities.

The important radionuclides are 232Th, 22eRa and
their decay products, as well as 4OK. The concentration
of these radionuclides in building materials in Ramsar, an
area with high natural radiation in Iran, have been
investigated by gamma ray spectrometry.

The results of measurements, including dose
evaluations, are presented in this paper. The majority of
materials examined in this work showed fairly low levels of
radioactivity.

Some samples of limestone did show high concentration
of a26Ra.

1. INTRODUCTION

Natural radionuclides are present in all environmental
materials, including those used in buildings. The
radioactivity in the building has an important role in
overall exposure rate of population, since the most part of
life is spent there.

The most important radionuclides responsible for
natural radiation exposure, are 232Th, 226Ra and their
decay chains, as well as 4OK. These radionuclides result
in body exposure externally by the emission of gamma rays,
and internally as the result of the inhalation of radon,
thoron and their progenies exhaled from the walls. The
latter radionuclides constitute the major radiation
exposure sources indoors, because the building, especially
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those with poor ventilation rates, play the role of a
container for these radioactive gases.

The radiation exposure rate and airborne radioactivity
in buildings depend mainly on the concentration of the
above mentioned radionuclides in building materials, nature
of materials and the building specifications.

Although, the most building materials in different
countries have natural radionuclides at normal levels, in
some countries a few materials with relatively high
radioactivities have also been used. The most of these
materials are byproducts of industries, which for economic
reasons have been used as building materials. The
phosphogypsum and fly ash are examples of these materials.
This problem has attracted the attention of the
investigators as well as the public health authorities of
many countries in recent years, and has resulted in several
broad investigations on indoor radiation exposure and the
role of building materials. Some measures have been also
adopted for the limitation of such exposure.

Apart from the industrial byproducts, there are also
other materials with abnormally high concentrations of
radionuclides, usable as building materials. These are the
materials extracted from high natural radiation areas. Some
natural stones with high radioactivity can be mentioned as
examples.

Based on the surveys performed, some parts of the
Ramsar city, located on the Caspian Sea, are known to have
high natural radioactivity. The studies on different
aspects of this abnormal situation for inhabitants have
been performed or are underway by other investigators.

In this paper the results of a short-term survey on the
concentrations of radionuclides in building materials of
Ramsar are presented. Based on the results obtained, and
the information about the building specifications and
living habits, the annual effective dose equivalent due to
external exposure is calculated.

2. MATERIALS AND METHODS

2.1. Samples and Preparation Process

About 100 samples of different building materials
commonly used in the area, were collected by the project
personnel, for the measurement of activity concentrations.
Some of the materials, like sand, gravel and natural stones
are supplied from different parts of the area itself, and
the others, such as cements, natural gypsum, by different
factories of the country located outside the area. The most
common building materials in this area is cement blocks
made of sand and cement. In addition to samples collected
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from suppliers, a number of samples, specially those
belonged to the more radioactive areas, were collected from
the region, including buildings. No industrial byproducts,
applicable as building materials, is used in the area.

Coarse samples, like blocks, bricks and stones were
crushed and sieved to the grain size of less than 1
millimeter. All the samples were then dried in an
electrical oven. Nearly 300 grams of each prepared sample
was transferred into a container made of perspex material.
The height and the diameter of the container are 7.5 cm and
6.5 cm, respectively. The containers were then covered and
completely sealed by the use of chloroform solution.

The sealed samples were kept for at least 3 weeks, so
the 226Ra and 232Th reach radioactive equilibrium with
their daughters.

2.2. Radioactivity Measurement

The 226Ra, 232Th and *°K concentrations in
prepared samples were measured by the gamma ray
spectrometry. The spectrometer system consists of a hyper
pure Ge detector coupled to a 4096 channel analyzer with
built-in computer system. The energy resolution of the
detector is 2 keV at the energy of 1332 keV of soCo, and
the relative efficiency is 20%. The detector is housed in a
low-level lead shield with the thickness of 5 cm.

Each one of the low-level samples was counted for about
17 hours and for the samples of higher radioactivity
relatively shorter counting times were adopted. The 226Ra
concentration was determined from the gamma line of 609 keV
from 2 1 4Bi. The a32Th concentration was determined from
the gamma line of 583 keV from 2 o eTl. The *°K
concentration was determined from its 1460 keV gamma line.

The calibration of the system was carried out by
measuring of a low level sand sample, with the same
geometry as the others, and containing standard sources of
152Eu and 1 3 vCs. The reasons for the selection of the
sand as source matrix was the similarity of its density
(-1.8 gr.cm"3) with that of the most other materials, and
also the convenience of mixing standard radionuclides in
solution with it.

3. RESULTS

The results of radioactivity measurements in all
samples of building materials, namely those materials
collected from suppliers, as well as those taken from
buildings and the specific regions, are presented in Table
1. In this table, material types, the number of samples,
mean concentrations of 2 2 6Ra, 232Th, 4OK, and also
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Table 1. Activity Cone, of natural radionuclides
in Ramsar building materials

Tjp« of
•atarial

Sand s
e i m l

•aural
Stona

Caaant

Ctaant

Block

Moaalc

Brick

Gypaua

•aaanrad

saaplas

13

14

12

3 1

10

11

13

Activity (Bq

"Ita

14.84
(10.27-23.02)

8933.52
(3.1-45908.7)

26.02
(15.84-37.50)

86.86
(19.59-259.62)

12.47
(7.90-40.45)

33.20
(23.87-40.54)

3.22
(1.40-4.97)

.Kg'*) aaan wall

" 1

5.16
(2.98-7.86)

5.29
( • -12.13)

4.52
(3.97-4.95)

7.27
(4.18-12.60)

3.20
(•-4.71)

10.87
(9.11-13.10)

1.58
( • -2.25)

» (Bdn-aax)

~*

342.79
(158.10-499.90)

365.22
( •• -667.50)

265.68
(172.75-352.40)

401.50
(269.52-546.95)

134.74
(20.10-278.97)

790.50
(629.99-1039.62)

127.94
(32.42-178.56)

laaa than 0.60 Bq.kg•*.

lasa than 18.0O Bq.kg- *.

the minimum and maximum
material are given.

concentrations measured in each

As it is observed in the table, the most important
findings from the measurements are the presence of 226Ra
in high concentrations, first in some natural stones and
then in a number of cement blocks. A general description
about these two types of materials is necessary.

The natural stones present in different parts of
Ramsar, which totally 14 samples of them were collected,
are of two types: first, limestones present in specific
zones in the region specially in Talesh mahalleh (Talesh
district), which have high concentrations of 226Ra; and
then sand stones distributed in different parts of the
region, which their a26Ra concentrations are generally
low. a26Ra concentrations in these two types of stones
are given in Table 2.

For the cement blocks, two types of sampling were
performed. A number of samples were collected from the
production places in Ramsar, which supply the needs of the
region. Some other samples were taken from the buildings,
including old ones, in different districts of the region.
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The measurements showed relatively broad difference in
226Ra concentrations- between different samples of cement
blocks. The 226Ra concentrations in different cement
blocks are presented in Table 3.

Table 2. aa<sRa concentrations in natural stones

Type of stone

Limestones

Sand stones

Number of
samples

5

9

a a aRa cone. (Bq.kg~x)
mean value (min-max)

24976
(551-45908)

21
(3-24)

Table 3. aa*Ra concentrations in different cement blocks

Table of
stones

Blocks from:
Talesh Mahalleh

and
Karkat Mahalleh

Blocks from:
Sadat Mahalleh

and
suppliers

Number of
samples

14

tf

17

••

aa'Ra cone. (Bq.kg-1)
mean value (min-max}

162

(75-260)

26

(20-32)

4. DOSE EVALUATIONS

The total annual indoor effective dose equivalent due
to radioactivity in building materials results from the
addition of three terms. The first represents the dose rate
resulting from external exposure and the second and third
concern the dose rate from inhaled radon and thoron and
their progenies in the indoor air.

We have evaluated the first term (external dose) for
the inhabitants of the region under investigation and the
results are given in this paper.

The annual indoor effective dose equivalent (H.,«)
due to external irradiation from building materials is
evaluated by the application of the procedures and data
provided by the other investigators (1, 2, 3, 4, 5, 6, 7,
8). The general formula for dose calculation is as follows:
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Where

P
T
b

nix

10-«
CKI,
CThi

q * , <

=annual effective dose equivalent (mSv.y-1),
=fraction of time spent indoors,
=8760 hours per year,
=conversion of absorbed dose in air to effective
dose equivalent, 0.7 Sv/Gy,
=mass fraction of type i material in reference
room,
=factor converting nano to millisievert,
ntti and
=concentrations of *°K, a26Ra and 232Th in type i
building material (Bq.Kg~x), respectively,

« and
=the conversion factor or specific absorbed dose
rate (nGy.h~x per Bq.Kg"1) in indoor air,
respectively.

The conversion factors (q values) are the most
important factors in the formula. The choice of
appropriate values for these factors is of significance for
the calculation of indoor air dose. The q values depend
upon the room specifications, specially wall thickness,
density of building materials and the room dimensions.

A number of investigators have calculated the q values
for different room geometries as well as for different
building materials (1-3, 5, 9, 10). Some investigators
(1-3) have calculated the q values for a given room by
different calculation methods. Their results agree well
with each other. A fact of importance is that the q values
calculated by these investigators for reference rooms are
valid and applicable for other rooms with almost different
dimensions or geometries even with nearly different
building materials. Another important point is that the
results of the experimental procedures applied by the
investigators, for the determination of the indoor air
dose, well confirm the results of the calculations.

The q values selected for the calculation of the indoor
dose values are those presented by Stranden (2) for the
material of 2.32 g.cnr3 density, as follows:

qR«=0.792 nGy.h"
1 per Bq.Kg-1

qTh=0.961 nGy.h"
x per Bq.Kg"1

qK =0.070 nGy.h~
x per Bq.Kg-1

Based on the collected data from the region of Ramsar,
the buildings are mostly constructed from the cement blocks
(in the walls). The density of these blocks is
approximately 2 g.cm~3. The wall thickness is 30 cm. For
the dose calculations, we have considered the walls only
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from these blocks. The presence of a thin layer of gypsum
on the walls inside is neglected. Therefore, the value of
m± in our case is considered as 1. The rooms in
different dwellings have different dimensions, including
4x5x2.8m3. Other rooms are somewhat smaller or larger.
Almost all the dwellings are of single-family type. The
people, on the average, spend 14 hours per day in their
dwellings (p=0.6). By the application of the given values
for each parameter in the formula, as well as the activity
concentrations in different cement blocks, given in the
previous section, doses were evaluated and the results are
presented in Table 4.

Table 4. Indoor air dose xates and annual effective dose
equivalents in rooms with cement blocks in Ramsar

Area

Talesh mahalleh
&

Karkat mahalleh

Sadet mahalleh
&

City dwellings

Air dose
mean

163

56

ratefnGy.h"1)
(min-max)*

(82-256)

(39-76)

H_,.(mSv.y— l)
mean (min-max)

0.60 (0.30-0

0.20 (0.14-0.

94)

28)

*For the central point of the room.

There are a few rooms in Talesh mahalleh, which are
made of a mixture of special stones, with high
concentrations of 226Ra and cement blocks. For the
calculation of the dose values inside such rooms we
assumed that 50% of the walls is from stones and the
remainder from cement blocks. With the calculation of the
mean 226Ra concentration in the walls (19188 Bq.kg-1),
the indoor air dose rate was calculated as 15220 nGy.h"1

and the annual effective dose equivalent as 56 mSv.y"1.

5. DISCUSSION

The radioactivity concentrations in the building
materials, except some special local natural stones, are
generally the same as the values reported for such
materials by the other investigators in several countries
(3, 6-8, 11-16). Therefore, they should be regarded as
normal values. A number of cement blocks, specially those
from Talesh and Karkat mahalleh, have 226Ra
concentrations, on the average, 6 times higher than the
others. This difference can be attributed to the use of
some special materials present in those districts, or
probably the use of radioactive water in the manufacturing
such blocks.
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The dose rate and the annual indoor effective dose
equivalent, due to radioactivity in building materials, is
in the range of the normal values reported by the UNSCEAR
(17,18).

The dose values for the rooms with abnormal 226Ra
concentrations in their cement blocks are 3 times higher
than the normal values. The dose values calculated for a
few special rooms, having the stones with high 226Ra
concentration in their walls, are nearly 270 times higher
than the normal values.

6. CONCLUSION

Based on this survey and the results obtained, the
building materials generally used in the region, have no
special problem from the radioactivity point of view. The
main problem is with the houses having high radioactivity
in their materials. Fortunately, the number of such houses
is very small, and they can be replaced by new ones. Since
there exists the possibility of the use of new materials,
specially the byproducts of industries, in the future it is
recommended that a plan for the control of the
radioactivity in building materials is devised by the
National Radiation Protection Department of Iran.
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VICINITY OF COAL-FIRED POWER PLANTS
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University of Sarajevo, Yugoslavia

ABSTRACT

Coal as fossil fuels can contain at least 1-2 ppm
Uranium and 3-4 ppm Thorium. Significant increase of
concentration of natural radionuclides in ashes and slag
takes place during the process of coal burning in power
plants. The paper presents data on the specific activity of
natural radionuclides in various types of coal, ashes and
slag in four coal-fired plants in the central part of
Yugoslavia. The annual production of natural radionuclides
due to coal burning in these plant has been calculated. The
data obtained show that the annual production of 2 3 SU
ranges from 0.096 to 0.278 MBq per MW of produced
electrical energy; for 232Th the corresponding values
range from 0.053 to 0.133; respectively for *°K from
0.151 to 1.027.

1. INTRODUCTION

Coal is one of the basic natural fuels for the
production of electricity. Combustion of coal causes
redistribution of the natural radioactivity and transfer of
radioactive daughters in the vicinity of the plant.

To minimize harmful effects of pollutants on air and
soil, plants use electrofilters, that decrease emission to
99.5%. Because of the bad quality of the coal, the
saturation and switching off the electrofilters is very
often. Due to this greater amount of the ash is released in
the at.nosphere than is predicted by the project. Because of
that projected efficacy of electrofilters is dubious,
especially in the case of calculation annual emission of
pollutants from the plants including radionuclides.

Taking into account importance of the coal in the
electricity production, transfer and releasing of all kinds
of pollutants including radionuclides in the vicinity of
plants and to the environment should be specially
considered.

259
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2. MATERIAL AND METHODS

To analyze radioactivity the samples of coal, ash and
slag were taken from 4 termoelectric power plants in BiH:
Gacko, Kakanj, Tuzla, Ugljevik.

The samples for laboratory measurement of natural
radioactivity were taken in the autumn 1987. and the spring
1988. The samples were taken directly from the plants. The
samples were pulverized, homogenized and dried down to
constant weight. Than they were weighted into PVC vessels
whose diameter corresponded to the detector crystal
diameter, with the measurement geometry identical to that
used in calibrating the detector with reference sources.
For the laboratory gammaspectrometric measurements of
specific activity the Ge(Li) detector with 4096-channel
analyzer, recorder, necessary electronic components, 60%
relative efficiency and 2.1 KeV resolution manufactured by
EG&G ORTEC were used. The radioactivity of 2 3 aU and
a3aTh and the tested samples were determined from the
photopeaks of their daughters (for a 3 8U: 2 a eRa, ai-»Pb
and aa*Bi; for a 3 aTh, 2 O 8 T i ) , with the assumption
that the daughter nuclide production of these two natural
radioactive families is in equilibrium with a 3 8U and
a3aTh. Besides the a 3 BU and a " T h families, *°K was
also identified as one of the most widely spread natural
radioactive elements.

For calculation of annual emitted radioactivity we were
taken the following elements: annual combusted coal, level
of the radioactivity in the coal content of ash and slag in
the coal present in percent, annual production of ash and
slag and their radioactivity level and annual electricity
production per coal-fired power plant expressed in MW per
year.

3. RESULTS AND DISCUSSION

Coal, as well as the majority of other natural
materials, contain traces of natural radionuclides
Concentrations of natural nuclides coal are generally
somewhat lower than those in earth. However, it is possible
sometimes to come across higher uranium concentration in
various coal layers resulting from the uranium realize from
the uranium-rich volcanic rocks. High uranium
concentrations are normally an exception and they usually
occur in low-calory coal layers (3).

According to data from literature, the natural
radionuclides content in various coals ranges from 3-530
Bq.kg-1 for a 3 aU; from 3 to 320 Bq.kg-1 for a32Th;
and from 0.7 to 520 Bq.kg-1 for *°K (4,5).
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Our experimental results of the radioactivity level
(Table 1) in the tested coal types (lignite and brown coal)
used in the 4 power plants in Bosnia and Herzegovina are in
the range of 3.70 Bq.kg-1 (Tuzla power plant) to 28.81
Bq.kg-1 (Kakanj power plant) for the 2 3 8u radioactive
family; in the range of 4.50 (Gacko power plant) to 38.07

(Ugljevik power plant) for the 232Th family;
the range of 11.36 (Gacko power plant) to 252.39
(Kakanj power plant)for 4OK.

Bq.kg-1

and in
Bq.kg-1

Table 1. Natural radionuclide concentrations
in coal samples from the power plants

Radloactlva

chain

Chain

'"U

Chain

" T h

•atiiral

potassium

Badlanocllda

"•Ha

"*Bi

"*J!c

*—Ti

•*°K

Kakanj

26.81t2.26

24.83*2.22

26.1642.77

26.8S14.06

29.1613.44

252.39124.27

Activity (Bq.kg ')

Ugljevik

27.0712.77

25.92t3.53

26.1414.33

38.0717.24

32.9915.25

158.14*28.87

Gacko

12.3013.80

9.0512.16

9.3114.09

5.2812.61

4.5012.01

11.3613.68

Tuzla

3.7011.96

3.9511.97

4.2512.38

18.3512.89

15.3513.67

113.46125.0

Due to the elimination of the organic component in coal
during combustion, radioactivity concentration in ash and
slag as compared to coal for the factor 3 to 10. The
results of research in Yugoslavia and abroad indicate that
the natural radionuclide concentration in ash and slag
occur in very wide ranges. For 4OK these ranges are 180
to 2220 Bq.kg-1, for 2 3 8U from 6 to 3902 Bq.kg-1, and
for 232Th from 1.0 to 321.9 Bq.kg-1 (1,4,5,6).

Tables 2 and 3 present comparative values of natural
radioactivity concentrations in the ashes and slag from the
4 tested power plants. It is evident from the obtained
results that the highest content of the 2 3 SU radionuclide
release products is found in the samples from thr Ugljevik
and Gacko plants and the lowest in the samples from the
Tuzla plant. As for Th family, the highest values are found
in the ash samples from the Ugljevik plant and the lowest
in the ash samples from Gacko. With slag samples, the
highest contents are those which are found in Ugljevik and
the lowest in Tuzla.

Concerning the level of pollution of the environment
due to coal-fired power plants, the best indicator of the
level of pollution is calculation of annual production per
MW of produced electricity. Literature data show that
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Table 2. Natural radionuclide content In
the electrofliter ash samples

•adloactlva

Chain

• " T h

Batural

Radiaaocllds Activity (Bq.fcgr*)

Kakanj

117.7617.70
110.SU4.32
S1.S416.01

63.40t5.65
5S.1O14.05

501.90130.76

Dgljavik

1S4.6319.76
201.8U6.63
165.Z9110.60

62.2916.44
63.0515.25

4SS.5S133.31

Gacfco

1S6.S319.07
203.6316.44
172.51110.26

34.9915.22
34.6S14.03

101.01115.13

Tula

S2.9416.43
51.9912.43
54.S513.56

56.S116.23
57.0714.55

4S8.49131.60

Table

Hadlaactlva

duiln
»»«o

Chain

'"•Ox

•atoral
potasaiia

3 . Natural

Radloaocllds

" f b

"•Bl

" t c

»°"T1

radxonucli.de content In slag

Kafcan]

76.1015.23
S6.0513.67
66.6314.96

54.2015.06
57.4S14.1S

390.74126.46

Activity (Bq kg*)

Ogljavlk

209.73112.00
19S.6517.74
166.64111.92

72.4117.S0
S3.2116.60

390.97133.S3

Cacko

139.2919.26
114.4215.92
S9.411S.46

34.6015.46
22.9S13.39

75.61112.62

samples

Tozla

30.3914.04
IS.3111.45
1S.2412.S7

40.1215.75
32.7S13.9S

292,S5129.72

production of radionuclides by stone c o a l - f i r e d power
plants i s in the range of 0.180 to 0.370 103 Bq.GVT1

annually for each member of a 3 e u and a 3 2Th family.

the annual production of a l l observed
MBq.MW~1y~1 due to c o a l - f i r e d 4 power

Tables 4 shows
radionuclides in
plants in Bosni and Herzegovina. The highest values of the
annual production of natural radionuclides for each member
of a 3 B u family are obtained for Gacko: 0.278
MBq.MW-iy-*, and the lowest for Tuzla: 0.096
MBq.MW~1y-1.

The highest l e v e l
power plant (1.027

of «°K
MBq.MW-'y-1)

is obtained for the Kakanj
and the lowest for the

Gacko power plant (0.151 MBq.MW~iy-1) (Table 4).
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Table 4. Annual release of natural radionuclides due to the coal-firing
in the thermoelectric power plants in Bosnia and Herzegovina

Radioactive
chain

« » U each member of family
a3aTh each member of family

Activity (MBg.MW-^.y-1)

Kakanj

0.208
0.133
1.027

Ugljevik

0.240
0.084
0.574

Gacko

0.278
0.053
0.151

Tuzla

0.096
0.088
0.691

4. CONCLUSION:

1. Changes In the concentration of natural nuclides
from the U and Th families and *°K in coal samples ranged
form 3.70 to 252.39 Bq.kg"1. These concentrations are
within the average values of various coals tested all over
the world.

2. In the course of the combustion in the thermopower
plants, the natural occurring radionuclides present in the
coal are concentrated and radioactivity in the ash and slag
are increased (factor 3-10).

3. Due to the use of coal in the electricity
production, from 0.053 to 1.027 MBq natural radioactivity
per MW electric energy is released. This causes concern
about the potential for increased radiation risk to the
populations around the coal-fired power stations.
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ABSTRACT

Attention to the problem of exposure to radon indoors
and the associated health risks has been growing all over
the world in both developed and developing countries. Until
recent years radon was considered to be a radiation hazard
only to the workers engaged in the mining and milling of
uranium. This notion has dramatically changed in view of
surveys carried out in many countries which showed high
concentrations of radon in some dwellings that could entail
significant health risks. The problems are more pronounced
in elevated background radiation areas, buildings and
houses built with materials containing significant levels
of radium. The indoor radon problem is more pronounced in
countries of the temperate zones where stringent energy
conservation measures leads to tighter sealing of doors and
windows during winter months. Assessments reported by the
United Nations Scientific Committee on the Effects of
Atomic Radiation in 1989 depicted that radon is the major
contributor to human exposure to natural sources,
approximately 53%. Radon indoors has given a new dimension
to the perspective of the human exposure to radiation, both
natural and man-made. It has also prompted many national
authorities to adopt corrective measures, both regulatory
and technical, in order to minimize exposures to radon
indoors.

1. INTRODUCTION

Radon is a naturally occurring radioactive gas,
resulting from the radioactive decay of aacRa which
occurs in trace amounts in rocks and soils all over the
earth's crust. Radon gas emanating from the soil may enter
into houses through different routes. The main source of
radon in buildings is the soil surrounding the structure;
other sources are water supplies, natural gas and outdoor
air. Radon can also emanate from building materials, but
this is generally a minor factor unless the houses are made
of materials high in radium content. The individual
contribution from these sources for different sites can
vary by several orders of magnitude. Also, short and
long-term variations at a given site can be significant due

267
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to changing meteorological conditions and life style of
inhabitants. The resulting radon, and radon daughter
concentrations indoors are influenced by the ventilation
and heating systems installed and the architectural style
of the building.

Radon in the outdoor atmosphere principally comes from
the soil. There are a number of other secondary sources,
such as the oceans, ground waters, natural gas, diathermal
fluids, and coal combustion (1). The concentrations of
radon in outdoor air vary with place, time, height above
ground and meteorological conditions. As the main source of
radon is the soil and radon has a rather short physical
half-life, 3.8 days, the concentration in air is, in
general, constantly decreasing with height. The location is
important: radon concentrations are as a rule lower over
locations, such as islands, which have less soil capable of
emanating radon than over continental temperate regions.

Radon emanation from the areas of uranium deposits and
phosphate rocks can be significant. Houses and buildings in
such areas may accumulate radon and its daughter products
to concentrations which may result in significant radiation
exposure. Also radiation exposure from outdoor radon may be
significant as well.

The primary airborne radionuclides are 222Rn and its
short-lived daughters 21°Po (RaA), 21*Po (RaC) . Because
radon is an inert gas, it is not retained in the
respiratory system and contributes little to radiation
dose. The short-lived particulate daughters are deposited
in the respiratory system; consequently, the radiation dose
to the respiratory system due to inhaled radon daughters is
100 times greater than that due to the decay of radon
itself (2).

2. THE CONCERN ABOUT RADON EXPOSURE

The concern about radon risks stems from the fact that
the exposure situation is not uniform; the radon
concentration may differ from one house to an other by
orders of magnitude. A country average of radon
concentration derived from a survey will not really reflect
those people who are at high risks. It is this group of
people which needs attention with respect to remedial
measures.

The main concern is the risk of lung cancer resulting
from the inhalation of radon and radon daughters. There is
scientific agreement on the link between the incidence of
excess lung cancer among underground miners and the
exposure to radon and radon daughter products (3). The
current knowledge on the health effects resulting from
exposure to radon indoors is rather limited. The
relationship between the incidence of excess lung cancer
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among underground miners and the exposure to radon and
radon daughters can not be sensibly used to understand the
health risks to the public, because of the fact that the
level of exposure in dwellings is much lower than in the
mines. Nevertheless, the data on miners may prove to be
useful in estimating risks from indoor radon exposures,
provided our understanding becomes clear about the
differences between the exposure implications for the two
groups of population under two different situations.

Epidemiological studies have shown that there are
increased incidences of bronchial carcinomas among
individuals exposed to relatively high levels of radon and
its daughter products. Such studies have also indicated
that smoking acts as a synergistic agent for the induction
of lung cancer (3). Estimates made in some countries on the
basis of radon surveys show cancer deaths which may be
attributed to the exposure to radon indoors.

The National Radiological Protection Board, UK,
estimated that "radon may be responsible for anything up to
2,500 or more lung cancers in a year out of the total UK
incidence of 41,000" (4). Radon indoors now accounts for
half of the average UK population exposure to ionizing
radiation (5). More than 10,000 homes have been surveyed
and the problem is most acute in and around the granite
areas of southwest England (6). Some houses in Cornwall,
Devon, Derbyshire and Scotland showed radon concentrations
to more than 1000 Bq.m~3 corresponding of annual
effective dose equivalent of 50 mSv, one case being an
order of magnitude higher. Recent estimates indicate that
in 20,000 houses in the UK, radon concentrations exceed the
earlier action level of 400 Bq.m~3. On the basis of the
revised action level of 200 Bq.m~3 the number of houses
exceeding this action level will be several times bigger.
Exposure to a concentration of 400 Bq.m~3 if radon is
equivalent to a dose of 20 mSv.a"1.

A survey carried out by the United States Environmental
Protection Agency, and announced by the U. S. Public Health
Service, has indicated that the indoor radon problem in the
U.S. is more serious and widespread than previously
suspected (7). According to the U.S. Public Health Service,
an estimated 5,000 U.S. lung cancers among non-smokers each
year are believed to be due entirely to indoor radon
exposure, and 15,000 lung cancer deaths among smokers. Some
later estimates indicate even higher figures. The
statistics indicated that indoor radon's human toll
"probably exceeds by 10 times the problem of outdoor air
pollution".

According to the US EPA, radon is considered to be the
second leading cause of lung cancer in the United States.
This inference has been drawn form the radon survey in
houses and has led to recommendation for testing more homes
for radon. This recommendation has been supported by the US
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Surgeon General, the American Medical Association, the
American Lung Association and other health organizations
(8).

According to ICRP Task Group,radon is responsible for
10% of the cases of lung cancer in the temperate zones (9).
In the CEC countries, the typical annual individual doses
in dwellings lie in the range of 1-2.5 mSv.a"1 with a
small percentage of people receiving more than 20 mSv.a"1

(10).

A survey of 3,413 homes in Australia showed average
radon concentration of 12 Bq.m~3; only two homes were
found to exceed 200 Bq.m~3 (11).

Careful estimations made in Belgium suggest that about
10% of the lung cancers or more than 500 deaths per year,
may currently be attributed to radon (12). It is estimated
that about 100,000 houses have radon concentrations above
150 Bq.m-3, 10,000 above 400 Bq.m~3 and 1,000 above
4,000 Bq.m~3.

In Jiangxi Province in China, natural radiation levels
in two counties, Yushen and Shangrao, are significantly
high. The buildings are constructed with stone coal bricks
and the external radiation levels in dwellings range from
600-2,300 nGy.h"1. In buildings built with normal bricks
the levels are from 100-240 nGy.h"1. In well ventilated
buildings, with doors and windows open, average indoor
radon levels are about 200 Bq.m~3. The number of such
dwellings is increasing as stone coal bricks are on high
demand (13).

A survey of 7,500 homes in all 450 municipalities in
Norway showed a country average radon concentration of 53
Bq.m~3, with about 4% of the houses having concentrations
above 200 Bq.nr3; the highest values were found in the
eastern part of southern Norway (14).

In Sweden the arithmetic mean of radon concentrations
in houses is 100 Bq.m-3, with 1% of homes having more
than 800 Bq.m~3 and 10% homes more than 200 Bq.m~3

(15). The highest recorded in 40,000 Bq.m-3.

The above information from a number of countries shows
that radon concentrations in homes are variable. It can
also be noted that some groups of people may be at much
higher risk of lung cancer than the others.

3. REGULATORY CONTROLS

Some countries have accumulated reasonable amounts of
radon data, thus enabling the policy-making bodies to
formulate regulatory measures on radon. At the
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international level, the International Commission on
Radiological Protection (ICRP), the World Health
Organization (WHO), and the Commission of European
Communities (CEC) have also developed guidance on radon
control.

3.1. National Policies

BELGIUM

The National Council for Science Policy in Belgium made
recommendations that national government acts as an
initiator and/or coordinator and to examine the opportunity
of a national initiative for the realization of the
following:

immediate support for keeping up the expertise
available in Belgium on radon problems;
a joint action for the development of a
multidisciplinary research and action program on radon;

- the participation of Belgium in the international
efforts on research on radon, more particularly within
the CEC.

At the governmental level still no specific regulatory
policy is known to have been defined, either on the action
levels or on the guidelines for future buildings (12).

CZECHOSLOVAKIA

In Czechoslovakia, the Centre for Radiation Hygiene in
Prague recommended in 1984 to the General Hygienist of the
Czech Republic a radon action level of 200 Bq.m"3 (EEC)
for existing buildings (16). For new buildings the
recommendation for the upper bound was 100 Bq.m"3. This
recommendation was published in 1987 by the General
Hygienist in the Methodical Guidance requiring the local
health authorities to enforce these limits. These limits
are currently being followed. However, these limits are
included in the Draft Decree of the Ministry of Health,
which is expected to be in force from January 1991.

The Methodical Guidance also contains values for level
for external gamma dose rate in air of 2 ̂ iGy.h"1 at 1 m
from the floor and 0.5 m from the wall. For the combined
gamma and radon exposure the combination formula is:

(EEC/200) + (d/2) < 1

Currently, a more exact value of 3 .uGy.h"1 is being
considered for external radiation.

According to the proposed decree the limit for 2a6Ra
content in building materials is 120 Bq.kg"1.
De-emanation of radon from ground water with concentration
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of 50 Bq.l"1 has to be taken into consideration with
respect to building new houses. Counter-measures against
the ingress of radon from the ground are recommended.

FRANCE

The position of France with respect to the regulatory
policies for radon control is the same as those defined by
the Commission of European Communities (see 3.2,
International Recommendations on Radon Control).

GERMANY

In 1985 the Radiation Protection Commission in Germany
suggested that a radon concentration of 50 Bq.m~3, which
is the average from the survey of 6000 dwellings, would
lead to an annual dose equivalent of about 15 mSv to the
bronchial epithelium and about 2 mSv to the alveolar region
of the lung (18).

The upper level of the normal range of radon
concentration as fixed by the Radiation Protection
Commission is 250 Bq.m~3. This level is a sort of
critical level above which remedial measures should be
considered.

The following principles have been defined:

Levels below the upper level of radon concentration in
dwellings will not require any remedial action.
For existing houses, remedial measures are recommended
when the long-term mean value of radon concentration in
habitable rooms lies above the normal range.
In houses to be built in the future, it should be
possible, with suitable planning, to ensure that the
radon concentration does not exceed the normal level.

The Radiation Protection Commission, however, cautions
that the upper level of the normal range of radon
concentration should not be regarded as a limit, that is,
it is not a level above which there should be legal
regulations.

SWEDEN

Sweden already recognized in 1940s that buildings
constructed with airated concrete based on alum shale had
higher radon and gamma levels compared to buildings erected
with other building materials. In 1979, the Government
established a Radon Commission which recommended in May
that year that local authorities endeavour to identify
houses with enhanced concentrations of radon (15).

The Swedish Building Code of 1980 established
restrictions on radioactive concentrations of building
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materials. Swedish National Board of Health and Welfare
established an action level of 800 Bq.m~3 for radon
concentration in the existing residential buildings. Where
simple measures can be taken, the action level for existing
residential buildings should be 200 Bq.m~3. For new
buildings the upper bound for design is 140 Bq.m~3.

The Government issued in December 1985 a statement
consisting of the following points:

The National Institute for Radiation Protection should
have the overriding responsibility for monitoring the
developments regarding radiation in dwellings.
Identification of houses with high radon daughters is a
matter of urgent concern.
The Board of Health and Welfare and the Board of
physical planning and building will have the
responsibility to establish limits.
The Board of Health and Welfare should investigate the
prerequisites for an epidemiological study.
The municipalities should consider radon risks when
planning areas for new buildings.
The Board of Physical planning and Building should make
proposals for directives to each municipal authority to
require measures to be taken on new buildings for the
proposes of issuing permits.

- The National Institute of Radiation Protection should
investigate practicability of introducing an
authorization system for measurement in dwellings. It
should also issue interim report on the work carried
out to reduce radon hazards in dwellings from the 1987
levels.

UNITED KINGDOM

On the basis of the recommendations of the National
Radiological Protection Board (NRPB), the Minister for
Environment made a statement in the House of Commons in
January 1987 outlining a three-point program for radon
control in dwellings (6).

(i) There would be a substantial survey by NRPB, mostly
in Devon and Cornwall, to identify dwellings with the
highest radon concentrations and the Department of
Energy (DOE) would also bear the cost of
measurements requested by households in any area of
England where concentrations might also be high,

(ii) Remedial and preventive measures would be studied by
the Building Research Establishment, changes would be
made to the buildings regulations and guidance would
be issued to households and buildings.

(iii) Financial assistance would be available to the most
needy owner-occupiers towards the cost of remedial
work.
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The recommendations of the NRPB are as follows:

An action level for the existing houses is 200 Bq.m~3

of annual average of radon gas concentration. When
remedial action is taken, the average annual
concentration should be below 200 Bq.rn"3 and as low
as reasonably practicable. The recommended time for
remedial actions is: for 500 Bq.m~3, 3 years; for
750, 2 years; for 1000, 1.5 years; for 1500, 1 year;
and for 3000, 0.5 year.
Parts of the country with 1% probability or more of
present and future houses being above the action level
should be regarded as Affected Areas. Such areas should
be identified from radiological evidence and
periodically reviewed.
Present homes in Affected Areas should have radon
measurements.
Within Affected Areas, localities should be delimited
for precautions against radon in future homes. Such
localities should be established by the appropriate
Government Authorities and periodically reviewed and
precautionary guidance should be provided for future
construction.

UNITED STATES OF AMERICA

In 1988 the US Congress passed the Indoor Radon
Abatement Act, with the national goal that indoor air be as
free from radon as the ambient air outside the buildings
(8).

The action level for radon for existing buildings is
150 Bq.m-3 (=4 pCi.l"1).

The means of implementation by the Environmental
Protection Agency are the following:

strong national public information campaign supported
by State and local Governments in order to motivate
informed actions to reduce radon risks (TV, radio,
print, outdoor advertising and information brochures);
prevention procedures in new homes;
EPA is developing new construction standards, as
directed by the Indoor Radon Abatement Act.

Several means of reducing radon in existing house
developed by EPA are:

Basic foundation sealing;
Weatherization techniques;
Installation of post-construction capability for
sub-slab depressurization.

(Approximate cost per home is $300. Energy saving by
weatherization is approximately $50/year).
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EPA developed a non-regulatory program to address the
radon problems in schools and also education and technical
programs to support radon risk reduction in schools. EPA
recommended in 1989 that all schools in the United States
should be tested.

Prior to 1989, 600,000 homes had been tested for radon.
Following recommendations of EPA and the Surgeon
General,additional 1.2 million homes were tested. It is
foreseen that about 80 million homes in the States will
need to be tested for radon.

The action scheme to tackle the radon problem in
existing houses and buildings is that: for radon level of
150 Bq.m~3, no measures needed; for 150-750, remedial
measures within a few years; for 750-7,500, remedial
measures within a few months; and for more than 7,500,
immediate remedial action or evacuation.

USSR

The regulatory policy already in force in the USSR (17)
requires the construction industries to abide by the
following policies:

Radon

for new buildings the upper bound for radon is 100
Bq.m-3 (EEC);
for existing buildings the action level is 200 Bq.m-3

(EEC);
if measure to reduce radon level are not effective to
bring down the concentration below 400 Bq.m"3 (EEC),
relocation of the inhabitants should be carried out
with their agreement. The building thus vacated will be
used for other purposes but not for living.

Gamma Radiation

- if the level of dose rate is 35 juR.h"1 or more, there
should be no construction on the sites;
if the external radiation dose inside an existing
building exceeds 70 jjR.h"1, remedial actions should
be taken.

3.2. International Recommendations on Radon Control

ICRP

The ICRP gradually modified its attitude towards radon
exposure. In 1966, publication 9 stated that "...any dose
limitations recommended by the Commission refer only to
exposures resulting from technical practices that add to
natural background radiation". In 1977, paragraph 89 of
publication 26 states that "...there is no sharp dividing
line between levels of natural radiation that can be
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regarded as "normal" and those that are more elevated owing
to human activities or choice of environment. There will,
therefore, be instances in which judgement will have to be
exercised as to whether the component of increased natural
radiation should or should not be subject to the
Commission's recommended system of dose limitation.

The terms "normal" and "elevated" became subject of
diverging interpretations, and the need for a more precise
distinction among exposure situations was felt. In 1984, in
its publication 39, ICRP introduced the principles of
"controllability" and made a distinction between "existing"
and "future" exposure situations. For existing exposure
conditions, an action level for the introduction of simple
countermeasures was set at 200 Bq.m~3 equilibrium
equivalent radon or 400 Bq.m~3 radon gas (F=0.5). For
future exposure situations, an upper bound of half the
action level was thought to be reasonable.

WHO

The World Health Organization in 1985 formulated some
recommendations:

if simple means are possible, buildings with radon
daughters (that is to say, the EEC) concentrations of
more than 100 Bq.nr3 as an annual average should be
considered for remedial actions;
prompt remedial actions should be considered for
buildings with an annual average radon daughters
concentration higher than 400 Bq.m~3;

- building codes should be drafted to avoid exceeding 100
Bq.m~3 EER in new buildings and should prescribe
appropriate practices.

CEC

Within the Community, in 1985 the Article 31 Group of
Experts created an ad hoc working group to assess the
situation with respect to indoor exposure to radon. The
ad hoc group reported back to the plenary of the Article 31
Group and at its meeting of February 1988 a set of
recommendations were approved. These recommendations are
now adopted and have been published as "Recommendation of
the Commission" (19). The following statements are made"

- An appropriate system shall be established for limiting
exposure to indoor radon concentrations;

For Existing Housing:

(a) A reference level for consideration of remedial action
shall be used which, where exceeded, shall be the cause
for consideration of simple but effective measures
aimed at reducing the radon level. It should not be
used for the purposes of legal regulation.

(b) The reference level shall be an effective dose
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equivalent of 20 mSv per annum, which for practical
purposes, may be taken as equivalent to an annual
average radon gas concentration of 400 Bq.nr3.

(c) The urgency of the remedial action shall take account
of the extent to which this reference level is
exceeded.

For Future Housing:

(a) A design level shall be used to aid the relevant
authorities in establishing regulations, standards, or
codes of construction practices for circumstances under
which the design level might otherwise be exceeded.

(b) The design level shall be an effective dose equivalent
of 10 mSv per annum, which for practical purposes, may
be taken as equivalent to an annual average radon gas
concentration of 200 Bq.rrr3.
When remedial or preventive measures are being
determined, the principles of optimization shall be
applied in accordance with the Community Basic Safety
Standards.
Because of diurnal and seasonal variations of indoor
radon levels, radiation protection decisions should in
general be based on the annually-averaged measurements
of radon gas or daughters in affected houses using time
integrating techniques. The competent authorities shall
ensure that the quality and reliability of measurements
are adequate.
Criteria should be developed for identifying regions,
sites and housing characteristics likely to be
associated with high indoor radon levels. Investigation
levels for the underlying parameters (i.e. activity in
soil and building materials, permeability of ground,
etc.) could be used to identify such exposure
circumstances.

4. ROLE OF THE IAEA

In view of the importance and growing concern on radon
in the human environment, the IAEA, jointly with the
Commission of European Communities, initiated in 1990 a
co-ordinated Research Program in order to establish a
global picture on radon and assess the risk resulting from
indoor radon exposure. The Agency, until recently, did not
have any responsibility under its statue to have activities
on natural radiation; however, recently the IAEA's role has
been extended to the subjects of natural radon and
technologically enhanced radiation.

The CRP on radon has seven components of study, namely,
radon survey, routes of entry and distribution indoors,
radon and radon daughters histogram, intercalibration and
intercomparison, lung dosimetry, biological effects and
risk assessment. The response from the Member States has
been overwhelming, the number of proposals is 136 from 55
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countries. Of these, 25 research contracts are administered
directly by the CEC within its Member Countries.

One important outcome of the CRP will be the
establishment of an International Radon Data Bank under the
auspices of the IAEA. The objectives of this international
radon data bank will be to: (a) enable relevant scientific
communities and regulators to have structured access to the
results obtained from large-scale radon studies to be
performed over the next 4 years mainly in the U.S.A.,
Canada, and Europe; (b) to facilitate exchange of
scientific and technical know-how from developed Member
States to developing Member States on radon related issues;
and; (c) to provide access to standardized data sets
suitable for use in potential follow-up research in a wide
range of topics on radon related issues e.g. for improved
assessment of lung cancer risk or technical remedial
measures.

The aim of the Agency is to prepare a Safety Series
document on Radon in the Human Environment which will
provide international guidance on radon controls indoors.
Another Safety Series document will be prepared on
International Intercomparison and Intercalibration of radon
measuring devices.
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ABSTRACT

As an introduction, some historical facts regarding the
uranium mining areas of former East Germany, and early
experiments regarding radon monitoring by track etching and
TLD environmental monitoring intercomparisons are briefly
reviewed.

For the integrating dosimetry of "normal" as well as
naturally or artificially increased radiation levels in the
environment, a number of national and international
organizations developed standards (and related documents
such as recommendations) aiming at the uniformly high
reliability of such measurements and comparability of its
results. The paper surveys some typical examples of
existing documents, as well as relevant work in progress,
and attempts to specify the need for possible future
activities in this field.

In the International Standard Organization's (ISO)
Technical Committee (TC) 85, for example , work on passive
radon dosimeters as well as track etching detectors will
soon be initiated. The International Electrotechnical
Commission (IEC) prepared, in cooperation with ISO, an
international standard with detailed specifications for the
use of TLD in personal and environmental monitoring, and
initiated work on "active" radon measuring devices and
their calibration.

On the national level, there are, for instance, a
German Standard on environmental monitoring using
integrating solid-state dosimeters (DIN 25 483), a U.S.
standard on TLD environmental monitoring (ANSI N 545), and
Japanese standards on radon measurements with ionization
chambers (JIS Z 4 307) and TLD environmental monitors (JIS Z
4327). TLD environmental monitoring is also described in
Hungarian) (MSZ 19357/6) and USNRC (R.G. 4.13) documents
and there are standards in several countries such the U.S.
On radon monitoring in uranium mines and mills, which all
can be considered valuable sources of condensed technical
information in their respection areas. So do various
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documents prepared by NCRP and other national and
international organizations.

1. INTRODUCTION: WHERE I COME FROM...

As an introduction, a few historical and personal
remarks may be permitted before dealing with the main topic
of this paper, namely the "software" of relevant standards.
I was born and raised in the south-western parts of Saxony
within walking distance of the area where known lethal
effects of ionizing radiation have been recorded over 500
years ago: It was the area of the rich silver mines around
Schneeberg, Annaberg, Aue and Johanngeorgenstadt in which,
for reasons naturally unknown at this time to the
underground miners working under primitive conditions, a
strange lung disease frequently lead to an early death. It
was then called the "Schneeberger Krankheit" (Schneeberg
disease) and, as we know now, lung cancer caused by the
very high radon daughter product level from the ores which
also contained substantial amounts of other metals
including uranium.

Indeed, it was ores from this area in which Klaproth, a
well-known chemist from Berlin who had already some
experience in discovering new metals, discovered a new
metal which he named, in honor of the new planet Uranus
which his old friend Herschel had just discovered,
"uranium". He announced his discovery almost exactly 201
years ago, on September 24, 1789, to the Prussian Academy
of Sciences.

The pitchblende with which Becquerel discovered
radioactivity, and from which the Curies first isolated
radium as the source of radon and its daughters also come
from this area, namely from Joachimsthal which is now just
across the German border on the Czechoslovakian side. So
did the uranium with which Hahn and Strassmann discovered
nuclear fission 52 years ago, also in Berlin.

In the early decades of this century, in which healing
powers were widely attributed to radium and its emanations,
several flourishing space such as Oberschlema and Bad
Brambach boomed in this area. Such radon spas are, as we
all know, still very popular in many parts of the world. In
the current advertising leaflet of one of the worlds most
famous radon spas, Bad Gastein in Austria, in which kings
and emperors, czars and shahs have been cured from various
illnesses, the healthy effects of radon are attributed to
the "gently massaging effect of alpha radiation on the cell
membranes".

I distinctly recall how the conditions in our old
neighbourhood dramatically changed immediately after the
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end of World War II in 1945/46, when the Soviet occupation
forces took over and started, under conditions resembling
the gold rush in Alaska, to mine uranium on a large scale.
This was done in a crash program without adequate safety
precautions, and for a long time remained officially
secret, including the results of radon and dose
measurements which have been carried out at a late stage.
The uranium production in this area, which was crucial for
the Soviet nuclear arms program, reached a maximum level of
8000 tons annually and was most recently around 3000 tons,
with a processing capacity of three million tons of ore.
There are about 40 underground and four open pit mines in
Saxony and the neighbor state Thuringen. Of the currently
39000 employees, 17600 are classified as professionally
radiation exposed. The company will probably be shut down
almost completely in the near future, due to the production
costs which amount to about three times that of the world
market prices. Over the years, more than 200,000
underground miners have been involved, with exposures in
the early years (up to 1955) of 30-300 WLM annually
(corresponding to an effective dose equivalent of 0.3-3
Sv.y 1 ) . These values have later been reduced to
currently about 10-40 mSv.y1. It will probably remain
unknown how many thousands of miners died early due to
insufficient protection measures during the past 45 years,
or will do so in the future. In the whole area, there are
also about 800-1000 dumps, covering about 1200 km2

scattered over an area of 10,000 km2, where values of up to
1000-3000 Bq.m 3 have been reported in the open.
According to one recent reports from former East Germany
sources (1,2), in measurements in the open, but close to
the ground in the mining areas, values of 40-360 Bq.m 3

have been found in 1989. This compares with 10-15 Bq.m 3

in other areas of middle and northern Germany. Altogether
there are around 3000 sites with suspected increased
background radiation. Some of these sites already in use
for various other purposes.

Old and new tailings have been used to build homes,
where values of more than 100.000 Bq.m"3 have been found
in storage rooms, and exceeding 30,000 Bq.m~3 in living
rooms (currently, the "record" stands around 150,000
Bq.m~3). In Schneeberg more than 25% of all homes are
above 1000 Bq.m 3. Most of the ancient mining shafts have
been sealed, but old houses built over them, or from old
mining waste, still contribute substantially to the overall
problem. There are estimates of up to 10 billion (1010)
US-$ which the German tax payers will have to spend for
cleaning-up operations in this technologically enhanced
high natural radiation area, to cure one of the many
unexpected environmental problems which became evident
during the recent process of German unification (this
amount would correspond to approx. one hundred tons of one
hundred dollar bank notes).
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2 . EARLY EXPERIMENTAL WORK

On a
initiated
operations
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amounts of
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more personal level, our interest in radon was
with similar problems with tailings from mining
in Grand Junction, Colorado. In attempts to
rugged and inexpensive integrating radon

we were 23 years ago among the first who studied
connection the alpha particle track etching
of various polymers. An "experimental setup of
polymer alpha particle detector foils to known
Rn and Rn daughters" as used in 1967 and shown

Fig. 1 may be of some historical interest. At this time,
also studied the effect of humidity, oxygen and

chemicals on sensitivity and etching properties, the fading
stability of latent tracks at elevated temperatures, etc.
(4), and developed practical radon progeny personnel
dosimeters with and without forced air circulation (Fig.2,
ref.5). The latter became, after further refinements, one
of the standards methods in this field.

SAMPLE

Fig. 1

Another "first" with which we had the pleasure to be
associated since 1973 was the international intercomparison
of environmental dosimeters under laboratory and field
conditions. The first large-scale intercomparison,
involving 56 sets of dosimeters from 41 laboratories in
eleven countries, was carried out in the summer of 1974
(6). Among the results were:

- the relatively wide fluctuation of the results reported
by the different laboratories (Fig.3), and

- the transit doses which were frequently much higher
than anticipated from cosmic radiation (Fig.4).
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Such experiments have since been frequently repeated
with a growing number of participants, as well as
increasingly sophisticated techniques and improving
performances of many participants. In the second
intercomparison in 1976 (7) there were, for example,
already 133 sets of dosimeters from 85 participating
laboratories in 26 countries. Today, it appears highly
desirable to carry out similar international
intercomparisons for passive radon dosimeters.
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3. TLD ENVIRONMENTAL MONITORING

It was accumulated experience such as this which made
it possible to codify techniques in national, and in some
cases later in international standards. Of course, the term
"standard" has slightly different meaning in different
countries and languages. In the context of this paper, it
will not include the limit-setting done by regulatory
authorities in mandatory laws and regulations, such as the
mu^h-discussed 100 or 200 Bq.m~3 thresholds for radon or
radon daughters in private homes. It will be restricted to
voluntary standards mostly related to the measurement of
background radiation and Rn/Rn daughters, both at normal
and at elevated levels, because the methods are essentially
the same in both cases.

Obviously, a truly comprehensive listing of all
relevant documents which are currently in existence or in
preparation is neither possible nor, with the limited space
of this publication, desirable, also, the content can only
be briefly outlined on the basis of some typical examples.
There is, for instance, a fairly recent 17-page German
standard DIN 25 483 "Environmental monitoring using
integrating solid-state dosimeters", which has been
published, after many years of careful deliberations, in
July 1987. It may be described as typical German
prefectionistic and deals, for example, with all
potentially disturbing parameters for TL as well as RPL
(phosphate glass) dosimeters, to be used in the 50-1300 keV
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energy range (lower or higher energies are of little or no
interest in environmental monitoring), the -10 to +50°C
temperature range, and relative humidities up to 90%.
Detailed instructions are given regarding determination of
transit dose, fading corrections, the accuracies to be
expected, etc.

This standard was preceded by a 1975 U.S. standard ANSI
N 545 "Environmental Application of TLD" , USNRC Regulatory
Guide 4.13 of 1977 "Performance, Testing and
Specifications for TLD: Environmental Application", a
Hungarian standard MSZ 19357/6 of 1982 "Environmental Dose
Control with TLD", and a Japanese standard JIS Z 4327
"Thermoluminescence Dosimeter Systems for Environmental
Gamma Ray Monitoring" of 1984. Other standards such as a
document from the Finnish Centre for Radiation and Nuclear
Safety YUL 7.2 from 1976 (revised 1982) deals with
"Evaluation of Population Doses in the Environment of
Nuclear Power Plants". All these national standards,
containing a wealth of information, can be found listed in
a world catalogue of nuclear and radiation protection
standards (8), of which an updated and revised edition is
presently in preparation. They can be obtained through a
country's national standards organization.

On the international level, a standard which was
jointly prepared over many years by working groups of
ISO/SC 5 "Radiation Protection" and IEC/TC 45B "Radiation
Protection Instrumentation", and will soon be published as
an IEC standard, should be mentioned. It was not easy to
find a compromise between the interests of TL component and
system manufactures regarding the rather strict
requirements. This document No. 45B (CO.) 77, approved for
publication, "Thermoluminescence dosimetry for personal and
environmental monitoring", is already used in several
countries as a basis of their national monitoring systems.

4. RADON MONITORING

Besides integrating environmental monitoring with TLD,
radon and radon daughter product measurements remain an
area of high - and still increasing- interest. Many of the
older standards are more related to uranium mining and
milling operations with the emphasis in recent years
shifting more to population exposures in homes, or other
working environments with high radon levels (phosphate
fertilizers, certain other types of reining, etc.).

As in the case of TLD environmental monitoring,
national standards and recommendations preceded the
international activities. Only a few examples (the older
ones frequently in need of some revision and updating) may
be mentioned here, some dating back to the late sixties and
early seventies, such as U.S. standard "Protection from
Radiation and other Hazards in Uranium Milling and
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Concentrating" (ANSI N 7 la) of 1969, followed by a 1973
standard "Radiation Protection in Uranium Mines (ANSI N
13.8). A 1971 U.S. Environmental Protection Agency (EPA)
document dealt with "Radiation Protection Guidance for
Underground Mining of Uranium Ore". In 1979, EPA published
another document "Radiation Protection Recommendations for
Indoor Radiation Exposure due to 22<5Ra in Floride
Phosphate Lands". More recent publications from the U.S.
National Council for Radiation Protection (NCRP)also deal
with radon problems, for example NCRP Report No.97 (1988)
with "Measurement of Radon and Radon Daughters in Air".
Other recent U.S. documents include the 1988 EPA
publication "The National Radon Measurement Proficiency
Program" and the 1989 EPA document "Indoor Radon and Radon
Decay Product Measurement Protocols".

In several other countries -with or without uranium
mining- also standards related to radon measurements have
been published. An example is a 1975 Japanese document JIS
Z 4307 "Ionization Chamber Type Radon Scopes". Other
examples are a Canadian Standard AECB R 4 on radon daughter
product measurements in mines, and an Austrian document in
indoor radon exposition (ONORM S 5200). In Germany, work on
a DIN standard dealing with passive radon detectors (based
on alpha track registration, or on charcoal) has just been
initiated.

In a new ISO/TC 85 Working Group 2 "Radioactivity
Measurements", which at present is dealing mostly with
basic problems such as the limits of detection, a
corresponding international document on passive systems is
under consideration. In IEC/TC 45B, the following work
items on active systems have been added in 1989 to the
project list:

1. Instrumentation for the measurement of airborne radon
daughter activity in dwellings (the standard will
include active equipment to collect ambient aerosols,
and electronic measuring devices for the subsequent
counting of collected activity, with different methods
of measurement to select accuracy and rapidity of
operating procedures for monitoring 222Rn daughter
concentration).

2. Test methods for the verification of the effectiveness
of radon compensation for and/or fl aerosol measuring
instruments.

3. Equipment for producing reference atmospheres
containing radon and radon daughters.

'.i. GENERAL ASPECTS AND OUTLOOK

Besides the topics of integrating environmental
measurements using TLD and the area of Rn/Rn daughter
determination, there remain various other items including
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more general aspects, the use of other environmental
monitoring techniques, the interpretation of results,
biological aspects, etc., which are covered in additional
documents. Obviously, the borderlines are ill-defined and
only twelve typical examples of such documents are quoted
here, in chronological sequence, namely

- ANSI N 13.8 "Radiation Protection in Uranium Mines"
(1973),

- NCRP Report 50 "Environmental Radiation Measurements"
(1976),
ICRP Public. 24 "Radiation Protection in Uranium and
Other Mines" (1977),
ICRP Public. 32 "Limits for Inhalation of Radon
Daughters by Workers" (1981),
JIS Z 4325 "Continuous Environmental Gamma-ray
Monitors" (1983),

- USNRC Reg. Guide 8.30 "Health Physics Surveys in
Uranium Mills" (1983),
IAEA Safety Series No. 26 "Radiation Protection of
Workers in the Mining and Milling of Radioactive Ores"
(1983),
IAEA Safety Standards No. 85 "Safe Management of Wastes
from the Mining and Milling of U and Th Ores" (1987),
ICRP Public. 50 "Lung Cancer Risk from Indoor Exposure
to Radon Daughters" (1987),
IAEA Safety Guide No. 95 "Radiation Monitoring in the
Mining and Milling of Radioactive Ores" (1989),

- NCRP Rep. 103 "Control of Radon in Houses" (1989), and
IEC 45 (CO.) 188 "Airborne Instrumentation for
Measurement of Terrestrial Gamma Radiation" (in press).

Many others exist, or are in the process of being
prepared (for example, ICRP recently set up a new task
group on measures for protection against radon, to deal
with action levels, remedial measures, etc.). Such
documents serve as a guidance for the multitude of
radiation protection specialists, regulators,
radioepidemiologists, and -last not least- the interested
general public which is exposed to -or afraid of- increased
natural radiation levels, as well as the media and
political decision-makers. It is not easy to avoid, in the
complicated network of professional societies, national and
international standards organizations, and government and
non-governmental advisory bodies (9,10), redundancies
and/or contradictions.

It is the task of those people who coordinate the work
of the specialists in the working groups behind the scenes,
outside of the glamour of original scientific research and
discovery - and for the last 15 years I have been one of
them- to prevent any waste of time and valuable resources,
and to codify the scattered current scientific knowledge
and technical know-how and experience into documents which
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truly reflect the state of the art. Good standards should
be comprehensive, easy to understand and to use, should
have a consistent terminology, and reflect the full
consensus of the top specialists. This is, of course, not
always easy in a world of frequently conflicting opinions,
and compromises will be required in many instances.

Moreover, good standards also need maintenance. At
least in five year intervals, it has to be decided whether
a standard is still fully valid, needs revision, or should
even be completely withdrawn. In conclusion, let me appeal
to all the experts present here to contribute to these
efforts. The reward will not only be good standards for
everybody concerned, but also valuable scientific and
personal relations among working body members, which in
turn promote further scientific and technical progress.

If a more general remark may be added to conclude this
brief presentation: with due research to the excellent work
done by many scientists (see, for example, ref.12), what we
know reasonable well are only the two facts that

the inhalation of high quantities of Rn daughters by
uranium miners has increased their risk of lung cancer,
in particular in combination with the inhalation of
uranium dust particles and/or smoking; and

- mankind has always lived in a natural radiation
environment which varies substantially from one
location to another.

Various attempts to correlate the genetic and/or
somatic health of populations with higher or lower than
average background exposures have not yet provided
conclusive results. This may be another indication for the
existence of a de-facto threshold, below which increased Rn
daughter levels are harmless or even beneficial (Radon spa
effect). It would be of great practical interest to
determine the threshold at which remedial measures would be
essential, based on a meaningful risk/benefit analysis.

To put this question in more quantitative terms: it has
been pointed out (11) that it takes about 100 millions US-$
to save one hypothetical human life by improved 13lI
retention in a nuclear power plant. These costs have been
estimated to be lower by a factor of 30,000, namely only
3,200$, by optimizing radiation protection in
radiodiagnostics. The multibillion dollar question which
requires an answer is where, between these extremes, do we
have to place the radon problem, and at what levels is it
what, levels is it advisable to spend how much money for its
reduction? How seriously should we take the suggested
"action levels" around 200-250 Bq.m 3 (corresponding to
10 mSv.y"1 effective dose equivalent), and what should we
advise people to do who live or work in buildings with much
higher values, in particular in the less affluent parts of
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the world. Perhaps further radioepidemiological studies in
extremely high radiation background areas such as the
mining areas in Saxony mentioned above can provide an
answer.
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ABSTRACT

The health hazards linked to radon and its daughters
have become a matter of great public concern. When inhaled,
a fraction of radon is dissolved into the lung fluid, from
where it is transported to other parts of the body. The
radiation damage is caused to the lungs due to alpha decay
of radon during its transit time within the respiratory
tract. Radon daughters are found to be even more dangerous
than radon itself. These daughters attach themselves to
dust particles present in the air. Some of the aerosols so
produced enter the lungs and enter the blood stream. It has
now been confirmed that radon and its daughters contribute
about 70% of the internal dose received by an individual
from natural radiation sources. The danger of indoor radon
and its daughters is even higher for energy-saving houses
and those having poor ventilation systems. This paper
briefly describes the health hazards due to radon and its
daughters. Different methods employed for the measurement
of concentration? of radon and their daughters are
described. The experience gained from the nation-wide
surveys carried out in different countries is also given.

1. INTRODUCTION

222Rn is the immediate daughter of •"'"Ra, produced
in the decay series of 2 3 OU (1,2) (see Fig.l). Migration
of radon is a strong function of its half-life and
permeability of the medium. The half-life of radon (= 3.824
days) is not enough to allow its transport by diffusion to
appreciable distances. However, this value is long enough
to allow its partial emanation from building materials and
soil and to permit its convective transport and migration
over several meters. The influx of radon is a function of
(a) permeability of the underlying soil and (b)
?eological-meteorological and structure-factors (3).

Movement of radon is primarily due to "Stack Effect",
which is the tendency for air to rise whenever it is warmer
than the surrounding atmosphere. Whenever it is warmer
indoors than outdoors, air tends to "flow in" through the

293
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Fig. 1. The decay scheme of 23aU-series showing
important characteristics of radon and its daughters.

lower part and "flow out" through the upper part of a
building's shell, its substructure, walls and roof, by
infiltrating through various openings, particularly around
windows and doors and penetrations for pipes and wiring.
The concentrations of radon daughters depend on the amount
of airborne particles and the pattern of air movement in a
particular building, influencing the radiation dose the
products ultimately impart to the lungs when they are
inhaled. The variability in entry rates, and ventilation
rates is the cause of a very wide range of concentrations
for radon and its daughters from a few Bq.rrr3 of air to
more than 10,000 Bq.nr3 with an average level of about 50
Bq.m~3.

The health hazards of indoor radon and its daughters
result from the inhalation of these radioactive elements
(4-6). Since radon has a relatively long half life (3.824
days), its health hazard is relatively less than what we
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can expect from its daughters: 21ePo (half life=3
minutes), 214Pb (half life=27 minutes), 21*Bi (half
life=20 minutes), and 214Po (half life=2xlO~*s) .
21*Po, daughter of 214Bi decays to 2 1 oPb, which has a
relatively long half life of 22.3 years; therefore, it is
eliminated from the lung before it decays significantly.
Most of the radon daughter products (produced in indoor
air) attach themselves quickly to ambient aerosols. When
these attached or unattached daughters of radon are
inhaled, they become lodged in the nasal passage, trachea
and pulmonary tree or pulmonary parenchyma. These
radioactive daughters disintegrate, emitting
alpha-particles, beta-particles and gamma-rays. For
internal radiation dosimetry, only alpha particles are
important

The average indoor level represents a radiation dose
about three times larger than the dose most people get from
X-rays and other medical products in the course of their
lifetime. Indeed, hundreds of thousands of people living in
houses in some countries that have high radon levels
receive as large an exposure of radiation yearly as the
people living in the vicinity of the Chernobyl nuclear
power plant did in 1986. It has been estimated that among
the internal doses received due to natural radiation
sources, radon causes the maximum (about 68.8%) radiation
dose (Fig.2).

OTHER
0.02 mSv
1.0%

RADON
1.37 mSv
68 .8%

Fig. 2. Annual doses due to natural radiation
sources. It is important to note that the
contribution of radon is the highest.
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Radon was very much in the news during the last couple
of decades. Following are some of the headlines as they
appeared in the American and the British Pres3es:

AMERICAN PRESS

1. Colorless odorless killer
2. Beast in the basement
3. Buyer beware radon tests
4. Man gets free gas here
5. Radon lawsuits feared

BRITISH PRESS

1. Search for death houses
2. Cancer gas guinea pigs
3. Action over killer gas
4. No radon found in homes
5. Watch for radon cowboys

Therefore, it seems that measurement of radon and its
daughters is of great interest. Frank and Benton (7) have
given a review of various methods of radon measurements.

2. RADON AND ITS DAUGHTERS: SOURCES,
MIGRATION, AND HEALTH HAZARDS

2.1. Important Sources of Indoor Radon Build up

Following are some of the important sources of indoor
radon build up:

1. Building materials and articles inside the rooms
2. Water and energy sources (gas, coal, etc.)
3. Entry through radon rich soil: gas from the ground and

the "under structure"

a) "Cracks" in the basement walls and/or ground floor
b) "Defective-floor-wall" joints
c) "Loosely fitted" pipes
d) "pipes" constituting drainage and sewerage systems

2.2. Factors Affecting the Dose to a Respiratory Tract

The following are some of the important factors
responsible for delivering alpha dose to the respiratory
tract:

1. Indoor radon concentration
2. Equilibrium factor
3. Aerosol characteristics; their deposition, retention

and clearance in the respiratory tract
4. Breathing rate
5. Amount of the time spent indoors
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In order to estimate the dose received by the lungs, we
need to know the number of atoms deposited in the
respiratory tract, the nature of the deposited particles,
and the retention time (biological half life). The
biological half-lives for radon daughter products have been
estimated to range between 10 min to 4.8 h for the T-B, and
6 to 60 h for the pulmonary region, respectively.

2.3. Movement of Radon Daughters

The immediate daughter of 2 2 2Rn is 3 1 sPo. At first,
it exists as a free and highly mobile ion or atom. However,
within about 20 seconds (under normal environmental
conditions), it loses its independence and attaches itself
to water vapours, oxygen, trace gases, dust particles and
other solid surfaces. It has been found that the relevant
"biological target" of the alpha particles from the two
daughters of radon (E = 6.0 MeV and 7.68 MeV, having ranges
of about 50 um and about 70 urn, respectively, in the
tissue) are the nuclei of the basal stem cells in the
bronchial epithelium.

3. MEASUREMENT OF RADON AND ITS DAUGHTERS

A number of techniques for the measurement of radon and
its daughters have been developed in the past (7). The
following factors are important for the application of
these techniques:

i) Objective of the Measurements

a) Area of studies (dwellings, mines, underground, etc.)
b) Radiation protection (dosimetry, lung doses, etc.)
c) Migration (exploration, earthquakes, volcanoes, etc.)

ii) Quantity to be Measured

a) Concentration of radon

b) Concentration of radon daughters

iii) Radiation Type

a) Alpha particles
b) Beta particles
c) Gamma rays
iv) Time Resolution of the Technique

a) Grab Sampling: (air sample collection for short time
interval)

b) Continuous: (monitoring during sample collection)
c) Integrating: measurement duration (weeks, months

years, etc)
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v) Precision and Accuracy

a) Volume of the sample: (more volume more accuracy)
b) Time of measurements: (more time better statistics)

The techniques have been classified whether the
measurements are made of radon or of radon daughters.

3.1. Measurement of Radon

3.1.1. Grab Sampling

This method is based upon the collection of discrete
samples of air without radon decay products over a short
time and then the measurement of its decay products. The
most important method of radon measurement is known as grab
sampling.

3.1.2. Continuous Monitoring

In this type of measurements air is continuously
sampled free of radon decay products and measurements are
made continuously at fixed intervals of time. There are two
major classes of the instruments used for continuous radon
measurements. These are based upon a) electrostatic
convergence of 218Po at scintillators or semiconductors
detectors, and b) continuous flow of the filtered air into
a scintillation flask, coupled with a photomultiplier ;ube.

3.1.3. Integrating Measurements

An integrating radon measurement or a passive radon
measurement is long-term measurement of radon levels using
a) Solid State Nuclear Track Detectors, b) Thermo-
luminescence Dosimeters, c) Activated Charcoals, and d)
Electrets.

3.2. Measurement of Radon Daughters

3.2.1. Grab Sampling

These measurements are based upon the collection of
radon daughter products on filters and the measurement of
the radiations emitted from them. Most of the methods are
used for alpha measurements. Some of them are based upon
the measurement of gamma rays; while very few are used for
beta measurements. We get three equations for three
separate activity determinations or count rates. These help
us in the determination of three unknowns. A brief
description of the mostly applied systems is as follows:

One-Count System: This system estimates the Potential
Alpha Energy Concentration (PAEC). The uncertainty is
usually 10-20%. Such systems are usually applied in
underground mines. They are simple and inexpensive.
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Two-Count System: This yields estimate of PAEC in a
relatively shorter period of time. It has lower uncertainty
than the one-count method. The usually applied systems are
a) Markov system, b) Hill system, c) James-Strong system,
d) Shreve system.

Three-Count System: This system is helpful for the
measurement of radon daughter concentrations more
accurately as compared with both the above-mentioned
systems. The three-count system can be further divided into
(a) alpha-gross counting and (b) alpha-spectroscopy,
systems.

Alpha-gross Counting System: In this system the alpha
particles emitted from 21sPo are counted during the
specified counting intervals. The mostly used systems
include a) Tsivoglou (Thomas) system, b) Cliff system, and
C) Nazaroff system.

Alpha-Spectroscopy System: In this system alpha
activity from 218Po and 218Po is obtained and is the
most accurate method. However, the instrumentation is
relatively expensive. The popular methods include Marz et
al.'s method., b) Kerr method, and c) Tremblay et al.'s
method.

Other Systems: Some other systems which employ more
than three counting intervals are also in use. They are
used for detection of beta and gamma radiations,
individually or in combination with alpha counting. The
systems include Groer et al.'s method, b) Raabe and Wrenn
method, and c) Irfan method.

4. RADON LEVEL MEASUREMENTS COUNTRYWIDE SURVEYS

A number of countrywide surveys have been carried out
for the measurement of radon levels (8-15). Mean (A.M.)
values of some of these results have been summarized in
Table 1.

5. RADON LEVEL MEASUREMENTS IN ISLAMABAD
AND RAWALPINDI (PAKISTAN)

Realizing the health hazards due to radon and its
daughters among the general public ov«r the years, the
SSNTD-Laboratory (PINSTECH) has developed an environmental
system for the measurement of radon in some selected houses
of Islamabad, Rawalpindi and the surrounding areas.

A survey plan for radon monitoring was prepared. A
notice was circulated among the personnel and asking the
option for radon monitoring in their houses. Most of the
people showed their willingness and filled proformas. The
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Table 1.

Country

AUSTRIA (SALZBURG)
HUNGARY
DENMARK (SINGLE API)
DENMARK (PLATS)
NORWAY
NORWAY
SWEDEN
SWEDEN
SWEDEN (GALVE)
FINLAND
FINLAND
UNITED KINGDOM
UNITED KINGDOM
CORNWALL
DEVON
IRLAND
GERMANY
SWITZERLAND
SWITZERLAND
SWISS (CENTRAL ALPS)

Radon concentrations
(Bq.m-3)

15.00
26.00
70.00
82.00
160.00
51.80
67.00
101.0*
181.00
90.00
64.00
22.00
28.00

390.00
210.00
45.00
40.00

225.00
60.00
174.00

References
•

8
9
10
10
11
12
9

13
14
13
15
16
15
15
15
17
15
15
18
15

box type dosimeters (Fig. 3) were handed over to the
individuals according to the number of rooms in which
dosimeters were to be installed. The dosimeters were fixed
in the rooms in plastic envelopes containing the box type
dosimeter (Fig. 3).

After an exposure of two and a half months, the CN-85
detectors were chemically etched for 90 minutes in 6M NaOH,

SL1T-
CN-85

DETECTORS

POLYETHYLEN-BAG

Fig. 3. The box type dosimeter employed in
radon level measurement by us in Pakistani
cities of Islamabad and Rawalpindi.
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kept at 50°C. Track density was converted into radon
concentration (Bq.m~3) by applying the conversion factor
for the CN-85 detectors in the box type dosimeters. The
results so obtained were conveyed to the individuals
indicating whether the dose was normal or not.

It was found that the average value of radon
concentration in stores was the highest when it was
compared with the other categories of rooms. The radon
concentration in the lounges was lower than that found in
the bed bed rooms. The results agree with the fact that
less ventilated places have more radon concentration. A
lounge is a more ventilated place than store. The second
highest value of radon concentration was found in a
kitchen. In Rawelpendi and Islamabad, people use natural
gas for cooking. The natural gas may hav transported the
underground radon with it. The other sources of radon in
kitchen are water and the drainage holes. Kitchens are
usually kept closed in winter. Therefore, radon
concentration may be on the higher side. In winter, the bed
rooms and sitting rooms are closed. Therefore, the radon
concentration is towards the higher side.

6. REMEDIAL AND PREVENTIVE ACTIONS

Different researches carried out to devise ways and
means of controlling the concentration of radon and its
daughters have produced some useful results. It has been
found that certain types of "surface coatings" and "sealing
of cracks" in the basement floor and walls can considerably
reduce the radon levels. Reductions achievable with
different sealants show that even easily applied paint
coats reduce emanation by 30-70% (latex paint) and 50-90%
(epoxy paint). The remedial programs undertaken on these
lines have produced quite satisfactory results. An increase
in ventilation is found to be very effective in reducing
the concentration of radon and its decay products in the
indoor air. However, increase in ventilation costs in terms
of increased heating expenditure. A way out of this problem
is the use of a mechanical ventilation system with heat
recovery. If the above-described measures fail to reduce
the indoor radon concentration sufficiently, diversion of
soil gas has to be considered. Active soil ventilation can
be achieved by the use of a fan to draw or force soil gas
away from the home. Some safety measurement against indoor
radon build up are:

1. To avoid the presence of (a) "cracks" in the walls of
floor, and (b) any leaky skirting.

2. To avoid "loose floor-wall" joints and "loosely fitted
pipes.

3. To install sewerage pipes through "effective" water
traps.

4. To employ an efficient ventilation system.
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5. To employ a system of pumping out the "sub-soil gas"
under the foundation.

6. To employ a piping system for providing "easy path" to
the "sub soil gas" from the "lower earth layers" of the
foundation.

7. To "seal off" the foundation by means of special foils
or sheets.

8. To employ a "degasing system" for "foundation
drainage".

7. RECOMMENDATIONS FOR NEW BUILDINGS/HOUSES

In order to avoid build-up of indoor radon the
following recommendations h'.ve been made.

1. Building materials with strong radon exhalation should
be avoided in the construction of new building/houses.

2. Construction on potentially dangerous ground is not
recommended/allowed.

3. The latest experience obtained shows that it should be
possible to construct new dwellings such that radon
ingress from the ground can be prevented without
radical departure from the conventionally followed
building practices: a ventilated crawl space is likely
to be sufficient in this regard.

8. DISCUSSION AND CONCLUSIONS

Since the identification of radon and its decay
products as a potentially important indoor pollutant, a
large number of efforts have been undertaken to measure the
indoor radon concentration. A number of systematic surveys
have been conducted during the past few years. There seems
to be a great difference in the values of the radon
concentration in different countries. Even the values
reported for the same country differ very much. This may be
due to difference in the method of collecting the data and
the objective of study rather than the difference in actual
radon concentration. Sometimes a study may be based on
measurements in rooms left unventilated. The results so
obtained represent the upper limits of radon concentration.
The duration of the study has also a very important effect
on radon concentration, as it varies significantly with
variation in the season. Furthermore, if the study is based
on measurement of a few data points, the values may not be
the representative of all the houses in the country.

Significant efforts to determine indoor radon
concentrations have been conducted in various European
countries. In most European structures, the building
materials are themselves major sources of indoor radon
concentration. In the United States (in most of the cases)
the main source of indoor radon appears to be the
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surroundings soil, with the radon penetrating through
cracks and openings in the foundations. European cities
generally include a great variety of architectural styles
ranging from pre-medieval structures to modern multistorey
buildings. The construction materials used predominately
are natural stone and different kinds of bricks and
concrete (in Scandinavian countries wood is used more
often). Prior to about 1950, brick-dwellings with wooden
floor constructions were built frequently with loose
material filled into the floor cavities for heat and sound
insulation. Thereby, emanating surfaces of these buildings
are larger than for concrete floor constructions. In
European urban dwellings, air-conditioning and
blower-assisted forced air heating system are used less
frequently than in the United States. This results in the
difference in air movement inside the building.

The results of these surveys indicate that the radon
concentration in dwellings varies from place to place. Some
areas have relatively higher radon concentrations while
others have acceptable limits. These variations are due to
variations in the geological formation, living habits,
climate and building materials used for construction. The
areas with high concentrations need the application of
controlling techniques in order to avoid the health hazards
associated with it.
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RADON INGRESS FROM TECTONIC
DISTURBANCES IN A GRANITE MASSIF

J. Thomas1, I. Burian 3 and A. Rothova3
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ABSTRACT

Part of the Central Bohemian Pluton (Part of the
European Hercynids) contain granite of the type Devil's
Burden. Its concentrations of 2 3 8U of about 150 Bq.kg"1

(12 ppm) leads to gamma dose rates above the ground of 0.35
uGy.h"1. But the massif is numerously tectonically racked
and in these disturbances, radon concentrations of up to
MBq.m~3 were found. The small town Petrovice e.g. is
crossed by one of these disturbances and in houses
constructed above them, the annual average radon daughter
concentrations of up to 1000 Bq.rn"3 were detected. Routes
of entry of radon were searched (e.g. direct sucking in of
radon through floors of boards with soil beneath) and
remedial actions were proposed. An epidemiological study of
the cohort-prospective type was started.

1.INTRODUCTION

The Central Bohemian Pluton is a part of the mountain
chain ranging from Central France to East Moravia,
originating 300 million years ago in Variscian folding.
This Pluton is very unhomogeneous as can be seen from
Aeroradiometric and Aerogammaspectrometric maps of Czech
and Slovakia (1,2) with dose rates from 0.15 to 0.35
juGy.h"1, uranium concentration from 60 to 150 Bq.kg"1

and thorium concentrations from 80 to 150 Bq.kg-1. The
highest values are measured above a granite of the type
Devil's Burden, named after a hill with a stone-breaking in
this area. The granite is of durbachit type with 12 ppm of
U, i.e. 150 Bq.kg-1. Radon concentrations in the soil are
therefore 40-60 kBq.m~3. But more essential is the fact
that the plutonic rock is in this part frequently
Teutonically disrupted, mainly in the northwest direction.
These tectonic disturbances were discovered in the 1950s
with geophysical methods by the geological survey of the
uranium industry and mapped in detail (3). The disturbances
are deep, with vein fillings containing polymetallic ore,
including uranium. On ploughed fields they can be easily
distinguished by the red color of soil. Radon
concentrations of 1.6 MBq.m-3 in soil were determined in
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such a disturbance in the northern periphery of Petrovice.
With the frequency of such disturbances it is not
surprising that several villages in this area are standing
on them. The small town Petrovice is an example and the
impact on indoor radon concentration is shown.

2. SURVEY OF INDOOR RADON IN PETROVICE

The small town Petrovice has 580 inhabitants living in
about 120 houses, mostly family houses. There are about 50
other houses used for public service or as holiday houses.
The oldest one may be the late Jesuitical manor from the
XVIIth century, many were built after the World War II.

A pilot study in 58 new and old houses with grab sample
measurements of radon daughters started in 1985/86 (but
only in spring and summer time) provides some alarming
results. The geometric mean was 100x%2.7 Bq.m~3 with the
range from 20 to 1000 Bq.m~3 giving an arithmetic mean of
160 Bq.m~3. Therefore, the integral radon/radon daughter
dosimetry (by bare LR-115 detectors (4) was started in
1989/90 resulting in a geometrical mean of 430x%2.6
Bq.m~3 with the range from 50 to 10500 Bq.m~3 giving an
arithmetic mean of 670 Bq.nr3 (EEC). This indicates that
the summer measurements were on the average five times
lower than annual average values (but with a broad range of
5x%3). The logarithmic-normal distributions of both surveys
are shown in Fig.l indicating that in 80% of the house
stock of Petrovice, our action level of 200 Bq.m~3 (EEC)
is exceeded and remedial actions have to be considered.
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Fig. 1. Cumulative frequency distribution of
EEC of radon a.^^(Bq.m~3) in the small town of
Petrovice - grab samples taken in spring and
summer are compared with annual averages.
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Analysis of the location of the houses in the town
shows, Fig.2, that a great part of high-exposure houses is
situated in the area where the tectonic disturbance was
from geological measurements outside the settlement
interpolated. This occurs not only in old houses in the
centre of the town but also in newer houses in the
periphery of it though not with such high exposures. The
location of the tectonic disturbances inside the town was
roughly indicated by a scan of radon concentrations in
soil. It seems that the radon disturbance is broader than
the geological one.

(1> 10000 Bq/n 3

• 800 - 2000
6 500 - 800
e 200 - 500

0

Fig. 2. Sketch of the small town Petrovice with
localization of 50 houses with different exposure
levels. Tectonic disturbances are indicated by
dashed lines, hatched area hematitized; a cross
scan of radon in soil (kBq.m~a).

3. INVESTIGATION OF THE SOURCES OF RADON

Up to now only twenty houses with the highest
concentrations have been investigated for the sources of
radon. Unfortunately this has to be done at the time of
very hot and dry weather conditions, so that routes of
radon entry in some of these houses could not be identified
and had to be predicted using analogy with common reasons.

The two extreme concentration of 10500 and 9300
Bq.m"3 occurred in simple old houses (about 100 years),
with no cellars, where the floor was covered only with old
dry boards or deals and where the radon concentrations
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below them were 170 kBq.m~3. In two other cases with
concentrations between 1000 and 2000 Bq.m~3 the entry
route was the same but radon was measured only in the
neighboring room . and was sucked in through the closed door
(in both cases lined with furniture).

In several cases the source was the whole surface of
the floor and the walls of the cellar. The radon was sucked
into the house by the stack effect and distributed there
because the cellar was accessible from the inside of the
house, what is common in our country. In one case the
cellar was accessible from the outside only but a small
ventilation hole between the house and the cellar was
sufficient for the severe contamination of the house.

4. FUTURE PLANS

Remedial actions will be started this year or next with
the full support by the state budget. Information are
provided to the inhabitants most exposed on how to decrease
radon concentrations by simple and cheap measures and by
organized ventilation

The area on the granite massif with granite type of
Devil's Burden is inhabited and homogeneous enough, having
comparable groups with high as well as low exposure, to
enable an epidemiological study of the cohort-prospective
type. This was started with international interest on it.
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EVALUATION OF RADON HAZARD
IN RESEARCH LABORATORIES

BY ELECTROCHEMICALLY ETCHED
MAKROFOL-E PLASTIC DETECTORS

G. HusBain and H.A. Khan

SSNTD-Laboratory (NED) PINSTBCH,
P.O. Hilore, Islamabad, Pakistan

ABSTRACT

In environmental dose assessments, measurement of
222Rn concentration is important in establishing human
health hazards. A systematic study has been carried out to
reveal indoor levels of 222Rn and its short lived
daughters in different research laboratories. Makrofol-E
detectors, exposed for 30 days inside the rooms, have been
etched electrochemically. For dose conversion purpose,
sensitivity of the detector has been found to be 1
track.cm~2.h~x corresponding to 0.448 pCi.l"1. The
minimum and the maximum indoor radon concentrations have
been estimated to be 1.5 pCi.l"1 and 7.5 pCi.l~x

respectively, giving rise to the doses of 1.2 rem.y-1 and
6.0 rem.y~x, respectively. Cancer risk associated with
the inhalation of radon and its daughters cannot be
ignored.

1. INTRODUCTION

The radioactive element radon has 27 isotopes ranging
in mass number from 200 to 226 (1). For radiological
protection purposes, a22Rn with a half life of 3.82 days
is the most important isotope. Uranium content in rocks and
soils is approximately 2.5 parts per million. Decay of
uranium produces inert radon gas atoms at the rate of
approximately 1 atom.cm~a.s~x. On escaping to the free
atmosphere, it becomes diluted with an average
concentration of about 0.1 pCi.l"1. The average radon
concentration in dwellings is about 1 pCi.l~x.

2XSPo atom captured by the bronchial tubes liberates
not only an alpha particle of 6.0 MeV energy which leaves a
damage trail of 47.0 pm in the lungs (2,3), but also decays
into daughter which generates its own alphas (2i*Po
emitting 7.69 MeV alpha having a range of 71.0 urn in
tissue) producing tremendous damage to the respiratory
system,
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Concentration of radon and its daughters can be
measured by collecting the gases on a filter and
subsequently counting the activity by a spectrometry, a
scintillation counters, Yspectrometry and R counting. Radon
errors due to concentration and flow rate fluctuations,
statistics of radioactive decay during sampling and
counting statistics occur in this sampling method.

If the radon daughters deeply penetrate the filter,
self absorption may be an additional source of error. Plate
out of radon daughters on the measuring probes may disturb
the counting. Due to short half life of 21°Po (Ra A)
being nearly 3.05 min, most of it decay before the sampling
is completed. Later on the filter activity counting may not
yield the same concentration as was present during the
sampling period.

The track etch technique yields the time integrated
airborne activity, unaffected by the random errors of the
filter method. Damage trails are produced immediately on
exposing the detectors to the radon atmosphere.
Electrochemical etching reveals the magnified bush like
alpha tracks which can be counted by unaided eye even with
a slide projector or a microfiche reader. In the present
investigations, attempts have been made to assess the
absorbed dose and to estimate the cancer risk.

2. EXPERIMENTAL METHOD

Makrofol-E polycarbonate detectors were exposed to the
radon atmosphere for 30 days at 40 different places inside
the research laboratories and affiliated buildings. Alpha
particles from the decay of Radon/Thoron and their
daughters bombarded the plastic detectors producing latent
damage trails. After 30 days, the detectors were retrieved,
etched electrochemically in 6N NaOH at room temperature at
a potential of 50 kV.cm^1, 50 Hz for 5 hours. Track
density measurements were made using a Zeiss optical
microscope under a magnification of 150x. Diameters were
measured under a magnification of 600x.

3. RESULTS AND DISCUSSION

3.1. Radon Dose

Risk to the health of the workers from exposure to
radon and thoron in the laboratories is minimum. Both these
gases are chemically inert and whatever is inhaled is
exhaled without any significant hazard. On the contrary,
the daughters of radon and thoron are chemically active and
if inhaled are likely to be deposited in the bronchial
tissues causing severe damage to the respiratory system.
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If radon gas is emanating at a constant rate in a room
and is lost only through radioactive decay then a state of
radioactive (or secular) equilibrium will be achieved. In
this case each daughter atom is produced and decayed at the
same rate. All the daughters will be present at the same
activity as the radon.

Alpha track density (tracks.cm"2) in the polymeric
detector is proportional to the radon concentration
(pCi.l"1) and the time the detector is exposed to the
radon atmosphere.

Table 1 shows the track density.hour"x, the
corresponding radon concentration in pCi.l"1 and dose in
rem.y-1 inside 40 different buildings.

3.2. Radon Concentration

The radon concentration has been determined as
explained below. In a particular laboratory the recorded
track density.hr~l =P . Registration efficiency=l-sin9c«
Critical angles of etching for recording full energy
a-particles from the decay of 222Rn, 2 1 BPo, and 2i4Po
are 48.5°, 53.0° and 75.0° respectively (4). Consequently
the registration efficiencies are 25.0%, 20.0% and 3.0%
respectively. Overall registration efficiency = 22.5%
(neglecting 2 1 4Po). Alphas falling on the detector
= P /0.225. When an aerosol laden with radon and its
daughters strikes the surface of the detector, half of the
alpha emissions penetrate the detector; while the remaining
half moves away from the surface. Therefore, total number
of alphas.h'1 originating from the radioactive nuclides
over a surface area A cm2 =2P A/0.225. Interaction of
radon with the detector surface is governed statistically
by the hit probability (5) of the radionuclides
contributing within a volume of sphere having a diameter of
say 7.00 meters.

Number of hits = H(d,E) = (rcd2/4)[flux]
= (/rdV4)(2PA/0.225)

where:
d= Diameter (cm) of spherical room
E= Energy of alpha particles
V= Volume of the sphere = 4/3rr(d/2) 3/1000 liters

Total number of alpha emissions /litre/second
= 2pA.rc(d/2)2/0.225xVx3600

Alpha act ivi ty = 2PA. rr(d/2 ) V0 .225xVx3600 Bq.l"1

= 5.6 pCi.l"1 (in a specific case)
p= 12.5 tracks.cm"2. h"1.
A= 3.142 cm2

d= 700.0 cm
Sensitivity = 1 track.cm~2.h "1 = 0.448 pCi.l"1

Concentrations computed in this fashion vary between
1.5 pCi.l"1 and 7.45 pCi-l"1.
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Table 1. Data showing track density per hour, corresponding
radon concentration (pci.l"1) and the dose exposed
(rem per year) at various locations

Room No.

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

Tracks.cni-^.h-1

6.12
5.25
4.81
3.84
3.83
8.78
7.15
5.40
6.83
8.54
7.53
9.23
4.81
6 18
3.28
7.11
5.63

12.47
4.50
3.88
4.74
7.42
9.52
6.80
6.10
7.24
4.16
8.37
9.92
6.92
5.40
12.16
8.90
12.47
13.94
9.48
9.21
16.64
9.60
5.19

Radon concentration
(pCi.l-1)

2.986
2.344
2.150
1.717
1.717
3.927
3.210
2.419
3.061
3.822
3.374
4.136
2.150
2.762
1.463
3.180
2.523
5.584
2.016
1.732
2.120
3.329
4.270
3.046
2.732
3.240
1.866
3.747
4.449
3. 105
2.419
5.449
3.986
5.584
6.241
4.240
4.121
7.450
4.300
2.329

Dose
(rem.y-1)

2.4
1.9
1.7
1.4
1.4
3.1
2.6
1.9
2.5
3.1
2.7
3.3
1.7
2.2
1.2
2.5
2.0
4.5
1.6
1.4
1.7
2.7
3.4
2.4
2.2
2.6
1.5
3.0
3.6
2.5
1.9
4.4
3.2
4.5
5.0
3.4
3.3
6.0
3.4
1.9

Radon concentration in free atmosphere is 0.1
pCi.l"1, while in dwellings it is about 1.0 pCi.l"1-
Dose is usually expressed in terms of working level (WL).
It is the potential total a particle energy of 1.3xlO5

MeV per liter of air or 100 pCi.l"1 of a22Rn in
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radioactive equilibrium with its short lived decay products
(2iaPo, 21*Po, etc.)- Concentration factor given in (6)
is 5.0 pCi.l"1 = 1.0 WLM.y-1.

Maximum dose observed in one of the rooms was 7.45
pCi.l'1 which corresponds to 1.49 WLM.y-1 (1.0 WLM =
4.0 rem (7). Similarly the minimum dose is 1.5 pCi.!"1

(0.3 WLM.y or 1.2 rem.y"1). The dose limit for
occupational workers is 5.0 rem.y"1.(8).

3.3. Cancer Risk

Cancer risk (9) has been computed in Table 2 for 1000
workers in the research laboratories. It is obvious that
the risk cases are not negligible in the present radiation
environments.

Table 2. Assessment, of lung cancers froa
radon exposure of 0.9 WLM.y-x

Colon 1

20-29

30-39

40-49

SO-60

Colon 2

mriw

5x10*

3x10*

1x10*

1x10*

Colon 3

•rfactlwa

ynara of

acpoaor*

col.1-20

4 . 5

14.5

24.5

35.0

Colon 4

effective
exposure

col. 3 x

0 . 9

4.OS

13.05

22.05

31.50

Col OBI 5

rlak
col . 4 x

col . 5

4 . 0

6 . 0

9 . 0

1S.0

Colon 6

rlak.y *

col. 4 x
col. 5

16.2
7».3

19*. 5

567.0

Total:

Colon 7

cwmx
cim.y •

col. 2 x

col. 6 x

10 *

• .1

23.5

19.9

56.7

108.2

Diametric distribution of the electrochemically etched
alpha tracks has been represented in Fig. 1. It is an
isotropic distribution revealing a single peak. Figure 2
show the size distribution of the electrochemically etched
tracks. Energies of the alpha particles (emitted during the
decay of radon and its daughters) are proportional to the
areas of the electrochemically etched tracks. Three
distinct peaks corresponding to three types of alphas (7.7
MeV from 2 1 4Po, 6.0 MeV from 218Po and 5.49 MeV from
2aaRn) were produced.

The respiratory system consists of the lungs
(responsible for gaseous exchange), and air passages
including nose, pharynx, larynx, trachea and bronchi. This
system is relatively radiation resistant. However, by the
irradiation of the chest to large doses of radiation, an
inflammatory reaction (radiation pneumonitis) is produced
in the lungs. Edema (fluid accumulation) followed by
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Fig. 1. Diametric distribution of electrochemically
etched alpha tracks.
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Fig. 2. Size distribution of alpha tracks after
amplification by electrochemical etching.
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hyalinization and fibrosis (thickening of connective
tissue) of the alveolar walls occurs. Ventilatory and
diffusion capacities of the lungs are affected. Changes in
the blood vessels may cause hemorrhage in the lungs.
222Rn decays into 218Po and 214Po which being solid
radioactive materials deposit in the lung producing
carcinogenesis or other changes. Particulates with diameter
less than 0.1 urn may be deposited in the respiratory tract
by inertial impaction, settling or Brownian motion (10).
Particles having larger diameters may get deposited between
the nasal passage ways and the lower bronchi.

4. CONCLUSIONS

One can draw the following conclusions from the present
investigations.
a. Lower and upper limits of radon concentration in the

research laboratories and affiliated buildings have
been estimated to be 1.5 pCi.l"1 and 7.5 pCi.l"1

respectively.
b. Sensitivity of the Makrofol-E detector etched

electrochemically has been found to be 1
track.cm-2.h-^/O.448 pCi.l"1.

c. The workers are exposed to a minimum and a maximum dose
of 1.2 rem per year and 6.0 rem per year respectively.

d. Although the permissible whole body dose is 5.0
rem.y"1, yet it has been speculated that unless
suitable radiological protection and safeguard measures
are taken, the exposure of the workers from the
inhalation of radon and its daughters may cause lung
cancer in about 11.0% of the workers.

e. Diametric distribution of the electrochemically etched
tracks is isotropic. It reveals only one peak. Due to
electrical breakdown the tracks do not belong to any
regular shape.

f. Area of an alpha track is energy dependent. Therefore,
the size distribution of the electrochemically etched
tracks shows three peaks corresponding to three types
of alphas emitted from the decay of 2 2 2Rn, 2 1 4Po,
and 2iaPo respectively.
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ABSTRACT

Radon and radon daughter anomalies, referred to as
geophysical events, are usually studied in order to
understand the mechanisms involved in the subsoil
geochemistry. In fact, the concentration fluctuations of
those elements are used to evaluate the evolution of
volcanic systems or seismic zones. Results concerning long-
and short-lived radon and thoron decay products,
concentrations in fumaroles, or accompanying an eruptive
plume, have been useful in determining volumes of magma
undergoing degassing; anomalies of radon in soil and ground
water have also proved useful in seismic studies.

Those anomalous behaviors are generally observed as
increases in the radioactivity levels of the studied
systems, producing radioactivity outbursts from the Earth
to the human environment.

In this paper, an analysis of the contribution to the
local radioactivity level produced from anomalous outbursts
due to eruptive events is made.

1. INTRODUCTION

radionuclides belonging to the uranium and thorium
natural decay series are present in soils and rocks, and
constitute one of the sources of the radioactivity
available in the biosphere. Several natural isotopes are
systematically studied (referred to as geophysical events)
and used as a tool to understand the geochemical mechanisms
involved in the subsoil evolution. The concentration
fluctuations of elements such as 222Rn are used to
evaluate the evolution of volcanic systems or seismic
zones. Results concerning concentration of long and
short-lived radon and thoron decay products in fumaroles
(1), or accompanying an eruptive plume (2), have been
useful in determining volumes of magma undergoing
degassing; anomalies of radon in ground water and soil have
also proved useful in seismic studies (3-5).
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Anomalous behavior is generally observed as an increase
in the radioactivity levels of the systems under study
(fumaroles, water, air soil, plume ashes) pointing them out
as some of the natural sources of the radioactivity
outbursts from the Earth to the human environment.

In this paper some estimates of the contribution of
large volcanic and seismic events to environmental
radioactivity are presented.

2. NATURAL RADIONUCLIDES CONCENTRATION LEVELS

Igneous rocks are derived from a molten mixture of
silicates, oxides and minor or trace amounts of elements
that include the radioactive ones. As this mush cools, the
silicates of higher melting point solidify. Uranium, in
particular, is incompatible with the structure of the major
silicates, and stays in the melt as silicates of
progressively lower melting point solidify. The last
fraction of the melt to solidify is usually of a
composition classified as granitic or granodioritic, and it
is in rocks of these types that uranium and thorium are
usually found with the greatest abundance.

Long-lived radionuclides from the natural decay series
are represented by the heads of the series, 2 3 8U, 2 3 SU
and 23aTh, and also by 2 3 4U, 23oTh and 22eRa
belonging to the 2 3 Bu decay series. Those radionuclides
have different chemical characteristics and are frequently
partitioned during geochemical processes.

The mobility of 2 3 eu is generally low in reducing
environments, while it increases in oxidizing ones. In
radioactive equilibrium conditions, 23«U is found at a
lower concentration than 2 3 8U by a factor of 18000.
23OTh presents the lowest mobility, probably due to
adsorption mechanisms in silicates. 226Ra is fairly
mobile in reducing environments, but in oxidizing
environments radium tends to be scavenged by oxidizing iron
or manganese or to be coprecipitated with alkaline-earth
compounds, particularly with calcium carbonate (6). In
comparison with 2 2 6Ra, 22aRn is short lived; being a
chemically inert gas its incorporation to the pores in soil
and rocks is determined upon recoil (to escape from
grains), diffusion (in the pore media) and transport (with
soil gas and ground water flow). The limiting factor in its
transport length is its half-life.

It has been known for some decades that 222Rn is
present in the atmosphere, and it has been found in ground
waters and natural gas as well. Building materials of
natural origin containing 22eRa can also contribute to
increased gamma radiation and radon concentration in the
human environment. Numerous authors have concluded that the
radon source contributing to high radon levels in closed
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atmospheres is usually the soil or rock near buildings
foundations. Outdoor air has been reported to average about
9 Bq.m~3, while average soil is estimated to contain
between 10a and 103 pCi.l"1 (3700 to 37000 Bq.m-3)
(7). In ground waters several authors (8,9) report that
radon concentration levels of about 20 Bq.l"1 can be
found in aquifers of basaltic rocks; but radon levels of as
much as 77000 Bq.l"1 have also been reported (10) for
bedrock mainly of granitoid type.

Observations of radon in soil and ground water
generally show some fluctuations. These have been widely
studied and interpreted as a function of meteorological
parameters, subsoil changes, or both (11,12). In rocks
undergoing stress, microfracturing occurs; radon can be
exhaled through these channels giving rise to an anomalous
behavior in the exhalation pattern. Radon exhaust can also
be observed in events of sudden degassing induced by
pressure and temperature changes at depth.

3. EARTHQUAKES AND VOLCANIC ACTIVITY

Two of the major geophysical events are volcanic
eruptions and earthquakes. During an earthquake almost no
material from the Earth's crust is transported to the
biosphere; some landslides and fracturing can take place,
but only the gaseous or volatile components are released
from the stressed rocks into ground waters or shallow
atmosphere. On the contrary, when a volcanic eruption
occurs, magma, its emanations and their reaction products
break through to the Earth's surface issuing violently into
the atmosphere.

The frequency of volcanic eruptions and earthquakes
decreases with increasing "size"; that is, there are many
small eruptions, fewer medium sized and very few large
ones. The number of active volcanoes in the world is not
only represented by those currently undergoing activity,
but also by those with historically documented eruptions,
and those that have had some eruptions in the last 40,000
to 50,000 years. The dormant intervals between major
eruptions in a single volcano are commonly of the order of
thousands of years, and the historical record in many parts
of the world is very short. Many thousands of young
volcanoes in the sea-floor have not been considered in
recent statistics that estimate that 1500 have erupted in
the last 10,000 years. Of these, 534 had historically
documented eruptions, 380 have erupted during this century,
and 56 erupted at an average of once a year during the last
decade (13).

Taking as a criterion, the Volcanic Eruption Index
(VEI) (14) that relates among other parameters the volume
of erupted tephra as a measure of explosive magnitude, the
reported statistics of the eruptions recorded over the last
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200 years and those during the 1975-85 decade show that,
regardless of the large difference in the length of the
periods, the frequency-magnitude relationship was
comparable for both periods.

Eruptions producing 10s m3 of tephra (VEI=2) take
place at an average of once or twice a month somewhere on
the Earth. Those producing 107 m3 (VEI=3)/ like the
Ruiz event in Colombia that generated devastating mudflows
in 1985, take place 2 or 3 times a year. Eruptions of the
size of the 1980 Mt. Saint Helens' (10® m3, VEI=5)
occur perhaps once a decade, and those like the 1883
Krakatau's (10 km3) only 2 or 3 times in a century. Table
1 shows the reported values of tephra being ejected from
volcanic eruptions in the 1975-1985 decade where only those
with VEI>2 are considered.

Table 1. Reported number of eruptions (VEI>2) for
the 1975-85 decade (13) with the estimate
of total tephra volume (m3) being ejected

No. of eruptions

1
9

60
200

270

VEI

5
4
3
2

Total
< >

Tephra (m3)

lxio9

9x10"
60xl07

200xl06

2.7x10*

4. RADIOACTIVITY FROM ANOMALOUS OUTBURSTS

An analysis of radon anomalies related to three major
earthquakes shows the following patterns:

- The Tashkent (M=5) earthquake, URSS, 1966:

Radon concentration in ground water from a deep well
was recorded from 1956 to 1966. A continuous increase by a
factor of three was observed until the earthquake
occurrence, decreasing suddenly to reach the original 1956
level after the earthquake (3).

- The Izu-Oshima-Kinkai (M=7.0) earthquake, Japan, 1978:

Radon in ground water changes reported by Wakita et al.
in 1980 (4) as related to the Izu-Oshima-Kinkai earthquake
(M=7.0) on January 14, 1978, show long-term variations
whose pattern indicate an anomalous fluctuation during 2
weeks before the event; the maximum radon activity was 10%
above the mean value over the volumes reported during 2
years.
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- The Mexico (M=8.1) earthquake, 1985:

A radon in soil anomaly observed at the geothermal
field of Los Azufres preceding the 1985 Mexico earthquake
(5), showed an increase during 3 weeks by a factor of 3.75
above the average radon in soil concentration, which was
estimated to be of 4.5 kBq.m3 (15). Radon measurements at
the steam production well heads have shown increases from
1110 to 4440 Bq.kg-1 of fluid at the time of the Mexico
earthquake (16). In this case, part of the steam is
exhausted to the atmosphere.

Recognition of radon anomalies in soil and water due to
internal effects requires filtering of the radon time
series, since the anomalies can be obscured by
concentration fluctuations in soil gas due to environmental
parameters.

From these data, it is evident that earthquake-related
radon concentration increases in soil and groundwater are
not very striking, mostly in the account that a three-or
four-fold factor is observed in underground systems. This
contribution is expected to decrease during transport
towards the surface. Anomalous behavior can affect water or
soil during periods as long as one month, but a low
contribution will reach the atmosphere.

Examples of radon fluctuations related to volcanic
activity indicate the following patterns:

Variations of radon in gases discharged during the
eruption phase of a geyser have been reported (17) to
fluctuate from 289.7 to 2800 Bq.l 1 in studies performed
from 1942 to 1948 at Hokozigoku Geyser in Japan.

Radon concentrations in the spontaneous gas of a
thermal spring at Karimsky volcano showed an increase from
1.85 to 13 Bq.l~x maximum value corresponding to the
eruptive period of 1969 (VEI=3). The period of radon
observation was from 1966 to 1971 (18).

Usu volcano eruptive period from August 1977 until
October 1978 (VEI=3) showed radon in ground water
fluctuations of about 10% above the average values in the
zone in a 1.5 years observation period (19).

At the Piton de la Fournaise volcano, during the
eruptive period of June 1985 (VEI=1), radon in soil
increased by a factor of 4 as compared to the average radon
in soil content measured over a 3 years period (200.

Radon in soil from the 1982 El Chichon eruption (VEI=4)
(2) experienced an increase of one order of magnitude as
related to the average radon concentration in soil level of
the zone.
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As in the case of earthquakes, the increases in the
concentration of radon in soil and ground water can be
expected to reach one order of magnitude, decreasing as it
is transferred to the atmosphere.

On the other hand, when large amounts of solid material
are ejected, greater concentrations of radionuclides are
released. Two explosive eruptions, those of Mt.Saint Helens
in 1980 and El Chichon in 1982, provide recent examples.

Activities from short-lived radon and thoron daughters
decay-products in ashfall from El Chichon eruption (2) have
been reported. During this eruption a large portion of the
radon and thoron contained in the magma body was released
due to violent degassing. All the degassing thoron was
estimated tr> decay in the site of the eruption, and 212Bi
and 31aPb were found to be in equilibrium when the ashes
were collected. A high amount of 2X4Bi activity was also
measured in the ashes.

An estimate of the total release of radon reaching the
atmosphere in a sudden volcanic outburst can be made by
assuming that the 21*Bi activity measured 33 hours, after
the eruption (1585 pCi.g~1=58.6 Bq.g"1) is a measure of
the 222Rn activity being released with the eruption.
Furthermore, taking into account that the total amount of
tephra ejected was about 0.5 km3 dense rock equivalent
(with a density of about 2.5 g.cm~3), a total release of
7.33 x 10ls Bq of radon reaching the atmosphere is
estimated.

If the above estimate for the Chichon volcano is
extrapolated to the amount of tephra ejected in the
1975-1985 decade for eruptions taking place on the Earth
(Table 1), an estimate of 3.9xl0i7 Bq of 222Rn reaching
the atmosphere as ejected in sudden outbursts from eruptive
processes is obtained.

This contribution is mainly confined to the area of
influence of the erupting volcano (typical values are
diameters of the order of 100 km). However, wind can have a
strong effect on the dispersal of the plume. From 270
eruptions (VEI>2) an average of:

(3.9xlO17/27O) Bq=1.44xlOr=Bq

of radon have been released during local outbursts of
tephra.

The amount of long lived radon daughters as reported by
Le Cloarec (1) in fumaroles from Mount Saint Helens, in
September 1981, one year and 4 months after the main
eruption (VEI=5), indicates that the maximum concentration
values of aioPb, 21oBi and 21°Po were 800, 83 600 and
418000 times higher than the typical air values (0.0005,
0.0025, 0.00005 Bq.m~3 respectively). This contribution
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has a rather local extent if it is compared to the case of
large eruptive plumes, as in the example mentioned above;
however a large amount of radioactive natural nuclides are
also being released through fumarolic activity to the
atmosphere.

5. CONCLUSION

The earthquake-induced radioactivity increases can
affect ground water and soil; but it is expected to
diminish in the pathway to the surface. Reported values
from radon and radon daughters related to volcanic
eruptions show that big amounts of radioactivity can reach
the atmosphere.
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ABSTRACT

A review of the indoor component of the radiation
exposure is given based on the part of the UNSCEAR Report
concerning the natural radiation sources. Different
approaches for the components from the cosmic radiation and
primordial radionuclides commented. The gamma radiation
background has been studied in the past thoroughly and now
these results can be exploited to manage the inherently
related and most urgent but controllable indoor radon
exposure. A sequence of causes of the radon problem is
given beginning with the cosmic origin and ending with the
potentiality of originating lung cancer and a hierarchy of
related quantities is given. Modelling and theoretical
studies of separable relations are useful and urgent, not
so complex models.

1. INTRODUCTION

This paper concerns the indoor radiation exposure, a
multicomponental exposure defined best by the known summary
table in the UNSCEAR Reports. The able from the last
Report in 1988 (1) is reproduced here in Table 1 in a
slightly changed view to distinguish between indoor and
outdoor contributions. Objects of our interest are
underlined. These values are either given in tha text of
the Report or in the case of the Th series total values
are only divided using data about energy and abundance of
gamma rays (marked with an asterix).

It is impossible to treat only the indoor component of
the external irradiation without beginning with the outdoor
ones, because those are primarily measured and the indoor
components are only derived from them. Secondly, one has
to keep in mind that indoor exposure does not mean only the
exposure at home inclusively also the exposure in other
buildings, at work, in public buildings etc.

2. IRRADIATION BY COSMIC RADIATION

This component of exposure is a typical uncontrollable
one, in itself a very complicated and of complex matter.
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Table 1. Estimated per caput annual effective
dose equivalent (nSv) from natural
source in areas of normal background (1)

Sources

Cosmic radiation

Direct ioniz. comp.

neutron camp.

Cosmic radionnclidea

Primordial radionucl.

•Tib

"•U series

"•U to "»Ha

"»Rn to ""Bi
IloPb to "°Po

***Th series

"*Th to "*Ha

"°Hn to *<"Vb

In

external

Indoor ontdoor

andi sting

240

44

-

120

-

-

SO

-

49-

79"

60

11

-

30

-

-

20

-

12-

20-

radiation

Internal

Indoor oatdoor

andlstiog

-

-

15

180

6

19

1000 70

120

16

156 4

UHSCEMt 1988

But we are interested only in some cumulative results of
all the details discovered by the cosmic radiation physics,
namely the equivalent does rate averaged over time and its
latitude and altitude dependence and absorption properties.
Data about the origin and transformation stages of cosmic
rays, energy and direction spectra, variability in time,
etc are only an information background for better
understanding and right application of these data for
health physics purposes.E.g. The neutron component is
useful to be distinguished from the exposure component for
the direct ionizing secondary cosmic radiation, since
normal ionization chambers are fortunately insensitive to
neutrons. The exact results obtained by cosmic physicists
are therefore multiplied by approximately shielding factors
to obtain the indoor component (it is unworth while to
treat the house with many different holes as a shielding
problem), by rounded conversion factors to obtain effective
dose equivalent rates and are averaged for demographic
distribution in altitude and latitude. Nevertheless, an
information of a new quality is obtained which cannot be
determined in a direct way bringing another view on the
subject.
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3. EXTERNAL EXPOSURE BY PRIMORDIAL RADIONUCLIDES
OUTDOORS AND INDOORS

The background gamma radiation outdoor has been
intensively studied for a long time. The famous first
international symposium on natural radiation environment in
Houston, 27 years ago (1963), was almost exclusively
devoted to this problem and paper about radon in soil have
been appreciated as interesting but not as bearing a
warning (2). Now we all know that external component is not
the most important contribution to the exposure of the
population, and in addition uncontrollable, but that it is
inherently connected with the more severe radon problem.
And a question arises why has the severe radon problem in
houses been observed in such a roundabout way through
uranium tailings and other radioactive wastes used in our
environment and in building materials and not a logical
consequence of the knowledge about the radon concentrations
in the soil, exhalation rates of radon, stack effects in
houses etc? Are we today also omitting another important
radiation component?

It looks like that the mankind was up to now compatible
with the radiation background - even if we know not in what
a way (or if) has the radiation background affected its
evolution. On the other hand the heat produced continuously
by the decay of the same primordial radionuclides deep in
the earthcrust is one of the cause of earthquakes which
were and still are a great threat for the mankind.

Our knowledge about the gamma radiation background
seems to be completed. This radiation is directly, exactly
and easily measured in sum or spectrometrically as well as
theoretically calculated using measured concentration of K,
U, Th in the soil and algorithms of the radiation transport
or in situ measurements are decongested. This enables a
more detailed understanding of the energy and direction
distribution of the radiation field above the ground, the
skyshine contribution, consequences of the radon and thoron
concentration gradient in the soil etc.

Now, there has come the time that collected knowledge
and data of enormous range can be used in the benefit of
the more severe radon problem, mostly as maps indicating
areas with high radon risk from the ground. In our country,
for instance, such regional maps in a scale of 1:200000
will be ready for the whole republic at the end of this
year (3). They have been completed in a cameral way using
mainly existing data:

previous measurements of radon in soil from the
emanometric prospection of uranium in the 1950s,
previously secret, now only completed by new
measurements,
aeroadiometric maps of the whole territory made in the
1950 s, previously classified,
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aerogammaspectrometric maps 1:50000 of nearly half the
territory, made in the 1980s, also previously
classified,
geological, pedological, tectonic and hydrogeologic
maps of the whole territory.

We hope that they will play an important role in future
surveys to identify houses with elevated indoor radon
concentrations and also indicating areas for which more
information is needed in order to be able to prevent the
entry of radon into new houses.

4. INTERNAL INDOOR EXPOSURE TO RADON DAUGHTERS

The indoor radon daughters are now commonly
acknowledged as the most severe component of the radiation
exposure of the population being for a long time an
overlooked risk and getting now in the energy saving
programme and waste utilization a now actuality. Therefore
it would be useful to mention causes, or better the
sequence of causes of this risk beginning with the origin
of uranium:

the origin of uranium after the Big Bang in
cosmological history,
the nucleogen possibility of the origin of such a
gigantic nucleus with 238 nucleons, unstable, but with
half-life comparable to the age of our galaxy; uranium
being a trace element in soil which is easy detectable

only due to its radioactive properties,
the gaseous nature of radon among all the members of
the uranium series with metallic nature, or that the
decay series occurs in such a position of the
Mendeleev's periodic system of elements that it crosses
the group if inert gases and a series member is for a
relatively short time in this state,
the recoiled radon atom getting kinetic energy enough
to pass about 100 nm through solid material,
the granular and porous nature of soil (as well as of
building materials) enables radon to escape from coat
of the grains,
the moisture of the soil, especially the capillary
water between the grains, stops the escaping radon
atoms,
the quick enough evaporation of the dissolved radon in
these microscopic conditions,
the easy enough transportability of radon by convection
and diffusion in porous media,
the pressure difference in buildings, being sufficient
for sucking in soil gas,
the untightness of foundations of the houses in the
mild and hard climate zones.

Passing these adventurous journeys the radon atoms
decay, getting back metallic behaviour, adhering to solids
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as soon as they meet them - ions, aerosol particles,
surfaces of objects including the surface of lung airways
of the present inhaling persons. Unfortunately, the half-
lives of radon daughters are too short to be eliminated by
the too slow mechanisms in the airways, the range of the
alpha particles are too long or the basal cell of the
bronchial epithelium are located too shallow so that
enough energy can be transferred to start the least episode
- the potentiality of originating lung cancer.

In each step of this sequence of causes we can ask what
would happen in the opposite case? Besides less severe or
no problem with radon some interesting situations would
occur, e.g. we would not live in an atomic age.

Numerous other causes have to be added, even
discovered, of course, to be able to explain in detail all
sources of radon, properties of radon and radon daughters,
their variability and the enormous range of concentrations
indoor as well as the different response of people inhaling
radon.

Most of these steps and causes can be exactly described
by physical quantities and material parameters, which can
be exactly measured and experimentally determined and
related mutually by physical laws, relations and models,
the most famous being the dosimetric model, more than 25
years old and still in development. Some of these
quantities and parameters are given in Table 2, showing a
hierarchy of approaches.

It looks so that a complex model can be worked out,
using reference soils, reference building materials and
water supplies, reference houses and behaviours, dosimetric
models, reference man data and demographic data etc. to
relate all these reference data with cancer incidence. In
our country e. g. an attempt was made to construct a model
to derive at least lirtuts of radium in different types of
building materials from a dose limit (4). But such an
approach indeed a sophisticated one would be without effect
for several reasons:

it would be too complicated to be trustworthy,
it could never give a realistic estimate of the
considerable spread of indoor concentrations or ranges
of risk,
there is no evidence that the whole process is
explained without any conceptual gap,

Thus it is extremely interesting to follow the
development of the explanation of the radon problem in the
last four decades, as the result of the effort ot thousands
researchers around the world, which is not only a severe
risk but also a point of extreme interest after a long
dormant stage.
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Table 2. Hierarchy of quantities describing the radon problem

Quantity parameter unit

Sv.M*/Bq.M-'

Pa

1

Bq.(kga)»

1

Lung cancer incidence

Lung cancer risk coefficient

Collective off. doae eguiv. rate

•naber of inhabitants

Effective doae equivalent rate

Dose equivalent conversion factor

Concentration of radon daughters in air

Air exchange rate

Radon entry rata

Pressure difference

Porosity

Permeability of soil

Mass activity exhalation rate

exhalation coefficient

Concentration of radios in soil

REFERENCES

1. Sources, Effects and Risks of Ionizing Radiation,
UNSEAR Report 1988, United Nations, New York (1988).

2. Derived map of the radon risk 1:200000, Eastbohemian
Region (explanation in Czech.) Geological Survey
(1990) .

3. I. Barnet, Radon risk mapping in Czechoslovakia (in:
Radon Investigations in Czechoslovakia) Geological
Survey, 19-23 (1990).

4. J. Mrnustik, A. Kominek, Proposal of a method to
determine limit values of concentrations of 22<sRa and
232Th in building materials (in Czech.) Radioakt.
Ziv. Prostr. 12, 5, 205-210 (1989).



ICHLNR,Ramsar,3-7 Nov. 1990
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ABSTRACT

It is well known that the most significant contributor
to the annual effective dose equivalent to members of the
public from natural sources is radon (a23Rn) and its
short-lived products in indoor air. In order to predict
accurately concentrations of radon and its progeny in
houses and to provide basis for decision making on
protective countermeasures to be taken, sources of indoor
radon must be carefully investigated and accurately
measured. This paper discusses radon sources in general,
emphasizes the importance of radon exhalation from
underlying soil and building materials, and describes the
method of its measurement and finally a integrated
monitoring system we have developed.

1. INDOOR RADON SOURCES

The sources of indoor radon are illustrated in Fig. 1.
Arrows on the figure represent possible entry paths of
radon into the house. The sources are: emanation from
underlying soil and then diffusion through foundation or
basement walls (if there is a basement), through cracks in
foundation or basement walls and cracks around pipes
penetrating foundation or basement walls; exhalation from
unpaved floor (if any); exhalation from building materials;
entry of outdoor air with radon into the house through
doors, windows or other ventilation pathways; release from
water containing radon consumed by the family; release from
natural gas or LPG used for cooking by the family. The
radon sources mentioned above are not necessarily
exclusive.

UNSCEAR (1) reported the sources of radon entry rates
in the reference house (see Table 1). It is clearly shown
in the table that the dominant sources of indoor radon are
exhalation from underlying soil and building materials.

The i following differential equation may be developed
and solved to predict indoor concentration of radon (2).

333
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W//////////M//////MM/W//////////

Fig. 1. Sources of indoor radon.

Table 1. Sources of Radon Entry Rates
in the Reference House.

Source

Underlying soil
Diffusion
Pressure-driven flow
Building materials
Outdoor air
Water
Natural gas

Total (rounded)

Radon entry rate (Bq.m~3h~1)

Estimated
arithmetic mean

1.7
40
6.4
5
0.1
0.3

50

Typical range

0.1-200
1-20
1-10

0.001-100
0-1

2-200

(1)

where C, Cout; Cw and Cn are radon concentrations
respectively in indoor air, outdoor air, water and natural
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gas (or LPG), in Bq.m"3; V is the volume of the house in
m3; Si in terms of m2, is the area of the indoor
surface with radon exhalation rate of E* in
Bq.m~2h~a; Qw and e w is respectively the average
quantity of water consumed by the family in m 3h - 1 and
the usage-weighted radon release factor from the water;
Qn and en is respectively the average quantity of
natural gas (or LPG) used by the family in the m 3h - 1

and the radon release factor from the gas; A V is air
exchange rate of the house with outdoor air, in h"1 and
is radioactive decay constant of radon, h"1.

Table 1 shows the contributions of water and natural
gas to the indoor radon concentration are very small and
negligible. Therefore, the solution of differential
equation (1) under stable-state is

C=t(£ExS1)/V+Coutw]/(Xv+X) (2)

The equation (2) suggests that the dominant influencing
factors to indoor radon concentration are radon exhalation
rates from indoor surfaces and air exchange rate of the
house with outdoor air. Roughly speaking, indoor radon
concentration is proportional to radon exhalation rates
from indoor surfaces and reversely proportional to the air
exchange rate of the house. This is to say that if we know
only the radon concentration of a house, we would have a
insufficient basis for decision-making on protective
countermeasures to reduce the dose to the residents of the
house, because radon exhalation rates and air exchange rate
are the principal parameters for optimization (ALARA)
analysis in this case. As a result, we must pay close
attention to the measurement of radon exhalation rate.

2. METHOD OF RADON EXHALATION MEASUREMENT

Radon exhaled from a surface (soil or building
materials) is collected in a collector, then transferred
into a sampler or a detector and measured. Based on the
measured radon concentration in the collector, radon
exhalation rate from the surface is derived, as shown in
Fig. 2. The radon in the sampler is usually counted in a
laboratory. This is the method which has long been used for
measuring radon exhalation rate from surfaces of soil,
building materials or mill tailing. In the past, the
following equation (3) is used to calculate radon
exhalation rate:

dc/dt=ES/V-CX (3)

where C is concentration of radon in the collector; V is
volume of the collector; E is radon exhalation rate from
the surface to be measured; S is area of the surface
beneath the collector; and X is radioactive decay constant
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Fig. 2. Radon exhalation measurement

of radon. In equation (3), only radioactive decay of radon
is considered to be the reason for decrease of radon
concentration in the radon collector. It is the case only
when radon concentration in the collector is relatively
small compared with that in the material to be measured. In
general, radon back-diffusion from the collector back into
the material and radon leak, age through the seam between
the wall of the collector and material surface should also
be considered. Thus, a modified equation may be easily
developed, by substituting effective decay factor xm for
radon decay constant A in equation (3), i.e.

dc/dt=ES/V - (4)

where effective decay factor \«, is a combination of
radioactive decay, back-diffusion and leakage of radon from
the collector. The solution of differential equation (4) is

C=ES[l-exp(-A.t)]/(A.V)+Coexp( -it) (5)

where Co is the radon concentration in the collector at
the time when collection starts. Radon exhalation rate E is
obtained from equation (5),

E=X.V[C-Coexp(-X.t) (6)

In the equation, V and S can be accurately determined,
radon concentrations Co (at collection time t=0) and C
(at collection time t) can be measured, only E and A. are
unknowns. If radon concentrations in the collector at two
different collection times are measured, then E and x.can
be obtained from the simultaneous equation:

C1=ES[l-exp(-A.t1)]/(A_V)+Coexp(-\.t1)

C2=ES[l-exp(-A.t2)]/( A.V)+Coexp(-X«t2)
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It should be noted that \m here is not a constant,
but is a function of characteristics of the material to be
measured and measuring condition.

3. A INTEGRATED MONITORING SYSTEM

As mentioned earlier, in measuring radon exhalation
rate from a surface, one should first take samples of the
radon collected and then transfer the samples to a
laboratory and count there. This measuring procedure may
increase uncertainties and is not convenient for field
measurements. To overcome the disadvantages, we have
developed an integrated monitoring system of radon
exhalation. With the system, radon exhalation rate from a
surface may be measured with reasonable accuracy without
sampling process and it may be conveniently used in field.

The integrated system consists of radon collector/ high
voltage unit, radon daughter collection foil, alpha
detector, electronics unit, microprocessor with printer,
and power supply, as shown in Fig. 3.

6

{_
5

4
1

3

1 1 A1 1 O

2

1: inner wall of radon collector 5: alpha detector
2: outer wall of radon collector 6: high voltage unit
3: copper grid 7: electronics unit
4: radon daughter collection foil 8: microprocessor with

printer

Fig. 3. Diagram of the integrated monitoring system.

Radon exhalation form the surface to be measured enters
the radon collector through copper grid and decays there.
The outer wall of the collector is used to mitigate radon
leakage from the collector to the outside air. The inner
and upper walls of the radon collector and the copper grid
are firmly electronically connected and grounded during
operation. They, together with the radon daughter
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collection foil, form a complete electrostatic collection
volume for radon daughters from decay of radon collected in
the collector- Since newly formed radon daughters are
positively charged, under the driving electronical field
they are collected on the foil which has a electric
potential of -1500 V. The radon daughters collected on the
foil are detected by the surface barrier semiconductor
detector. The signals from the detector are processed in
the electronics unit. Final results are given by the
microprocessor and printed by the built-in printer in terms
of radon exhalation rate (Bq.m^.s^1) and counting rate
(CPM). The whole system may be operated with built-in
batteries or 220V AC power supply.

To choose the adequate voltage on the collection foil,
we measured relative collection efficiency as a function of
voltage on the foil and obtained the curve shown on Fig. 4.
It can be seen from the figure that the collection
efficiency remains almost constant after -600V.-1500V is
chosen in our system. Distribution of collected radon
daughters on the foil is alco measured. The result is shown
on Fig. 5. Most of daughters are collected on the
centrically area with, a radius of 25 mm. Therefore, it is
reasonable to choose a detector of *50 mm. For calibration
of the system, the radon collector must first be sealed
with a lower cover, then fill the radon collector with
radon gas of known quantity. In this way, a calibration
factor of 5.29 Bq.m~3/cpm is obtained. The background of
the system is 0.65 cpm, which is equivalent to 3.44
Bq.m~3 of radon.

0 -1000 -2000 -3000 -4000

AppUtd Potential Dl ft trine* I V )

Fig. 4. Relative collection efficiency
as a function of voltage on the foil.

The system has been used to measure radon exhalation
rates from concrete floors of our laboratories and soil
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Fig. 5. Distribution of Rn (laughters collected on the foil.

around the laboratory. The results were satisfactory. And
the system is also being used in measuring radon exhalation
from milling tailings.

4. CONCLUSION

For assessment of indoor radon and its decay products
and decision making on protective countermeasures, sources
of indoor radon should be carefully investigated and radon
exhalation from underlying soil and building materials be
emphasized. In measuring radon exhalation rates from
surfaces, radon back-diffusion from radon collector into
the material should measured and radon leakage from the
collector should be considered. The integrated monitoring
system of radon exhalation described in the paper combines
radon collection detection, so sampling process is
eliminated in measuring with this system and monitoring
uncertainty is minimized.
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ABSTRACT

The passive measurements of activities due to radon and
its alpha-emitting daughters, using SSNTDs, depend on the
choice of the detector geometry. The calculations of
Working Levels with such detectors using measured track
densities, therefore,require a mathematical scheme based on
the diffusion of radon within the detector volume and the
effect of radon daughters sticking to the detector or to
the surfaces in the vicinity of the detector. In this paper
a simplified form of the theoretical model due to R.L.
Fleischer is presented. Based on the modified formulation,
a simpler and more efficient method of deriving Working
Level Ratios is suggested.

1. INTRODUCTION

Over the past few years, the health hazards related
with radon have become a source of wide-spread pubic
concern (1-3). It has been known for a long time that the
uranium miners are at a greater risk of lung cancer because
of the radon-rich mine environment in which they have to
respire (4). It has been less certain that the radon
exhaled from construction materials or diffused through the
earth underneath the housing structures is a source of
increased lung cancer risk. Consequently, extensive studies
have been made to estimate cancer risk associated with the
radon and its progeny in dwellings (5,6). The adverse
effects of radon are feared to be specially enhanced in the
houses where the mixing of indoor and outdoor air is
strongly restricted because of elaborate energy conserving
measures for space heating. The surveys conducted for
American houses have indicated that the average indoor
concentration of radon is around 50 Bq.m~3 as compared to
about 7 Bq.nr3 in the outdoor ambient air. The indoor
values can be as large as 300 Bq.nr3. About 2% of the
houses have radon levels which are even higher than this
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value. For greatly restricted ventilations these values can
be a few thousand times more than outdoor values (7).

The damage caused by radon inhalation occurs because of
the particulate radon daughters which attach themselves
largely with the epithelium of bronchi and alveoli. These
a-emitting daughters subsequently decay and deposit a dose
equivalent of 0.5 rem.y~x for radon concentrations in air
of one pCi.l"1.

The concentration of radon decay products is usually
measured in the units of "Working Level" (WL). This unit
was proposed in 1957 after the realization that the
internal exposure of human lung is predominantly due to
radon decay products which are filtered out of the respired
air. Again, it is the a-radiation which causes major damage
to biological cells, therefore, the "WL" is defined in
terms of the energy deposited by cr-particles. According to
the modified wording, "one WL is any combination of the
short lived decay products of radon in one liter of air
that will result in the ultimate emission by them of
1.3xl03 MeV of cr-energy". This is equivalent to 100 pCi
of 222Rn per liter of air, in equilibrium with its
daughters (8). The "WL" can also be defined as the radon
concentration divided by 100 pCi-l"1, multiplied by a
"Working Level Ratio" (WLR). The "WLR" represents the
magnitude of disequilibrium between radon and its
daughters. In terms of the activity ratios

Xi=A(21*Po)/A(222Rn),
x2=A(

218Po)/A(222Rn) and
x =A(214Pb)/A(222Rn), the WLR can be written as (8);

WLR=0.38x1+0.1x2+0.52x (1)

The coefficients in the above equation are the
fractions of potential total energy originating from
214Po (=214Bi), 21QPo and 2 i 4Pb, respectively.

It is, therefore, apparent that a calculation of xx,
x2 and x is required for Working Level estimation over
extended periods of time. This has been shown to be
possible by using passive devices like solid state nuclear
track detectors (SSNTD) in a seminal paper by Fleischer
(9). The method depends on the calibration of or-track
density with respect to a-activity. In this paper we have-
presented a simplified form of Fleischer's model for
calculating the first two terms of WLR (Eq. 1). The value
of "x" in Eq. 1 can be found out separately as discussed in
Ref. 9. The calculations have been performed by graphical
as well as numerical methods. The two approaches yield
identical results which differ from those of Ref. 9. In the
next section, we give an outline of the experimental
arrangement and in section 3, the mathematical model is
discussed in detail. The results of calculations are
presented in section 4.
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2 . DETECTOR CONFIGURATIONS
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We consider a situation in which the SSNTDs are
positioned inside a chamber which is uniformly filled with
2 " R n . There are no surfaces near enough to the detectors
to disturb one-dimensional diffusion condition. Moreover,
the particular SSNTD chosen may be such that it is capable
of registering a-particles of energies exceeding the
maximum a-energy encountered in the experiment (Table 1).
Under these conditions, if the detector is bare it would
register all a-particles within a distance Ro (= a-range)
frcm a given point on the detector. Thus, for a region
around point 0 (Fig. 1), a-particles from the effective
volume (shaded area in Fig. 1) are registered. The total
contribution of alphas is obtained by integrating over this
volume. The etching characteristics of a detector may put a
limit on the minimum angle of incidence for a-particles,
below which their tracks are not etchable for a given
energy. Such an angle is shown by *«= in Fig. la. When
absorbers are used, the minimum angle may be determined by
another criterion, namely the range of the a-particles
inside the absorber. In tiie situations where this angle,
*mir* is greater than * c / it is used as the lower limit
of volume integration (Fig. lb).

Table 1. Decay data for the radon and
its short lived progeny

Nuclide

Radon-222
Polonium-218
Lead-214
Bismuth-214
Polonium-214

Mean life

5.5 d
4.4 min

38.6 min
28.5 min
2.36xl0~*s

Characteristic
a-energy

5.49 MeV
6.00 MeV

-
-

7.69 MeV

a-range
in air

3.95 cm
4.50 cm

-
-

6.65 cm

In the case of a 2 2Rn, the only contribution of
a-particles comes from the effective volume. However, the
a-emitting radon daughters are also plated-out on the
detector or absorber surface so that their contribution is
two-fold i.e. from the air volume and from the detector
(absorber) surface.

3. MATHEMATICAL FORMULATION

The basic mathematical formulation presented here is
due to Fleischer (9). We consider four identical detectors
which are exposed to a mixture of radon and its daughters.
Three of the detectors are covered with polycarbonate of
thicknesses 20 urn, 40 jum, and 53.3 jum respectively. These
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FIG.
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1

Fig. 1. (a) The spherical polar coordinates r and * (polar
angle) are defined with respect to a point 'O' on the
detector. The cylindrical symmetry is assumed. Tracks are
formed around point 0 the alphas form effective volume
(obtained by integrating over dV). The R^is the range of
a-particles from particular species of nuclides and * c is
the critical angle determined by the etching
characteristics of SSNTD.
(b) The lower limit for integration over • is *„,*„, in
case this angle is greater than * c. This situation occurs
when absorbers are used with SSNTD. The absorber thickness
is represented by equivalent air thickness. The range R«,
in this diagram does not pertain to the same species of
nuclides as in Fig. la.

absorber thicknesses correspond to equivalent air
thicknesses of 2.16 cm, 4.31 cm and 5.77 cm, respectively.
Their choice is made in such a way that the absorber of
thickness 53.5 jim stops all a-particles except those of
21*Po (see Table 1 for a-energies), the 40 um absorber
allows only aiaPo and 314Po a-particles, whereas 20 jum
absorber allows a-particles from all the three nuclides
2aaRn, 2XBPo and 31*Po, although the effective
volumes are modified as compared to the case of the bare
detector.
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Following Fleischer (9), we define the track production
rate £ as the number of etchable tracks produced per unit
area of the detector per unit time. Denoting the unit
volume activities of 2 2 2Rn, 218Po and 21«Po by
Aaaa/ AaxB and A21«, respectively. the track
production rate for the i t h detector-absorber assembly
can be written as,

Pi=Ci
21-A214+Ci

21oA2ie+Ci
22aAa22; i=l,2,3,4 (2)

Here i=l for the case of no absorber; 1=2 for absorber
thickness of 20 .um; 1 = 3 for absorber thickness of 40 \im and
i=4 for absorber of thickness 53.5 jam. The coefficients
C± < M > are the constants which depend on the geometry of
effective volumes and surfaces which in turn depend on the
etching characteristics of the particular SSNTD used. As
shown by Fleischer (9), the coefficients in the case of
ai*Po and 21BPo can be split into volume and surface
parts. The plate-out of 21*Po and 21°Po on the surface
of detector (or absorber) results into the decrease of
their concentration in the air volume adjacent to the
surface. The missing activity from the air volume is given
by N-/R00. Here N«, is the number of nuclides per unit
volume at a distance R» which is of the order of mean
diffusion distance i.e. N«, is the 'normal' concentration
sufficiently away from the surface. On the other hand the
surface contribution is proportional to N*. A=(N«x )R»,
where NA is the number of nuclides per unit area. The
distance R<» is of the order of man diffusion distance
V(D/X ), where D is the effective diffusion coefficient.
Therefore, it turns out that the C X

< M ) for 21BPo and
21*Po are decomposed as,

Ci.21*=Ci.
214V/V'D+C1

3i*sVrD
Ci

21°=Ci
21BV/VD+C1

218sVD (3)

By dividing Eq. 2 by A 2 a 2 (the activity due to
2 2 2 R a ) / we get a set of four non-linear equations with
three unknowns, xXf x3 and x3,

Fi(x1/x2/x3) = (ai.+bix
23)xi + (ci+dix

23)x2 + (e).-Ri.)x3=0 (4)

where:

; xx= A21«/A222

Ci.= C ±
2 1 8 V; di.= C ^ 1 8 3 ; x2= A 2 i e/A 2 2 2

ej.= C.222V; x3=VD; RJ.= 1.388 D^/P 2 2 2

The ratios R± contain the measured data of track
densities normalized to the value of p 2 2 2. The factor
1.388 has been determined by Fleischer (9) as a result of
his calibration. The coefficients aA, b*., c±, dx
and ej. are integrals over effective volumes and surfaces.
These are discussed in the next section.
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3.1. The Coefficients of Volume Contribution

3.1.1. aaaRa Case

With reference to fr', '*' and 'dv1 defined in Fig. 1,
the volume coefficient in general can be written (assuming
that the activity is independent of space coordinates) as:

...v.f (5)

In the above equation, the factor sin*/4/rr2 arises due
to the fact that the cr-particles emanate from volume
element dV in a sphere and are distributed over the total
surface 4nz2 at distance r, whereas the detector is not
perpendicular to their line of flight but makes an angle
(90-*) with an area element normal to r. Using
dV=r2cos#d*d9dr, we get,

fn/2

J*min
Ci"2V=l/4 | sin2* d* dr (6)

JR*{*)
In the absence of an absorber, R*(*)=0 and *„,*„ is

the critical angle * c defined so that the a-particles
incident at the detector below this value are not etchable.
The values of * c are well represented for allyl diglycol
carbonate (known as CR-39) by

*c=15.3 r°-
7 9 (7)

If an absorber has been used, then Ri(*)=Ro/sin*
where Rm is the thickness of air equivalent to the
thickness of the absorber use. The lower angle *mj.r, in
this case may be higher than * c and is determined by the
requirement that a-particles are able to reach the detector
i.e.

1(R«/Ro) (8)

(see Fig. lb) . The coefficient d 3 2 2 v then reduces to

Cx22av=(Ro/4)(l-R./Ro)2 (9)

3.1.2. a i ePo Case

In the case of a i BPo, the plate-out on the surface of
detector or absorber causes a concentration gradient in the
adjacent air volume. Consequently, the activity is a
function of space coordinates. Assuming a linear fall-off,
A(r,*)=Ao(rsin*-R«), we get,

,lB [(rsin*-R,)/4nx*]sin*dV (10)
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The limits of integration in the above equation depend
on two cases. In the first case, the detector's critical
angle of etching is the *mirw" and in the second case
*m±n is determined by the requirement that a-particles
are able to reach the detector i.e. $ m ± r w as given by Eq.
8 (the greater of the two angles is taken as the lower
limit of angular integration). The first case yields to

2r/3) ( l-sin3*c;)-R=cos
2*0]dr (11)

The integration over 'r' is done numerically using * c

given by Eq. 7. If there is no absorber, the lower limit of
'rf integration in Eq. 11 is zero. For the second case, it
can be shown that,

2 ) R O
2 ( 1 - R « / R O )

3 (12)

3.1.3. 2 1"Po Case

For 2 1 4 P o , the situation is a little more
complicated. In the absence of absorbers an equation
similar to Eq. 9 is valid. But for an absorber of thickness
20 urn, the detector characteristics (of allyl diglycol
carbonate) impose restriction of track formation between
angles *c<

1>=28° and $c<
2>=44°. Using the lower

limit of integration as *miri of Eq. 8 we get,

3*c<
 2 > -

)2}] (13)

For the 40 urn and 53.5 urn absorbers the limiting angle is
*mir. and equation for C ±

2 X 4 V is similar to Eq. 10.

3.2. The Coefficients of Surface Contribution

The coefficients of the surface part are given by a
general form,

(14)

where the mass number 'M' is either 218 or 214.
For M=218, the S w ™ is either * c or *mir, of Eq. 8. In
the first case, the integration of Eq. 12 yields,

[l/(VA
218) ][{l-sin*o)/2] (15)

and in the second case, we get,

C1
ai8s=[l/(V*axe)H(l-R«/Ro)/2] (16)
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For M=214, the * m A n in the case of bare detector
configuration is *c, so that an equation similar to Eq.
13 is valid. In the case of 20 um absorber, there are two
angles *C

<1> and *c<
2> such that in between

these angles, there is no registration. Therefore,

Ci
214s=[l/(A214) ][(l-sin*c

<:L>+sin*<=
(2>-Ra,/Ro)/2] (17)

In the case of absorbers of thickness 40 >im and 53.5 )xm,
the * m l n of Eq. 8 gives an expression for c 2 1 4 s

similar to Eq. 14.

4. CALCULATIONS AND RESULTS

The coefficients occurring in Eq. 4, as described in
the previous section have been calculated by Fleischer (9).
Using their values we have solved the set of Eqs. 4 by
graphical as well as numerical methods. For the sake of
comparison with the results of Fleischer et al. (10), we
have solved Eq. 4 pair-wise, and found that the
combinations i=l,2; i=l,3; i=2,3; i=2,4 give unique
solutions for VD=(0.14-0.17) cm.s-1/2 (Fig. 2). The
combination i=3,4 does not give consistent results. We have
also solved the set of non linear Eqs. 4 by taking three at
a time, since there are three unknowns xx, x2 and x3
to be determined. The system of three non-linear Eqs.
Fi.(Xi)=0, has been solved by using NAG library routine
CO5PBF. This routine requires the specification of
function Fi, as well as the Jacobian matrix
|| 3Fi(Xi)/ 3xj||. In this routine, the solutions are
obtained by a modification of the Powell hybrid method. The
results of numerical solutions are given in Table 2.

5. CONCLUSIONS

The results of the previous section indicate that the
solutions x1( x2 required for calculating WLR (Eq. 1)
can be obtained directly if the problem is formulated as in
Eq. 4. Such a solution is consistent with the graphical
solution obtained by finding the common coefficients
reported in Ref.9, which are different than those of Ref.
11 (in the present paper, Ref. 9 values are adopted). In
view of the dire need of calculating integrated radon
concentrations and in view of the feasibility of using
passive techniques, it is necessary to standardize the
method of Ref. 9 and remove discrepancies as noted in this
work. The numerical solutions of non-linear equations
encountered in the present problem are not intractable, and
should be preferred since they quickly and conveniently
yield unique solutions for any set of three non-linear
equations for three unknowns, as demonstrated in this work.
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Fig. 2. The pair-wise solutions of the set of Eqs. 4, as a
function of effective diffusion constant. For x w the
solution in the case of pair i=3,4 (not shown)is
inconsistent with the solution corresponding to other
pairs. For x2, the solutions of pairs i=l,3 and 1=2,3 are
indistinguishable. Similarly the solutions corresponding to
the pairs 1=1,4 and i=2,4 are indistinguishable.

Table 2. The solutions of the set of
Eqs. 4 using numerical methods

Combination
of equations

1=1,2,3
1=2,3,4
1=3,4,1
1=4,1,2

Xi=A2i4/Aaa2 xa=A2i8/Aa22

0.69 0.89
Inconsistent solutions

No solution
0.51 1.06

X3=VD

0.15

0.17
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RESULTS OF RADON-MEASUREMENTS IN
BUILDINGS AND RECOMMENDED ACTION
IN THE FEDERAL REPUBLIC OF GERMANY

H. Schmier, K. konig, A. Schmitt-Hannig and J. Schwibach

Federal Office for Radiation Protection
Institute for Radiation Hygiene

Ingolatadter Landstr.l
D-8046 Neuherberg

ABSTRACT

A decade ago, representative measurements were
performed in the Federal Republic of Germany to survey the
radiation exposure from natural sources and from the
concentration of radon in the air of buildings. It is well
known that the radiation exposure from radon and its
daughter products makes the most significant contribution
to the effective dose by natural radiation exposure. The
measurements show that due to different geological
conditions (e.g. granite with an increased concentration of
uranium) and by the regionally limited use of building
materials containing radium (e.g. pumice-stone) increased
radon concentrations to occur in certain areas. The further
continuation of these measurements has then shown that the
level of radon concentration in buildings is ossentially
influenced by additional factors, such as air-conditioning
and ventilation and the quality of sealing the foundation
against radon infiltration.

During the past years, the public developed an
increasing interest in the amount of radon exposure in
their dwellings. This was the reason for the initiation of
renewed measurements of radon concentrations in dwellings
by various institutions. The current measurement programmes
are performed by using dosimeters with activated carbon
which are exposed for 3 days. The measurements were only
conducted on request of dwelling owners, and are therefore
not statistically representative. The results from these
measurements, however, show approximately the same
frequency distribution as the results from the previous
survey. Only the local variations of the radon
concentration are greater than assumed earlier, due mainly
to flaws in the building structure. In 1988 the German
Radiological Protection Commission has recommended a value
for the radon concentration in dwelling above which
appropriate measures should be taken to reduce the radon
exposure by suitable action.

353
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1 . INTRODUCTION

The significance of the lung exposure caused by the
radionuclide aaaRn and its daughter products is well
recognized. Looking back, it seems that the 1956
publication from Hultqvist, Sweden, (2), was drawing
attention to a worldwide scale, and the reports of UNSCEAR
from 1977 (13) and 1982 (14) provided a good overview of
the situation.

The introduction of more simple methods of measuring
and reporting the results in terms of activity
concentration of radon in air together with the new concept
of effective dose then added to a more general
understanding of the risk involved.

2. The 1981-1984 Prograjme of Radon Measurements
in the Air in the Federal Republic of Germany

In the years 1981-84, the Federal Government organized a
programme to measure the activity concentration of radon in
the air of buildings in the Federal Republic of Germany on
a broader basis and in more detail. The following 9
institutions took part: Kernforschungsanlage Jiilich,
Kernforschungszentram Karlsruhe, GKSS- Forschungszentrum
Geesthacht, Universitat Gottingen (Zentrales
Isotopenlabor), Universitat des Saarlandes
(Boris-Rajewski-Institut), Universita't Giefien (Institut fur
Biophysik), Physikalisch-Technische Bundesanstalt
Braunschweig, Staatliches Materialpriifungsamt Dortmund and
Bundes-gesundheitsamt Berlin (Institut fur
Strahlenhygiene).

In this survey a passive time-integrating dosemeter
based on the diffusion of radon into a cup and counting the
alpha particle tracks in the foil of mylar after an etching
process, developed and calibrated in the Karlsruhe Research
Center was used. The exposure time of the dosemeter was in
general 3 months. All the details of those measurements are
described in the report KFK 3805 (1985) (1). The main
result of this survey was that for the 20000 measurements
in 6000 dwellings investigated, the medium radon activity
concentration in air was about 40 Bq.m~3, only 1 per cent
of the dwellings showed higher values than 250 Bq.nr3 and
values higher than 600 Bq.rn"3 were found in less than 1
per thousand of the dwellings. The frequency distribution
of those measurements is shown in Fig. 1.

In the KFK Report 3805 (1985) more detailed
information, for example on regional distribution of radon
concentration in air, the influence of the type of the
building construction, the building materials, the
ventilation rate and the heating system are given. The
highest values are typically observed in cellar rooms and
in old buildings with inadequate basement floors.
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Fig. 1. Frequency distribution of radon
levels indoors (First survey).

The regional distribution in the Federal Republic of
Germany is of general interest. The medium activity
concentration of radon in air in dwellings in the different
States (Bundeslander) of the Federal Republic of Germany is
about 30 Bq.m~3 in metropolitan areas and about 40
Bq.nr3 in rural areas and is somewhat higher in Baden
Wurttemberg and Bavaria, with 57 and 46 Bq.m~3,
respectively. In general, values in open air are lower by a
factor compared to the average in dwellings. Compared to
other European countries the medium value for the Federal
Republic of Germany is on the lower side. The published
average value for example in Sweden is 67 Bq.m~3 (15).

3. RECOMMENDATIONS OF THE GERMAN RADIOLOGICAL
PROTECTION COMMISSION

3.1. Statement on the Radon Exposure
of the Population from 1980

Due to the content of Ra and Th in building materials
the radon and radon daughter concentration in the air of
houses is about 3 and 2 times, respectively, higher than in
open air.

According to the measurements of activity of radon
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decay products in the air of houses in the Federal Republic
of Germany the so caused mean annual dose equivalent is 600
to 1300 mrem for the bronchial epithelium (basal cell
layer) and 150 to 400 mrem in the alveolar region of the
lung (4). In about 10% of the houses the annual doses due
to inhalation of radon decay products are expected to be 3
times the above mentioned mean value (3).

An important factor for the inhouse radon concentration
and the so caused radiation exposure of the lung is the
room ventilation. The lung dose increases with the
decreasing ventilation rate. A reduction in room
ventilation by insulation of windows and doors, which is
often recommended to save energy, is in fact causing an
increased lung dose. Reduction of room ventilation to 50%
will double the lung dose due to inhalation of radon decay
products.

3.2. Recommendation of the German Radiological
Protection Coaaission from 1985

In the more detailed statement in 1985 the German
Radiological Protection Commission discussed the results of
the radon survey in air from 1981-84. It was recognized
that the main source of radon in indoor air is coming from
the soil. The radiation exposure of the lungs is mainly
caused by the short-lived decay products of the 2a2Rn and
in dwellings the equilibrium factor for the radon decay
products is only about 0.3-0.4 because of the air exchange
and the deposition mechanism of the aerosols (5).

In summary the following conclusions and
recommendations were stated: dose limits for the population
are only related to artificial radiation sources, the
Radiological Protection Ordinance is not valid for radon
exposure in houses.

The indoor radon concentration is mainly determined by
the type of soil, the building materials, the construction
of the building and by the ventilation of the houses. The
so caused radiation exposure is therefore partly of
civilization character and can be influenced by individual
living habits. Optimization principles should be applied to
this part which can be modified by man.

The limit for the indoor radon concentration a value
of 500 Bq.m"3 is proposed by ICRP. This is not a value
which require legal actions. However, for concentrations
above this value simple and effective measures for
reduction of the radon concentration in already existing
houses should be considered.

The ICRP recommended therefore:

- to develop criteria for identifying regions where
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potentially high radon concentrations might occur,
- to develop criteria for identifying houses and building
sites where potentially high radon concentrations might
be expected,

- to develop criteria for evaluating measures to reduce
the radon exposure,

- constructional changes to reduce the indoor radon
concentration, especially with respect to room
ventilation.

3.3. Recommendation of the German Radiological
Protection Commission from 1988

The German Radiological Protection Commission State (6):

The noble gases radon (222Rn) and thoron (22ORn)
are natural radioactive nuclides from the uranium/radium
and thorium series, respectively, which are present
everywhere in the environment. Radon and thoron may diffuse
out of the soil, the construction material of houses and
water into the atmosphere and thus also into the room air
of houses. The decay of radon and thoron generates
radioactive decay products which, when inhaled, result in a
radiation exposure of the lungs. Due to this inhalation,
the lungs are the human organ that is subject to the
greatest radiation exposure from natural sources. The most
important contribution to indoor radiation exposure is made
by the short-lived decay products of radon (222Rn).

The indoor concentration of radon may vary greatly from
house to house. The results of measurements of Rn
concentrations in about 6,000 homes in the Federal Republic
of Germany cover a range from just a few Bq.m~3 to
several thousand Bq.m~3; the mean is about 50 Bq.m~~3

(1).

Due to the above-mentioned range of variation in radon
concentration, it can be assumed that the present natural
radiation exposure of the respiratory epithelium exceeds 50
mSv a year, and that of the alveolar tissue 7 mSv a year,
in about 1% of the population (8).

In most houses with a high radon concentration, the
decisive source is the radon input from the soil under the
house and not the radon exhalation of construction
materials. In recent years, several methods for the
reduction of the radon levels have been developed and
successfully tested in Sweden and in the USA. The
construction and operating costs involved are relatively
low. If the main source of radon concentration is the soil,
a reduction by a factor of up to ten can be reached if the
indoor radon concentration is very high.

In its recommendations the ICRP (16) described the
basic principles for the limitation of the radiation
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exposure of the population to natural radiation sources. In
particular, it points out that the principle of
optimization and/or minimization (ALARA principle) also
applies to indoor radon exposure.

When Considering the Necessity of Measures, the
Following Basic Principles Should be Applied:

(a) There is a range of indoor radon concentration and/or
exposure that is considered as "normal" natural
concentration and/or exposure. In the case of values
below the upper limit of this "normal range", no
measures are considered necessary.

(1̂ ) Rehabilitation measures are recommended for existing
houses if the long-term mean radon concentration in the
living areas of houses exceeds the 'normal range".

(c) For future houses, suitable planning should prevent
enhanced indoor exposure to radon.

The application of these principles should help to
avoid extreme values of individual indoor exposure to
radon.

The specification of a reference value beyond which
rehabilitation measures should be considered is aimed at
the prevention or minimization of hazards to humans. Among
other things, the ICRP quotes a reference value for future
houses which should not be exceeded by the use of suitable
structural measures. Assuming an equilibrium factor of 0.4,
this value corresponds to a radon concentration in the room
air of 250 Bq.m~3.

Thus, the German Radiological Protection Commission
recommended to set the upper limit of the normal range of
indoor radon concentration to 250 Bq.m~3. In the Federal
Republic of Germany, the mean indoor radon concentration in
existing houses is about 50 Bq.nr3 and thus by a factor
of 5 below the upper limit of the normal range. If the
long-term mean radon concentration is above this value,
rehabilitation measures should be recommended.

The German Radiological Protection Commission repeats
the opinion already stated in the recommendation of
November 1985 (5) namely that the reference value suggested
should not be considered as a limit, i.e. as a value above
which statutory provisions were required. When specifying
the time period for implementing rehabilitation measures,
the following aim should be pursued:

The cumulative radon exposure during the period of
rehabilitation should be below the lifetime indoor exposure
to radon, i.e. below 15,000 Bq y.ir"3, as caused by the
upper limit of the normal range. For this purpose, a
minimum latency time of 10 years is assumed.
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The practical implementation of the above
recommendations requires expert organizations in the
Federal Republic of Germany which carry out and/or evaluate
the necessary measurements and advice the house owners
concerned. In this context, it is also necessary to
identify the cause or source of the increased radon
concentration in order to arrive at low-cost rehabilitation
measures. The engineering work involved must be done by
suitable companies.

Summary

The German Radiological Protection Commission is of the
opinion that rehabilitation measures should be recommended
for existing houses if the long-term mean radon
concentration in the living areas of a house is above 250
Bq.m~3. For future houses, suitable planning should
prevent this value from being exceeded.

3.4. Discussion

The recommendations of the German Radiological
Protection Commission may be compared with the
recommendations of the ICRP in the publication No.39. Here
a value of 200 Bq.m~3 of radon equivalent activity
concentration in air is given. With an equilibrium factor
of 0.4 for short-lived daughter products of 222Rn one
arrive at about 500 Bq.m~3 of radon gas activity
concentration in air. This is equivalent to a radiation
exposure of about 20 mSv.y"1. The German value
recommended is only one half of this, i.e. 250 Bq.m~3,
about 5 times of the arithmetic mean value of the air
concentration of 50 Bq.m~3 in existing homes (12).

In general, for houses to be built problems with the
infiltration of radon from the ground are not expected
because of present high standard of construction. In
existing houses, mostly in old houses, the problem with
radon in general is due to deficiencies or even missing
sealing of the basement construction. It is possible to
improve the sealing of fissures, cracks, etc. with elastic
materials. Also, special consideration is to be given to
gullies or penetrations for cables and so on. Plastic foils
and water-tight paint may be used to improve the sealing of
the walls. Special consideration should be given to the
ventilation. In general underpressure in the basement has a
negative effect, so it may be useful to install ventilation
equipment which gives some overpressure or to extract the
air from the basement or even the soil below the basement.

The general experience is that each case has to be
dealt with separately because the individual situations may
be quite different.
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4. NEW INVESTIGATIONS IN THE FEDERAL REPUBLIC OF GERMANY

The interest' in radon measurements after this first big
survey was then focusing on high activity concentrations of
radon in the air of dwellings (10). These high values were
mainly by the entry of radon gas from the soil and only to
a lesser degree by the radium content of the building
materials. Values in living rooms of some 1,000 Bq.m~3 or
in the basement of about 10,000 Bq.m~3 even have been
measured in the different regions of the Federal Republic
of Germany (9). Whereas, in comparison, in those regions
the activity concentration of radon in open air varies in
the range of about 10-150 Bq.m"3.

The entry and accumulation of radon in the air of
dwellings is mainly determined by deficiencies in the
construction, most of all in the sealing of the basement
structures, but e.g. also by gullies and cable
penetrations and so on. The ventilation rate, i.e. the
exchange rate with outdoor air, is of importance next. In
this context living habits, e.g. windows closed or open,
are of influence too.

For those new investigations a newer method to measure
the radon concentration came into use in the last years
(7,11). Metal canisters with activated charcoal were
exposed for about 3 days in the rooms and then closed and
sent to the laboratory for measurement.

Some results of this running survey are given in Table
1, where for the different states of the Federal Republic
of Germany the mean radon concentration in cellars and
living rooms are listed. And, in Fig. 2 the frequency
distribution of the indoor air activity concentration of
radon is also shown for cellars and living rooms,
separately. Additionally, Fig. 3 shows the seasonal
variation of radon levels in indoor air, which compare well
the results of the other surveys.

5. CONCLUDING REMARKS

It may be concluded that the new measurements more or
less only add details to the general knowledge of radon
exposure in dwellings in the Federal Republic of Germany.
However, they are of great interest in many cases to the
inhabitants.

At this time, it was not possible for the authors of
this paper to include similar information on the situation
in the new States of the Federal Republic of Germany. It is
known, however, that those areas with the highest
concentration of uranium and radon isotopes in Germany are
situated in the southern part of the new States.
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Table 1. Mean radon levels in the Federal Republic of Germany
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ABSTRACT

Radon-222 levels were determined in 473 rooms of about
350 houses, 16 schools in Ramsar and its high-level natural
radiation areas (HLNRAs) as well as in 89 rooms and many
locations of old and new Ramsar Hotels. The AEOI (Atomic
Energy Organization of Iran) Radon Diffusion Dosimeters
applying electrochemical etching of polycarbonate detectors
were used indoors during different seasons. The levels
measured ranged from 20 to 3700 Bq.m-3, detected in
Talesh Mahalleh which has the highest natural radiation
level in the area, corresponding to effective dose
equivalents (H.) up to 98.5 mSv.a"1. The mean radon
levels determined in different regions were 615 Bq.m~3 in
Talesh Mahalleh, 326 Bq.m"3 in Chaparsar, 258 Bq.m"3 in
schools of Ramsar and its HLNRAs, 246 Bq.m"3 in Ramak,
111 Bq.m~3 in Ramsar city, 50 Bq.m"3 in Sadat Mahalleh
and Katalom, 49 Bq.m-3 in Tonekabon and 27 Bq.m~3 in
Talesh Mahalleh of Katalom; and 90 Bq.nr3 in old and 50
Bq.m"3 in new Ramsar Hotels. It was found that houses
built at a higher level above the ground even in the areas
with the highest gamma exposures have lower radon levels
compared to those built directly on the ground. The results
of the radon levels determined in the above regions indoors
are presented.

1. INTRODUCTION

It is scientifically accepted that the incidence of
excess lung cancer in uranium underground miners is
correlated to radon exposure. Radon, as a natural noble
gas, is produced in the uranium, actinium and thorium chain
series existing in the natural and technologically enhanced
radiation environments. In particular, 222Rn, one of the
radioisotopes of radon, plays a serious role on the
internal exposure of uranium miners and the general public.
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The radon exposure is further enhanced in high level
natural radiation areas (HLNRA), where radon levels even
exceed those of uranium mines.

Ramsar, a beautiful northern city of Iran, also has
some HLNRAs with over 50 hot springs of low and high
a26Ra contents. This makes the soil and other local
materials, water, etc., used for construction of buildings,
highly contaminated-which enhances 222Rn levels indoors.
In a preliminary survey conducted in different cities of
Iran including Ramsar and its HLNRAs using the AEOI Passive
Radon Diffusion Dosimeters (1,2), it was proved that HLNRAs
of Ramsar have the highest 222Rn levels (3). This finding
drew the regulatory attention to promote a wide-scale
radon monitoring program in these areas including houses,
schools and rooms of old and new hotels of Ramsar where the
public mostly get exposed (4). In this paper, the results
of the radon surveys and observations made are presented.

2. METHODS OF MEASUREMENTS AND SURVEYS

Ramsar and its HLNRAs, as are further introduced at
this conference (4), including Talesh Mahalleh, Chaparsar,
Ramak, Sadat Mahalleh and Katalom, Tonekabon and Talesh
Mahalleh of Katalom were surveyed in this program for
radon. About 473 rooms of nearly 350 houses, 63 classes of
16 schools and 89 rooms of old and new Ramsar Hotels were
monitored for 2 2 2Rn, as well as for gamma exposures (5).
The houses, especially in the villages, are usually
villa-type having one storey. They are made of local stones
and construction materials. They are usually built directly
on the ground, or sometimes at higher levels. Tie soil,
stones and water, used from local supplies, usually have
2aeRa concentrations up to 4.5x10* Bq.kg"1, which are
actually the sources of indoor radon emanation (6). The
specifications of each house were filled in a special form
prepared for this purpose.

The AEOI Passive Radon Diffusion Dosimeter, developed
and mass-produced at the National Radiation Protection
Department (NRPD) in AEOI (1,3), was used indoors together
with TLDs and film badges, mounted on the walls of the
rooms (5). The radon dosimeter consists of a cylindrical
chamber with 296 cm3 volume, and having a filter with 4
era effective diameter under an aluminum mesh support on top
cover, allowing only 322Rn to penetrate through the
filter. The chamber holds a polycarbonate foil inside for
alpha registration by electrochemical etching. The
measurements in some regions were carried out in four
seasons. The exposure durations were about 30+10 days. The
system was calibrated by us using standard sources as
described elsewhere (1-3).
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3 . RESULTS AND DISCUSSION

367

Ramsar is generally known for its hot sulfurous springs
in its HLNRAs, some of which are generally believed by the
public as having some special properties to cure some types
of diseases (7). The springs usually contain high levels of
226Ra. Thus the high radium contents get filtered out by
soil, as they flow through the villages, forming high
activity content deposits in soil around the water streams.
Also, due to the high mineral concentration of sulfurous
water, the orifices of the springs eventually close and
appear again in another place. These events seem to be some
of the reasons for producing high activity deposits with
potentials for indoor and outdoor exposures of up to 9
mR.h-1 (5).

In Ramsar, with a population of about 41000, 108 rooms
of 100 houses were monitored. Figure 1 shows the frequency
distribution of radon levels in houses of Ramsar with an
arithmetic mean of 111+171 Bq.nr3 and a maximum value of
1.1 kBq.m"3. About 50% of the houses had levels below 50
Bq.nr3 and about 70% were below 100 Bq.nr3. Although
the majority of the houses have normal radon levels similar
to the world radon average of 40 Bq.m~3 as reported by
UNSCEAR (8), about 25% of the houses have radon levels
between 100 and 400 Bq.m~3, and about 5% show higher
values, as shown in Fig. 1.
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Fig. 1. Histogram of 2aaRn concentration levels
in 108 rooms from 100 houses in Ramsar city.
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In view of the importance of the protection of the
school children, about 63 classrooms of 16 schools of
Ramsar and its HLNRAs were also monitored, the results of
which are shown in Table 1. Also, Fig. 2 shows the
frequency distribution of radon levels in the classroom
with a mean value of 2564372 and a maximum of 1.5
kBq.m~3. About 55% of the classes have radon levels balow
100 Bq.m~3, about 30% have values between 100 and 400
Bq.m-3, and about 15% with higher values. As can be seen,
school no.16 located in the Talesh Mahalleh, the highest
natural radiation area as described below, has the highest
radon concentration, where protection measures should be
further implemented.

Table 1. Radon levels and arithmetic means of
16 schools of Ramsar and its HLNRAs

number

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

Rri level (Bq.m~3)

room
1

110
112
35
42
68
47
201
29
79
20
30
20
27
317
64
391

room
2

68
178
49
139
28
37
-
19
48
23
13
59
25
35
30

433

room
3

231
240
65
39
50

1403
-
23
42
29
15
32
22
39
36

1010

Arithmetic mean

Bq.m"3

136
177
50
73
49
42

201
23
57
25
19
37
25
131
44
561

H.
(mSv.a-1)

3.3
4.4
1.2
1.8
1.3
1
5
0.6
1.5
0.6
0.5
0.9
0.6
3.3
1.1

13.4

Although the residence time in hotels of Ramsar is
usually low for the visitors, it was of interest to know
the radon levels in rooms of Ramsar Hotels where the ICHLNR
was also held. About 89 rooms and different locations in
the halls were monitored. Table 2 shows the mean radon
levels in rooms of different floors of the old and new
hotels. The mean levels of old and new hotels are
respectively 90±95 and 50±38 Bq.m"3 with an overall mean
of 64±66 Bq.m~3, with the highest values observed in the
wedding room suites which are usually closed.

Among different regions surveyed, Talesh Mahalleh with
a population of about 400 from 81 families showed the
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Table 2. Radon levels and effective dose equivalent
in rooms of old and new Ramsar Hotels

K u u r Betels

old and nan

Ground Floor

Flint Floor

Saoond Floor

Third Floor

•Total

•o

roc

old

13

17

20

-

60

of
Ma

IMV

37

22

14

15

88

MaaniS.D.

(Bq.i

old

2051118

52123

45117

-

90195

• 3)

nan

50111

47126

S5166

69157

5O13S

Haxiaui• v«lua

(Bq.a »)

old

422

96

84

-

422

naw

66

132

281

200

281

a.
(oS».d •)

old

14.2

3.6

3.1

-

6.2

n ~

3.5

3.2

3.8

4.8

3.5

highest levels of aa6Ra in soil and water, and thus
having high levels of 2 2 2Rn. Figure 3 shows frequency of
radon levels in Talesh Mahalleh. About 137 rooms from 58
houses, i.e. about 72% of the houses in this region were
monitored, mostly in four seasons. The mean radon level is
615±725 Bq.m~3 with a maximum value of 3.7 kBq.m~3

corresponding to an effective dose equivalent of 98.5
mSv.a"1. The mean value is about 74 times higher than the
world average indoor radon concentration of 50 Bq.m~3 for
temperate region as reported by UNSCEAR (8). In particular,
two houses in this area using the local construction
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Fig. 3. Histogram of a a aRn concentration levels
in 137 rooms from 58 houses in Talesh Mahalleh.

material showed the highest radon concentration of 3.7
kBq.m~3 and 3 kBq.nr3 one of which was selected as a
"research house" for detailed radiological studies (9).
Among 137 rooms surveyed, nearly 50% of them had radon
levels below 200 Bq.nr3. These are houses usually built
with non-local construction materials. It was also found
that houses built at a higher level from the ground, even
in a high radium content area, have lower radon levels than
a house built in a lower radium level area.

Ramak and Chaparsar respectively with populations of
5100 from 1150 families and 544 from 115 families are also
two regions close to the Talesh Mahalleh, having several
hot springs. The radiological surveys including gamma and
radon exposures in the regions showed generally lower
values than those of the Talesh Mahalleh. In Ramak, the
radon levels surveyed in 49 rooms from 39 houses
corresponding to about 3% of the houses showed a mean radon
level of 2464290 Bq.m~3 with a maximum value of 1.46
kBq.nr3, the distribution of which is shown in Fig. 4. In
Chaparsar, 65 rooms from 44 houses were surveyed for radon
leading to a mean value of 326±435 Bq.nr3 with a maximum
level of 1.9 kBq.nr3, the distribution of which is shown
in Fig. 5. In Ramak, about 60% of rooms measured have shown
radon levels below 200 Bq.nr3 and the frequency
distribution below 500 Bq.nr3 is the same as that of
Chaparsar with about 60% of the rooms having values below
200 Bq.nr3.
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Since Talesh Mahalleh was considered a region for some
cytogenetic studies, some other a'eas such as Sadat
Mahalleh and Katalom, Tonekabon and Talesh Mahalleh of
Katalom, being about 5 km away from the above regions, were
also selected for gamma and radon surveys, for the the
control group selection. The results in these regions
showed mean values of 50, 49, and 27 Bq.m~3, with their
frequency distributions respectively shown in Figs. 6, 7
and 8. The maximum values detected in the stated regions
are respectively 140, 110 and 60 Bq.m-3.

4. CONCLUSIONS

For an overall conclusion of all the measurements, Fig.
9 shows the frequency distribution of all measurements in
Ramsar and its HLNRAs. The mean levels of 473 rooms of
about 350 houses is 304+516 Bq.nr3. Table 3 also shows a
summary of all measurements in Ramsar. As can be seen, the
highest value is observed in Talesh Mahalleh and the
lowest value in Talesh Mahalleh of Katalom, which are
respectively selected as a study group and a control group
for cytogenetic studies (1). The effective dose equivalent
from radon plus that from external exposures results in
high annual personal doses up to 8 times of the new
ICRP-1990 occupational dose limit.
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Table 3. Radon levels in different regions of Ramsar
and i ts high level natural radiation areas
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64
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PRELIMINARY EVALUATION OF
222Rn LEVELS IN HOMES AND OFFICES
IN TWO DIFFERENT REGIONS IN SYRIA

I. Othman, M. AL. Hushari and G. Raja
Department of Protection and Safety,

Atomic Energy Commission
P.O. Box 6091, Damascus

Syrian Arab Republic

ABSTRACT

Evaluation of Rn levels was carried out in homes and
offices in Damascus and phosphate mining areas near Palmyra
city in Syria. The AEOI radon diffusion dosimeters were
used in this study. Electrochemical etching of
polycarbonate detectors was used to develop the tracks. A
standard source of radon was used for calibration. Radon
levels were measured in 98 homes of workers in the
phosphate mining areas and 29 homes in the Damascus region.

The radon diffusion chambers were placed in offices and
laboratories of AEC for about four months in average. The
results gave an indication of Rn level in Damascus
dwellings in spite of the necessity for further
comprehensive studies for the city. The radon levels were
high in some offices and laboratories where phosphate
analyses are carried out or buildings near phosphate
storage areas or near surface phosphate rocks occurrence,
in comparison with homes.

1. INTRODUCTION

Current scientific reports (1) concentrate on risks
from exposure to Rn and its progeny. Lung cancer is
recognized as the potential risk to the general population
resulting from indoor domestic exposure to Rn progeny in
homes. A great concern was attributed to risks associated
with low level exposures for a long period of time.

The radon gas emanates from soil, building materials of
terrestrial origin, natural gas and even from running
water. The levels of Rn in indoor air is high since the
restriction on ventilation has been introduced in response
to recent need to conserve energy in heating homes and
office buildings. It is now becoming important to assess
the exposure to Rn and its progeny in homes and area of
high Rn levels.
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The emission of radon from building materials
concentrated indoors is a function of ventilation and
radium content in building material. Rn decay products
deposit on walls and furniture or bind with aerosols.
Ventilation will remove Rn from homes, but if the
ventilation is poor its concentration will increase and
approach the equilibrium with its products.

2. MATERIALS AND METHODS

Radon and its decay products can be measured by many
different techniques (2,3). It is essential to monitor
areas with high levels of Rn and to record the occupancy
time in these areas to evaluate the total exposure.
Measurements can be carried out by obtaining grab samples
or by continuous monitoring. It has been shown that
integrated measuring techniques give more representative
data (4 ) .

Integrated devices can be either passive or active,
whereas the passive one using solid state nuclear track
detectors (SSNTD) was chosen for this work.

Since more than two years a program to measure Rn in
homes was started at the Department of Protection and
Safety in the Syrian Atomic Energy Commission. This
programme started in cooperation with the IAEA Technical
Assistance and Dr. Sohrabi as an IAEA expert.

The presented results were obtained from measurement in
some homes and offices in Damascus area, and some other
homes and offices in the phosphate mining area in Syria. Rn
chamber used in this work was developed by AEOI (5); the
chamber is 6.5 cm diameter and 9.5 cm in height.

The chamber cover has a mesh underlined by Fig (1) a
fitter paper. The polycarbonate detector of 2.7x2.7 cm
mounted on the bottom of the chamber (Fig. 1). Most of
aerosols and air particulates carrying Rn daughters stopped
by the fiberglass filter. Only Rn gas will diffuse to reach
the same concentration inside and outside the chamber. The
exposure time depends on many factors including radon
concentration in the area, type and method of etching, type
and method of track counting, etc.

Electrochemical etching was used in this work. The
optimum etching time was found to be lh before applying the
electrical field. This was followed by 2.5 h in the Etchant
with 800 V and 2 kHz applied on the etching cells. The
cells were developed by AEOI.

The etchant used in this work is a mixture of distilled
water alcohol and potassium hydroxide with 15g KOH+40g
C2HsOH+45g H20 in 100 grammes.
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Fig. 1. Cross-section of the AEOI passive
radon diffusion dosimeter (5).

The temperature during etching was 25°C. The background
for the used polycarbonate was found to be 10
tracks.cnra. The calibration was carried out using
a26Ra source. The sensitivity was estimated to be
51.08±7.57 track.cm~*/Bq.I"1. The response of the used
detector is linear (5) as the concentration of radon is
increasing as shown in Fig. 2.

3. RESULTS AND DISCUSSION

This study was carried out using 157 Rn chambers
distributed over 157 homes and offices which were chosen
randomly in two regions:

1- Damascus city area-offices in the commission and staff
members' homes in the city and the suburb were selected

2- Phosphate mining area-200 Km north east of Damascus-
Chambers were distributed in both mining areas,
Al-Sharkia and Khnefees. Representative offices and
homes of the workers in the area were selected. Table 1
summarizes the resulting maximum, minimum and average
Rn concentration in the monitored areas. This Table
indicates that Radon levels were not high except in
some points at Al-Sharkia offices.

Figure 3. shows the histogram of the average Radon
concentration in the studied areas.
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Table 1. Average of Radon concentration in monitored areas

ATOM

Daaaacua

Khnlflaa

Al-Sbarkla

I m t

offloM
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OfflCBS

Manuring
tlaa(day)
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143.93
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1 9

4«
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4

(Bq.B-*)

71.91

5». 35

37.96

52.21

109.03

241.41

Kin I a n

(Bq.a • )

• .02

9.39

10.26

19.5*

16.59

77. OS

Avaxaga

(Bq.a • )

18.92

20.M

21.03

34.36

47.13

143.16

S.D.
(Bq.a >)

• .27

10.66

10.46

12.1*

15.26

2a. is

The highest level was recorded in Al-Sharkia mine. We
were expecting higher values than those measured. These
results may be due to the climate condition during the
measuring period. It was found that Rn concentration in 50%
of offices in Damascus is 17 Bq.m~3 and 40% ranges
between 20-35 Bq.m~3, where only 10% of these offices has
higher Rn concentration than 60 Bq.m~3.

Radon level in homes in the immediate suburb of
Damascus was higher. This may due to the emission from soil
in untiled homes.
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Fig. 3. Histogram representation of average
radon concentration with monitored areas.

Values up to 72 Bq.m~3 were recorded but more than
90% of measured values were around 40 Bq.m~3.

Figure 4 shows the variation of Rn concentration with
height as obtained from this multistory buildings in the
phosphate mining area of Al-Sharkia.

Since this study has been carried out only in one
season (October 89 to March 90) the estimated dose is
expected to be not accurate. However, we tried to estimate
the effective dose equivalent and working level month (WLM)
by using the equilibrium factor of 0.5 (1,6,7) and
occupancy factor of 80% in homes and 20% outdoors. The dose
conversion factor used is 5.5 mSv/WLM or 0.061 mSv/Bq.rrr3

for radon and its daughters in closed area. Table 2
summarizes the calculated effective dose equivalent and
working level month.

4. CONCLUSIONS

Values obtained in this study indicate that monitored
areas are not of high background category. However sites
with values higher than 100 Bq.rn"3 have to be identified
for some simple remedial actions. This study has to be
expand to include more homes and should be combined with
some grab sampling. Also attached and unattached radon
daughters have to be estimated.



382 OTHMAN e t a l .

\0t 3rd

Fig. 4. Variation of Rn concentration with floor level.

Table 2. Effective dose equivalent and working

level month in monitored areas

Areas

Al-Sharkla

hoees

offices

hoses

offices

hoses

offices

Measuring
ties
(day)

170.5

170.36

143.93

143

141.92

143

Ho. of

offices

2 9

19

4 8

4

5 0

4

Working
level

2.5C

2.8Z

2.64

4.64

6.37

19.34

Working
•onto level
(WLM.y ' )

0.104

0.117

0.116

0.190

O.261

0.793

Conversion
dose factor

(BSv/WM)

5 . 5

5 . 5

5 . 5

5 . 5

5 . 5

5 . 5

Annual absorbed
dose equivalent

(•fiv.y ' )

0.57710.249

0.64710.304

0.64H0.316

1.04710.368

1.43710.461

4.36610.851
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MONITORING OF NATURAL BACKGROUND
RADIATION IN SOME GHANAIAN HOMES

O.C. Oppon, H.M. Aniagyei and A.W.K. Kyere

National Nuclear Research Institute
P.O. Box 80, LEGON. GHANA

ABSTRACT

The high incidence of cancer amongst people residing in
certain specific regions in the world has given rise to the
need to monitor the natural background radiation exposure.
The major contributor to this background radiation is
223Rn and its daughters. In Ghana an attempt is on the
way to map out regions of high natural background radiation
through the monitoring of radon gas in some homes. Two
types of construction techniques are being used in Ghana.
The modern house mainly constructed from cement blocks and
the local house mainly built from sun baked mud blocks.
These measurements were carried out using alpha sensitive
track detector LR-115 and the counting done using a spark
counter. The results are presented in this paper.

1. INTRODUCTION

Natural radiation is mainly contributed from two
sources, cosmic and terrestrial. For the terrestrial
sources the major contributor is uranium bearing materials,
ever present in the soil. The 2 3 BU decays through a
series to produce 226Ra and subsequently 222Rn gas with
a half life of 3.82 days, ending in 2O6Pb. The high
concentrations of radon gas which can occur in enclosed
environments and its subsequent decay is known to be a
major contributor to high levels of natural radiation to
which populations are exposed. There is therefore the risk
of cancer induction amongst such populations (1).

In Sub-Saharan Africa, little information is available
on the average exposure to which people in this region are
subjected to from this source of natural radiation indoors.

A pilot study is being carried out in Ghana to study
this exposure by measuring the radon concentrations in
traditionally constructed houses built with modern
technology.

The traditional houses are constructed with mud bricks
made from clay deposits available at the site of
construction. These houses have small single windows for
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ventilation and thus a corresponding small air change
rates.

The modern houses are constructed from sandcrete blocks
with and average of about two large windows per room
therefore have high air change rates.

The area selected for this monitoring was the Dome
village near the National Nuclear Research Institute and
the residential area of the staff of the institute.

The radiation dose received by each group of dwellings
has been estimated from the average radon concentrations
measured.

2. METHOD

The radon gas measurements for these houses were done
for the traditionally constructed houses in a nine months
period from 7 t h March 1989 to 7 t h December 1989 at 3
monthly intervals. This was to ascertain if there were any
variations in radon concentrations in these dwellings,
However a test house at the village was monitored
continuously from Sept. 1989 to Sept.1990.

Due to the suspected low levels in the modern houses a
single seven months period of exposure from Feb. 1990 to
Sept. 1990 was adopted. Nine single unit houses, two story
buildings and two blocks of three story flats were
monitored. The flats had two bedrooms, a living room,
kitchen and bathroom same floor with the rest of the units
having three bedrooms each with similar amenities all under
one roof.

Twenty five houses were monitored at the village. These
houses were mostly single bedrooms with the other amenities
situated some distance away from the building.

The dosimeters used for the passive permeation type
developed at the ENEA-DISP in Rome (2).

After exposure the LR-115 foils were etched in 2.5 M
NaOH at 60°C for 110 minutes. The counting of the tracks
was done using a spark counter. The calibration of the
dosimeters were done by comparison with the bare LR-115
detector whose calibration for radon measurement is known
(3,4).

3. RESULTS AND DISCUSSIONS

The lower limit of detection (LLD) for our radon
measurement system was calculated from Currie (5), using a
measured background track density uncertainty of 3
track.cm~3 and an area counted of 1.766 cm2. For the
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seven months exposure period the LLD was 2 Bq.m-3 and 5
Bq.nr3 for the 3 months period.

The average radon concentration for the modern
sandcrete construction was found to be 2 Bq.m~3. This is
at the threshold of detection for our seven months exposure
period. The mean for the 9 single unit houses was 3
Bq.m~3 which was the same for the story buildings. The
block of flats had an average value of 1 Bq.m~3. This
shows the thinning out of radon concentration with height
above the ground level.

For the traditionally constructed houses the mean radon
concentration was 121 Bq.m~3 with a standard error of the
mean being 15 Bq.rn"3 for the all the measurements during
the nine months exposure period. The test house monitored
continuously for a one year period had a mean value of 28
Bq.m~3.

During the period from March to June nine houses
exceeded the remedial action limit of 150 Bq.m~3 with 3
of these exceeding the immediate action level of 400
Bq.m~3 set by the En'-'• ronmental Protection Agency (EPA)
of the United States (d). The mean for this period was
171+34 Bq.m~3. The radon concentrations ranged from below
5 Bq.m-3 to 580 Bq.m~3. For the period June to
September the mean radon concentration was 96±16 Bq.m"3.
The range of radon concentration was below 5 Bq.m~3 to
336 Bq.m~3 with four houses exceeding remedial action
level.

The period from September to December had a mean radon
concentration of 62 Bq.m"3 with a range from below 5
Bq.m-3 to 325 Bq.m~3. Three houses exceeded the
remedial action level.

The changes in the 3 monthly mean values reflect on the
weather changes in this region with the period from March
to late July being the rainy period hence colder night. The
rest of the period is dry with warmer nights.

The radon concentration distribution for the two
measurement period are shown in Fig.l. The skew is towards
the lower radon concentration. The range 0-49 constitutes
55% of the total with 38% of this range being due to the
sandcrete houses at the residential area of the institute.

The radon dose calculations are based on the dose
conversion coefficient now being recommended by the ICRP
that an exposure to 20 Bq.m~3 of radon gas in a typical
indoor conditions will give rise to an effective equivalent
of 1 mSv (7). Based on this the radiation dose due to the
radon concentration in the modern houses is 0.1 mSv. For
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Fig. 1. Radon concentration distribution
for some Ghanaian homes.

the traditionally constructed houses the average dose is 6
mSv with a dose range of 0.35 mSv to 17 mSv. The dose
received in the test house monitored for a one year period
is 1.4 mSv. The occupancy factor for the village dwellings
is less than 8 hours per day as the rooms serve only as
sleeping places. The factor for the modern house is on the
average 14 hours per day due to the provision of all the
basic necessities under one roof. Taking these factors into
consideration the dose received by the occupant would be
0.06 mSv for the modern house dweller and 2 mSv for the
village house dweller. The natural background radiation
dose due to radon is lower in the sandcrete houses than the
mud houses. This can be attributed to be due mainly to the
ventilation rates.

4. CONCLUSION

These results are an attempt to quantify the radon
concentration and it's dose contribution due to the natural
background radiation in the modern and the traditionally
constructed houses in Ghana. Since this is a pilot study
the sample size is small but these modes of construction
are predominantly the same for the West African sub-region,
these results can therefore be the basis upon which future
comparison can be made. The study would be extended when
the logistics are available to cover a larger population
and the underground mining industries.
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RADON IN DWELLINGS IN ARGENTINA

J.C. Gomez, A.A. Oliveira, M.I. Arnaud
and H.B. Ciallella

Comision Nacional de Energia Atomica
Republica Argentina

ABSTRACT

Since 1983, a preliminary study on radon concentration
in dwellings of different areas in Argentina has been
carried out by the Environmental Radioactivity Staff of the
Atomic Energy Commission. The measurements were performed
by using passive nuclear track detectors. Sensible material
(Makrofol) was provided by the Kernforschungszentrum
Karlsruhe (KFK), under the frame of the Agreement of
Nuclear Cooperation between Argentina and Germany.

Results have been obtained from 180 dwellings located
in the city of Buenos Aires and two cities situated at the
surroundings of the main uranium mining area in Argentina;
San Rafael and Malargue.

The mean value for indoor radon concentration in Buenos
Aires resulted in 29 Bq.m~3, while the corresponding
value for the other two cities, taken as a whole, was 44
Bq.m~3. Assuming a dosimetric factor of 50 jjSv.a"1 per
Bq.m~3, the resulting annual effective equivalent doses
for the inhabitants of the two regions were estimated to be
around 1.5 mSv and 2 mSv, respectively.

1. INTRODUCTION

Since radon and its decay products in indoor air are
the main source of natural internal irradiation of man (1),
the knowledge of radon concentration levels in dwellings is
an important goal in order to estimate the population
exposure.

During 1983, the Environmental Radioactivity Staff of
the Atomic Energy Commission of Argentina, began a
preliminary program of radon concentration measurements in
dwellings located in the cities of San Rafael and Malargue,
in the province of Mendoza, and in the city of Buenos
Aires. The first two cities were selected due to the fact
that the main uranium mining and milling area of Argentina
is situated at 25 km from San Rafael, and another milling
plant was operating in Maiargue, 180 km from San Rafael.
Both cities, located at about 1,000 km from the city of
Buenos Aires, are near the Andes Mountain Range.
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Representative values of 226Ra and natural uranium
concentrations in soils in the surroundings of mining areas
are 0.2 Bq.g-1 and 1.0 jig.g"1 (ppm), respectively,
while the uranium concentration in the ore is 0.6-1.0%.

In spite of the fact that mining activities in Malargue
ceased in 1977, a milling plant operated until 1988, and
uranium tailings, covering about 80,000 m2, are deposited
near the plant and constitute an important radon source.
Dwellings are located at about one km from these tailings,
but the main wind direction is opposite to its siting.

Buenos Aires was selected for comparison purposes,
since the occurrence of elevated indoor radon
concentrations was not expected, given the geological
condition of its situation.

2. MEASUREMENT TECHNIQUES

Indoor radon measurements were made by using passive
nuclear tracks detectors. Two types of devices were used:
a. Home made diffusion chambers containing one detector
foil at the bottom, developed by Massera et al. (2), and b.
Type A diffusion chamber developed at the Karlsruhe Nuclear
Research Center (3).

The track etch detector material used in both devices
was Makrofol, polycarbonate produced as an industrial foil.
This material, as well as the Type A diffusion chambers,
were provided by KFK, under the frame of the Agreement of
Nuclear Cooperation between Argentina and Germany.

The home made devices were calibrated against the KFK
cup in a specially designed chamber, where uranium ore was
used as a radon source. A detailed description of the
sampling and electrochemical etching is given elsewhere(3).

3. RESULTS

The mean concentration values, obtained during the
winter of 1983 in 30 dwellings in San Rafael and 31
dwellings in Buenos Aires, were 68 Bq.m3 and 39 Bq.m~3,
respectively (Figs. 1 and 2).

Figures 3 to 5 show the data obtained during the summer
of 84/85, in 23 sites located in San Rafael, 24 sites in
Maiargue and 13 sites in Buenos Aires, with mean radon
concentration values of 33 Bq.m~3, 34 Bq.m~3 and 14
Bq.m"3, respectively.

Finally, Figs. 6 and 7 present the radon concentration
distribution obtained in 38 dwellings in winter 1987, and
20 dwellings during the summer of 1987/88, all of them
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located in the city of Buenos Aires. The corresponding mean
values are 21 Bq.m~3 and 17 Bq.m~3.

As expected, the values fit a log-normal distribution
fairly well, in spite of the limited sample size.

4. CONCLUSION

The seasonal variations of radon concentrations
observed, with the highest values in winter, may be
explained by changes in the ventilation rates.

Indoor radon measurements performed at San Rafael
indicate higher concentration values than the corresponding
measurements made at Buenos Aires. In addition to the
inherent geological characteristics of each region, this
difference may be attributable to the fact that the
dwellings sampled in San Rafael were detached houses, while
those located in Buenos Aires were mostly apartments, less
exposed to radon from the ground.

Besides, it must be taken into account that the weather
conditions are significantly more severe in the former city
than in the latter, during summer and winter, giving rise
to lower ventilation rates in San Rafael houses.

Values obtained at Malargue in summer time are
comparable to the measurements made at San Rafael during
the same season.
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In all cases, definitive conclusions can not be deduced
from the limited sampling program carried out.

Assuming a dosimetric factor of 50 .uSv.a"1 per
Bq.m~3 (4), and a mean radon concentration value for San
Rafael and Malargue of 44 Bq.m~3, the mean annual
effective equivalent dose due to indoor radon exposures for
the inhabitants should be around 2 mSv.

The corresponding value for those persons living in
Buenos Aires, assuming a mean radon concentration value of
29 Bq.nr3 should be close to 1.5 mSv.
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ELEVATED LEVELS OF RADON AND RADIUM
IN THE STATE OF NEW JERSEY, U.S.A.

3. Parsa
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Bureau of Radiation and Inorganic Analytical Services
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Trenton, New Jersey 08625
U.S.A.

ABSTRACT

Elevated levels of indoor radon have been confirmed in
various regions within the State of New Jersey, U.S.A. The
highest spread of radon has been found to be in the
Highlands Province, known as Reading Prong, one of the 4
geological regions in the State where high U and Th
concentrations are linked to certain types of granites and
metamorphosed sediments. Instances of elevated radon are
not confined to the Reading Prong area, although the houses
showing the highest radon levels tend to be concentrated in
that general area. Radon concentrations in 10% of the
samples taken from the State's 13 counties were above 4
picocuries per liter (4 pCi.l"1, or 0.148 Bq.l-1). In
six counties, average radon values exceeded 4 pCi.1"1

(0.148 Bq.1"1). Water samples collected from 1043
households having indoor radon air concentrations exceeding
4 pCi.1"1 (0.148 Bq.l-1) were analyzed for 222Rn, and
an average concentration of 5400 pCi.1"1 (200 Bq.l-1)
was obtained. About 97% of these homes having over 10,000
pCi.l-1 (370 Bq.l-1) waterborne 2 2 2Rn, are located in
the Highlands and Piedmont Provinces. Analysis of public
water supplies as well as private wells has identified
radium hot spots within the Coastal Plain Province. In some
parts of this region, the combined 226Ra & 228Ra
concentrations in the water exceeded 5 pCi.1"1 (0.185
Bq.l-1), a level established by the U.S. Environmental
Protection Agency as the maximum radium contaminant level.
226Ra and 228Ra activities in the crystalline aquifers
of Highlands and Piedmont Provinces were lower than the
Coastal Plain, even though the U and Th contents of their
rock aquifers were higher. Radium concentrations were found
to be highest in low PH ground waters, where adsorption on
minerals such as iron hydroxide and quartz are weakest. The
results revealed, consistent with other findings, that the
affinity of Ra for adsorption sites in the fresh surfaces
which have higher cation-exhange capacities is greater than
the sand and gravel deposits composed of refractory
minerals such as quartz.
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1. INTRODUCTION

For an area of its size, New Jersey has a uniquely
diverse and interesting geology. The state can be broadly
divided into four geologic regions, known as physiographic
provinces, which have distinctive rocks and landforms.
Proceeding from north to south, these provinces, trending
northeast-southwest, are the Valley and Ridge, Highlands,
Piedmont, and Coastal Plain.

The Valley and Ridge Province is underlain by folded
and faulted sandstone, shale, and limestone originally
deposited in former marine and near-shore (parable)
deposition environments. Sandstones (quartzites) and
mineralized fault zones in the Valley and Ridge Province
contain concentrated sources of radionuclides.

An irregular escarpment averaging 500 feet in height
marks the boundary between the Valley and Ridge and
Highlands (Reading Prong) Provinces. The Highlands are
underlain predominantly by Precambrian cystalline rocks
consisting of granites and gnashes in addition to minor
amounts of marble. In the Highlands Province high uranium
and thorium levels have been confirmed in certain types of
granites and metamorphosed sediments including a rather
unique monazite-bearing gneiss in the Chester, New Jersey,
area.

A series of major faults, resulting in a prominent 200
to 800 foot escarpment, separate the rocks of the Piedmont
Province from those of the Highlands. The Piedmont Province
is comprised predominantly of conglomerates, sandstone,
siltstone, and shale. It can be argued that a plausible
source of radionuclides in the Piedmont is from Precambrian
rocks of the Highlands eroded into the Piedmont during
rifting events. Uranium/thorium-rich organic (black) shales
are the most consistent source of radionuclides in the
Piedmont (1).

Unconsolidated sediments of the Coastal Plain Province,
covering the southern half of New Jersey, overlap rocks of
the Piedmont Province. These sediments consist of
interbedded sand, clay, gravel, and greensand marl
deposited alternately in flood plains and in marine
environments in response to sea-level fluctuations. The
Coastal Plain sediments thicken southeastward from a
feather edge along the northwestern margin of the province,
where the marine sediments are enriched in potassium,
uranium, thorium, and phosphorus, to approximately 4500
feet near Atlantic City (2). Heavy mineral concentrations
of the minerals zircon and monazite present in the sands
provide a plausible source of rad.ionuclides.

The above geological factors have distinctive effects
on the concentrations of natural radionuclides in media
such as air, water, and soil.
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For over 30 years a state-wide radioanalytical program
on drinking water has been maintained in the State of New
Jersey (3). The New Jersey Department of Environmental
Protection (NJDEP) regularly receives and analyzes water
samples from the 632 public water purveyors registered with
the State. In addition, radioanalyses of water samples from
private wells in regions inflicted with potential sources
of radioactivity are regularly carried out. This provides
an indication of the water quality of New Jersey potable
water in terms of radioactivity and its residents'
radioactivity intake.

In compliance with the Federal Safe Drinking Water Act,
the pattern of analysis has been an initial screening for
gross alpha-particle activity, followed by measuring
226Ra if the gross alpha-particle activity is above 5
pCi.l-1 (0.185 Bq.l-1), and then measuring 228Ra if
22<sRa concentration is above 3 pCi-l"1 (0.111
Bq.l"1); uranium analysis if the gross alpha-particle
activity exceeds 15 pCi.l-1 (0.555 Bq.l-1).

During these routine regulatory monitorings, elevated
levels of naturally occurring radionuclides have been
detected in drinking water of certain public supply
systems. It has been found that fifteen water supply wells
sampled by NJDEP in the vicinity of the city of Bridgeton
in Coastal Plain Province, produce ground water with radium
levels exceeding 3 pCi.l"1 (0.111 Bq.l~x). More than
half of these wells exceeded the 5 pCi.l"1 (0.185
Bq.l-1) maximum contaminant level. Currently, two
separate studies are underway in order to determine the
extent of ground-water and drinking-water radium
contamination caused by naturally occurring nuclides. An
NJDEP-funded study by the U.S. Geological Survey is
investigating the natural radioactivity in ground water in
the Kirkwood-Cohansey Aquifer system, Southern New Jersey
(4). Preliminary findings have defined geological,
geochemical, and hydrological processes affecting
radionuclide distribution and concentrations in the aquifer
system. In another study conducted by NJDEP, the 226Ra
and 22BRa concentrations in public and private wells in
Washington Township, Southern New Jersey, are being
determined.

Elevated levels of indoor radon were originally
discovered to be prevalent in the vicinity of Highlands
Province. With increasing awareness of the radon issue
prompting more extensive testing for radon in New Jersey,
it has become clear that the occurrence of elevated levels
of indoor radon is more widespread than previously thought.
A statewide scientific study of radon in more than 6000
homes in New Jersey by the engineering firm of Camp Dresser
and McKee Inc. (CDM) (5) contracted by NJDEP has provided a
detailed information on the areas that pose potential radon
problems. The United States Environmental Protection Agency
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(USEPA) has recommended an annual average radon
concentration of 4 pCi.l"1 (0.148 Bq.l x) as a legible
level to which elevated levels of radon can, and should, be
reduced.

Since 1985, staff from the NJDEP has reviewed the
available geologic and radiologic data for New Jersey in
order to assess the likelihood of finding elevated levels
of radon in New Jersey homes. A subdivision in Clinton
Township was identified as an area potentially at risk for
high indoor radon levels. Based on outdoor gamma-radiation
survey, 108 homes in the subdivision and surrounding areas
were then selected for indoor radon measurements (6). Once
the extent of the indoor radon problem was known, a study
was designed to identify and evaluate potential sources
that could contribute to the observed high indoor radon
levels. Accordingly, twenty (of the 108) homes and
associated properties located in the subdivision were
studied in an effort to relate the indoor radon level to
the outdoor radioactivity and soil parameters.

In order to assess the concentration of radon in
drinking water, the tap water of homes having indoor radon
air concentrations exceeding 4 pCi.l"1 (0.148 Bq.l"1)
were analyzed. Altogether, water samples collected from
1043 of such households were analyzed for 222Rn at NJDEP.

2. EXPERIMENTAL METHODS

2.1. Chemical Procedures:

a) Gross Alpha/Beta Determinations. gross alpha/beta
determinations are performed by the evaporation
technique. Water sample is carefully evaporated to 10
ml or less, and the residue is transferred to a
stainless steel planchet. The residue in the planchet
is then evaporated to dryness under heat lamp and
counted in a low-background gas flow proportional
counter.

b) 226Ra Determinations: 226Ra is analyzed by
precipitation method (7). Barium carrier and ammonium
sulfate are added to an aliquot of the water sample,
and radium is co-prec:oitated with barium sulfate from
the solution containing ciiccdium ethylene diaminetetra
acetate (EDTA). The precipitate is converted from the
sulfate form to the carbonate form and dissolved in
nitric acid. Radium daughter products are extracted
into thenoyltrifluoracetone (TTA) from a weak acid
solution. Barium sulfate is rsprecipitated, weighed for
yield determination, and counted for gross alpha
activity.

c) 22BRa Determinations: 228Ra assay is based on a
method described by Percival and Martin (8) with
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inclusion of some modifications developed at NJDEP (9).
The procedure Involves separation of radium by an
initial co-precipitation with lead sulfate. Then,
radium is separated on a small quantity of barium
sulfate precipitated from a pentasodium
diethylenetriaminepentaacetate (DTPA) solution of lead
sulfate. Actinium-228 is allowed to grow and
preferentially extracted into di-(2-ethylhexyl)
phosphoric acid (HDEHP) from aqueous solutions. The
22BAc is finally stripped with 1M HNO3,
coprecipitated with cerium oxalate, and counted in a
low-background beta counter.

d) Isotopic Uranium Determinations: Isotopic uranium
analysis is performed according to a procedure
developed at USEPA's Eastern Environmental Radiation
Facility (EERE) (10). The chemical method is based on
the liquid-liquid extraction of uranium from
hydrochloric acid solution using tri-iso-octylamine
(TIOA) dissolved in xylene. 2 3 2U standard is used for
chemical yield and detection efficiency determinations.
The uranium is then back-extracted into 0.1M nitric
acid. The separated uranium fraction is co-precipitated
with lanthanum fluoride and quantified by alpha
spectrometry.

e) Isotopic Thorium Determinations: Isotopic thorium
analysis makes use of a procedure developed at NJDEP
(11). In the procedure, thorium present in the water
sample is co-precipitated on ferric hydroxide. The
precipitate is then isolated by centrifugation,
dissolved in nitric acid, and subjected to anion
exchange chromatography. The thorium-containing eluate,
following evaporation and redissolution in dilute
perchloric acid, is again co-precipitated, using
lanthanum fluoride as a carrier. Th latter is then
isolated and analyzed by alpha spectrometry.

f) Sequential Isotopic Analysis of Uranium and Thorium In
Soil: The chemical method is developed at NJDEP (12),
and is based initially on a sample dissolution
technique, using concentrated HNO3, HC1O4, HF, and
HC1. Once the sample is completely dissolved, it is
subjected to anion exchange chromatorgraphy, Th is
adsorbed and U passes through the column. The resin is
eluted and Th assay is accomplished by the solvent
extraction technique. Uranium assay is achieved by the
extraction procedure discussed above for the isotopic
uranium determinations. Some soil analyses were
performed by gamma-ray spectrometry with the use of
high-resolution intrinsic germanium detectors.

g) Airborne Radon Determinations: Procedures for the
measurement of 222Rn concentration in indoor air is
based on charcoal adsorption of radon gas followed by
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gamma-ray spectroscopy (13). In the procedure, 4"x4"
Nal (Tl) detectors are calibrated for the determination
of the adsorbed radon in the charcoal canisters. Indoor
radon concentrations were determined with charcoal
canisters which were exposed for a period of 3-5 days
on at least two levels of home surveys. These
determinations were performed by NJDEP as a part of
confirmatory testing for New Jersey residents who had
had commercial radon tests in their homes and obtained
radon concentrations equal or greater than 4 pCi.l"1

(0.148 Bq.l"1).

h) Waterborne Radon Determinations: A liquid scintillation
technique prescribed initially by Prichard and Gessel
(14) and, then, modified by USEPA, Eastern
Environmental Radiation Facility (15) is used for
222Rn-in-water determinations. Tap water samples from
the study areas are analyzed in order to determine
their radon concentration. The samples are taken with a
hypodermic syringe from free-flowing non-aerated tap
water. Ten milliliters of tap water are placed in a 20
ml glass vial containing 10 ml of liquid scintillation
solution. Once the vial is sealed, it is returned to
the laboratory and analyzed with a liquid scintillation
system. The samples were collected from households
having indoor 222Rn concentrations greater than 4

l-1 (0.148 Bq.l-1).

2.2. The Study Sites:

In addition to the state-wide sampling sites throughout
New Jersy, the following locations were exposed to more
intensive studies.

a) Chester Site: Chester, in the Highlands Province, is
underlain by a monazite-bearing gneiss belt, and
correlates well with a cluster of residences having
extremely elevated indoor radon. Monazite, (Ce, La, Y,
Th) P0«, is the chief source of thorium. The monazite
belt is approximately 1000 ft wide on the surface, and
is elongated along a northeast direction for about 8
miles. Detailed NURE (National Uranium Resource
Evaluation) aerial radiometric data from 1/4 mile
flight lines have revealed a maximum of 38 ppm Th over
the belt on the northwest border of the sampling sites,
the highest value recorded in the Highlands. The sites
sampled have NURE values of 5-18 ppm Th and 3-4 ppm U.

b) Washington Township Sits: This area, part of the
Coastal Plain Province, lacks aerial radiometric data.
Closely adjacent areas to the sampling sites revealed
3-4 ppm Th and 0.5-1.5 ppm U. The site was selected for
this study because of elevated levels of naturally
occurring radionuclides had been detected in their
water supply system. The radium concentrations in water
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samples from some of these wells exceeded the 5
pCi.l"1 (0.185 Bq.l""1) maximum contaminant level
established by the U.S. Environmental Protection Agency
(USEPA). Heavy mineral concentrations (e.g. monazite,
zircon, sphene, etc.), transported, distributed, and
concentrated by fluvial (river) processes, are the most
likely radionuclide source in the Coastal Plain. An
additional source may be the abundant greensands
(glauconite) and phosphatic minerals.

c) Clinton Site: Clinton is situated in the State's
Piedmont region in an area of limestone, dolomite and
shale. The presence of limestone has resulted in a
history of sinkholes throughout the subdivision. Soils
identified in this area are loams of glacial and
residual origin. The three major soil groups mapped
include Washington, Duffield, and Berks loams.

3. RESULTS AND DISCUSSION

While geologic considerations indicated that elevated
radon would be most likely to occur in the Highlands
Province, certain rock types in the Valley and Ridge and in
the Southern Piedmont were also known to have
higher-than-average radium concentrations. Based on CDM
data3 and consistent with NJDEP confirmatory tests
throughout New Jersey, the highest average indoor radon
level, 8.6 pCi.1"1 (0.32 Bq.1""1), was found in the
Highlands Province (Reading Prong). However, the Valley and
Ridge Province was only slightly lower: 7.6 pCi.l"1 (0.28
Bq.l"1). In every Province at least 5 percent of the
homes had 4 pCi.1"1 (0.148 Bq.l"1) of radon or more.
Based on geological provinces, the average radon levels in
the State of New Jersey are presented in Fig. 1. Radon
concentrations in 10% of the samples taken from the State's
13 counties were above 4 pCi.1"1 (0.148 Bq.l"1). In six
counties, average radon values exceeded the 4 pCi.l"1

In Clinton Site, the study on 20 homes indicated a
positive correlation between indoor radon levels, outdoor
exposure rates and soil radionuclide concentrations. The
soil samples were taken from each property at various
depths (Table 1).

At the Chester Site, waterborne radon concentrations
ranged between 20,000 pCi.l"1 (740 Bq.l"1) to 90,000
pCi.l"1 (3330 Bq.l"1). Uranium and thorium levels in
drinking water, and indoor radon air concentrations in 3
homes at the site are presented in Table 2. Table 3 shows
the Ra, U, and Th concentrations in surface soil of the
same 3 homes.

Water samples collected from 1043 homes throughout New
Jersey having indoor radon air concentrations exceeding 4
pCi.l"1 (0.148 Bq.l-1) were analyzed for 2 a 2Rn, and
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Fig. 1. Average radon l e v e l s by geo log ica l
province, State of New Jersey, U.S.A. ( 5 ) .

Table 1. Variation of indoor radon levels with outdoor exposure
rates and soil a3"U and "aRa concentrations in 20
homes in Clinton, New Jersey, U.S.A

Number
of
homes

2
2
5
9
2

Indoor radon
concentration
(pCi.l-1)

0-4
4-20
20-200

200-1000
>1000

Outdoor
exposure rates

(uR.h"1)

10-15
10-15
12-29
15-49
22-93

Radionuclide
concentrat ion

in soil

»«Ra

1.1-21
1.9-56
1.4-56
3.6-100
9.3-98

(pCi.g-1)

»-u

<2.1-3.3
<1.8-34
1.9-61

<0.3-110
5-97
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Table 2. Uranium and thorium levels in drinking water and indoor
radon air concentrations in 3 homes at the Chester site*

Location

CB-B

EC-4

BG-10

Indoor radon

concentration

89

32

1400

1.010.2

0.1010.02

0.3410.07

0.6710.12

0.0610.01

0.3210.07

0.09310.016

0.0410.007

0.02810.007

•eO-025

<0.014

<0.013

<0.013

<0.0061

0.007010.0021

• Concentrations are in pCi.l ' and uncertainties are at 95% confidence level.

Table 3. Radium, Uranium, and Thorium concentrations in
surface soi l of 3 homes at the Chester site*

Location

CB-8

BC-4

BG-10

"•Ha

2.610.

4.210.

4.910.

1

2

2

a

1

"U

.710.2

2.310.4

3.410.4

""U

1.610.2

2.210.4

3.410.4

""Th

3

3

510.5

110.3

2.510.3

"°Th

1.810.2

2.610.2

4.510.4

3.1

3.

2.

1.

*Th

110.

510.

910.

3

2

2

* Concentration are in pci. 1 1 and uncertainties
are at 95% confidence level.

an average concentration of 5400 pCi.l"1 (200 Bq.l"1)
was obtained. Figure 2 shows the distribution of waterborne
222Rn concentration of these households. Table 4
summarizes the 222Rn results for water samples from 870
of these houses which are arranged according to geological
province. About 97% of the homes having over 10,000
pCi.l"1 (370 Bq.l"1) waterborne 222Rn are located in
the Highlands and Piedmont Provinces.

Less than 2% of new Jersey public water supplies have
been found to exceed the USEPA-established maximum
contaminant level (MCL) for 226Ra plus 22eRa of 5
pCi.l"1 (0.185 Bq.1"1), and all except one of them are
located in the Coastal Plain Province. Analysis of certain
private wells in the Coastal Plain Province in the
proximity of the public water supplies containing elevated
radium levels has identified radium hot-spots. The study by
NJDEP has been extended to areas beyond Washington
Township, but within the Coastal Plain Province. The
results for water samples having high radium concentration
are presented in Table 5. Repeated analysis of 226Ra and
22aRa from a single well at various times in the year
showed relatively small fluctuations in 22sRa content,
whereas there were distinct seasonal trends for 228Ra
levels (Table 6). This indicates a relatively homogeneous
source for 226Ra and considerable irregularity in 22BRa
supply. 226Ra and 228Ra activities in the crystalline
aquifers of Highlands and Piedmont Provinces were lower
than the Coastal Plain, even though uranium and thorium
content of their rock aquifers were higher. Radium



410 PARSA

concentrations were found to be highest in low PH ground
waters, where adsorption on minerals such as iron hydroxide
and quartz is weakest. The results revealed, consistently
with other findings, that the affinity of Ra for adsorption
sites in fresh rock surfaces which have higher
cation-exchange capacities is greater than sand and gravel
deposits composed of refractory mineralogies.

< 100 100O—500O 10OO0-S00OO > 1OO0O0

1OO-10OO SOOO— 100OO 50000-100000

Radon Concentration (pCi/l)

Fig. 2. Distribution of waterborne
aa2Rn concentrations in 1043 homes
in the state of New Jersey, U.S.A.

Table 4. NJDKP radon in water data according
to physiographic provinces

province

Highland*

Inner Coastal Plain

•. Pledsmt

Outer Coastal Plain

a. Pledsmt

Valley £ Ridge

Total

lariat

of

reading*

488

7

27

0

285

63

870

*

56.1

0.8

3.1

0

32.8

7.2

100.0

No. of readings ID

each data range: (range #)*

t

9

0

0

0

10

5

24

2

118

7

4

0

59

33

221

3

173

0

22

0

194

16

405

4

80

0

1

0

11

5

97

5

97

0

0

0

10

4

111

6

8

0

0

0

1

0

9

7

3

0

0

0

0

0

3

Range
1

2

3

4

5

6

7

f code:

100

1000

5000

10,000

50,000

100,000

s

s

i

S

s

S

X

X

X

X

X

X

X

<100

<5000

<5000

<10,000

<50,000

<100,000

pCi.l •
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Table 5. Water samples having elevated
radium concentration, s tate of
New Jersey, U.S.A.*

411

Location

Washington
Washington
Washington
Washington
Washington
Wineland
Greenwich
Fairton
West Amwell
West Amwell
Upper Deerfield
Franklinville
Williamstown
Atco

aa6Ra

9.3+0.6
5.8+0.6
3.1+0.4
3.2+0.4
11.7+0.7
8.2+0.6
2.9+0.4
2.8+0.4
9.3+0.6
5.6+0.5
5.0+0.4
9.8+0.7
8.2+0.6
6.6±0.6

" B R a

5.3+0.9
7.9+1.1
2.0+0.7
2.4+0.7
4.8+0.9
3.6+0.8
8.2+1.2
7.4+1.1
5.3+0.9
3.2+0.8
2.3+0.7
11.3+1.5
9.8+1.3
3.8+0.9

* Concentration are in pCi.l"x

and uncertainties are at 95%
confidence level.

Table 6. Variation of aaeRa and aaBRa
with time from a single well*

Sample collection date

September 8, 1989
November 10, 1989
January 9, 1990
May 8, 1990

a26Ra

4.9+0.4
4.5+0.5
5.8+0.6
5.0+0.4

2aoRa

3.2+0.8
1.6+0.7
7.9+1.1
8.3+1.3

* Concentration are in pCi.l"1 and uncertainties
are at 95% confidence level.

While drinking water uranium levels in the new Jersey
Coastal Plain province were measured to be low, high U
concentrations were associated with the water supplies in
the Highlands (Reading Prong) and Piedmont Provinces.
" 4 U / " 8 U drinking water activity ratios suggest a
trend within and between physiographic provinces, and it
tends to increase in the areas with reducing environment.
This is consistent with geochemical behaviour of uranium
precipitating in reducing environments,and where the recoil
mobilization of a3*U, unaccompanied by leaching, is the
dominant factor in the uranium differentiation process
within solid/aqueous phases. On the other hand, simple
leaching of uranium by oxidized and CO2-bearing ground
water causes enrichment of dissolved U at a ratio of

»U/a38U near unity.
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The USGS investigation (4) has shown that out of 82
wells sampled and analyzed 26 had radium levels above 5
pCi.l"1 (0.185 Bq.l"1). It revealed a very positive
correlation between radium concentrations and acidity of
the ground water. Elevated radium activities were
associated with high concentrations of Ca*~, and Sr**,
Ba**, and Mg~*.

Elevated levels of 226Ra and 22BRa were also
identified in Southern Piedmont region which coincides with
Newark Basin. The uranium-bearing black mudstones are
thought to be the primary sources of radioactivity in this
region (16).
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DETERMINATION OF
TRACE ELEMENTS INCLUDING

URANIUM OF WATER IN RAMSAR AREA

H. Afarideh and H. Payrovan

Nuclear Research Center
Atomic Energy Organization of Iran
P. O. Box 11365-8486, Tehran, Iran

ABSTRACT

In this paper, Proton-Induced X-ray Emission (PIXE) and
a Nuclear Track Technique were applied to the analysis of
water samples in Ramsar and Sarain areas. In PIXE method,
ytterium solution was added to the samples as the internal
standard, and the samples were concentrated by evaporation.
A small portion of the concentrated samples were dried on a
kapton film and bombarded by the proton beam of 2.1 MeV
from a 3 MeV De Graaff accelerator. All elements heavier
than Cr were determined with an accuracy of 0.01 ppm. Due
to low concentration of uranium, a neutron-induced nuclear
track technique was applied to measure uranium content at
ppb levels.

1. INTRODUCTION

Ramsar area in the north of Iran is known to be one of
the high level natural radiation areas. In order to
investigate the source of this high levels of natural
activity, one possibility is to analysis underground water
of the area. Two techniques PIXE and fission tracks are
used to determine radioactive and non-radioactive contents
of various water samples.

PIXE technique is able to determine a level of 0.1 ppm
of elements. However for lower limits, in the case of
uranium, nuclear track technique is very suitable.

2. PIXE METHOD

Proton-Induced X-ray Emission (PIXE) has been shown to
be a reliable method for quantitative trace element
analysis (1). This technique is a very sensitive method
which requires only a very small amount of sample, and
therefore, is suitable for multi-elemental analysis of
environmental samples. In this work, this method was
applied to moltielemental analysis of underground and rain
water.

415
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2.1. Experimental Procedure

The vacuum target chamber and X-ray detection system
used here are displayed schematically in Fig. 1. These have
been described in detail earlier (2), and current
discussion will be kept to a minimum. The proton beam
incident on the target passing through lead collimator
designed to minimize scattering. This design aspect,
together with the choice of low atomic number materials for
all components, is intended to minimize both characteristic
X-ray and bremsstrahlung background generated by protons
incident elsewhere than target, further precautions to this
end include a collimator to limit the Si(Li) detector's
field of view to the specimen, and the used of high-purity
aluminum for the target ladder,
collimator. The chamber pressure
The proton beam energy was 2.1 MeV, the beam being obtained
from a Van de Graaff accelerator at Nuclear Research Center
of Atomic Energy Organization of IRAN. A digitalize current
integrator measured the total proton charge incident on the
beam r»ump through any target.

target holder and X-ray
was about 2xlO~5torr.

Amplifl.f

Data out-typ

Wrfttr-Plottr
Cempottr

POP 11/03

Fig. 1. Schematic drawing of the experimental set-up.

The 80 mma Si(Li) detector with standard electronic
units in conjunction with a Ortec Model 6240 pulse height
analyzer exhibited energy resolution of 175 MeV (FWHMD at
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5.9 KeV. A 30 urn Aluminum absorber was used to cut down the
intense low-energy proton of the X-ray spectrum mainly due
to the high concentration of calcium in water samples. The
spectrum were stored on PC computer and analyzed latter.

2.1.1. Target Preparation

Water samples were collected from 30 places in the
northern area of the country. Some of them have taken from
rivers which drains the water from Elborz mountains. From
the locations placed upstream and downstream, samples were
also collected in order to compare their data. Several
samples were also collected from a hot spring where, their
water are well-known for its curative properties for
diseases associated with the skin.

In the pre-irradiation processes, these samples were
concentrated by evaporation by a factor of 25.

Whatever samples are used, certain restrictions
immediately appear necessary if analysis is to be more
than qualitative. Samples must be thin, i.e., 1 mg.cm"2

so that the incident protons lose only a few percent of
their energy during traversal. Wet digestion has been used
here with a micro pipet can direct a fine mist of droplets
of water towards a kapton backing, on which a thin film
builds up. One of advantages of wet digestion is using
internal standards. We have used ytterium as internal
standards in all samples. It has been done by adding a
pre-defined volume of a solution of known concentration of
the standard element. Standard solutions containing
typically 40 ppm of ytterium, as ytterium in distilled
water added to known volumes following mixed solution were
allowed to dry on kapton foil of 7 jam thickness, which were
stored in desiccators prior to measurements.

2.1.2. Relative Calibration

From the analyst's point of view, whatever the
technique is, the use of internal standards is most
desirable means of effecting calibration. Of course,
incorporation of internal standards may not possible with
some type of samples. The compounds used must not cause
precipitation of any components of the solution and must be
of sufficient purity that intolerable amounts of alien
trace element are not introduced. They should not
volatilize during proton bombardment. The number of X-ray
generated by the passage of N protons of energy E through M
grams of an elements of atomic mass A is:

X = 6.02xl029NMo(E)O,£/A

where o(E)=absolute cross section for ionization of K- or
L-shell, Q=fluorescence yield for K- or L- shell and
e=absolute detection efficiency (assuming negligible
self-adsorption in samples).
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In this work, ytterium was used as internal standards.
It follows from equation 1 that

M./M.=(X./X.)(A./A.)(Om/o.)(fl./fl.)(£./£.)

since internal dope was used the above equation is
simplified as:

where the subscripts "e" and "s" denote the element of
interest and standard respectively and R* is relative
efficiency.

It might appear that since both "e" and "s" are
determined simultaneously, no attention need to be paid to
corrections for system dead time and pulse pile-up. This is
only partially true.

Considering a pile-up first, it is easy to show that at
a total counting rate of N pulses/sec, the percentage loss
of intensity from a given peak due to pile-up is Nt,
where t is the effective pulse length. Thus, the correction
for loss will indeed cancel in the Xc/Xs ratio. This dose
not imply, however, the efforts should be made to eliminate
pile-up. In majority of water samples, calcium is by far
the dominant trace metal. The ionization cross section is
one of the highest encountered here. The principal pile-up
peaks due to a high Ca K X-ray intensity are at
2E(KDt)=7.38 KeV, E(Ko,)+E(Kii)=7.7 KeV, and
2E(K/1)=8.02 KeV. The first overlaps the Ni(K«), the
second the Co(Kn)/ and the third the Cu(Ko,).

It is therefore necessary to minimize pile-up. This can
be done by an inserting suitable absorber. In this work
aluminum absorbers with various thicknesses from 10 to 30
urn and a thin calcium absorber were used.

2.1.3. Results and Discussion

The system calibration was initially accomplished by
analysis of a series of standard solutions spotted on thin
kapton backing. The X-ray peak areas measured in this
calibration were normalized to the concentration of the
element being measured. The resulting calibration factors
for various elements were plotted as a function of atomic
number to give calibration curves as shown in Fig. 2.
Calibration factors were interpolated for elements not
explicitly analyzed.

In order to check the capability of technique for
determination of uranium, a standard solution containing
mixture of 20 ppm of U and 40 ppm of ytterium was prepared.
An analysis of this standard shown in Fig. 3. The Uranium
peak appears clearly along with ytterium peak.
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Fig. 2. Calibration curves for the relative
intensity of X-rays of different elements.
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Fig. 3. X-ray spectrum of standard containing
mixture of uranium and ytter,iun.
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Two typical X-ray spectra are shown in Fig. 4. The
spectrum above (a) is obtained from water collected from
Ramsar area where as the spectrum below (b) is from water
taken close to the Sarain. A qualitative comparison of the
two spectra already shows an increase in the amount of iron
and zinc and decrease in the amount of Arsenic and
strontium. The experimental results for the elemental
concentrations of all samples are summarized in Table 1.

l
ou

Samp.

Fe

Cu

Zn
As
Rb

Sr

No.
3.59

0.02

0

0.

0.

0.

.65

23

04

98

26

PPa

CHANNEL NUMBER
(a)

o

o

Ii

fe

Cu

2n

As

PI,

No. i

0

0.

4

1.

.34

.03

.35

.03

33

PPm

S-- 4.43

sea 32o
'i i i

«40 <«0

CHANNEL NUMBER

(b)

Fig. 4(a,b). X-ray spectrum of water samples using
a 30 pm aluminum filter. The experiment conditions
were: proton beam current 30 nA, proton energy 2.1
MeV, measuring time 25 minute.
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Table 1. Elemental concentration of various water
samples obtained by PIXB method.
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1

2

3

4

5

6

7

B
9

10

11

12

13

14

15

16

17

IB

19

20

21

22

23

24

25

26

27

2B

29

30

Ma

-

-

0.06

-

-

0.396

0.27

0.37

0.32

0.66

0.44

0.47

0.02

-

-

0.01

0.00

0.01

0.04

-

0.09

-

0.06

-

-

0.09

0.01

0.02

0.01

0.02

Fa

0.52

5.80

0.16

0.34

0.3S

3.55

1.03

2.B4

3.48

0.47

0.34

3.10

0.28

0.01

0.02

0.09

0.04

0.26

0.26

0.75

0.34

0.65

2.31

19.25

1.4

3.59

0.82

1.01

0.44

0.95

•i

0.02

-

-

-

-

-

-

-

-

-

-

-

-

-

-

0.00

-

-

-

-

-

-

-

-

-

-

-

-

-

-

CU

0.04

0.12

0.02

0.03

0.19

-

0.01

0.01

-

-

-

0.01

-

-

-

0.01

-

0.04

-

-

-

-

-

-

-

0.02

0.01

0.01

0.01

0.02

En

0.24

0.50

0.13

0.35

-

0.06

0.07

0.12

0.04

0.03

0.03

0.02

0.06

-

-

0.00

-

-

0.05

0.11

-

0.12

0.13

J. 43

0.04

0.65

0.09

0.05

0.0*

0.11

As

0.06

-

3.31

4.03

-

0.29

0.14

0.33

0.21

0.09

0.23

0.41

-

-

-

-

-

-

0.05

-

0.07

-

-

0.23

0.21

0.23

-

0.09

-

-

Br

0.33

-

-

-

0.05

0.11

-

0.03

-

-

-

-

-

-

-

-

-

0.44

-

-

0.02

-

0.07

-

-

-

-

-

-

Rb

0.06

-

1.31

1.33

1.46

0.24

0.21

0.23

-

0.26

0.28

0.33

-

-

-

-

-

-

0.26

-

0.31

-

-

-

-

0.04

-

0.02

-

-

Sr

0.94

O.44

4.21

4.48

4.50

0.56

0.49

0.60

0.61

0.61

0.67

0.67

6.33

3.38

2.62

2.53

1.63

6.07

15.19

8.92

9.54

0.12

1.85

0.32

-

0.98

0.12

0.28

0.42

0.43

Zr

-

-

-

-

-
-

-

-

-

-
-

-

-

-

-

-

-

-

-

-

-

-
-

-
0.25

-

-

-

-

-

3. FISSION TRACK TECHNIQUE

Fission track technique is one of the suitable
techniques for determination of uranium in the sub ppb
levels. This technique is the only means to determine the
concentration and distribution of uranium in samples, both,
with extreme sensitivity and high spatial resolution. It is
also very cheep, rapid and effective.

3.1. Experimental Procedure

A method of thermal neutron induced 23=u fission
track mapping has been developed and improved since the
early days of SSNTD (3,4). Small pieces of CR-39 are used
as track detectors. About 0.1 cc from each water sample was
Placed on surface of each detector and dried under
infrared lamp. Each of these detectors with sediment of the
samples on it is made up sandwich with- another clean
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detector. All sandwiches together with 2 standard/detector
sandwiches were irradiated with thermal neutrons at
Research Reactor in Nuclear Research Center of Atomic
Energy Organization of Iran. Standards were used in the
form of polished NBS U-glasses covered with CR-39 detector.
Close contact between CR-39 detectors and sample surfaces
was provided using suitable clumps. The neutron flux in the
sample and standard position was 2xlO12 n.s~* and
irradiation lasted for 2 minutes. After cooling of samples,
the CR-39 detectors were detached from samples, cleaned and
then etched at 70°C in 6 N NaOH for 1-1.5 hours. After
etching, all tracks in the area of sediment on each
detector were scanned using an optical microscope.

Uranium
equation:

contents were determined, using the following

where suffix x and s are used for sample and standard
respectively, C, R and P are concentration, effective range
of fission fragments, and track density respectively.

3.2. Results and Discussion

Uranium content of water samples, from different places
in Ramsar and Sarain area in Eastern Azarbyjan province
together with samples from Karaj river are given in Table
2.

Table 2. Uranium content in Ramsar and Sarain
water determined by SSNTDs.

Sample

1
3
5
7
9
10
11
12
20

22
23
24
25
26
28
29
30

Uranium
concentration

(ppb)

8.16
0.66
0.57
0.74
6.99
1.15
4.89
5.4
1.85

1.28
18.50
25
2.25
1.086
3.26
0.90
5.77

28 Km to Zanjan
45 Km to Sarain (Nir Village)
1 Km distance from No. 3
Sari Sou in Sarain
Sarain area
Sarain area (Ab Chashem)
Sarain area (Motaz 1)
Sarain area (Yarnal)
Ramsar (Sadat Mahaleh)
(Zir Sang hot Spring)
Ramsar (Sadat Mahaleh)
Javardeh-Ramsar
Javardeh-Ramsar
Ramsar (Main dat)
Ramsar Sar (M. Sadegh)
Safa river (Ramsar)
Karaj river (Near Chalus)
Karaj river (Near Karaj)
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As can be seen from this Table, the concentration of
uranium in Ramsar area is relatively high in comparison
with other places.
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ABSTRACT

Drinking water is one of the media of concern through
which natural radioisotopes such as a26Ra and aa2Rn are
trans-ferred to man. According to UNSCEAR (1988), due to
metabolic similarities of radium with calcium, more than
70% of the 226Ra in the body is contained in bone while
the remaining fraction is distributed in soft tissue. So
determination of 22SRa and its radioisotopes in drinking
water is of a prime importance to minimize any health
hazards associated with ingestion of radium.

In Iran, determination of the radioisotopes of radium
in water has been limited to a few scientific studies.
During the past three years, a national program was
established at the National Radiation Protection Department
(NRPD) in AEOI for the determination of 2 2 6Ra. Gamma
spectrometry of 214Bi in equilibrium with 2 2 6Ra, gross
alpha counting of aaeRa as Ra-Ba-Pb sulphate
(co-precipitation) and emanation methods were applied. The
emanation method, as expected, showed the lowest minimum
detection limit (MDL) of 2 mBq.l-1. This procedure was
used to determine 2a6Ra in 135 water samples collected
from public water supplies of 95 towns and villages
including Ramsar. The results ranged from 2 to 182
mBq.l-1 with frequencies of 32.6% below 2, 53.7% for
2-10, 7.4% for 10-20, 1.1% for 20-40 and 3.2% for 40-50
mBq.l-1 with the highest values of 182 and 123 mBq.l-1

detected respectively in drinking water of Villadarreh,
north of Ardebil and Chaboksar, 5 Km west of Ramsar. The
program is now in a routine operational stage. In this
paper, the methods developed and aa6Ra levels determined
are presented and discussed.

1. INTRODUCTION

The 226Ra, a daughter product of a 3 8U, is an earth
alkaline metal. There are approximately 30 isotopes of
radium from which aasRa is the most abundant among the

425
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natural radioisotopes (1). Natural water typically contain
10-15 mBq.l-1 of 226Ra, but levels as low as 0.3

l-1 have also been reported (2).

The ICRP 60 has recommended a aa6Ra level of 370
.l-1 in water for members of the public (3). However,

some countries have considered a lower level of 110
mBq.l"x as their standards (4). Therefore, due to its
importance for the health of the public in Iran, a national
program was established at the National Radiation
Protection Department (NRPD) in the Atomic Energy
Organization of IRAN (AEOI) within the last three years.

The physico-chemical characteristics of radium offer
many alternative methods for its determination. The two
volumes of IAEA Technical Report No. 310 explore many
aspects of radium such as its characteristics, measurement
methods, environmental behaviour, etc. (5). Emanometry,
alpha and gamma spectrometry, gross alpha counting as well
as liquid scintillation, coincidence and track etch methods
can be applied. However, selection of a method depends on
the sensitivity and minimum detection limit (MDL) required.

In Iran, determination of radium isotopes has been
limited to only a few scientific investigations (6). Due to
the importance of remedial actions to be taken on water
consumption for public health, a national program was
established at the National Radiation Protection Department
(NRPD) in AEOI. Gamma spectrometry, gross alpha counting,
emanometry and track etch methods were developed. Efforts
were made to determine and to reduce the MDL. Emanometry
provided the lowest MDL and it was applied to 95 cases of
public water supplies across the country including the
drinking water of Ramsar. The procedures applied and the
results of the measurements are presented and discussed.

2. MATERIALS AND METHODS

Among different measurement methods investigated, gamma
spectrometry, co-precipitation and emanation methods were
developed. The details on each method follow:

2.1. Gamma Spectrometry Method

This method requires an equilibrium between 2aeRa and
21*Bi obtained by using one-liter capacity Marinelli
beaker which is sealed and stored for 30 days at a low
temperature (<5°C). After reaching an equilibrium, the most
appropriate gamma energy of 21*Bi (609.31 KeV) with a
44.6% intensity (5) was measured using a hepar pure
germanium detector with 58 mm diameter and 65 mm length
coupled to a CANBERRA MCA model 100. The system was
calibrated using three standard samples in three Marinelli
beakers filled with diluted HC1. Each sample contained 1,
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3, and 5.95 Bq of 226Ra respectively. The counting time
was 10 kilo seconds. For determination of the MDL, the
background was counted for 100 kilo seconds in the 609 keV
region of 21*Bi. The mean MDL value, calculated at 95%
confidence interval, was found to be 182 mBq.l"1.

2.2. Gross Alpha Counting Method

The radium is separated from water samples by
co-precipitation with barium and lead sulfates (7,8).
133Ba is also added to the water as a chemical yield
monitor and sulfuric acid is used to precipitate the
sulfates. The precipitate is dried on a plate and the gross
alpha counts are measured with a ZnS (Ag) scintillation
counter. The minimum weight of the sulfate precipitate was
about 18 mg corresponding to a density thickness of 1.48
mg.cnr2. The average efficiency of the alpha counter for
this thickness was calculated to be about %20.

There are four naturally-occuring radium isotopes in
the barium sulfate precipitate including a 2 aRa, 2 2 SRa,
aa*Ra and 223Ra with different half lives which can be
identified by the rate of ingrowth of their corresponding
daughters (5,7,8). The correction factor for the thickness
of the sample and the activity of 2aeRa in the samples
are calculated as recommended in the literature (9). In
particular, the sample thickness has a major effect on the
MDL. For a self absorption correction factor of 1,
corresponding to a thickness of 1.48 mg.cm~2, the lowest
MDL is determined to be 16.6 mBq.l~x while the maximum
MDL was determined to be 61 mBq.l"1 for a self absorption
correction factor of about 4 (9,10).

2.3. Emanation Method

In this method, 22SRa is determined by measuring the
activity of 222Rn and its daughters (4,8-12). The radium
is concentrated and separated from a water sample by
co-precipitation (the same as for gross alpha counting
method) of barium sulfate with 133Ba added as a chemical
yield monitor. After purification of the sulfate, it is
dissolved in alkaline EDTA and is placed in a bubbler which
is then closed and stored for the ingrowth of 222Rn
(usually for two weeks). Then, the bubbler is connected to
an evacuated system for the radon gas to be removed from
the bubbler into a 100 cc scintillation cell with a nominal
efficiency of 2.55 c.s-1.Bq~1. After 3 hours waiting
time for equilibrium, the scintillation cell was counted by
an Eberline scintillation counter Model SAC-R5. The
chemical yield was calculated by measuring the x33Ba
content of the radon bubbler by gamma spectrometry. Using
the Rushing formula (12), the 226Ra activity is
calculated. The MDL of this method was found to be less
than 2 mBq.!"1 (10).
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3. RESULTS AND DISCUSSION

The MDLs of the three methods are l i s t ed in Table 1.
The resu l t s indicate that gamma spectrometry has the
highest MDL. I t i s even higher than the intervention level

Table 1. Comparison of MDLs of three methods applied to
"*Ra determination of drinking water in Iran

Analysis

•ethod

68*

esc-

m*

Saapla

voluaa

(litar)

1

1.5

1.5

Chaalcal

pTOCasalilQ

duration

(<»«Y>

0

1

2

Saapla

storaga

duration

(day)

30

30

15

BC

count

per

(100 ks)

282

3000

300

Saapla

ccnnt

tiae

(•»)

10

96

48

MO.

(•Bq.l •)

182

16.6-61

2

o

for

MIL

(%)

22

<10

<10

MSB - gaaaa •pactroawtry

*6MC> groaa alpha counting

tion aatbod

of 110 mBq.l~x recommended in some countries (4); thus it
can only be applied for water samples with a high radium
content. The MDL of this method can of course be reduced
either by increasing the sample volume for direct
measurements, or by collection of 226Ra as Ba(Ra)S04
from water samples each with a volume more than one liter,
which is precipitated and counted (13,14).

The gross
from 16.6 to
thickness.

alpha counting method provides MDLs ranging
61 mBq.l"1 depending on the sample density

The emanation method, as expected, has a MDL of 2
mBq.l"1, which is the lowest among the MDLs of the three
methods studied. For this method, the required counting
time to reach less than 10% precision is about half of that
of the gross alpha counting method. It is an effective and
very sensitive method for determination of low levels of
a26Ra in drinking water.

Besides the above three methods, electrochemically
etched (ECE) polycarbonate was also used on the samples
prepared for gross alpha counting. This method, in
principle, provides a high sensitivity since the counting
time can be considerably long. The method is under current
investigation the results of which will be reported
elsewhere.

Depending on the sensitivity requirements, the first
three methods can be effectively used. However, to



ICHLNH,Ramsar,3-7 Nov. 1990 429

determine low levels of 226Ra in drinking water for
quality control in Iran, the emanation method was applied.
Table 2 shows 226Ra levels of 95 towns and villages using
the emanation method. Among the 135 samples from different
locations analyzed, only two locations showed high 226Ra
concentrations; i.e. samples from Chaboksar, 5 km west of
Ramsar, and samples from Villadarreh, north of Ardebil.
They both showed respectively values of 123.6 and 182.1
raBq.l-1 which are higher than the limit of 110 mBq.l"1

for 226Ra in drinking water.

Figure 1 shows the frequency of 226Ra activity levels
in drinking water in different regions of Iran. As it is
clearly shown in the histogram, the majority of the
measurements, i.e. about %54 of them, show levels between 2
to 10

2> 2-10 10-20 20-40

mBq/l

Fig. 1. Frequency of 2asRa activity in drinking
water in different regions of Iran.

4. CONCLUSIONS

Three different procedures for the determination of
a26Ra in water, namely gamma spectrometry, gross alpha
counting and emanation methods were developed to select a
method for provision of services in a national program. The
ECE track method is still under investigation. The
emanation method provides the lowest MDL of 2 mBq.l"1. It
was used for 226Ra determination in 135 water samples
from 95 towns and villages in Iran. Only 2 locations showed
values over 110 mBq.l"1. The program is well established
and it is now in routine operation.
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Table 2. 2 2 6Ra levels in drinking water
of 95 towns and villages of Iran

No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

Name of town
or village

Tehran
Karaj
Qazvin
Loshan
Rudbar
Rasht
Bandare-Anzali
Talesh
Astara
Lahijan
Ramsar
Chaboksar
Chaparsar-Ramsar
Sadatmahaleh-Ramsar
Kash-Ramsar
Rudsar
Rezvanshahr
Foman
Chalus
Alamdeh
Amol
Babol
Sari
Behshahr
Gorgan
Gonbad
Shahrud
Damghan
Semnan
Garmsar
Katalum-Ramsar
Mehriz-Yazd
Aliabad-Yazd
Marvast-Yazd
Harat-Yazd
Garizat-Yazd
Dehsheer-Yazd
Neer-Yazd
Taft-Yazd
Eshkezar-Yazd
Kharanagh-Yazd
Saghand-Yazd
Bafgh-Yazd
Kushk-Yazd
Bahabad-Yazd
Khezrabad-Yazd
Yazd
Maybod-Yazd

Date of
sampling

7-23-89
8-07-89
8-07-89
8-07-89
8-07-89
8-07-89
8-08-89
8-08-89
8-09-89
8-10-89
8-11-89
7-30-90
8-13-89
8-15-89
8-15-89
5-26-89
5-25-89
5-24-89
8-16-89
5-30-90
8-16-89
8-16-89
8-17-89
8-17-89
8-17-89
8-18-89
8-18-89
8-18-89
8-18-89
8-18-89
8-11-89

11-21-89
11-21-89
11-21-89
11-21-89
11-21-89
11-22-89
11-22-89
11-22-89
11-22-89
11-23-89
11-23-89
11-23-89
11-23-89
11-23-89
11-24-89
11-24-89
11-24-89

" 6 R a
(mBq.1

<2.0
4.2 + 0.
2.0±10.
3.2±

<2.0
<2.0
24.0 +
3.5 +
3.2 +
5.7 +
2.5 +

123.6+
17.6 +
<2.0
41.9 +
<2.0
<2.0
<2.0
8.5 +

<2.0
2.4 +

11.6 +
2.6 +

45.5 +
5.7 +
6.1 +

<2.0
2.8 +
2.9 +
3.7 +
8.2 +

<2.0
7.9 +
2.6 +
5.2 +
2.9 +
3.4 +
2.8 +

<2.0
5.2 +

15.4 +
4.0 +
7.9 +
4.9 +
7.0 +
3.4 +
2.8±

<2.0

0.

1.
0.
0.
0.
0.
8.
1.

2.

0.

0.
0.
0.
3.
0.
0.

0.
0.
0.
0.

0.
0.
0.
0.
0.
0.

0.
1.
0.
0.
0.
0.
0.
0.

3
1
2

7
2
2
4
2
6
2

9

6

2
8
2
2
4
4

2
2
2
6

5
2
4
2
2
2

4
1
3
5
3
5
2
2
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No.

49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

Table. 2 (

Name of town
or village

Ardekan-Yazd
Aghda-Yazd
Kashan
Natnz
Ardestan
Naein
Najafabad
Tiran-Isfahan
Chadegan-Is fahan
Daran-Isfahan
Khansar
Golpayegan
Falavarjan
Zarrinshahr
Mobarake
Burojen
Dahaghan
Shahreza
Semirom
Ejeyhe
Dolatabad-Is fahan
Khomeni shahr
Morchekhort
Maymen
Delijan
Qom
Shahinshahr
Isfahan
Mianeh
Zanjan
Ardebil
Vi1ladareh-ardebi1
Maraghe
Tabriz
Ahwaz
Mahshahr
Andimeshk
Ramhormoz
Behbahan
Gachsaran
Zarand-Kerman
Jiroft-Kerman
Siraj-Kerman
Raein-Kerman
Shahrebabak-Kerman
Sirjan-Kerman
Nourabad-Mamasani

continued)

Date of
sampling

11-24-89
11-24-89
7-09-89
7-09-89
7-09-89
7-09-89
7-11-89
7-11-89
7-11-89
7-11-89
7-12-89
7-12-89
7-13-89
7-13-89
7-13-89
7-14-89
7-14-89
7-14-89
7-14-89
7-15-89
7-16-89
7-16-89
7-17-89
7-17-89
7-17-89
7-17-89
7-17-89
7-17-89
3-31-89
3-29-89
3-29-89
3-28-89
3-30-89
3-29-89
3-18-88
3-18-88
3-19-89
3-19-89
8-03-90
8-03-90
5-08-89
5-08-89
5-13-89
5-11-89
5-17-89
5-17-89
8-03-90

2 = 6R
(mBq.1

<2
4

<2
2
3
3

10
5

<2
<2
<2
2
<2
2
<2
<2
3
3

<2
3
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3
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2
<2
4
<2
<2
<2
7
2
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A RADIOECOLOGICAL SURVEY OP
EATABLE ORGANISMS FOR NATURAL

RADIONUCLIDES IN HOT SPRING WATER

H. Zhu, X. Huang, H. Song
J. Li and J. Zhang

Institute of Radiation Medicine, Chinese
Academy of Medical Sciences
P.O. Box 71, Tianjin, China

ABSTRACT

This paper reports a radioecological survey on some
aquatic eatable organisms raised in a hot spring water,
which is rich in 2 2 6Ra, in Hubei Province; and on
agricultural products irrigated with the water. The
contents of 2 2 6Ra, a x oPb and 31°Po in the water, some
aquatic organisms, rice, vegetable and some other connected
environmental samples were determined. The Concentration
Factor (CF) or Transfer Coefficient (TC) from environmental
medium into the eatable parts of the organisms for these
nuclides as well as relative Distribution Factor (DF) was
calculated.

The following conclusions can be obtained:

(1) The hot spring water mainly contained U series
radionuclides. The contents of 2 2 6Ra, 2 1 oPb and
a i oPo were found to be 0.15, 5.9x10-* and
5.1xlO~s Bq.1"1 respectively. Neither of the local
rock soils seemed to be a source of abnormal
radioactivity in the water. The likely origin was
maceration of nearby U deposit. Because the water had
been used for irrigating and raising fish, the sludge
in the pond and the soil on the field were considerably
contaminated by 2 2 6Ra.

(2) The eatable parts of both snail and crucian raised in
the pond were contaminated by 2 2 6Ra, 2 1 oPb and
2 1 oPo. In eatable part of the snail the concentration
of these nuclides was one order more than that of
crucian. In other words, the concentrating ability of
snail's eatable part was much more than that of crucian
for the nuclides. The 2 2 6Ra content in the gill of
the crucian was less than in bone, scale and fin, but
more than in its meat. 2 1 oPb and a i oPo contents in
meat were about one order less than that in its bone.
The 226Ra content in snail's shell was about 44 times
more than in the eatable part, but 2 1 oPb and 21°Po
contents in the shell were 4 and 27 times less than

433



434 ZHU ot al.

that in its meat respectively. Transfer of these
bone-seekers was related to the Ca contents of samples.
Determined DF values indicated that the absorbability
of the eatable parts for Ca was more than that of
a a 6Ra, but less than that of 21°Pb.

(3) 2 a 6Ra, aioPb and a i oPo concentration in each part
of the mature paddy plant progressively decreased in
the following order: root, stem, seed grain and rice.
The contents of 2 2 SRa, a i OPb and a i oPo in the
bran were about 30, 6 and 5 times more than that in
rice respectively. TC from soil to rice for a i oPb was
less than that for a i oPo, but more than that for
2 2 6Ra.

TC from soil to eatable parts of the vegetables for
2a6Ra were about 10~3; TCs for 2 1 oPb from soil to
bolt of rape and shallot were about (l-3)xlO"a, but those
for 2 1 oPo were about (4-9)xl0~3. The absorbability of
rice for 2 1 opb was about 4.4 times more than for 2 3 6Ra,
but about 1.4 times less than for Ca. In bolt of rape and
shallot the absorbability for a i oPb was about one order
less than for Ca, but nearly one order more than for
a a sRa.

(4) The ducks bred on the paddy field and their eggs were
contaminated by aa6Ra too. aa6Ra contents in
eatable part of the eggs and its feather were less than
in bone and shell of the eggs, but were more than in
its meat. aa<5Ra contents in the duck's meat and
eatable part of the eggs were about 3% and 30% of that
in soil respectively. TC from soil of paddy field to
eatable part of the egg for a i oPo was less than for
a a 6Ra, but more than that of 2 1 oPb. By
determination of DF values, it was shown that the
absorbability of eatable part of the egg for 226Ra
was more than for a l oPb, but less than for Ca.

This investigation is considered to be significant for
drawing up some radiation protection standards and
estimating internal dose received by the consumer.

1. INTRODUCTION

This paper reports the results of a radioecological
survey on aquatic eatable organisms and agricultural
products raised in or irrigated with hot spring water,
which was rich in 2 2 6Ra, in Hubei Province of China. The
eatable organisms and agricultural products included
crucian, snail, rice, several kinds of vegetables, duck and
duck's egg. a a 6Ra, aioPb and 21°Po concentrations in
the spring water, soil of relevant paddy field and
vegetable plot were determined. Then the distributions of
these nuclides in the organism body and their transfer from
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environmental medium into eatable parts of the organisms,
i.e. Transfer Factor (TF) and Observed Ratio (OR), were
calculated and discussed.

Geothermal energy is one of the hoped for energy
sources. Its use in many branches of national economy is
increasing year by year. Field investigation was considered
to be better than lab investigation in ecological
researches because every body is in equilibrium with the
surrounding environment. This paper reports the results of
a radioecological survey on aquatic eatable organisms
raised in the h:-c spring water, which was rich in 2 2 BRa,
in Hubei Province, China and some agricultural products
irrigated with the water.

The hot spring is situated in a hilly region; and near
the area there is a U deposit underground. At the source of
the hot spring, underground hot water gushes out
continually. Some ponds had been formed long before and
some of them were used as fish ponds several years ago. The
water was particularly suitable to raising delicious fish,
originating from Africa, because of the quite high water
temperature all over the year.

2. MATERIALS AND METHODS

The crucian, snail, paddy plant at mature period,
several kinds of vegetables, duck and the duck's eggs, and
related environmental samples, including the hot spring
water, soil of the paddy field and vegetable plot were
collected and analyzed in 1981-1982. The dried and ashed
samples were made the same fresh samples by routine
pretreatment procedure. Dried samples were used for 21°Po
and 2XOPb determination, while the ashed samples were
used for the other radionuclides' analyses.

Analytical methods were as follows: sequential
determination of natural U and Th; sequential determination
of 22CRa and 22BRa; sequential determination of 21oPb
and 21°Po (1). The Ca contents were analyzed by the
permanganimetric method. All determined results were
corrected for decay and expressed as radioactivity of the
samples at the time of sample collection. The results were
expressed at 95% confidence.

3. RESULTS AND DISCUSSION

3.1. Radionuclide Contents of Sprang Water and Their Source

According to information reported by the local
geological department, PH of the water was 7.4 and its
total hardness was 48.68°. The contents of natural
radionuclides in the water were determined (Table 1). It
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Table 1. Radionuclide concentration
in spring water

Radionuclide

Natural U
Natural Th

" 6 R a
aasRa
22«Ra
21oPb
31°Po

Concentration

0.1 jig-l"1

<0.1 ;ig.l-x

2.12 Bq.1"1

5.2xlO~a Bq.l-1

<1.5xl0~2 Bq.l-1

8.1xl0~3 Bq.l-1

7.0x10"* Bq.l"1

can be seen in the Table that contents of 2 2 6 R a and
2 1 o P b in the hot spring water were higher than those in
normal natural water; therefore, in this work
radioecological investigation was focused to the U series
nuclides, a a « R a , a i o P b and 2 1 ° P o .

Local rock was primarily composed of shale, which is a
kind of sedimentary rock. In order to identify the sources
of activity in the water and local soil, the concerned
soil, sludge of the fish pond and control soil, which was
collected from top of a hill near the spring, were analyzed
for these nuclides (Table 2 ) . The control soil was
considered to be not contaminated by the radioactivity in
the water."Surface layer" means in the range of 10 cm from
the surface; while"deep layer" means deeper down. Except
that a a 6 R a activity contents in the paddy soil and pond
sludge appeared to be elevated, all of them were nearly in
radioactive equilibrium with a i o P b and a i o P o . The
a 2 6 R a elevation could be attributed to the high 2 2 S R a
concentration of the water. As regards the quite high
2 1 o P b and a i o P o contents in surface soil, it was likely
to be due to continual deposition from the local
atmosphere.

Table 2. Radionuclide contents in soil, Bq.kg- 1

Sample

Paddy Soil
Soil of Vegetable
Plot:
A
B
Pond Sludge

Control Soil:
Surface Layer
Deep Layer

" s R a

133 + 7

85 + 33
48±15

252+63

44 + 30
52+41

2 1 o P b

92 + 15

89 + 15
48 + 7
63 + 11

444+74
74 + 11

"°Po

74 + 7

78 + 11
67 + 11
59 + 11

411+41
59 + 7
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3.2. Transfer of aa«Ra, axoPb and axoPo from
Spring Water to Aquatic Organisms and
their Distributions

The contents of radionuclides in an organism depend on
water quality, metabolic characteristics of the organism
for the nuclides, equilibrium degree of the organism with
the surroundings, and so on. The distributions of these
radionuclides between eatable part and calcified tissue,
bone or shell, of the crucian and snail raised in the
spring water pond are shown in Table 3. From Table 3, it
can be seen that the contents of these nuclides in the fish
bone were about one order of magnitude higher than those in
fish meat; and the aaBRa content in snail shell was about
44 times higher than that in its meat; but aioPb and
axoPo contents in the shell were only about 1/4 and 1.27
of those in the meat respectively. aa6Ra or a i opb
concentrations in different parts of the organisms which
were expressed as pCi.g"1 (Ca) seem quite close to one
another. That means that the distribution of all
bone-seeking isotopes in organisms probably was related to
the Ca content.

Table 3. Distributions of aa»Ra, "°Pb and a l oPo

in different parts of aquatic organism*

OrgaAiflsS

Crodan

Snail

Fart

Maat

•on*

Scala, *in

B i l l

Maat

stall

"••a

1.110.2(23.SIS.

21.210.S(13.310.

21.111.5(17.411.

13.912.6(4O.S17.

5)

2)
5)

4.611.1(19.914.6)

203t«(17.S10.7)

0.110

5.110

o.aio.

0(2.110.1)

3(3.210.2)

-

-

1(3.610.6)

0.210.0(0.0210.01)

0.0710.

1.9210.

-

-

5.3610.

0.210.C

•o

0 0

16

37

1

Valoa In paranthaaaa aim a»|a.aaaad aa pCl.g-* O .

Transfer of radionuclide is characterized by Transfer
Factor (TF) and Observed Ratio (OR) for bone-seeking
isotope. The former means transferable ability, while the
latter is a measure of the transferability relative to Ca
(2). The determined results of TF and OR for the transfer
from water to eatable parts of the fish and snail are
listed in Table 4. It can be seen from the Table that: the
transferable ability of these nuclides from the water to
snail meat was much more than that to the fish meat; among
these radionuclides, the TF for aioPo was the greatest,
for aioPb less and for aa6Ra the least; although the TF
of snail meat for aa*Ra and aiOPb was much more than
that of fish meat, yet the ORs of them were near to each
other. It means that transfer of aa6Ra and 21opb was
related to Ca behaviour. The results indicated that the
absorbability of aioPb for fish meat and snail meat was
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Table 4. TF and OR of radionuclide transfer from water
to eatable parts of aquatic organism

Eatable Part

Crucian Heat
Snail Meat

"•Ra

TF

0.S2
2.17

aaopb

OR

0.12
0.10

TF

12.3
102

OR

2.8
4.7

TF

105
7630

higher than that of Ca,
than that of Ca.

but the ability of aa6Ra lower

3.3. Transfer of 2a*Ra, *loPb and "°Po fro* Paddy
Soil to Paddy Plant and their Distributions

Paddy field is probably farmland that is irrigated with
more water than the others. The determined results of these
nuclides in different parts of the collected plants is
showed in Table 5-6. From Table 5, it can be observed that
radionuclide contents decreased progressively in the
following sequence: root (only determined for a a 6 R a ) ,
stem and leaf, grain, rice. The contents of a a sRa,
31oPb and 3loPo in the bran were about 30, 6 and 5
times more than those in the rice respectively. The
decreasing order for aa*Ra was similar to that reported
for 9OSr (2). Table 6 indicates that: for different parts
of the paddy plant, the decreasing order of TF of these
radionuclides was the same as that for concentration
distribution; among these nuclides, the TF of aa6Ra seems
to be less than that of aioPb or 21°Po; the
absorbability of aioPb for rice or other part of the
plant was less than that of Ca, but more than that of
a36Ra.

Table 5. Distributions of a " R a , "°Pb and "°Po
in different parts of paddy plant

part

Root
Staa, Luf
Crmln
•ran
M a

Ca Cootaat

g.kg "

3.94
3.50
0.131
0.20$
O.OOC

""••a

• q . k g -

197
20.3
3.1
2.S
0.1

pCi.g •
Ca

MM0

1««

6C7

342

401

***Pb

•q.kg-»

7t.4
7.4
1.7
0.3

pCi.g—
Ca

606
1527
21*

1201

•q.kg-'

26.S
4.1
2.3
0.5
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Table 6. TF and OR of radionuclide transfers from
soil to different parts of paddy plant

439

Part

Root
Stem, Leaf
Grain
Bran
Rice

"•Ra

TP

1.17
0.152
0.024
0.020
7.1x10-*

OR

0.435
0.068
0.269
0.138
0.162

"°Pb

TF

0.85
0.08
0.018
0.003

OR

0.36
0.90
0.13
0.71

"°Po

TF

0.36
0.055
0.31
0.007

2.i. Transfer of 2a«Ra, a i oPb and 2XOPo fro«
Soil to Several Kinds of Vegetable

As shown in Table 2, 2a6Ra content in the soil of the
vegetable plot was less than that of the paddy field. It
was probably due to less irrigation with the spring water.
Determined contents of a26Ra and its transfers from soil
to these vegetables are shown in Table 7, while those of
21oPb and 21oPo are given in Table 8. It can be seen
that: the 21oPb and 21°Po contents in the vegetables
were more than 226Ra contents and all of them were about
0.1-1 Bq.kg-1 order of magnitude; the decreasing order of
TF from soil to the vegetables seems to be a i oPb, aioPo
and 226Ra; for bone-seeking isotopes, 226Ra and
21oPb, the absorbability of 2iOPb was less than that of
Ca, but more than that of a a eRa, which was the same as
mentioned above for paddy plant.

Table 7. Transfer of :

Sample

Rape
Chinese
Cabbage
Radish
Garlic Stem
Shallot

'"•Ra from soil to some vegetables

"•Ra Content

(Bq.kg-1)

0.1710.06
0.2710.11

0.1010.06
0.3010.16
0.1410.07

(pCi.g-*)
Ca

18.41 6.6
8.01 3.4

13.61 7.8
19.6110.0
11.21 5.2

TF

1.9xl0-3

3.1xlO-3

1.2xl0"3

6.3xlO"3

3.0xl0-3

OR

ll.SxlO"3

5.0xl0-3

8.5xl0"3

6.7xl0"a

3.8xl0-a

3.5. Transfer of aa«Ra, aioPb and a x oPo fro« Paddy
Soil to Duck and its Egg and their Distributions

On the Paddy field there had been bred lots of ducks
for a long time, so we collected and analyzed different
parts of the duck and its egg for these radionuclides
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Table 8. Transfer of "°Pb and aloPo
tram soil to rape and shallot

Saapla

Kapa
Shallot

•"•Hi

Bq.kg—

0.S310.16
1.2410.22

Ca

92tlt
9611*

9.4x10-*
2.6x111-*

•"Po

OK

5.«xl0-»
0.34

10*2
0.510.1

5.0x10-*
7.2x10*

Decreasing sequence
to these parts was
feather, meat; but
feather, bone, meat
easier to transfer

(Table 9). It can be seen that in various parts of the duck
body and egg, 22«Ra contents in duck bone and egg shell
were about two orders of magnitude higher than that in duck
meat and one order higher than that in egg content.

of TF for 226Ra to transfer from soil
bone and egg shell, egg content,
that of OR for 22SRa was egg content,
and egg shell, meaning that a26Ra was
to egg content than to the other parts

of duck and its egg in relation to Ca content. It has been
reported that egg showed quite high 33eRa and (or)
228Ra contents in the New York diet and the Chinese diet
(1,3). 226Ra concentrations in the duck meat and egg were
about one order higher than those reported in literature.
21°Po content in the egg was significantly higher than
the reported value in normal areas of China (1). Therefore,
it can be concluded that the duck and its egg were
contaminated by 22«Ra and 2 1 oPo originating from the
hot spring water.

Table 9. Transfer of radionuclides
from soil to duck and egg

Saapla

S o U

Ouka: Mart
•ana
Matter

agg: Shall
Oantant

Mclida

*****
»«Pb
•*«*o
"'••a
•~fai
• " h

""•a
*»"»a
"°tb

~ * >

Coocantraticn

133.017.4
92.5114.I
37.017.4
0.2010.14

40.713.7
3.011.1

37.0111.1
5.9210.37
0.1510.02
1.5510.30

pd.,r*c.

2.5X10*
1.7x10*
6.BX10*

10.3
1«.9
ea. 9

3 . 2

4.1X10*
10.6
1.1x10"

_

-

-

1.5x10"*
0 . 3

2.2x10-*
2.«xlO-*
4.4x10-*
1.6x10-*
4.2x10-*

OB

_

-

4.1x10-*
7.6x10-*
2.8X10"*
1.3x10"*
0.16
6.2x10-*

-
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3.6. Transfer Pathway and Transfer Factor of Radionuclides

To summarize the above discussion, the source and
transfer pathway of the nuclides from the environment to
related organisms are shown in Fig. 1. 236Ra contents in
related foods, particularly in snail meat, fish, duck and
its egg, and aloPo in the rape and duck egg seem to be
significantly higher than the reported value for normal
radiation areas (1,4,5), so it can be considered as
elevated natural radiation situation.

aMRn entered Into ataospbera

deposition deposition

Bat Spring

Fish Pood

Crucian Snail

Irrigation

U or*

deposit

•em

-Seal*,Fin

Paddy Field

Underground

Water

Paddy plant

Sludge

-•Grain

t-Bran

Vegetable Plot

Dock

-Feather

Meat

I-Shell

•"-Content

Shallot

- Bolt of Rape

Cabbage

Garlic Stea

Pig. 1. Transfer pathways for natural

radionuclides in spring water.

Based on laboratory research about root absorption in
soluble form of element, Pb had been regarded as strongly
excluded element, and TF was less than 10~2; while Ra as
not concentrated element and TF was between 0.1-10, but Se
and Te, which were similar elements to Po, as slightly
concentrated element, and TF was between 1-100 (6).
However, determined TF of aiOPb was more than that of
aa6Ra in this work. Local air deposition probably was one
of the causes at least. In this work, the TF of 21°Po in
aquatic organisms was found to be more than that of
a i oPb, consistent with reported results (2).
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4. CONCLUSION

4.1. The hot spring water mainly contained U-Series
radionuclides; 22<sRa, axoPb and axoPo contents in the
water were found to be 2.12, 8.1 x 10~3 and 7.0 x 10~*
Bq.kg"1 respectively. Neither local rock nor soil seemed
to be the source of the abnormal radioactivity in the
water. The origin was likely to be maceration of nearby U
deposits.

4.2. The eatable parts of both snail and crucian raised
in the pond were contaminated by " e R a , 2 x oPb and
21°Po. The concentrations of these nuclides in the snail
meat were one order of magnitude higher than those in the
fish meat. Among these nuclides, the TF from water eatable
parts of aquatic organisms for 2xoPo was the greatest;
for axoPb less; and for 22eRa the least, It was shown
that 22<sRa and 21oPb distributions were related to the
Ca behaviour.

4.3. The TF of 226Ra through root from soil to the
rice was less than those to other parts of the paddy plant
or to these vegetables. The decreasing sequence of TF for
these nuclides from soil to different parts was root (only
analyzing a a 6Ra), stem with leaf, grain, rice. For these
vegetables, the TF of 2xoPo from soil to eatable parts
was less than those of 2 1 oPb, but more than those of
aacRa. Depending on determined OR, the absorbability of
21oPb was less than that of Ca, but more than that of
226Ra.

4.4. 226Ra contents in duck bone and the egg shell
were significantly higher than those in the meat and egg
content respectively. The TF of aioPo from soil to the
egg content was less than that of 2 2 6Ra, but more than
that of aiOPb. The absorbability of aasRa for the egg
content was much more than that of 2 X OPb.
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ABSTRACT

Springs are found in several locations in Indonesia.
Some of the springs give out warm water containing natural
radioactivity due to the uranium decay products,
particularly containing 2 2 6Ra, 222Rr« and dissolved
minerals. Usually used by public for medical treatment and
recreation. Measurements were carried out for radioactive
concentrations, working levels, and dose rates at Cipanas,
Ciater, and Ciseeng in West-Java. The concentration
measurements in these areas varies from 30 to 1,331
pCi.l"1 or 1.11 to 49.25 Bq.1"1 for 226Ra and that of
1,200 to 21,700 pCi.l-1 or 44.40 to 820.90 Bq.l-1 for
2a2Rn. For the working level varies from 0.13xl0~3 to
1.98xl0-3 WLM. The dose rate is approximately 5.4 to 35.6
urad.h"1. The effective equivalent dose received by
employees and people who live surrounding the hot springs
is about 807 mrem.y-1 or 8.07 mSv.y-1 at Cipanas, 1,446
mrem.y-1 or 14.46 mSv.y-1 at Ciater, and 2,168
mrem.y"1 or 21.68 mSv.y-1 at Cipanas, respectively.

1. INTRODUCTION

Hot springs are found in various parts of the world.
Some of the natural springs give warm water containing high
radon concentration. In some partes, usually they are used
by public for medical treatment and recreation (1).

Radon gas from hot springs water sources can easily
release into the air, causing higher radon concentration in
side as well as out side the room than that in normal
condition. People who use hot springs for medical treatment
and recreation will receive external and internal radiation
exposures resulting from radon gas and its daughter's
products which enter the human body through inhalation
causing lung cancer (2,3).

Patients and Visitors for a short time in the hot
springs will receive small radiation exposures where as the

445
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workers and vendors in the surrounding of the hot springs
will receive high radiation exposures. Therefore serious
attentions should be paid. In this paper measurement
results describing external and internal radiation in hot
spring including 222Rn and 226Ra concentrations,
working levels, and dose rates are presented.

The measurement of natural radiation had been carried
out in three areas in West-Java, Indonesia, such as Cipanas
(Garut region), Ciater (Bandung region), and Ciseeng (Bogor
region) started from January to June 1987. Sampling was
conducted four t'mes within six months during wet and dry
seasons. Figure 1 shows the locations of hot springs in
West-java. The positions of various hot springs in the
areas aro separated from each other by approximately 60-120
km distance.
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Fig. 1. Three locations of hot springs in West-Java.

The aim of the measurements is to obtain natural
radiation data of hot springs to be considered by the
workers and the vendors surrounding of the hot springs.

2. EXPERIMENTAL PROCEDURES

The experimental part of this study includes sampling,
measurements of 226Ra and 222Rn concentrations in hot
springs, measurements of radiation doses rates, and working
levels.

2.1. Determination of " 6 R a and " a R n Concentrations

To determine 226Ra and 222Rn concentrations in hot
springs, samples were collected for 226Ra and 222Rn
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analysis. Before sampling some parameters had been measured
such as PH and temperature. Sampling period was conducted
four times, at 8 and 12 AM. Samples were taken by a pump
and collected in plastic jerricans.

In this methods, 5 liters of hot spring samples were
collected for 226Ra analysis and evaporated until 0,4
liter volume and collecting the build-in radon gas in one
liter Marinelli beaker and sealed with silicon greese for
30 days. 222Rn and its short lived decay products are in
radioactive equilibrium when measured again to determine
226Ra concentrations.

For measuring 222Rn concentration, 0.4 liter of
sample was collected in one liter Marinelli beaker sealed
with silicon greese for 3.5 hours. After 3.5 hours
radioisotopes resulting from 226Ra decay will have
reached radioactive equilibrium one to another, meaning
activity of each radioisotope will be equal to that of the
parent.

The decay products of radon i.e 218Pb (RaA), 21*Pb
(RaB) and 21*Bi (RaC). Before counting, the scintillation
bottle must be calibrated with a known activity of radon
gas.

For the measurements of aa6Ra and 222Rn
concentrations, a gamma spectrometer with Hp-Ge detector is
used. Concentration of 226Ra and 222Rn were determined
relatively using a 2asRa standard source obtained from
NBS.

The data evaluation using a statistic method with a
standard deviation of 65% confidence level. The accuracy
measurements is 5% for 22<sRa and 15% for a a aRn. The
lower limit of detection (LLD) of ai*Bi with 609 keV
energy is 1 pCi.l"1 or 0,037 Bq.l"1.

2.2. Dose Rate Measurement

Dose rates had been measured directly using the Reuter
Stokes RSS-111 Ionization Chamber at the locations of hot
springs i.e Cipanas, Ciater and Ciseeng. The ionization
chamber detector is normally placed at 1.5m above the
ground. The measurement was conducted for 30 minutes
with time intervals of 5 minutes for each location at 8
and 12 AM.

2.3. Working Level Measurement

Thomas method was used for working level Measurements.
This method is chosen because it is simple and has a
sufficient accuracy, i.e. sampling of air by using the air
sampler, and is collected through a filter paper. Air
samples had been usually collected through filter paper by
air sampler at three locations mentioned above of hot
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springs at 8 and 12 AM. The samples were collected at flow
rate of 100 l-min"1 for 5 minutes or total sample volume
of 500 liters and were placed at 1.5 m above the ground.

Samples were counted using an alpha scintillation
counter with ZnS(Ag) detector. The counting time was
conducted from the 2 n d to the 5 t h minute, from the
6th tu the 20 t h minute and from the 21-t to the
30 t h minute after the end of sampling. The working levels
can be calculated following the equation:

WL=(l/1000EV)(0.0961

Where:

- 0.0650 0.1881

WL
E
V
N a ,

N 6 ,

N 3 1

s

so

. 3O

is the working level,
is the counting efficiency of 0,196 cpm/dpm,
is the rate of sampling (l.min"1),
is the counting number of the 2nd to the 5 t h

minute
is the counting number of the 6th to the 20 t h

minute
is the counting number of the 21 - t to the 30 t h

minute.

3. RESULTS AND DISCUSSION

The result of 226Ra and 222Rn concentrations are
tabulated in Table 1 or which are summarized graphically in
Figs. 2 and 3.

Table 1 or Figs. 1 and 2 show that the highest
concentration in hot springs of 222Rn is fro;n Ciseeng
approximately of the order of 3 times higher than that from
Cipanas as well as Ciater. 222Rn concentration is hundred
times higher than that of 226Ra due to resulting from the
decay of 226Ra in water and mainly due to 222Rn is
trapped and accumulated in the chink of rocks and soil gas
depending on the concentrations of a26Ra in the soil,
soil moisture and density (4).

226Ra concentration varies from 100 to 1000 times
higher than of drinking water for people surrounding the
hot springs areas. 226Ra concentration in drinking water
various from undetectable to 0.02 Bq.l"1 (5).

High concentration of 22SRa and 222Rn in hot
springs are probably due to this fact that uranium is the
precursor of 226Ra and its decay products co-exist with
silica which constitute approximately 70% of granite
components (6).

Table 1 shows that the concentration of 226Ra is very
high at Ciseeng, it is probably that hot springs contain
uranium deposit.
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In wet season " s R a and 222Rn concentration in hot
springs are low where as in dry season the concentration is
high. In wet season hot springs are diluted by rain water
and will absorb through soil and rocks. When in hot springs
sources the salt concentration is high, 226Ra
concentration will increase due to the inorganic salt of
226Ra formed as RaCl2 (6).

Table 1. "«*Ra and a a aRn concentration in hot
springs for three locations in West Java

Location

Clpanaa

Stapling

XocAtion

i i

i n

Sailing

t u a

15-1-87

13-3-87

24-4-87

27-6-87

15-1-17

13-3-87

24-4-87

27-6-87

15-1-87

13-3-87

24-4-87

27-6-87

Average

pa

6 . 0

6.5

6 . 0

6 . 5

6 .0

6 . 0

6 . 0

6 . 0

6 . 0

6 . 0

6 . 0

6 . 0

Teaparatura

(~C)

39.0
39.0
46.0
40.0

44.0
45.0
44.0
44.5
45.0
45.5
40.0
44.0

pCl . l*

141.30
45.30

249.60
651.50

72.50
206.40
196.30
190.50
75.50
60.20

203.40
276.10

•Ha

• q . l - «

5.20
1.70
9.24

24.11

2.68
7.64
7.26
7.05
2.29
2.23
7.53

10.22

7.30

pci.i-*

3,566
2,540
4,100
4,068

1,219
2,955
2,519
2,860
2,770
2,581
3,260
3,541

Bq.l •

131.94
93.98

151.70
150.52

45.10
109.34
93.20

105.82
102.49
95.50

120.62
131.02

110.94

Ciater

Average

I 16-1-87
14-3-87
25-4-87
28-6-87

2

2

2

2

. 0

. 0

. 0

. 0

43.0
44.0
44.0
44.5

30.00
47.30

192.70
503.70

1

1

7

18

9

. 1 1

. 7 5

. 1 3

. 6 4

. 5 4

2

3

4

3

,301
,950
,057
,425

8 5 .

146.
150.
126.

169.

1

1

1

7

3

Claeeog

Average

I

I I

17-1-87
16-3-87
27-4-87
30-6-87

17-1-87
16-3-87
27-4-87
30-6-87

6 . 0

6 . 0

6 . 0

6 . 0

7 . 0

6 . 0

7 . 0

6 . 0

37.0
40.0
42.0
39.0

43.0
41.0
43.0
44.5

1,027.80
560.00

1,025.60
1,331.00

829.20
609.10
531.70
604.70

38.03
20.72
37.95
49.25

30.68
22.54
19.67
22.37

34.46

21,74
19.680
20.950
18.723

16,920
13,246
11,836
13,451

804.4
728.1
755.1
692.7

626.0
490.1
437.9
497.6

721.7

tztm 15-1-1987 to 16-3-1987 ia Ui* Mt-

Tztm 24-4-1987 to 30-1-1987 la the dry-
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Fig. 2. Schematic diagram of 2 2 6 R a concentration
in hot springs for wet and dry season.
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Fig. 3. Schematic diagram of aaaRn concentration
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The results of working levels and dose rate at three
locations can be seen in Table 2.

Table 2. Result of working level and dose rates in
several hot spring sources in West Java

Location

Cipanas

Average

Ciater

Average

Ciseeng

Average

Date of
sampling

15-1-1987

13-3-1987

24-4-1987

27-6-1987

15-1-1987

13-3-1987

24-4-1987

26-6-1987

15-1-1987

13-3-1987

24-4-1987

26-6-1987

Time

08
12
08
12
08
12
08
12

08
22
08
12
08.
12.
08.
12.

08.
12.
08.
12.
08.
12.
08.
12.

.00

.00

.00

.00

.00

.00

.00

.00

00
00
00
00
00
00
00
00

00
00
00
00
00
00
00
00

WL
(xlO-*

3
2
4
2
3
2
4
2

3

7
5
9
4
6
4
7.
1.

5.

8.
5.
9.
4.

19.
6.
8.
6.

8.

.4+0

.9±0

.9±0

.6±0

.8±0

.0+0

.2±0.

.7±0.

.3±0.

.8±0.

.6+0.
6±0.
5+0.
7±0.
2±0.
5±0.
3±0.

9±0.

3±0.
6±0.
8±0.
9+0.
8+0.
7±0.
6±0.
3±0.

8±0.

1

.4

.2

.2
1
3
2
4
3

3

5
2
4
3
2
3
2
3

3

2
3
2

4
3
4
2
5

3

Dose rate
(urad.h-*)

5
6
8
5
5
5
8
5

6

11
9
12.
9.
11.
11.

.9±0

.0±0

.6±0

.4±0

.7±0

.6

.4

.7

.3

.2
.5±0.6
.2±0
.7±0

4±0

8±0
9±0
6±0
l±0
7±0.
2±0.

11.8±0.
10.

11.

28.
26.
33.
30.
35.
31.
30.
28.

30.

l±0.

010.

6±0.
6±0.
2±0.
4±0.
6±0.
7±0.
5±0.
5±0.

6±0.

.8

.5

.5

2
6
3
5
2
7
8
7

5

3
5
6
3
4
7
3
6

5

Table 2 shows real correlation between the dose rates
and the working levels. If the working level is high the
dose rate will be high as well. It is known that aaaRn
decay products are ai*Pb and ai*Bi are gamma emitters.

Consequently if radon decay concentration in terms of
working level become higher, additional gamma radiation
will be obtained and the dose rate becomes high as well.
The important factor determining dose rate is local
geological conditions, e.g. the dose rate of hot springs at
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Ciseeng being between 26.6 and 35.6 urad.h"1, is higher
than that of Cipanas, with a dose rate between 5.4 and 8.6
urad.h"1, and between 9.1 and 12.6 urad.h"1 at Ciater
respectively, because Ciseeng contains many natural
radionuclides such as aa<sRa and its decay products which
reaches 21,741 pCi.l~x or 804.42 Bq.l"1.

Working levels resulting from radon decay products is
high in the morning and will decrease at noon. This can be
described as follows.

In the morning meteorological conditions show low
temperature, high humidity and low wind velocity. Therefore
radon releases from hot springs and soil to the atmosphere
will slowly spread out. This brings about radon and its
decay products will be accumulated at the lower layer of
the atmosphere so that the working levels become high. But
at noon due to high temperature, low humidity and fast wind
velocity, radon and its decay product will spread
immediately to all direction resulting low working level.

Suppose the workers and people are working at the hot
springs for 170 hours.month"1, the radiation exposure
will be calculated in terms of Working Level Month (WLM)
and annual dose (Table 3). Internal dose rate in soft
tissue resulting from radon decay is so far not measurable
but it can be calculated.

Location

Cipanas
Ciater
Ciseeng

Table 3.

Working

Average working level
(WLM) and dose rate per

level month per year
(WLM.y-1)

0.67±0.05
1.20+0.06
1.78±0.13

month
year

Annual
(mrad.

13.01+1
22.4611
62.4S+.0

dose
y-x,

.04

.02

.94

Table 4 shows the results of dose rate at epithelium
bronchi resulting from radiation exposure from radon and
its decay products using an average conversion factor of
0.7 rad.WLM"1 for all ages (6) and for particle quality
factor of 20. Internal dose calculation is specified for
epithelium bronchi because this soft tissue received high
radiation exposure compared to pulmo as well as total lungs
(7).

To calculate effective dose equivalent, dose equivalent
should be multiplied by effective factor of 0.085 (7). As
it can be seen in Table 5, the 0.48 WLM.y"1 limit for
decay products will equal to an effective dose equivalent
limit of 500 mrem.y1 (5 mSv.y~l). From the above
calculation,
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and people surrounding the hot springs w i l l receive
dose rates of 797±59 mrem.y-* (7.97+0.59
in Cipanas, 1,428+71 mrem.y-1 (14.28±0.71
in Ciater and 2,118+154

in Ciseeng (Table 4 ) . mrem.y" ( 2 1 . 1 8 + 1 . 5 4

Table 4. Internal doae received by ephithelium bronchi
resulting from radon decay exposure per year

— -

Clpanaa

Ciatar

Claaang

Doaa rata

Par yaar

•rad.y-1

469135

840142

1,246191

•qolval

•I

9,

16,

24,

-.y

3801

8001

29011

ant <fc

t

700

840

,820

>aa par yaa

, •*

93

168

242

v.y *

.8017.

.0010.

.9 118

r

00

40

.2

Bf factlve doaa

equlvalant par yaaj

araa.y -

797159

1,428171

2,11811S4

•Bv.y-

r

t

7.9710.59

14.2810.71

21.1811.54

k: Quality factor for alpba : 20

Oonvaralcn factor all agaa : 0.7 rad/MLH

Iffactlro coavarslon factor: 0.08S

External e f f e c t i v e dose equivalent can be calculated
from dose rate mult ipl ied by e f f e c t i v e conversion factor of
0 .8 , so that workers and people surrounding the hot springs
w i l l receive external dose of 0.10+0.09 mSv.y-1 at
Cipanas, 0.18+0.008 mSv.y-1 at Ciseeng and 0.50±0.08
mSv.y"1 at Ciater, respec t ive ly (Table 5 ) .

Table 5. External dose received by
the whole body per year

Location

Cipanaa

Ciatar

Ciaaeng

Doaa rata

par yaar

•rad.y *

13.0111.04

22.4611.02

62.4510.94

aqnlvalant doaa

par yaar

area.y '

13.0111.04

22.4611.02

62.4510.94

•Sv.y l

0.1310.01

0.2310.01

0.6310.01

•ffactlva doaa

aqulvalant par yaar

10.4010.85

17.9610.81

49.9610.75

•Sv.y '

0.1010.009

0.1810.008

0.5010.008

Baaark: Quality factor for gaaaa : 1

•ffactlva dlatribution factor: 0.8

Average total of external and internal effective dose
equivalent per year received by workers, people and vendors
living surrounding hot springs are 8.07+0.60 mSv.y-1 at
Cipanas, 14.46+0.72 mSv.y"1 at Ciater and 21.68+1.54
mSv.y"1 at Ciseeng, respectively (Table 6).
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Table 6. Annual total average dose equivalent
and effective dose equivalent.

location

Cipanaa
CUtar

•qalvalant dot

9,393.011701
16,822.461641
24,352.45*1,621

•a par ya«r

93.93 17.01
166.22516.41
243.525116.21

(tractive doa

607.4 160
1,445 96172
2,167.961155

•a aqolvalant

6.074 10.06
14.459610.72
21.679611.55

4. CONCLUSIONS

From the analysis of results the following general
conclusions can be made:

1. The concentration in hot springs of aaaRn from
Ciseeng are approximately of the order of 3 times
higher than that of Cipanas as well as Ciater.

2. The concentration of
higher than that of
around the hot springs.

2a6Ra varies from 100-1000 times
drinking water of people living

3. The highest concentration of aa6Ra and 2aaRn in hot
springs due to uranium is the precursor of aa6Ra and
its decay products. At Ciseeng, aa6Ra concentration
is very high being 1,331 pCi.l"1 (49.25 Bq.l"1) and
it probably contains uranium deposits too.

4. Working levels and dose rates are high in the morning
due to metereological conditions, showing high
humidity, low temperature and low wind velocity. But at
noon due to high temperature, low humidity and fast
wind it shows low working levels and dose rates.

5. Working levels and dose rates at hot springs in Ciseeng
as well as in Ciater are high due to high natural
radioactivity content such as aa6Ra and aaaRn.

6. The highest working level month (WLM) at Ciseeng is
1.78+0.13
WLM.y-».

WLM.y-x still below the maximum limit of 4

7. When in hot springs sources of salt concentration is
high, aasRa concentration will increase being also
due to the inorganic salt of aa6Ra/ formed as
RaCla.

8. Average total of external and internal dose rates per
year received by the workers and people surrounding the
hot springs are 807.4+60 mrem (8.074+0.60 mSv.y"1) at
Cipanas, 1,446±72 mrem (14.46±0.72 mSv.y~x) at
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Ciater, and 2,168±154 mrem (21.68±1.54 mSv.y"1) at
Ciseeng, respectively.
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ABSTRACT

Many areas of the world possess unusually high levels
of natural radioactivity leading to increased natural
radiation exposures of their inhabitants. Since the
carcinogenesis is the principal hazard of ionizing
radiation, a study of any biological effect on human beings
exposed continuously to natural radiation would provide
available data for the estimation of radiation risks. Some
countries such as Austria, Brazil, Finland, France, India
and Japan have reported the results of some cytogenetic
studies of inhabits of such regions. To obtain such data in
Iran, some physical and biological studies have been
underway at the National Radiation Protection Department in
the Atomic Energy Organization of Iran.

Some cytogenetic studies including chromosome
aberrations have been carried out in peripheral blood cells
of some inhabitants of two regions including Talesh
Mahalleh of Ramak and Katalom in high level natural
radiation areas of Ramsar, where the radiation exposures
have been determined in another study. The results are
compared with those of another region nearby Tonekabon with
similar socioecologic conditions (as a control region) but
with normal natural radiation background.

The chromosome aberration were scored in 10152 cells of
54 subjects in Talesh Mahalleh of Ramak, 1729 cells in 15
subjects in Talesh Mahalleh of Katalom and 5969 cells of 34
subjects in the control region. The total chromosome
aberration frequencies for these groups are given
respectively as 2.81+0.16, 2.20+0.33 and 1.37+0.18 per 100
cells. Based on these preliminary studies, there seems some
significant differences between cytogenetic results of
study and the control groups in particular between the data
for Talesh Mahalleh of Ramak and the control group. Besides
these two regions, 13 subjects from Tehran also were
examined as control. A total number of 1640 cells was
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analyzed with mean aberrations of 1.30±0.29 per 100 cells.
Sister chromatid exchange (SCE) studies were carried out in
the test and control groups. There is no significant
difference between the results of SCE studies. In this
paper, some preliminary results of this continuing project
are presented and discussed.

1. INTRODUCTION

Chromosomal aberration studies were carried out in
countries with high levels of natural radiation (1-7).
Almost in all regions studied, it was shown that
chromosomal aberration frequency was higher than that in
control areas. The findings clearly support the idea that
high levels of natural radiation are considered an
environmental hazard for the inhabitants.

Ramsar also is a town in the northern part of Iran at
the coast of the Caspian Sea, which has high levels of
natural radioactivity in soil, mineral water, etc. The
336Ra contents in soil varies from site to site and it is
shown that some places possess very high levels. External
radiation exposures from soil range between 80-5500
urad.h"1 in different areas (8,9). Recently, it has also
been reported that inhabitants of Talesh Mahalleh of Ramak,
one of Ramsar suburbs, are exposed to indoor radiation in
particular radon from the ground and the building materials
(10-15). Measured mean value for 323Rn concentrations in
many of houses was found to be approximately 615 Bq.m~~3

with a maximum value of 3.7 kBq.m~3 (12). So it seems
necessary to verify the effect of the high levels of
radiation to the inhabitants using cytogenetic methods in
order to detect any possible biological effects.

Two suburbs of Ramsar within a 4 Km distance from each
other were selected for investigation so called Talesh
Mahalleh of Ramak (group A) with 2000 inhabitants and
Talesh Mahalleh of Katalom (group B) with 700 inhabitants.
Khalkhal Mahalleh of Tonekabon (group C), a small village
with 400 residents of similar socioeconomic conditions but
with normal background radiation, was chosen as a control
area. Tonekabon is placed 30 Km far from Ramsar. In order
to further have a point for comparison as another control
group with a different living habits and environment, we
selected 13 subjects from healthy donors randomly from
Tehran. The results of the studies on cytogenetic survey of
inhabitants of highest level natural area of Ramsar are
presented and discussed in this paper.

2. MATERIALS AND METHODS

Human peripheral blood from the inhabitants of the
selected areas were collected and they were transferred to
Tehran within 24 hours. A standard culture technique was
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employed (16). Two whole blood cultures were set up for
each sample as follows: 0.3 ml blood was added to 5 ml
medium (Ham's F10 containing 0.1 ml phytohemagglutinin
(PHA), 0.1 ml antibiotics, 15% fetal calf serum). Three
hours prior to the harvest, 0.1 ml colchicine was added to
each culture. Chromosomal aberrations were scored from
preparations made from 72 hour fixation time.

The investigation on SCE was also carried out on 20
persons within group A and control group C. Whole blood
cultures were set up as above with adding BUDR (6 jig.ml"*
final concentration) and slides were stained with Hoechest
and without Hoechest (17-19).

3. RESULTS

The results of the cytogenetic studies for 54
individuals from group A, 15 individuals from group B, and
34 individuals from group C (control area) and also 13
individuals from group D are shown in Table 1.

Table 1. Chromosomal aberrations per 100 cells
in inhabitants of studied areas

Area

group
(A)

group
(B)

group
(C)

group
(D)

No. of
persons

54

15

34

13

Mean age
(year)

(08-66)
35.62
(16-66)
34.27
(15-55)
32.94
(25-55)
34.77

No.of cells
scored

10152

1729

5969

1640

Total No. of choro-
mosomal aberr./lOO

2.81*0.16

2.20±0.33

1.73±0.18

1.30±0.27

The mean frequency of chromosomal aberrations in group
A showed a significant difference compared to the control
group. But no difference was found for group A and B. Table
2 shows chromosomal aberration frequency per ceils. Ring
type aberration was not found. A preliminary investigation
on SCE was carried out on some persons in control group.
The results are presented in Table 3, with no significant
difference between them.

4. DISCUSSION

The mean frequency of total number of aberrations in
group A shows a difference with a P value less than 5%,
compared with group C as control, but no difference was
found between group A and B.
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Table 2. Frequency of chromosome aberrations
per 100 cells in different groups

Groap

ft

B

C

D

calls

•eond

188.00

115.27

175.56

121.15

Chrcsjasoa aberrations

Dloan-

trlcs

0.069

0.11

0.017

0.00

Frag-

_ t s

0.38

0.46

0.17

0.061

Minutes

0.15

0.00

0.017

0.00

0.60

0.58

0.36

0.061

Cbraaatld sbarrstloos

Breaks

0.58

P. 35

0.37

0.49

Gaps

1

0.81

1

0.61

Iso-

gaps

0,17

0.051

0.23

0.00

ChrcBBt ld

fnrpfuTMifs

0.02

0.051

O.OU

0.062

Ibul

2

1

2

0.067

Table 3. Frequencies of sister chromatid
exchange in group A and control

Group

SCF per c e l l

A control

5 . 1 5 + 0 . 9 9 4 . 5 7 + 1 . 4 6

The increase in the total number of chromosomal
aberration in group A may be interpreted as an effect of
natural radiation present in the area. The further data
analysis shows no difference between chromosome type
aberrations in group A and control group C. Although the
percentage of dicentric frequency is higher than control
value, but over all falls in the normal range. Since our
culture were 72 hours incubation time and dicentrics are
lost in this time, therefore a decrease in the number of
dicentrics may be due to the this reason.

Many physical studies in area of group A have shown
that a33Rn concentration is high in some houses
(10-15,20). aaaRn in soil and agriculture products also
are higher than control area. There were high differences
between the levels of these elements in the region. For
example although maximum concentration of 223Rn has been
measured to be the highest in area of group A, majority of
houses in this area have shown to possess 222Rn levels
less than the mean value (12). So, it is possible to assume
that the absorbed dose was not high enough to induce
chromosomal aberrations in many inhabitants. It is better
we delay further the interpretation of the results till
further studies are carried out in the area.



ICHLNR,Ramaar,3-7 Nov. 1990 463

REFERENCES

1. M.A. Barcinski, et al., Cytogenetic Investigation in a
Brazilian Population Living in an Area of High Natural
Radioactivity, AM. J. Hum. Genet. 27, 802-806 (1975).

2. K. Stenstrand, et al., Cytogenetic Investigation of
People in Finland Using Household Water with High
Natural Radioactivity, Health Physics, 36, 441-444
(1979) .

3. J.F. Pohl-Ruling and P. Fischer, Chromosome Aberrations
in Inhabitants of Areas with Elevated Natural
Radioactivity Radiation-Induced Chromosome Damage in
Man, Ed. Ishihara, T & M. S. Sasaki, 527-560 (1983).

4. T. Sofuni, et al., A Cytogenetic Study of Hiroshima
Atomic-Bomb Survivors, Mutagen-Induced Chromosome
Damage in Man, Ed. Evans H.J. & D.C. Lloyd Edinburgh,
108-114 (1987).

5. High Background Radiation Research Group. China/Health
Survey in High Background Radiation Areas in China,
Science, 209, 877-880 (1980).

6. C Vermal, et al., Genetic Effects of High Background
Radiation in Coastal Derala (India)=11 Clinical and
Cytogenetic Studies, Int. Sym. High Natural Radiation
Area, 185-186 (1977).

7. A. Leonard, et al., Natural Radioactivity in Southwest
France and its Possible Genetic Consequences for
Mammals, Radiat. Research 77, 170-181 (1979).

8. B. Khademi and A. Mesghali, Investigation and
Measurement of Radium in Ramsar Mineral Water, Health
Physics 21, 464-465 (1971).

9. B. Khademi, et al., Area of High Natural Background
Radiation in Northern Part of Iran, Int. Symp. Area of
High Natural Radioactivity, Pocos de Caldas, Brazil,
16-20 (Rio de Janeiro. RJ 977) (1975).

10. M. Sohrabi and A.R. Solaymanian, Indoor Radon Level
Measurements in Iran using AEOI Passive Dosimeters
10-17 April, 7 t h Int. Cong. of IRPA, Sydney,
Australia (1988).

11. M. Sohrabi and A.R. Solaymanian, Some Characteristics
of the AEOI Passive Radon Diffusion Dosimeter, Nucl.
Tracks Radiat. Meas. 15, 605-608 (1988).

12. M. Sohrabi and H. Zainali, Determination of Rn Levels
in Houses and Schools of Ramsar by the AEOI Passive
Radon Diffusion Dosimeter, this Conf. (1990).

13. M. Sohrabi,H. Mirzaee, M. Beitollahi and S. Hafezi, A
National Program for Determination of 226Ra in
Drinking Water of Iran, this Conf. (1990).

14. M. Sohrabi, S. Borhan Azad, Gh. Zainali and M.
Beitollahi, External Gamma Dosimetry of Inhabitants of
the Highest Natural Radiation Area of Ramsar, this
Conf. (1990).

15. M. Sohrabi, H.M. Taleshi, M. Beitollahi, S. Borhan
Azad, Gh. Zaianli, H. Mirzaee and R. Asaei,
Radiological Studies in a House with High Levels of
Natural Radiation, this Conf. (1990).



464 FAZELI et al.

16. Biological Dosimetry: Chromosomal Aberration Analysis
for Dose Assessment ,IAEA, Vienna (1986).

17. P. Perry and I. Wolff, New Giemsa Method for the
Differential Staining of Sister Chromatids, Nature 251,
156-158 (1974).

18- L.J. Bin and O.B. Xiang, An Improved Method for the
Analysis of Sister-Chromatid Exchange in Vivo, Mutat.
Research 144, 243-245 (1985).

19. G. Speit and S. Haupter, Cytogenetic of Penicillamine,
Mutat. Researc 190, 197-203 (1987).

20. B. Khademi, et al., Transfer of 226Ra from the Soil
to Plants in the Area of High Natural Radioactivity in
Iran (Ramsar), School of Public Health, Institute of
Public Health Research, Tehran University, Iran (1975).



ICHLNR,Ramsar,3-7 Nov. 1990

RADIATION INDUCED DAMAGE TO THE LIPID
CONTENTS OF BACTERIA AND CULTURED

MAMMALIAN CELLS
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ABSTRACT

In this study, exponentially growing phase of E. Coli.
K12-N167 and cultured mouse leukaemic L5178Y were used to
study the effect of gamma irradiation on phospholipid
contents. Following irradiation, both bacteria and cultured
cells were incubated with either 1*C or 32P labeled
precursors for periods of cell division time. Phospholipid
composition and their contents were detected in the both
bacteria and cultured cells by using liquid scintillation
counting and autoradiography methods. In contrast, as
radiation dose increased, the Phospholipid contents were
decreased in the both bacteria and cultured cells. It was
concluded that the changes of phospholipid contents may
result to altered activities of phospholipid pathway
enzymes damaged by a radiation dose. The results of this
investigation would be helpful in control of induced
radiation damages in cell killings in radiation workers and
radiation treatment of human cancer in the clinics.

1. INTRODUCTION

Phospholipids are ubiquitous and major components of
cell membranes of all organisms. Investigations of
phospholipid synthesis, membrane biogenesis and the
structural and functional roles of phospholipids in
membranes are being furthered by the isolation and
characterization of mutants defective in phospholipid
synthesis (1-5). The synthesis of phospholipids in E. coli
is catalyzed by a series of enzymes associated with the
inner cytoplasmic membrane of the cell envelope (2,6,7),
with the exception of phosphatidylserine synthetase which
is not membrane (8). The cytoplasmic membrane is both the
major membrane structure and the dominant lipid-containing
structure in bacteria. The lipids give the membrane its
characteristic hydrophobic and fluid properties, and
different classes of lipids are required for the proper
functioning of various membrane-bound enzymes (9-14).
Although the various lipid classes found in different
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bacteria are of taxonomic significance (15-16), the
relative amounts within a species varies with the
conditions of growth (17-21).

Direct damage to membrane components such as
phospholipids (22-23) or to the enzymes involved in lipid
synthesis could produce cell death. Significant alterations
in the phospholipid content of E. Coli were found following
gamma irradiations (24). It was suggested that these
changes could be the results of a differential inhibition
of the enzymes involved in phospholipid synthesis or a
decrease in catabolic activity of phospholipids,
particularly cardiolipin (21).

This current report describes our attempts to clarify
the mechanism(s) of the action of radiation on phospholipid
metabolism in E. Coli K12-N167 and cultured mouse leukaemic
L5178Y.

2. MATERIALS AND METHODS

2.1. Biological Test Materials

A derivative of E. Coli K12-N167 and mouse leukaemic
L5178Y cells in the exponentially growing phase were used.
The both bacteria and cultured mammalian cells were grown
as a suspension in nutrient broth medium and Fischer's
medium respectively (25,35).

2.2 Procudures and Irradiation

Both bacteria and cultured mammalian cells in the
exponential growing phase were irradiated in an ice bath
with gamma rays in a soCo irradiator (shimadzu RT 10000S)
at a dose rate of 259 rad/min in air at 0°C. The radiation
dose was measured with a Fricke dosimeter. After
irradiation of both bacteria and cultured mammalian cells,
following procudures were used; 1) the irradiated cells
were then used for the extraction of phospholipids, 2) the
irradiated cells were again incubated in the growth medium
at 37°C for periods of cell division times. Then depending
on the analysis, further experiments to be performed.
Phospholipids were extracted from the bacteria and cultured
mammalian cells as described below.

2.3. Exteraction of Phospholipids

Lipid extraction was performed by a modified Bligh and
Dyer method as previously reported (24,26). When not being
handled, all material was kept in an ice-water bath. The
cell pellets were resuspended in 2 ml of 0.05% CaCl2
which was mixed and shaken vigorously for 2 minutes. Six
milliliter of methanol-chloroform (2:1 v/v) was added to
the suspension and the mixture was shaken and centrifugated
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at 5000 rpm for 10 to 15 minutes to produce two phases. The
lower phase (Chloroform layer) containing the lipid
fraction was removed to another test tube. The upper phase
was extracted for the second time with methanol-chloroform
and was added to the first extraction. Eight milliliter of
chloroform-methanol water (3:48:47,v/v/v) supplemented with
0.02% CaCla was added to the combined lipid fraction and
the mixture was shaken and centrifugated to separate the
two phases as above. The lipid containing lower phase
fraction was removed and passed through Sharkskin filter
paper, evaporated by nitrogen gas bubbling and stored under
nitrogen at 0°C until is applied to thin layer
chromatographic (TLC) analysis as reported by Jacobson and
Yatvin (24).

2.4. Thin Layer Chromatography (TLC)
and Measurement of Radioactivity

A TLC aluminum plate (20cm x 20cm) pre-coated with
silica gel (DL-Alufolien Kieselgel 60 F 245 from Merck) was
used. A 0.5 ml of the lipid extract solution was spotted on
the TLC plate. Two solvent systems presented by Kanemasa et
al. (27) were employed including solvent I: chloroform-
methanol-water (70:25:4,v/v); and solvent II: chloroform-
methanol-28% ammonia (60:35:4, v/v). After development and
drying, autoradiography was made with X-ray films (Fuji
Medical RX-S), for which the exposure time was 20 hr for
32P radioactivity and one month for X*C radioactivity.
Quantitative yield of radioactivity was obtained by
scraping the zone of interest of the plate with a spatula,
placing the powder in BBOT solution, and counting it in a
Packard Tri-Carb scintillation spectrometer.

2.5. Identification of Phospholipid Compounds.

Based upon iodine-stained TLC plates of authentic
(standard) samples of phosphatidylethenolamine (PE),
phosphatidylserine (PS), phosphatidylcolin (PC),
phosphatidylglycerol (PG), phosphatidylglycerol-phosphate
(PGP) and cardiolipin (CL), the spots on the autoradiogram
corresponding to compounds were identified.

The ninhydrin spraying was employed on the TLC plates,
for identification of PE and PS. For these two spots, the
ninhydrin reaction was positive. A long wave ultraviolet
(UV) light was used as a fluorescent indicator of
phospholipid spots on the TLC fluorescent plates. Using the
above identification methods and RF values, the PE, PS, PG
and CL results were in agreement with previously published
data (24, 27, 28, 29).

3. RESULTS

3.1. Radiation Effect of Phospholipid Agents on Cells
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The procedure 1 was designed to determine the effect of
gamma radiation on phospholipid contents of E. Coll.
K12-N167 and cultured mouse leukaemic L5178Y cells. When
autoradiography was made after extraction of lipid and TLC
for the unirradiated bacteria and mammalian cells,
phospholipids compounds were observed excluding the start
point area as shown Figs. l(a and b). The quantity of
phospholipids were determined by measuring 3 2P and X*C
radioactivity in each phospholipid compound. Results
obtained from irradiated samples are compared to
unirradiated ones as shown in Tables 1 and 2. No
significant differences are observed in the quantity of
phospholipids between irradiated and unirradiated cells
with increasing the radiation dose.

Table 1. Phospholipid contents measured immediately after irradiation
with *°Co gamma-rays percent of total phospholipid E. coli K12-N167

Phoapholipids of
E. Coli K12-N167

PE
PG
Z

Others

Dose (rad)

0

72.0
21.0
2.0
4.5

2.5xlOs

71.3
21.8
2.2
4.7

5.0x10*

72.0
22.2
1.8
4.0

7.5x10"

71.9
22.2
2.0
4.3

10*

71.0
22.5
2.0
4.5

Table 2. Present of total phospholipids of L5178Y

Phospholipids
of

L5178Y

PE
PC
PS
PG
Z

Others

Dose (rad)

0

35.1
28.0
13.6
19.1
3.6
0.6

200

35.6
27.8
13.7
18.9
3.7
0.3

400

35.2
27.7
13.5
19.2
3.7
0.7

800

35.4
28.2
13.8
19.1
3.5
0.3

1000

35.3
28.00
13.6
19.2
3.6
0.3

3.2. Radiation Effect on Phospholipid Synthesis in Cells

Procedure 2 was used to study the radiation effect on
the phospholipid synthesis in bacteria and mammalian cells.
On the TLC autoradiographs of irradiated samples, loss of
the phospholipid Z was found, while the significant changes
of phospholipid compounds in the both bacteria and
mammalian cells were observed (Figs. 1 and 2).

The results of
3aP-radioactivity in E.

quantitative measurements of
coli K12-N167 are shown in Fig 3.
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Figs. l(a and b). Autoradiograph of two-dimentional
TLC of labelled phospholipids from a: unirradiated;
b: irradiated E.coli K12-N167, 45 krad.
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Fig. 2. Autoradiograph of two-dimentional TLC
of labelled phospholipids from unirradiated

PHOSPHATIDIC ACID

L-CTP

I- FPP*
' COP-OIGLYCERIOE

(DPHOSPHATI0YLSERINE + CMP PH0SPHAT(0YLGLYCEROPHOSPHATE + CMP

U)PHOSPHATIDYLETHANOI.AMtNE*COz U) PHOSPHATIDYLGLYCEROL • P| , '

els r^PHOSPHATIDYLGLYCEROL - - - ' '

* ^ ? - - - " '
mCAROIOLIPIN • GLYCEROL-t

ALTERATIONS IN THE BIOSYNTHESIS OF PHOSPHOLIPIDS
IN IRRADIATEO £ colt

Fig. 3. A scheae of biosythetic pathways of E.coli
phospholipids, that includes possible effect of
irradiation. The arrows and lines indicate the following:
1) solid lines, known phospholipids pathways; 2) dashed
lines, possible phospholipids pathways; 3) short arrows in
parentheses, direction indicates changes in phospholipids
content and enzyae activity; 4) short line and question
•arks, places where radiation may be blocking noraal
function.
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The phospholipid compounds of E. coli K12-N167 and cultured
mouse leukaemic L5178Y are changed in irradiated cells that
are reincubated for a period of cell division times after
exposure (Tables 3 and 4). The changes are dependent on the
total dose and the post radiation incubation time.

Table 3. Percent of phospholipid contents in control
and irradiated cells after reincubation for
periods of cell division times for a post
incubation time of 105 minutes

Phospholipids
of E. coli
K12-N167

PE
PG
Z
Other

Incubation time (105 min)

Control cells

72.0
21.5
2.0
4.5

irradiated (45 krad)

71.8
22.3
0.4
5.3

Table 4. Percent of phospholipid contents in control
and irradiated cells after reincubation for
periods of cell division times for a post
incubation time of 8 houres.

Phospholipids
of L5178Y

PE
PC
PS
PG
Z
Other

Incubation

Control Cells

35.1
28.00
13.6
19.1
3.6
0.6

time (8 hr)

irradiated (1 krad)

36.9
27.6
12.8
18.6
0.6
0.7

4. DISCUSSION

The role that plasma membranes and particularly the
lipped components, play in the response of cells, ionizing
radiation continues to be of interest (24, 32). Jacobson
and Yatvin have reported changes in the phospholipid
composition in E. coli after irradiation (24). In this
work, these data are indicating that ionizing radiation
alters the dynamics of phospholipid biosynthesis. In these
earlier studies, the mechanism of action after radiation
exposure was not understood. Making use of the earlier data
and that from the current study, we constructed the scheme
shown in Fig.3 in order to help discuss the changes of
phospholipid composition in irradiated cells.
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Based on the data from this and previous studies, two
possible explanations can account for the altered
phospholipid composition of E. Coli and cultured mammalian
cells following ionizing radiation. They are:

1) An inhibition of enzymes involved in phospholipid
biosynthesis;

2) Altered metabolic activity (i.e. both increased or
decreased anabolism and catabolism of the phospholipids
compounds and their precursors). To gain further
insight into the role of membranes in radiation killing
of cells, we are continuing our studies of phospholipid
compounds synthetase systems. The results of this
investigation would be helpful in control of induced
radiation damages in cell killing in radiation workers
and radiation treatment of human cancer therapy in the
clinics.

In addition, other major enzymes in phospholipid
biosynthetic pathways such as phosphatidylserine
decarboxylation: (PSD); phosphatidylglycerol synthetase;
(PGS) and cardiolipin synthetase (CLS) are under
investigation.
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ABSTRACT

The area under study is Ramsar known as one of the high
level natural radioactive areas in the world with radiation
levels ranging from 0.8 to 5.5 mR.h"1. The radioactivity
of the area is due to a2SRa and its daughters which have
been brought up to the earth surface by the water of the
warm springs. It is necessary to say that the radioactive
area of Ramsar is divided into three parts: with high,
medium and low radiation areas.

The control area is Babol with a radius of 10
kilometers. The area has natural background radiation. In
the control area thirty Rattus-rattus and in the area of
study sixty Rattus-rattus were trapped. It was tried that
the Rattuses chosen be from a distance of maximum 500
meters, and from the three different parts of the
radioactive areas. Then all the ninety Rattuses were
transported to Tehran for experiment. The average of 10-30
Rattuses were trapped for one week, and the maximum time
between the trapping and the dissection was one month.

The chromosomal study was followed by the Ford
technique. The staining was routine and G. banding. There
was not considered any chromosomal disorders and neither
was any morphological anomalies.

1. INTRODUCTION

Ramsar area is one of the high natural radioactive
areas of the world. It is a place similar to Ukraine in
Russia (4-8 mR.h"*) (2). The radiation rate ranges from
0.08 to 5.5 mR.h"1 in Ramsar according to one older study
(3) and up to 9 mR.hr1 according to some new measurements
(4).
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The radioactive elements existing in the area are
226Ra and its daughter products. They are bone seekers
brought up to the earth surface by the hot springs (3). The
spread of the elements is not the same all over the area.
Some of the springs are radioactive (2000-10000 pCi.l"1)
and some are normal (5 pCi.l"*) (3). Each year many
Iranian use the these springs as spas. They traditionally
believe that this can treat several kinds of diseases
(arthritis, skin, etc.) (3).

The area is located on the northern part of the Elborz
Mountains with a soft soil 20-50 cm deep. According to the
amount of radiation, the area is divided into three
sections. Section No. 1, with 2000 m2 area, has a range
of radiation between 0.08 to 3 mR.h~a (medium). Section
No. 2 with 500 m2 area has a range of 0.1-5.5 mR.h-1

(high). Section No. 3 with about 1000 m2 area has about
0.08 mR.h"1 radiation (low). The soil of the area No. 3
has a homogenous radiation, and it has a good quality for
agriculture. The agricultural products are orange, apple,
pear and tea. The tea and the orange are exported to other
parts of the country (3).

2. MATERIALS AND METHODS

In this research, Ramsar was the area under study and
Babol with the same climate, far enough from the area, and
with a normal background radiation was the control area.
Ninety Rattuses were trapped in different seasons of the
year. Each time ten to thirty Rats were trapped alive and
transported to Tehran University for study. Sixty of ninety
Rats were trapped in Ramsar and the rest in Babol.

In contrast with Babol area, Ramsar has more rats.
There were not enough rats in the hot points of the study
area. So it was decided to catch rats up to a distance of
maximum of 500 meters far from the hot points.

The characteristics of the Rats:

The color
The weight
The height
The size of the tail
The size of the foot
The size of the ear

black and reddish brown
42.5 - 284 g
22 - 45 cm
10 - 28 cm
3.4 - 4.2 cm
1.4 - 2.7 cm

The preparation of the chromosomes:

The Ford technique with some changes was followed in
these experiments (1,4). The peritoneal injection was done.
About 0.5 cc of colchicin, 0.025 g/100 for 20 g body weight
of the rats were used (1,4).
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The injected rats were dissected after one hour. Then
the femur bone was isolated (in the old Rattus, the tibia
or the arm bone was used). The medulla of the bone was
rinsed with 1/1 sodium citrate or with 0.075 M potassium
chloride solution as a hypotonic solution.

The solution was left in the laboratory temperature for
15-20 minutes. Then it was centrifuged to a speed of
800/minutes for five minutes. The supernatant liquid was
isolated and mixed with Carnoy (three part methanol and one
part glacial acetic acid) as a fixative, and left in 4
degree centigrade for thirty minutes. The staining was
routine and G banding and the slides were made ready for
the study (1,4).

3. RESULTS

From each rat at least ten parts of bone marrow cells
with a complete set of forty two chromosomes were observed
and investigated under a microscope. The length, the
number, the size and the shape of the chromosomes are shown
in the Figs. for male Rattus (Fig. la) and female Rattus
(Fig. lb) from Babol, and male Rattus (Fig. lc) and female
Rattus (Fig. Id) from Ramsar. All cariotypes of the rats
showed one pair of telocentric and ten pairs of acrocentric
and one pair of sexual chromosomes and the others were
metacentric (Rattus rattus has 42 chromosomes).

We did not find any abnormality in the chromosomes of
irradiated rats compared with the control. It should be
mentioned that this study would be continued by a vast
radioechological, radiobiological and radioepidemiological
study of the area. So as a result of this study, the
following studies are recommended:

1- The radioecological study of the whole northern
part of the country

2- The study of the radiobiological effects on human,
animals and plant cells

3- Vast study of the rats in all parts of the country
4- The study of the other mutagenic factors
5- Vast study of the geological and geographical

characteristic of the area
6- Establishment of the laboratory and the facilities

in the area of Ramsar
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(a) (b)

(c)

Figs. 1 (a,b,c,d). The appearance
of chromosomes in the Rattus cells.
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ABSTRACT

Chromosome aberrations correlate with cell killing and
enable radiation damage to be detected at low doses. One
way of studying chromosome damage and estimating the
exposure dose has been to measure the production of
dicentrics. However, cells can only be scored when they
reach mitosis after a repair has occurred which will lead
to the lower level of aberrations. This problem can be
overcome by a technique of premature chromosome
condensation (PCC). For PCC, interphase cells are fused
with mitotic cells. The latter cells induced the interphase
cells to condense their chromosome prematurely. With this
method, the initial chromosome damage can be visualized
directly in interphase cells after irradiation at very low
doses (i.e. 20 cGy). In case of an exposure to radiation,
the main concern will be: 1) to estimate the dose and 2) to
set a possible therapy regime.

In this study, we have investigated the utility of
different test systems for biological dosimetry and
possibly their application for therapy regime. Human
peripheral blood lymphocytes were X-irradiated and mixed
with different proportions with unirradiated lymphocytes.
The frequencies of chromosomal aberrations were determined
by the formation of dicentrics, excess of PCC fragments and
micronuclie (MN) in cytochalas in B blocked binucleated
cells. These responses were with regard to estimate the
dose received and to determine the population of unexposed
cells (useful for the purpose of therapy) are discussed.

Furthermore, the application of newly developed method
of chromosome painting (fluorescent in situ hybridization)
for long term biological dosimetry are discussed.

1. INTRODUCTION

The scientific and medical response to an accidental
overexposure to ionizing radiation should include an
attempt to estimate absorbed doses to irradiated persons.
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This information may be gained from physical and biological
methods. One of the precise biological dosimetry is using
the well established technique of analyzing peripheral
blood lymphocytes for dicentric as chromosomal aberrations.
As analysis of chromosomal aberrations is particularly
labour-intensive and time consuming, the micronucleus assay
that utilises cytochalasin B to block cytokinesis offers an
alternative to score for dicentrics. Since the images are
far simpler, more cells could be scored. Even the analysis
time could be completed significantly faster. However,
there is usually an urgent need to estimate the dose as
quickly as possible. The present techniques are not ideal
in this respect because the lymphocytes have to be
stimulated and cultured for at least two days for
chromosomal aberrations or three days for the micronucleus
assay. The method of prematurely condensed chromosomes
(PCCs), however, opens up the possibility of scoring
aberrations within a few hours of blood sampling.

Accidental exposure is usually inhomogenous. For highly
exposured patients, the clinician requires information on
the inhomogeneity of the exposure. The management of
casualties may require an early decision on whether a
treatment should include transplantation of allogenic bone
marrow or a treatment with growth factors. If it is likely
that some of the patient's bone marrow have survived
because of inhogenous exposure, then transplantation should
be avoided, as graft rejection in some cases could
contribute to their death.

The objective of the present work is to simulate in
vitro high doses of X-rays that are life threatening if
they involve the whole body. If, however, only part of the
body is exposed and a good medical care is provided, there
are hopes for survival. Different ratios of irradiated to
unirradiated fraction of blood are stimulated to grow and
the limits of resolution for detecting this fraction by
chromosomal aberrations (dicentric), micronucleus and PCC
endpoints are investigated.

2. MATERIALS AND METHODS

Blood samples from healthy volunteers were collected in
heparinised vacutainer tubes. To establish a dose response
curve, blood irradiated with different doses of X-rays
(range from 0.5 to 5 Gy). Some tubes were irradiated to 5
Gy of 250 kV X-rays at a dose rate of 1 Gy per minute. In
this case, volumes of irradiated and unirradiated blood
from the same donor were mixed in differing proportions in
order to simulate the mixing of blood that would occur
after air acute partial body irradiation. The irradiated
fractions range from 90% to 10% and are shown in Tables
1-3.
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Table 1. Analysis of results for dicentrics and rings*
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Table 2. Analysis of results for micronuclie
in binucleated cells*

Dose
(Gy)

5

True fraction (%)
irradiated

0
30
50
70
90

100

Estimated fraction (%)
irradiated

0 . 2
7 . 2

17.5
22.5
40.2
65. 0

The frequency of MN was determined
in 1000 binucleated cells.

Table 3. Analysis of results for premature
chromosome condensations (PCCs)

Doaa

<oy)

5

Trua fraction (%)
irradlatad

0

10

30

so
70

90

100

PCCs distribution (no. of
calla with 46 elananta)*

95.95
96.11
73.98

24.43

13.55

6.60

0.14

•stlaatad fraction

irradiated

0 .0

12.7

25.5

44.2

76.4

90.0

0 .0

•uabar of unduaged calls having 46 FCCa/total nuabar of calls scored.

2.1. Chromosomal Aberrations

Standard 48 hour whole blood cultures were set up
andprocessed following the method described in an IAEA
manual (1). The medium used was F10 medium plus 20% fetal
calf serum, phytohemagglutinin, heparin, L-glutamin and
antibiotics. Blood cultures were fixed following mitotic
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arrest with colcemid and according to the standard
protocol. Slides were prepared and stained with
conventional Giemsa and scored for unstable chromosomal
aberrations, dicentrics, centric rings and exceed
acentrics.

2.2. Micronuclei

Seventy two hour cultures for assaying micronuclei in
cytokinesis blocked lymphocytes were made and cytochalasin
B was added to each culture 44 hour after stimulation of
lymphocytes. The procedure followed the general method
described earlier (2). Binucleated cells stained with
Giemsa were scored for the presence of micronuclei.

2.3. Prematurely Condensed Chromosomes (PCCs):

Blood samples were collected, lymphocytes were purified
in Ficoll gradients. The lymphocytes were fused with
mitotic Chinese hamster ovary (CHO) cells (prelabelled with
5-bromodeoxyuridine) following the polyethylene glycol
method (3) as illustrated in Fig. 1. In this system, CHO
mitotic cells induce the interphase cells to condense their
chromosomes prematurely (4). The clusters of single
stranded human chromosomes condensed in GO were examined
and the excess number of elements scored above 46
chromosomes was measured as induced breaks per cell. The

6
x 10 calls / x 10 celts

FUSE IN PEG

INCUBATE 1 h.
(MEDIUM + PHA + COLCEMID )

Fig. 1. Prematurely condensed chromosomes.
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slides were stained according to the Fluorochrome plus
Giemsa techniques {5).

3. RESULTS AND DISCUSSION

The results from analysis of lymphocytes irradiated
with different doses of X-rays as judged by the induced
frequency of chromosomal aberrations (dicentrics),
micronuclei and PCCs are presented in Figs. 2 and 3
respectively. There exists a dose dependent linear increase
in the frequency of PCCs as shown in Fig. 3, and a
linear-quadratic increase in the frequency of dicentrics
(Fig. 2).

X-ray dost ( 9y )

Fig. 2. No. of dicentrics in X-
irradiated on human lymphocytes.

In order to check the efficiency of these methods to
detect a non-uniform exposure, a simulation experiment was
carried out in which, lymphocytes irradiated with 5 Gy were
mixed with unirradiated lymphocytes in different
proportions and then fused with mitotic CHO cells to study
induction of PCCs. Some samples were further proceeded for
chromosomal aberrations and MN in binucleated cells. The
results are presented in Tables 1-3.

Based on the analysis of total unstable aberrations as
well as dicentrics, there is a reasonable consistency
between the expected and estimated fractions of cells
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X - ray tfo«t ( Oy )

Fig. 3. Premature chromosome condensation
of X-irradiated human lymphocytes.

irradiated and seen at metaphase stage (Table 1). We have
further observed that even for 100% irradiation at 5 Gy,
some cells have no aberrations (about 8%) which will
complicate the evaluation.

The analysis of MN technique (Table 2) does not give
such reliable results as the aberration endpoint. It is
notable that even at 5 Gy 100% irradiated we observed a
considerable number of binucleated cells (35%) free from
micronuclei.

The results of analysis of PCCs are presented in Table
3. For dose control values, each cell scored contained 46
chromosomal pieces corresponding to the human diploid. At 5
Gy, 100% irradiated fraction, the number of cells
containing 46 elements was zero. Therefore, at this dose,
there is a good separation between the irradiated and
unirradiated cells. Furthermore, the percentage of cells
damaged corresponds very closely to the percentage of cells
irradiated. This indicates that with the PCC technique,
there is no effect of interphass death that operates with
chromosomal aberrations and micronuclei. The PCC method is
also efficient for detecting a small spared fraction (10%)
(Table 3). This raises the possibility that if some
lymphocytes are seen free from aberrations, it is likely
that in vivo some stem cells could remain to multiply and
to cause a host versus graft interaction after bone marrow



ICHLNR,Ramsar,3-7 Nov. 1990 485

transplant. It seems feasible to use the number of cell
aberrations seen as a simple indicator for che likelihood
of some cells having been spared from lethal exposure.

In conclusion it can be stated that for detecting a
partial body irradiation within a very short time (1-2
days) following an accident. The PCC technique seems to be
the most efficient assay. The PCC method allows us to
estimate the initial damage. Therefore, it led to increase
frequency of fragments (almost 10-fold) in comparison to
the frequently observed in metaphase (6). For the PCC
assay, there is no selective advantage for a small fraction
of spared cells being preferentially scored. This is
because the phenomena of interphase death and mitotic delay
do not operate with this assay. Therefore, the number of
normal cells reflects more accurately the proportion of
unirradiated lymphocytes in comparison to the metaphase and
MN techniques. Moreover, this method could be more
effective for demonstrating the effect of small localized
burns.
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ABSTRACT

Ionizing radiation introduces a variety of lesions in
DNA, such as single-strand break (SSB), double-strand break
(DSB), different types of base damage (BD) as well as
DNA-protein cross-links. The relative importance of these
lesions in the origin of chromosomal alterations such as
chromosomal aberrations and sister-chromatid exchanges
(SCEs) are not yet well understood.

Repair-deficient mutants of cultured mammalian cells
were used to correlate specific DNA damage to a specific
biological effect. The Chinese hamster ovary (CHO) cell
lines xrs 5 and xrs 6 were isolated from CHO-K1 cells as
radiation-sensitive mutants. The radiation sensitivity is
found to be associated with a defect in DNA DSB rejoining.

The repair of X-ray-induced DNA DSB was measured by
neutral elution method, and a newly developed
immunochemical method (based on the binding of a monoclonal
antibody to single stranded DNA) was used to assay DNA SSBs
in the wild-type and xrs mutant cells. These cell lines
were further characterized for their responses to X-rays in
Gl and G2 cells. Induction of chromosomal alterations by
X-irradiation and its modulation with inhibitor of DNA
repair such as 3-aminobenzamide and caffeine was studied.
X-ray-induced G2 arrest and its release by caffeine was
determined by cytofluorometric method. The rate of initial
damage induced by X-rays was studied by the method of
premature chromosome condensation (PCC), and compared with
induced frequency of chromosomal aberrations in mitotic
cells. Furthermore, we have investigated the correlation
between different types of lesions induced by X-rays under
air and nitrogen conditions (to change the ratio between
different types of lesions), and the biological effect such
as chromosomal aberrations and SCEs. Moreover, restriction
endonucleases which induce only DNA DSBs were introduced
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into the CHO cells, and induction of chromosomal
aberrations and SCEs was studied.

These responses and possible reasons for the increased
radiosensitivity of xrs mutants, and the relation between
DNA damage,chromosomal aberrations and SCEs are discussed.

1. GENERAL ASPECTS

The frequency of spontaneous chromosomal changes
(structural and numerical aberrations) is in order of 1 in
every 150 live new-born. Furthermore, chromosomal analysis
of human spontaneous abortuses indicates that about 50% of
all spontaneous abortions are associated with chromosomal
abnormality. Population exposed to ionizing radiations
(atom bomb survivors), or genotoxic chemicals (e.g. vinyl
chloride and benzene), or population with heavy smoking
habit and chronic alcoholism appeared to have increased
frequencies of chromosomal aberrations in their peripheral
blood lymphocytes. It is also known that several human
hereditary autosomal recessive diseases with predisposition
to cancer, such as ataxia telangiectasia (A-T), Bloom's
syndrome and Fanconi's anemia (FA) are associated with the
increased spontaneous frequencies of chromosomal
alterations and abnormally high sensitivity to DNA-damaging
agents. In A-T or xeroderma pigmentasum (XP) patients'
chromosomal instability is strongly enhanced upon
x-irradiation or ultraviolet (UV) light exposure
respectively. Reduced constitutional chromosome stability
has been reported also in patients with Werner's syndrome
and the Nijmegen breakage syndrome. The base line frequency
of sister-chromatid exchanges (SCEs) is significantly
higher in some human diseases, such as Bloom's syndrome and
multiple sclerosis. Furthermore, there is evidence
indicating an association between a specific chromosomal
abnormality and the etiology of malignancy in humans.

All these observations point to the importance of
improving our understanding of the mechanisms involved in
the origin of chromosomal alterations.

Physical and chemical mutagens induce a variety of
lesions in DNA, and these lesions are handled by cellular
repair processes. Unrepaired or misrepaired lesions lead to
cell killing, mutations, chromosomal alterations (e.g.
chromosomal aberrations and SCEs) and tumor initiations.

In this paper, we discuss the biochemical and
cytological data obtained from Chinese hamster ovary (CHO)
radiosensitive mutant cells. Repair-deficient cell lines,
because of their hypersensitivity to induced biological
effects, are very valuable in studies on the relationship
between the primary DNA lesions, their repair and induced
chromosomal alterations.
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2. DNA REPAIR DEFICIENT MUTANTS IN EUKARYOTIC CELLS

Studies in bacteria and yeast have greatly influenced
our understanding of DNA repair mechanisms (1). In
mammalian cells, much of what is known about the repair
pathways has been deduced from the study of cell lines
isolated from patients suffering from genetic diseases such
as XP (2), A-T (3), FA (4), Bloom's syndrome (5) and
Cockayne's syndrome (6,7). These cell types, however, are
limited in number and may not necessarily cover all the
existing categories of DNA repair pathways. Despite
extensive investigations on DNA repair in cells derived
from the patient suffering from these diseases, the basic
biochemical defect in most of these cases remains unknown.
Therefore, attempt have been made to isolate mutants from
rodent cell lines. The majority of known repair-deficient
mutants originate from CHO or V79 and mouse lymphoma cells
(8,9). On the basis of genetic similarities of
independently isolated mutants in CHO cells, six
complementation groups for ionizing radiation (10), and
seven such groups for UV-sensitive mutants have been
delineated (11). The isolation of mutants exhibiting
sensitively to mutagenic agents has been vital not only in
elucidating the molecular mechanism(s) of DNA repair but
also in establishing a link between these processes and the
observed biological effects, which ultimately could lead to
the identification of the DNA lesions responsible for cell
death and genetic changes.

In rodent cells a large number of mutants with defects
in the rejoining of DNA double-strand break (DSB) have been
identified and characterised (12). All these mutants
defective in DSB rejoining are sensitive primarily to
ionizing radiation with little cross-sensitivity to
UV-radiation.

3. IONIZING RADIATION

Ionizing radiations introduce a variety of lesions in
DNA, such as single-strand breaks (SSBs), double-strand
breaks (DSBs), different types of base damage (BD) as well
as protein-DNA cross links. The relative frequency of these
types of lesions will vary according to the quality of
radiation and the LET (13).

Primary lesions induced in DNA are subjected to
cellular repair, and unrepaired or misrepaired lesions can
give rise to chromosomal alterations. There is now
considerable evidence suggesting that DNA DSB is the
critical ionizing radiation-induced lesion that ultimately
is responsible for cell killing and induction of
chromosomal aberrations (14,15). However, the other major
categories of radiation-induced DNA lesions (SSB and BD)
have also been considered to be involved in the formation
of aberrations (16,17).
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For a better understanding of the relationship between
radiation damage and biological effects, it is useful to
carry out comparative studies of the cell lines that have a
common origin but different radiosensitivity.

4. X-RAY-SNESITIVE MUTANT FROM CHO CELLS

We have studied two X-ray-sensitive mutants from the
CHO-K1 cell line, namely xrs 5 and xrs 6 (18), which are
deficient in repair of DNA DSB (19). The use of xrs mutants
with a known defect in repair of a specific type of lesion
will facilitate to correlate X-ray-induced DNA lesions and
observed biological effects (e.g. chromosomal aberrations
and SCEs).

Cell survival of exponentially growing or synchronized
cells from xrs strains showed enhanced sensitivity to X- or
Y-irradiation, about 6-fold higher than the wild-type
CHO-K1 cells (Fig. 1) (20, 21).

100

* 10

5
10

O.I
0.00 0.50 1.00 ISO 2.00 2.S0 3.00

X- ray dot* {0y )

Fig. 1. Survival fractions versus X-ray dose (Gy).

When the cells were irradiated in G2, the frequencies
of induced aberrations correlated well with the defect in
rejoining of DNA DSBs (Table 1) (19, 21, 22, 23). X-ray
treatment at Gl stage leads to increased frequencies of
both chromosomal and chromatid-type aberrations in xrs
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Table 1. Degree of DNA OSB repair and the frequency of chromosomal
aberrations induced in wild-type CHO-K1 and the X-ray-
sensitive mutant xrs 5 and xrs 6 cells

Cell type

CHO-K1
xrs 6
xrs 5

Repair*

(%)

73
42
10

Chromosomal aberrations per 100 cells**

0.7 Gy

47
202
399

1.0 Gy

81
305
576

1.4 Gy

121
455
874

*0 Extent of repair at 120 min following irradiation (19),
**) Total number of chromosomal aberrations after

G2-irradiation (21).

cells (the frequency of aberrations in xrs mutants was
similar and 12-fold higher than in the CHO-K1 cells), and
only chromosome-type aberrations in wild-type CHO-K1 cells
(Fig. 2) (21,23). This is very similar to the observation
made in A-T cells (24,25).

Studies on both chromosome segregation and replication
have shown that DNA in the eukaryotic chromosome is in the
form of a double helix running all through the chromosome.
In such a case DSBs in a Gl cell (before replication)
should give rise to chromosome-type aberrations and DSBs in
G2 (after replication) should yield chromatid-type
aberrations. The increase in the chromatid type of
aberrations following Gl irradiation could be due to:
first, a proportion of unrepaired DSBs reaching the
S-phase, or second, che persistence of other lesions, e.g.
SSB and/or BD in DNA until S-phase. If the first assumption
is correct, one would expect that the frequency of induced
chromatid aberration in xrs 5 should be greater than the
one obtained for xrs 6, since the former has a larger
defect in DSB repair than the latter. However, it was found
that xrs 6 had more chromatid-type aberrations than xrs 5
(Fig. 2) (21). This led us to search, mainly in xrs 6
cells, for alternative lesions for the induction of the
chromatid-type aberrations. Since both these mutant cells
appeared to be proficient in repair of DNA SSBs (19,26),
X-ray-induced RDs appeared to be a possible candidate.

However, the first assumption seems to be true for high
LET radiation such as neutrons (27), which induce
relatively high proportion of DSBs to SSBs in DNA, that
lead to higher frequency of chromosomal aberrations in
irradiated Gl cells of xrs 5 in comparison to xrs 6 cells.

Ionizing radiations as S-independent age are known
to be a poor inducer of SCEs. Radiation-inc JC<= 1 DSBs are
randomly distributed and low in number per gurm/3n. However
it is known that lesion-like radiation-induced base damage
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can lead to SCEs (28). If the persisting lesion in xrs 6
are radiation-induced base damage, then one would expect an
increase in the frequency of SCEs in this cell line
following X-rays. When xrs 6 cells were irradiated with
different doses of X-rays, a dose-dependent increase in the
frequency of SCEs was obtained (Fig. 3) (29). There was a
small increase in xrs 5 cells and no increase in wild-type
CHO-K1 cells (Fig. 3). The increase in the frequency of
SCEs in xrs 5 might be due to the persistence of unrepaired
DNA DSBs till S-phase. This assumption is supported by the
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Fig. 3. Number of SCEs/cell versus X-ray dose (Gy)

observation that DSBs induced by REs that are very high in
number and specific; could increase the frequency of SCEs
in wild-type CHO cells (31); and further increase was
obtained in xrs mutant cells deficient in repair of DNA
DSBs (31).

We have further investigated the relation between
X-ray-induced-DNA lesions and induced biological effects by
altering the proportion of radiation-induced DNA strand
breaks to BD by changing the irradiation conditions.
Irradiation in air leads to more strand breaks due to
indirect action by free radicals (13) and increases the OER
in the same order as chromosomal aberrations (28). However,
hypoxic conditions lead to an increase in the frequency of
SCEs compared to aerobic conditions and cause the low OER
(28). Our cytogenetic studies indicate that the increase in
the frequency of chromosomal aberrations was higher in the
cells which were irradiated under air in comparison to
irradiation under nitrogen; and the frequency of
aberrations was highest for xrs 5 cells most defective cell
line in the repair of DNA DSBs (Fig. 4) (26). However, the
reverse was true for induction of SCEs, and the increase in
the frequency of SCEs was higher in the cells which were
irradiated under nitrogen in comparison to irradiation
under air (Fig. 4) (26). The ratio between SCEs and
aberrations was highest for xrs 6 cells in comparison to
xrs 5 and wild-type CH0-K1 cells (Fig. 4) (26). These
results support the conclusion that xrs 6 mutant is
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defective in the repair of both DSB and BD. This additional
defect is reflected also by increased sensitivity of xrs 6
mutants to radio-mimetic drug bleomycin in comparison to
xrs 5 cells, based on the induced frequencies of cell
killing, chromosomal aberrations and SCEs (32).

The frequencies of chromosomal aberrations induced by
DNA damaging agents can be modified by interfering with DNA
repair processes via treatment with inhibitors of DNA
repair. Such studies may give an insight into the type of
repair as well as the sequence of repair processes that
take place in treated cells. Inhibitors of DNA replication
such as cytosine arabinoside (ara C) inhibit also repair of
DNA strand breaks and base damage (15,33,34). We have
studied the influence of this analogue alone or in
combination with hydroxyurea (HU) on the frequency of UV
(to mimic base damage) and X-ray induced chromosomal
aberrations and SCEs, respectively.

In X-irradiated wild-type CHO cells, post-treatment
with ara C potentiated the frequency of SCEs, and it
reached to the level of induced SCEs in xrs 6 cells with
X-ray alone, but no potentiation effect was observed in
mutant cells (Fig. 5) (29). We assume that ara C could
inhibit repair of specific types of lesion in which the xrs
6 cells are already defective (e.g. DSBs and BD).
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In UV-irradiation CHO cells post-treatment with ara C
and HU leads to the accumulation of SSBs and reflects the
incision capacity of the cells. We measured the
accumulation of SSBs (using alkaline elution method) at 20
and 120 min in wild-type CHO-K1 and xrs mutant cells
following UV-irradiation and post-treatment with ara C and
HU (Fig. 6) (35). While the frequency of SSBs increased
with time in CHO-K1 and xrs 5 cells, the frequency remained
at the same level in xrs 6 cells at both times of
determination, namely around 35% of the wild-type CH0-K1
cells. These results indicate that xrs 6 cells, in addition
to the defect in the repair of DSBs, are deficient in
incision of other types of damages (e.g. base damage,
dimers). Furthermore, the data indicate a good correlation
between accumulation of SSBs in UV-irradiated cells
post-treated with ara C and HU and the induction of
chromosomal aberrations (35). Accumulated SSBs, when
converted to DSBs in Gl, gave rise to chromosome-type
aberrations, and strand breaks persisting till S-phase gave
rise to chromatid type aberrations (29,35).

We have also investigated the initial frequency of
X-ray-induced DNA DSBs (using neutral elution technique)
and their repair, and compared with the frequency of
chromosomal aberrations immediately after irradiation using
premature chromosome condensation technique (PCC) (35,36).
For an assessment of repair kinetics, the frequency of
chromosomal aberrations in G2-PCC experiment was compared
to that in G2-mitotic cells. The data indicate that the
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number of DNA DSBs induced by rays is the same for a l l
three cell lines (35). In CH0-K1 ce l l s , the incidence of
chromosomal aberrations was significantly higher in G2-PCC
(2.5-fold) than that observed in mitotic cells at 2.5h
after irradiation. Th^ ratio of the induced frequency of
aberrations in G2-PCC to that in mitotic cells was
correlated with the degree of repair of DNA DSBs and
reached almost 1 in xrs 5 cells indicating no repair (Table
2) (36). In wild-type CH0-K1 cells during the period of
recovery, X-ray-induced breaks decreased but exchanges
remained at the same level (Table 2), which indicates that
exchanges are formed immediately and do not arise simply

Table 2. Relative frequency of chromosomal aberrations in
G2-PCC and G2-Mitotic ce l l s of CHO-K1, xrs 5 and
xrs 6 irradiated with 1 Gy X-rays

Cell type

CHO-K1
CHO-K1

xrs 5
xrs 5

xrs 6
xrs 6

Type of chromosome
scored

Mitotic*
PCC**

Mitotic*
PCC**

Mitotic*
PCC**

Chromosomal aberrations/Cell

Breaks

0.4
1.2

3.2
3.8

1.7
2.8

Exchanges

0.2
0.2

1.2
0.8

0.7
0.5

Total

0.6
1.4

4.4
4.6

2.4
3.3

*) Data are pooled values of 100 cel ls .
**) Data are pooled values of 50 cel ls .
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from the misrepaire of chromosome breaks. However, data
with xrs mutants indicate that when induced DSBs remain
unrepaired for a longer period of time, they could interact
and form additional exchanges at a later time.

5. CONCLUSION

The rodent cell lines defective in one or more specific
DNA repair pathways are extremely valuable in elucidating
the relationship between different types of DNA lesions,
their repair, and the subsequent biological effects.

DNA DSB induced by ionizing radiations appears to be
the most important lesion leading to chromosomal
aberrations, and. the induced base damage leads to SCEs.
However, in repair-deficient cells, radiation-induced
lesions other than DSBs may also lead to chromosomal
aberrations. When DSBs are high in number and not randomly
distributed, the induced DSBs can also lead to SCEs.
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ABSTRACT

In order to study possible effect of very low dose
level of radiation on human health, we attempted to analyze
of radiation correlations between natural radiation dose
and cancer mortality rates in Japan. This study was
conducted with the geographic distribution among 776
municipalities for which data on the natural radiation dose
rate are available.

In the first analysis, the populations were divided
into cities, towns and villages and furthermore into three
groups by dose rates, i.e. low (<7.5 jaR.h"1); middle
(7.6-10.5 ^lR.h-1); and high (>10.6 .uR.h.-1).
Standardized mortality ratio (SMR) in all ages and four
different age groups (<39, 40-64, 65-79 and >80 years) for
cancers of various sites was respectively calculated in
individual groups by using vital statistics data of
1969-1983. A linear trend of SMR, either ascending or
descending with dose rates, was mostly inconsistent among
sexes, age groups and urbanization, except esophagus,
stomach, brain, breast, ovary, prostate and lymphatic
leukemia.

In the second analysis, the same number of
municipalities with the same urbanization status (city or
town and village) were sampled from each prefecture for the
three dose-level groups in order to control the potential
confounding factors including socioeconomic status which
may be related to nationwide variation of cancer mortality.
SMRs for cancers of all sites, and 35 sites in the areas,
were obtained from vital statistics 1969-1983. Average SMRs
weighted with population size of the areas were compared
among the three different dose-level groups. Thirthy-nine
triads of areas (28 cities and 11 towns or villages) were
compared among the three dose-level groups. No significant
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increase of SMR was observed in any sites of cancer in any
age group. That is, a positive trend was all missing.

These results suggest that geographic differences in
natural radiation level observed in Japan do not cause
detectable increase in cancer mortality.

1. INTRODUCTION

Carcinogenesis is the most important somatic late
effect of ionizing radiation. Although exposure to large
doses of ionizing radiation is known to increase the
incidence of many sites of cancer, an increase of cancer
risk associated with low-level exposure has not yet been
defined unambiguously. Certainly, there are good
observational data relative to carcinogenesis in humans
over a range of higher doses such as more than one Gy, but
little direct evidence is available for doses of less than
tens of mGy or for dose levels of practical radiation
protection concern. Estimation of excess risks at these low
dose ranges, therefore, is usually provided from the data
of human population exposed to higher doses and higher
dose-rates, on the basis of assumptions that, no •atter how
low, radiation gives decisive effects to carcinogenesis,
that is, a linear non-threshold-dose dependent increase in
cancer risk.

Naturally, several findings suggest that there may be
no threshold for the induction of certain neoplasms (1).
The possibility that there is no threshold for the
carcinogenic effects of ionizing radiation has prompted
repeated attempts to measure such effects in populations
residing in areas of high natural background radiation,
population occupationally exposed to low-level radiation,
and populations receiving small doses of radiation from
man-made sources• There are regions in the world where
outdoor terrestrial background gamma radiation levels
appreciably exceed the normal range (about 0.2-0.6 mGy).
Many epidemiological studies in the regions have been
performed for assessing radiation risk at low level
radiation (2). Although it has not been proved that all
levels of radiation are carcinogenic, it has been suggested
that a significant fraction of human cancer mortality may
be due to the radiation background. To-date, studies of
such populations have not conclusively demonstrated
carcinogenic effects, in part because of methodological
limitations.

In order to clarify possible effect of very low dose
level of radiation on human health, we have attempted to
analyze geographic correlations between the natural
radiation dose and cancer mortality in Japan. Although this
kind of study has already been reported by several authors
(3-8), they mostly depend on the distribution of cancer
mortalities among prefectures, which may include
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differences in other factors. It is already known that, in
Japan, there are several kinds of geographic variations in
the cancer mortality of various sites (9). For instance,
stomach cancer is more predominant in the Japan sea coast
of the northern part, while cancers of the liver and
uterine cervix are more common in the south-western part.
Besides these large-scale geographic variations, the
urban-rural difference is also observed in many cancers.
The present study attempts to assess the effect of natural
radiation en the cancer mortality after excluding the
possible influence of these other factors by using the
geographic distribution among municipalities. The study
includes two kinds of analysis. Firstly, we analyzed the
cancer mortalities of all municipalities with data of
natural radiation for the different urbanization status,
e.g. city, town and village. Secondly, we confined
ourselves to use the data of very restricted number of
municipalities to avoid any biased contribution of a
specific geographic area.

2. MATERIALS AND METHODS

2.1. Radiation Data and Study Population

The nationwide survey data on the exposure rates of
external natural background radiation (terrestrial
radiation and cosmic rays) in Japan has been reported by
Abe et al. (10). They measured the exposure rates at 1,115
sites (787 municipalities) using an ionizing chamber and
sodium iodide scintillation surveymeters. The mean exposure
rate of all Japan was calculated to be 9.0 .uR.h"1 (687
uGy.a-i), ranging from 3.9 uR.h"1 (298 ;iGy.a-1) to
16.3 jaR.h"1 (1,247 ^lGy.a"1). Figure 1 presents their
frequency distribution among 787 municipalities, for which
data on radiation doses were available. In Table 1, mean
and distribution of dose are shown for some six
prefectures. It is quite variable both between and within
prefectures. We excluded 11 largest cities, because their
population flow from other districts amounts to a large
number which lower the percentage of the native population,
and also because their population size was so large that
their inclusion may weigh too much on the data of urban
areas. A total of 776 municipalities, for which data on
radiation doses were available, were classified into three
groups by the dose rate, i.e. low level (0-7.5 uR.h"1),
middle level (7.6-10.5 jiR.h-1) and high level (>10.6
juR.h"1). Each mean dose in three dose levels is 6.3
.uR.h-1 (482 ^uGy.a-1), 9.2 .uR.h"1 (704 jiGy-a"1) and
12.6 juR.h"1 (964 jaGy.a"1), respectively. Furthermore,
they were also divided by urbanization status, i.e. city,
town and village.

Number of municipalities in individual groups are shown
in Table 2, with their total population size. Percent
proportion of individual urbanization status slightly
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Fig. 1. Frequency distribution of the dose-rates
of natural background radiation among municipalities
of different urbanization status.

Tabie 1. Distribution of natural background
radiation exposure rate in some
prefectures.

Prefecture

Hokkaido

Gumma

Chiba

Niigata

Fukui

Kar.agawa

Mean exposure

8.07

7.79

6.57

10.01

12.66

5.99

S.D.

1.29

2.87

0.59

1.74

3.52

0.95

Range

5.0 -

5.5 -

5.5 -

6.5 -

8.0 -

3.9 -

- 11

- 15

- 08

• 14

- 18

• 7

.0

.9

.4

.9

.2

.9

varies among different dose level groups, indicating that
the background radiation dose is higher in the rural than
in the urban areas. An average mean dose-rate is 9.12
uR.h"1 in the group of city, 9.30 uR.h"1 in town, and
10.89 uR.h~x in village, respectively. This negative
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Table 2. Classification of observed districts by
exposure rates of natural background radiation
and urbanisation status and their population

507

Radiation

l m l

Low

Hlddl*

High

Total

Kxposura

ratas range

0*-t« ')

-7.S

7.6 - 10.5

10.64

Urbanization

status

City

Town

Village

Total

City

Tom

Village

Total

City

Town

Village

Total

Ruatoar

130

38

7

175

309

117

21

447

99

44

11

154

776

%

74.3

21.7

4.0

100.0

69.1

26.2

4.7

100.0

64.3

28.6

7.1

100.0

Population (10>)

Male

6,966

212

25

7,203

14,593

680

62

15,335

4,514

266

22

4,802

Finals

7,203

219

26

7,448

15,089

703

64

15,856

4,667

27S

23

4,965

55,609

correlation of the dose rate with urbanization is also
clearly seen when the dose rate measurements in those
municipalities were plotted against their population
density (logarithmically transformed), the latter being a
most expedient index for representing the urbanization
level. The linear regression coefficient was b=-0.60
(t=3.4, p<0.001). Incidentally, it was not necessarily
correlated with the population size itself (b=-0.40, t=1.4,
0.20>p>0.10).

2.2. Statistical Methods

Data on the cancer mortality were obtained from
magnetic tapes of National Vital Statistics for the years
1969-1983 inclusive, which were supplied by the Health and
Welfare Statistical and Information Department of the
Minister's Secretariat, the Ministry of Health and Welfare.
For male and female, separately standardized mortality
ratio (SMR) of cancers of various organs {International
Classification of Diseases, 9th Revision, ICD 140-209) was
calculated for different dose level/municipality groups by
dividing observed number of deaths with the expected one,
which was calculated based on the average sex- and
age-specific mortality rates of all years in the whole
country and sex- and age-specific population of each area.
Difference of SMR between different dose levels was
statistically tested with the z-test. SMR was calculated
for different quinquennial periods, separately, i.e.
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1969-1973, 1974-1978 and 1979-1983; and also for different
age groups, i.e. <39, 40-64, 65-79 and >80.

As mentioned before, calculation of SMR was first
performed by using data of all areas in which the
measurements of natural background radiation were
available. Next, in order to adjust for the effect of
confounding geographic factors, exactly the same number of
districts were chosen from the same urbanization status
(city or the other) for three dose level classes within
individual prefectures (Table 3). Thus the chosen
prefectures should necessarily include, in each, one or
more sets of the three dose levels in either one or both of
the two urbanization statuses. The number of municipalities
was 39 in total in each dose level class. Then SMR was
calculated for different dose level groups. This time it
was also standardized to the whole country.

Table 3. Selected municipalities used for the second
analysis and their population (1975)

Radiation
level

Low
Middle
High

Total

Exposure rates
range (uR.h"1)

<7.5
7.6-10.5

>10.6

No. of
municipality

39
39
39

117

Population
(103)

2, 791
2, 836
2, 230

7, 907

3. RESULTS

SMR's for all malignant neoplasms are shown in Table 4
for different urbanization status, and sex and age classes.
Number of cancer deaths for all sites was totally 1,057,827
in those 776 municipalities during the observed period of
15 years. In respect of the number of municipalities
included in them as well as with their population size,
the number of deaths was quite variable among different
groups; which thus introduces variable amounts of standard
error on the estimates of SMR's given in Table 4. Even
though the surface values of SMR thus obtained are mostly
rather close to unity, the discrepancy from the latter
becomes statistically significant in many cases because of
their large observed numbers. However, since the SMR was
here standardized to the average mortality of the entire
observed period in the whole country, it is not so
meaningful to test whether each value departs from unity.
Difference between different dose levels is more important.

Cross-tabulations of the observed number of deaths and
SMR's, calculated by using the data of whole
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Table 4. Standardized mortality ratio of all malignant neoplasms
(ICD 140-209) at different natural background radiation
levels in different urbanization status

All

<39

40-64

65-79

>M

Sex

Mala

F—la

Mala

Paula

Male

Feaale

Mala

tasla

Mala

taaula

Lav (L-M)

0.97 ••

0.98 «•

0.93 ••

0.97 ••

0.96 «•

0.98 ••

0.99 «•

0.99 *•

1.02

1.00

City

Middle

1.01

1.01

1.01

1.00

1.01

1.01

1.01

1.01

1.03

1.01

(M-B) High

" 1.00

1.01

0.99

0.98

• 1.00

1.02

•« 1.00

1.00

• 1.00

1.01

Low (L-M)

0.96

0.90 ••

1.12

0.94

0.98

0.89 •

0.95

0.92

0.94

0.85

Town

Middle

0.96

0.95

1.07

1.06

1.00

0.95

0.94

0.94

0.87

0.92

(M-B) High

•* 0.93

0.94

1.04

1.02

0.97

0.93

•• 0.88

0.93

0.92

0.98

LOW (L-M)

0.97

0.84

1.04

0.87

0.94

0.87

1.01

0.82

0.88

0.82

Village

Middle (M-H)

0.90

0.77 *•

0.91

0.78

0.90

0.83

0.88

0.78 •*

0.94

0.65

High

0.92

0.97

1.46

1.27

0.89

0.89

0.86

1.05

1.07

0.82

P<0.

p<0.

05

01

municipalities, are shown in Table 5 for all possible
combinations of dose levels, urbanization status, sexes and
sites of cancers. For instance, the SMR for stomach cancer
was significantly smaller than unity in cities of the lower
dose level and larger than unity in cities of the higher
dose level.

Accordingly, significant differences of the SMR were
observed among different dose levels, indicating an upward
trend of stomach cancer mortality with elevating dose
rates. This trend was also observed in towns and villages,
though not significantly. The positive correlation with the
dose rate was also observed for SMR of lymphatic leukemia
in males, especially in cities. In towns and villages, the
number of deaths of this diseases was too small to attain a
significant difference from each other.

On the other hand, a negative correlation with the dose
rate, i.e. smaller SMR's in the areas of higher dose rates,
was found for cancers of the oesophagus, colon, breast,
prostate and ovary. Lung cancer also exhibited the same
trend, with the exception of city males. It should be noted
that all of these except the esophageal cancer are
generally known to be increasing in recent years and to be
predominant in the urban areas of this country. Thus their
negative correlation with the dose rate found here may be
attributable to the negative correlation of the latter with
the urbanization level of the area as mentioned before. For



510 IWASAKI e t a l .

Table 5. Standardized mortality ratio of malignant neoplasms
by site and sex at different natural background
radiation levels (all ages)

5X4 4-SB
ollfl

M l

Bsophagua

Stcaacn

Colon

Liver

Lung

Boos

Skin

Breast

Uterus

Osxvlx D.

Corpus 0.

ovary

Pros tat*

Brain

Biyioid

Lyaph. Baaaat.

Bodgkln's

Lyspti. Bistio.

Haiti. Kyol.

lmakmml*

Lyaphatic L.

Hyaloid L.

ICD Cods

140-209

150

151

153

155

162

170

173

174

180-182

180

182

183

185

191

193

200-209

201

202

203

204-209

204

205

Low (L-M)

0.97 ••

1.14 *•

0.97 ••

1.04

0.83 ••

0.97 ••

0.91 **

0.95

-

-

-

-

-

1.05

0.97

0.97

0.95 ••

0.90

0.85 ••

0.97

1.00

0.74 ••

1.01

Mala

Hlddln

1.01

1.02

1.00

1.02

1.03

1.01

1.06

1.03

-

-

-

-

-

1.04

1.02

0.97

1.02

0.97

1.06

1.00

1.01

1.02

1.00

{"-•>

..

ft*

ft*

*

••

**

• •

ft

*

High

0.99

0.81

1.02

0.99

1.02

0.98

0.94

1.00

-

-

-

-

-

0.96

1.07

1.02

0.97

0.98

0.94

1.02

0.98

1.15

0.94

Low

0.98

1.06

0.98

1.06

0.84

1.01

0.98

0.86

1.10

0.89

0.99

1.05

1.07

-

0.99

0.97

0.95

0.92

0.88

0.98

0.99

0.90

1.00

(L-M)

ft*

*•

*

••

••

• •

• *

••

ft*

••

••

•

rsuii

Hlddla. (M-H)

1.01

0.99 ••

0.99 ••

0.99

1.02

1.00

1.04

0.99

0.98

1.04

1.12 «•

1.09 •

0.98

-

1.01 •

1.01

1.02 ••

0.96

1.06 ••

1.01

1.01 •

1.34

1.00 *

High

1.00

0.88

1.04

0.99

1.01

0.98

1.04

1.01

0.95

1.02

0.93

0.96

0.94

-

1.17

0.99

0.96

1.08

0.93

1.04

0.96

1.03

0.94

* P<0.05

*• K0.01

cancers of other sorts, such as liver cancer, cervical
cancer and non-Hodgkin's lymphoma, the SMR was highest in
the intermediate class of the dose rate. Consequently, as a
whole, shifts of SMR for cancer of all sites with the dose
rate were in a very complicated manner, being inconsistent
between both sexes as well as among different urbanization
status. This is also the case even after dividing these
populations into different age classes, though the data are
not shown here.

Results of the second method of analysis are summarized
in Table 6 in a comparable manner to that in Table 5. It
should be noted that the number of deaths is rather small
in this case, because the number of districts was reduced
from 776 to 117. This inevitably introduced a larger amount
of standard error for individual values of SMR, which made
differences between them scarcely significant. Surface
values of SMR are also quite incompatible to those given
in Table 5. For any sites, no positive linear trend with
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Table 6. Standardized mortality ratio of malignant neoplasms by
site and sex at different natural background radiation
levels (all ages) in 117 selected municipalities

Site

A l l

•anphagna

Stoeecfa

Colon

Liver

Ling

Bane

Skin
Brent
Dtema
Cervix U.

Corpaa 0.

Ovary
Prostate
Brain
Tlivioid

Lyaph. BHMt.

Bodgkln'a

Lyeph. H i a t i o .

Lyepbatic L.

Hyaloid L.

ICU code

140-209

150

151

153

155

162

170

173

174

1*0-182

180

182

183

185

191

193

200-209

2 0 1

202

204

205

LOW (L-M)

0.98 *
1.08
0.98 •
0.96
0.94 •
0.96
1.00
1.27
0.63

-

-

-

-

1.06
0.85
0.79
1.01
0.92
0.93 •
0.88
1.02

Male

Middle (H-H)

0.97 •
1.08
0.94 «•
0.96
1.00 ••
0.95
1.14 •
1.22
0.89

-

-

-

-

1.05
0.76
0.95
1.03
0.89
1.10 •
0.94
1.04

High (L-H)

0.97
0.99 •
1.01 *
0.96
0.93
0.92
0.89
1.02
1.28

-

-

-

-

1.02
0.82
0.97
0.98
0.90
0.95
0.86
0.91

Low (L-M)

0.97 •

0.98

0.97 • •

1.04 **

0.96

0.93

1.12

0.98

0.99

0.92 • •

1.02
0.93 *•

0.99

-

0.83

0.93

1.94

0.91
1.07 *
0.78
0.98

ttm

Middle

0.95
0.93
0.90
0.91
1.03
0.94
1.07
0.95
0.9Z
1.01
0.94
1.34
0.88

-

0.67
1.04
1.09
0.82
1.25
1.12
1.08

•ale

(MB) High (L-B)

• 0.97
• 1.09
•• 1.00 •

0.97
•* 0.92

0.93
1.06
0.91
0.92
0.98

•* 1.13
1.24 •
0.92

-

0.63
0.95
1.00
0.82

•• 1.02
0.84
1.04

PCO.OS

P<0.01

the dose level was found. A negative one was observed for
cancers of the lung, skin,prostate in males and for cancers
of the bone, skin and brain in females. But they are all
statistically non-significant. Though a positive trend was
found in stomach cancer and lymphatic in the first
analysis, such positive correlation was all extinguished
now.

4. DISCUSSION

Geographic correlation between natural background
radiation levels and cancer mortality have been studied in
various countries in the world. In Piedomont, Italy (11), a
significantly larger cancer rate was reported in the area
of high background radiation doses only for the age groups
of 60-80 years. Positive correlation with natural radiation
level was reported on leukemia from Poland (12), on
childhood cancers from Great Britain (13), and on all
cancers from Yugoslavia (14). On the other hand, no
correlation was found in Kerala, India (15), where the
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ambient dose rate was approximately 1,300 mR.a~x. A
weighted regression analysis carried out in a rural area of
Ireland (16), where a threefold range of radiation level
with a mean of 76 nGy.h"1 (670 mR.a"1) was observed,
also gave a nonsignificant result for cancers of different
sites, separately, but a negative regression for all sites
in males and in both sexes combined.

In the United States, two major studies have
investigated the effect of natural background radiation on
the nationwide variation of cancer mortality rates. First,
Frigerio et al. (17) analyzed the regression of
age-adjusted mortality rates for cancer of all sites
against the natural background radiation levels in 50
states, and found a negative but nonsignificant regression.
Second, Jacobson et al. (18) carried out a similar analysis
confined to leukemia in four race/sex groups, and found a
negative but nonsignificant regression in three of them.

In China, a health survey has been carried out since
1972 in Hangjiang County, Gungdong Province, where the
natural dose level is 300 mR.a~a, about three times
higher than the neighboring areas, by the High-background
Radiation Research Group (19-21). In a preliminary report
(19), based upon 80,000 people in this area and 27,000
people in two control areas, they could not find any
significant difference in cancer mortality rates between
them. They argued that it could be due to small sample
size. Later, a more detailed analysis was done by
increasing the observed person-year to 477,817 in the high
background area and 490,612 in control areas over the
period of 1970-1986 (20,21). They stated that a significant
difference detected in cancer of the uterine cervix may not
be ascribed to the natural radiation exposure.

These results so far reported indicate, as a whole,
that there should not be a positive association between the
natural radiation level and cancer mortality.

In Japan, several studies have already been reported on
a geographic correlation of cancer mortality with the
natural background radiation levels. Sakka (3-5) used crude
mortality rates in 27 prefectures over the period of
1950-1971, and found a weak positive correlation for
leukemia, but not for other cancers. Ujeno (6) also tested
the correlation by using crude mortality rates in 329
municipalities over the period of 1969-1970. In his later
study (7), he used a tissue dose equivalent due to the
natural radiation, and also age-adjusted incidence rate in
13 prefectures in 1979, standardized mortality in 46
prefectures over the period of 1973-1977 and crude
mortality rates over 40 years of age in 649 municipalities
over the period of 1969-1971. No positive correlation was
observed if age-adjusted rates were sued. According to
Noguchi et al. (8), who used crude and age-adjusted rates
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over the period of 1950-1978, positive correlation observed
for the crude rate of various cancers disappeared if
age-adjusted rates were used, except for female stomach
cancer in 1968-1978 and uterine cancer in 1068-1978 and
1958-1978.

These findings were due to the fact that both crude
rates and natural radiation doses were higher in the rural
areas in Japan. Because of this, we tried to control the
effect of urbanization status in the present study. In the
United States, Walter et al. (22) also tried to adjust for
the factor of population density in the calculation of
regression coefficients of cancer incidence against the
terrestrial radiation exposure rates in Connecticut. They
obtained an absolutely negative results with respect to the
effect of natural radiation. Our results very much conform
the fact to them. Despite the fact that the first method of
analysis indicated a positive effect of radiation in such
malignant neoplasms as stomach cancer and lymphatic
leukemia, it was extinguished when the second method was
applied. It leads us to conclude that no detectable
correlation exists between cancer mortality and the natural
radiation with dose rates of as low as 0.30 to 1.25
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AN OPTIMISTIC OUTLOOK
ON EPIDEMIOLOGICAL STUDIES

IN HIGH NATURAL RADIATION AREAS

K.S.V. Nambi

Environmental Assessment Section
Bhabha Atomic Research Centre

Bombay 400 08S
India

ABSTRACT

Recently revised radiation risk estimates for the atom
bomb survivors have underscored two important aspects:

i) The radiogenic cancer risk factor is perhaps five times
higher than what was assumed in ICRP26, and

ii) The radiogenic cancer risk is proportional to the
natural cancer risk in a population (relative risk
hypothesis).

These have a direct bearing on the minimum data bases
required in terms of Person Years (PY) of observation, to
obtain statistically significant results from
epidemiological studies on populations exposed to natural
environmental radiation doses (external+internal). While
the increased cancer risk factor mentioned above, reduces
the minimum PY data base requirement nearly 25-fold,
regions of the world having lower natural cancer risks can
hope to obtain statistically significant results from
epidemiological studies on relatively smaller data bases.

In order to remove the uncertainties arising out of age
structure differences in populations which affect both the
cancer risk as well as the cumulated population dose
estimates, it is recommended that normalisation be done for
world standard reference population suggested by the
International Agency for Research on Cancer. Cumulated
environmental radiation doses can be precisely estimated
either for all ages in the reference population or for the
age truncated reference population with ages between 35-64
y with weighted mean ages of 29.4 y or 48.1 y respectively.
Correlation between age adjusted cancer rates and cumulated
environmental radiation doses by the age standardised
populations can be more meaningful than by a reference to
the annual environmental radiation levels received by a
general population of all ages in varying proportions.
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A log-log linear inverse relationship is presented
between the minimum required PY data base and the per caput
accumulated natural background radiation dose in an age
standard population with an assumed cancer mortality rate
of 100 per 100,000 per year. It now looks reasonably
possible to verify presence/absence of a linear dose
response at low dose rate levels by epidemiological studies
on data bases of the order of 104 PY at two or more
widely differing natural radiation (internal+external) dose
rate levels. These requirements can be easily met in
monazite areas of India and China, the two most populous
countries of the world.

1- INTRODUCTION

There has always been genuine apprehensions about the
data base employed in arriving at the presently used cancer
risk factors in radiation protection standards. The A-bomb
survivors cancer mortality experience has been a major data
base source and the main objection to its relevance stems
from the fact that the exposures were very acute delivered
at high rates. The high natural radiation areas of the
world have always been looked upon as a human experience
which could provide an alternative data base relevant to
chronic low dose rates which will be commensurate with the
radiation exposure patterns encountered in nuclear work
practices. However all efforts until this date have failed
to observe any statistically significant differences
between the cancer mortality rates observed in normal and
high radiation background areas (1). An argument commonly
advanced to explain this failure is in terms of inadequacy
of the Person-Year-Sievert data base to observe any
significant increase in mortality rates in high background
areas. It is in this context that a re-examination is
attempted here taking into account the revised cancer risk
factors which are likely to be recognised in the near
future (2) .

2. METHODOLOGY

The present work has been inspired by a couple of
publications (3,4) which have appeared earlier on topics
related to data base requirements based on the old ICRP 26
risk estimates. These publications as well as others
dealing with risk assessments on general populations have
not taken into effect the changing age structure of the
population which will determine the environmental dose
accumulated by the population at any point of time. To
circumvent this difficulty, the concepts of the world
standard population and the age adjusted cancer rates (5)
are used in this work. The age-standardised world
population considers equal numbers of either sex being
present in various 5 y-age intervals in a fixed proportion
(Fig.l). It is easily seen that in such a hypothetical



ICHLKR,Ramaar,3-7 Nov. 1990 517

1820 25 30 38 404850

ABE , YEARS
606870 78+

Fig. 1. Age structure of world standard reference
population (10s persons with equal males and females
in each 5 years age interval) (IARC Publn. 42, 1982).

population the accumulated environmental per caput dose (S)
by the population will be a constant, being equal to 29.4
DB is the annual environmental dose rate continuously
experienced by the population. The risk can be evaluated
assuming as if, we have a mixed population with a
stabilised age structure and a fixed per caput accumulated
environmental dose of S. (The environmental exposures have
always an internal and external component; all discussions
here refer to the combined dose equivalent). The annual

applicable to such a situations usually
be one twenty-fifth of the lifetime risk
A latent period of 10 y and a risk operative
y are assumed whether it is a situation of

between 18 and 60 years of
exposure of the general
Assuming a revised cancer

risk factor
considered to
factor (4,6).
period of 25
uniform occupational exposures
age or uniform environmental
population between 0 to 70 y
risk factor of 5% Sv-1 for general population of all ages
(2), the annual risk factor (R) applicable in our
calculations is take as 2xlO~s (mSv.y x). The radiation
induced cancer deaths in a population of P persons with
each having accumulated an average dose of S mSv and
monitored for a period of Y years will be approximately
estimated as PYSR. This should be at least more than the
uncertainty associated with the natural cancer observed
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viz. PYCr, where Cn is the natural cancer death rate.
For reasonably large observations it can then be stipulated
that,

P.Y.S.R. > (P.Y.CO1'2

The minimum data base required in terms of Person-years
of observation is given by

P.Y. > C/CS.R) 3 (1)

It should be remembered that Cn refers to the cancer
death rate, age-adjusted to the world standard population.
This generally seems to cover a wide range all over the
world (7): between 35 to 165 per 100,000 persons per year.
We may therefore assume a nominal global average value of
100xl0~3 for Cn. This leads to the requirement that,

P.Y. > 2.5xl08/S2 (2)

In yet another approach, for continuous exposure
situation of the general public, a dynamic equilibrium
state can be assumed for simplicity, and the annual excess
cancer deaths being given by 5 per 100,000 per year at a
continuous and uniform exposure rate of, DE=lmSv.y~

1

(RE)< This leads to a minimum data base requirement given

PY > C^/fR^.D,:)2 (3)

The natural cancer death rates-not-age-adjusted and
called the crude rates-also exhibit a wide range in various
regions of the world, for the sake of simplicity we assume
that Cn

sCn which is true only for countries where the
age structure of the population is close to the world
standard population. In such a case, the data base
requirement is given by

PY > 4xl0VDE
2 (4)

3. RESULTS AND DISCUSSIONS

The risk lines at la significance level at various
environmental cumulative doses for ,~\n age-standardised
population and at various environmental dose rates for a
general population as described by equations 2 and 4 are
graphically presented in Fig.2. There is an in-built factor
of 29.4/25.0 between the two formulations described above
and this is reflected in the graph. The two estimates will
further differ in case the age-adjusted and crude cancer
death rates are significantly different. For example, while
these two cancer rates are more or less same for some of
the advanced western countries of the world, the age
adjusted rate is nearly a factor of 2 higher than the crude
rate for countries like India.
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Fig. 2. Overall cancer mortality radiation risk line
at la statistical significance, (a) For a world standard
population with an age adjusted cancer death rate of
10-3y~l. (b) For general population with a natural
cancer death rate of 10~3y~x.

It is interesting to find that the A-bomb survivor data
for the dose range 0.05-0.99 Sv lies well within the
statistically significant region of the plot while the
UKAEA cohort data with exposures greater than 0.1 Sv falls
close to the line extending into the significance region.
It should be noted that the UKAEA data gives an overall
estimate of annual excess risk of 5/10 mSv/106 which is
just the same as being advocated in the revised estimates
of ICRP; however the 95% confidence intervals vary from 21
to 31 indicating that the data base size is not yet
sufficient.

It could be easily realized from epidemiological
reports from monazite areas of the world (8,9) that it
should not be difficult to be able to conduct
epidemiological surveys which would cover about 10*
person-years of observations at mean dose rates of about
4-10 mSv.y-1. This would be just sufficient to observe an
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environmental radiation-related cancer risk at la
significance level. In fact if data could be collected at 3
or more dose intervals on a data base of about 104 PY
each, the dose response trend could be tested with
statistical significance. In such a dose-effect fitting for
a given population, any confounding factors do not play an
interfering role and a reliable risk factor estimate is
quite possible.

4. CONCLUDING REMARKS

The present work has shown that with increase in the
cancer risk factor, the data base size required for
meaningful epidemiological studies has considerably
reduced. Compared to earlier predictions of nearly 107

person years of observations (10), the minimum required
observations at la level statistical significance have come
down to about 10= PY in high natural radiation areas. A
further reduction seems possible if one adopts the
methodology of monitoring the age adjusted cancer death
rates and carries out studies in regions with lower cancer
rates. From all these considerations, extended
epidemiological surveys in monazite areas of populous
countries like China and India appear to offer the best
hopes to verify the low dose rate effects especially with
respect to the cancer risk.
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IN HIGH BACKGROUND RADIATION
AREAS OF YANGJIANG, CHINA

Wei Luxin, Zha Yongru, Tao Zufan, He Weihui,
Chen Deqing and Yuan Yongling

High Background Radiation Research Group, China

ABSTRACT

This investigation has begun since 1972. Various
radiological measurements revealed that individual external
exposure to the environmental gamma radiation in a high
background radiation area (HBRA) is about three times
higher than that in the nearby control area (CA). If the
internal exposure is included, the averaged annual
effective dose equivalents will be 5.4 mSv in HBRA, 2.0 mSv
in CA respectively.

About 80,000 inhabitants in each area whose families
lived there for two or more generations are being observed.
Environmental carcinogens and mutagens other than natural
radiation as well as host confounding factors were studied
by means of case-control study and commune survey which
showed that the factor? believed to be related to
mutational diseases were not statistically different
between these two areas, except that the culture level and
the frequency of medical X-ray exposure of people in CA was
a little higher than that in HBRA. About one million
person-years in HBRA and as many in CA were observed for
cancer mortality, and sex-, age- and site-specific cancer
mortality were analyzed. Statistical analysis showed that
no difference was found either in mortality of all cancer
or in mortality of leukemia between HBRA and Ca. However,
the cancer mortality of all cancer except leukemia for age
group of 40-70 years was lower statistically in HBRA than
that in CA. The total number of 31 kinds of hereditary
diseases and congenital deformities in children below 12
years old between two areas were almost identical. However,
the frequency of Down Syndrome in HBRA was statistically
higher than that in CA, but the incidence in HBRA was
within the range of spontaneous morbidity and dependent of
age of maternity. About 25,258 and 21,837 persons were
examined in HBRA and CA respectively.

In 1972, The High Background Radiation Research Group
(HBRRG) began the health survey in the high background
radiation areas (HBRA) in Yungjiang of Guangdong Province
and the neighboring control areas (CA). The purpose of this
investigation is attempting to provide some information for

523
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evaluating whether any detrimental effects exists in a
large population whose families have been continuously
exposed to a low dose rate radiation for many generations.

As Fig. 1 shows, the investigated HBRA are two
separated areas, which cover a total area of about 500
square kilometers. The sources of background radiation are
mountains nearby whose surface rocks are granites, from
which fine particles of monazite are washed down
continually year by year by rain and deposited in the
surrounding basin regions; thus, the background radiation
level in these areas was elevated. About 800 years ago,
many migrants from Jiangxi province moved into and settled
down there. Most inhabitants we observed are the
descendants of the early migrants. Evidence revealed that
about 80,000 of the inhabitants belong to families who have
lived in these areas for more than two generations, and
more than 90 percent have lived there for more Than six
generations (Table 1).

2200

' Enping County j

Tongyou rtglon

* .' S ^Control \

V Oong-onling \ 1 )^*-J

xw'2r€
South China Sta 0 20Km

III* 30' 112*00' 112*30' 113*00'

Fig. 1. Locations of the investigated areas.

The control areas with normal radiation background were
selected not far from the HBRA (the closest points are
about 10 km apart), at comparable altitudes, less than 50
meters.

The items of this investigation have been:
1) Sources of the natural ionizing radiation.
2) Radiation levels and their distribution in HBRA and CA

(external and internal).
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3) Dose estimates including absorbed dose, effective dose
equivalents and accumulated doses at different ages.

4) Survey of demographic data.
5) Survey on comparison of confounding factors between

HBRA and Ca environmental, host and socio-economic
factors.

6) Cancer mortality.
7) Prevalence of mutation-based diseases.
8) Frequency of chromosomal aberrations.
9) Explanation of results including immunological and

microdosimetric exploration.

Table 1. Distribution of inhabitants whose families lived in
investigated for various numbers of generations*

Generations

2 to 5
6 to 10
11 to 15
16 or more

High Background Areas

Persons

6912
25737
17501
23384

Percent

9.4
35.0
23.8
31.8

Control Areas

Persons

25126
39230
9172
3545

Percent

32.6
50.9
11.9
4.6

* Based on the data in the year of 1975 (1),

1. SOURCES, LEVELS AND DOSES OF IONIZING RADIATION

As above mentioned, the sources of higher background
radiation are fine particles of monazite which are
deposited on the basin region of HBRA. The geological
structure also plays an important role. The results of
analyses of soil samples by spectrometry and
radiochemistry, as well as the measurements of field
gamma-spectrometry showed that the concentrations of
natural radionuclides in soil are quite different between
HBRA and CA, especially that of thorium, which is about six
times higher in HBRA than that in CA (Table 2).

1.1. Radiation Levels (External and Internal)

Repeated measurements of environmental gamma exposure
rates, individual accumulated gamma exposures,
concentrations of 222Rn, 22ORn and the potential alpha
energy or decay products, concentrations of thorium
isotopes in human lung tissue and concentrations of 226Ra
and 22aRa in human teeth and bone showed the higher level
of ionizing radiation in HBRA than that in CA. However, the
concentrations of radon and decay products in the room air
were not so high as expected, because of the effective
natural ventilation indoors in the investigated areas (3).
The data of individual gamma exposures (Table 3),
concentrations of radon and decay products in air (Table
4), contents of 226Ra and 22BRa in the ash of human
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Table 2. Contents of natural radionuclides in

soil of investigated areas (Bg.Kg~*)

Ana and — thad
of analysis

BBBA

Radiochaadatry (1975)

RadiocbBBlatxy (1979)

Cm (Id) J I M I

mpmctxcmetry (1979)

Plaid jwn

Spactraaetxy (1982)
• a l (Te) j — i

3pactrca»txy (1982)

Avarago

CA

Radiocbeatatry (197S)

Radlocbaaiatiy (1979)

Ga (11) gaaaa

Tlfl 111—tij (1979)

M a i d gamma

•pactroBBtzr (1982)
«ai (Te) gmmm

SpmctrametXY (1982 )
Avaraga

Ratio of BBKn to CA

93.5117.2
93.5120.9

118.1134.4

87.3128.3

109.S140.6
100.4128.3

29.519.8
20.918.6

29.5111.1

24.617.88

27.118.6
26.319.1

3 . 8

177.1182.2
248.2115.1

227.3185.1

149.2152.2

236.3130.2
207.6187.5

34.9113.6
32.5112.7

36.6116.8

27.1110.7

36.2113.6
33.5113.5

6 . 2

«"Ra

70.3127.1
144.3155.5

136.9144.4

122.1140.1
118.4141.9

22.217.4
29.6111.1

29.6111.1

29.6125.7
27.8113.8

4 . 3

454.11227.0
621.41310.7

454.11334.6

2B6.8H67.3

501.91382.4
463.61284.4

88.8123.9
358.515.5

126.71112.3

119.5186.0

157.7121.9
170.2187.9

2 . 7

Table 3. Annual individual gamma exposures
(nR.yr-1) in HBRA and CA based on
results of various measurements (4)*

Oavic* or

daaiaater

RSS-111

TU>

CaSCMTB)

LIP (HgTi)-M

CaSCMDy)

HPL

Annual atpoaure rattt

B U U

377.1160.6

3S1.4156.8

330.0155.1

330.0152.8

330.0135.6

CA

115.7121.2

120.3127.2

103.0123.6

119.0129.4

19.4124.6

BBRA/CA

2 . 9

2.9

3.2

2.8

2 . 8

Haasaraaant

JMT

1982

1978

1978

1975

1975

reaulta froat j apectroaatry

ara alailar to that of RSS-111.

bone (Table 5), contents of a26Ra and 22eRa in human
teeth (Table 6), are shown below.
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1.2. Dose Estimates Absorbed Dose, Effective Dose
Equivalent, Accumulated Dose at Different Ages

Upon the results of radiological measurements, dose
estimates have been made. The results showed that the main
contributor of the elevated background radiation is the
terrestrial gamma radiation. The distribution of doses from
this radiation is shown in Fig. 2. A group classification
according to gamma exposure doses from 1979-1986 data is
listed in Table 7. Annual absorbed doses from inhalation of
radon, thoron and their decay products, annual absorbed
dose and annual effective dose equivalents in bone marrow
and surface cells of bone from 22SRa and 228Ra are
listed in Table 8 and 9 respectively. The annual effective
dose equivalents resulted from natural radiation sources in
HBRA and CA were summarized in Table 10.

Table 4. Concentrations of radon and decay
products in air of investigated areas

Area

« A

CA

•o. of

people

in

places

•ants

takan

35021

39301

Places

—Mure-

indoors

outdoors

Indoors

outdoors

Concentration

of"»Rn

(Bq.e »)

31.8

16.4

11.1

11.2

Concentration

of"*Hn

(Bq.« ')

167.5

IB. 4

17.5

3.8

Alpha potential

energy of

'"*n decay

products

WL

0.00482

0.00464

0.00181

0.00212

Ja *

X10 *

0.100

0.097

0.038

0.044

Alpha potential

energy of

ML

0.01227

0.00255

0.00334

0.00097

Ja '

X10 "

0.255

0.053

0.069

0.020

Table 5. Contents of a a eRa and "**Ra in human bone ash

Area

ran

CA

•o. of

cases

asasured

10

a

Specific activity (Bq.kg 'ash)

"*Ba

2.5810.51

0.7510.45

"•Ra

2.1610.64

0.7710.44

Deduced contents (Bq.kg 'bone)

1.4410.29

0.4210.05

"•Ha

1.2110.36

0.4310.25

The individual average absorbed dose from terrestrial
gamma radiation in HBRA in about four times higher than
that in Ca. If cosmic rays are included, the ratio of gamma
radiation doses between HBRA and CA shall be about three:
2.1 mGy in HBRA, 0.77 mGy in CA per year. If we use the
term "effective dose equivalent", which is an unit used
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Table 6. Specific activities of aasRa and aaaRa in human
teeth and their deduced contents in bones

A r e a

HBRA

CA

BBRA/CA

Mo. of
teeth
•Baaured

1100

9 0 0

Specific activity (Bq.kg 'teeth)

"•Ra

2.78*0.19

0.8110.33

3 . 4

«"Ra

1.961O.33

0-S6iO.il

3 . 5

Deduced contents (Bq.kg 'teeth)

"•to

1.5210.10

0.44*0.18

3 . 4

" • H a

1.07t0.1B

0.3110.06

3 . 5

Fig. 2. Distribution of absorbed doses (whole body) of
inhabitants in the HBRA and CA exposed to background
gamma-radiation.

Table 7. Group C l a s s i f i c a t i o n According t o Gamma
Exposure Doses (from 1979-1986 data)

Group

1

2

3

4

Area

CA

HBRA

HBRA

HBRA

Dose range
(mGy.y-1)

0.58—1.03

1.55—2.00

2.01—2.40

2.41—3.10

Average dose
(mGy.y-*)

0.75

1.85

2.15

2.55

Percentage of
person-yr observed

100.00 of CA
part icipants

32.96

46.77

20.27
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Table 8. Annual absorbed doses (uGy) from inhalation
of radon, thoron and their decay products

529

Tinoa

Kpithaliua

of bronchi

Lung

Conad

Bone Barrow

3nrface calls

of bene

Radon and ita

dacay product*

HBRA

1885.SS

377.11

2.79

3.18

3.18

CA

738.12

147.62

1.09

1.24

1.24

Thoron J•nd its

dacay products

HBRA

2032.79

406.56

0.77

12.89

12.89

CA

566.80

113.36

0.22

3.60

3.60

HBRA

3918.35

783.67

3.56

16.07

16.07

Total

CA

1304.92

260.98

1.31

4.84

4.84

BBKA/C

3.0

3.0

2.7

3.3

3.3

Table 9. Annual absorbed dose and annual effective
dose equivalents in bone marrow and surface
cells of bone from aa*Ra and "»Ra*

ABRA

HBRA

CA

BBRA/CA

* " « a

Annual absorbsd

dosa (nGya ')

Bona

•arrow

9.65

(6.95)

2.97

(2.14)

3.2

Bona

surfaca

53.06

(70.00)

16.35

(21.56)

3.2

Effective

doaa

(J1SV)

86.88

26.76

3.2

"" H a

Annual ibaorbed

doaa (pCya ')

Bone

•arrow

15.89

(11.30)

4.71

(3.35)

3.4

Bona

surfaca

87.40

(123.44)

25.90

(36.58)

3.4

Effective

doaa

<nSv)

195.0

57.78

3.4

Based on the aathod of P.W. Spiers (1968), figuars in Parentheses

are results calculated with OUSCKAR estimates (1982).

specific for radiological protection, thus the inhabitants
in HBRA receive about 5.4 mSv per year in average, that is
3.4 mSv above the normal value of control areas. Certainly,
this higher quantity is chiefly due to the higher quality
factor used for alpha particles deposited in the lung
tissues. Thus, an inhabitant living in HBRA receive doses
near or more than that received by workers who work in an
installation of nuclear industry or a department of
radiology or nuclear medicine.

The accumulated dose or dose equivalent received by an
individual shall increase with the increase of his (her)
age. People of 50 years old received accumulated dose from
natural gamma radiation in HBRA is about 105 mGy (rangs 87
mGy to 129 mGy) and 274 mSv (range 248-269 mSv) of
effective dose equivalents.
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Table 10. Annual effective dose equivalents
resulted from natural radiation
sources in HBRA and CA

Sources

External exposure
Terrestrial
Cosmic rays
Ionizing components
Neutron components

Sub. total

Internal exposures
K-40
Rb-87
Ra-226
Rn-222
Rn's decay products
Ra-228
Rn-220+Po-216
Pb-212+Bi-212

Sub. total

Total

Annual effective dose
equivalent (mSv)

HBRA

1.85

0.23
0.02
2.10

0.18
0.086
0.087
0.03
1.634
0.195
0.095
1.038
3.27

5.37

CA

0.52

0.23
0.02
0.77

0.18
0.006
0.027
0.01
0.66
0.058
0.011
0.288
1.24

2.01

We concluded that the difference of doses between HBRA
and CA is worth-while for investigation of evaluating the
health risk.

2. SURVEY OF RADIOLOGICAL EFFECTS

2.1. Survey of Demographic Data

The survey of demographic data has been followed up
since 1975 with the help of local governments. For the
purpose of this investigation, the principles of selection
of members of the investigated populations in HBRA and CA
were set up and published elsewhere (5).

Since the investigated areas are rural areas, most
inhabitants are farmers (peasants) (Table lla).

The structure and male-female ratios
investigated populations are shown in Table lib.

of the

From the data, we can see that the investigated
population in HBRA and CA was younger (75%< 35 yrs old)
than the standard population of world (62%< 35 yrs old) and
European countries (50%<35 yrs old) (6).
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Table lla. Occupations of the inhabitants in HBRA and CA*

531

Area

HBRA

CA

No. of
investigated
persons for

case-control study

459

459

Occupation

Peasant

No.

432

428

%

94.1

93.2

Other**

No.

27

31

%

5.9

6.8

P
Value

>0.05

>0.05

* Sample taken from inhabitants above 16 years old.
** Other occupation include:

teachers, country doctors, cadres, etc.

Table lib. Male-Female ratio of the investigated
populations in HBRA and CA (1970-1985) (5)

Age

5
15
25
35
45
55
65
75
85

Total

HBRA

Male
(Pyr)

124063
120578
79020
52745
43213
32119
20845
9009
1567

483159

Female
(Pyr)

110312
106736
65256
38115
37770
33853
22678
13702
3624

432046

Ratio
(M/F)

1.12
1.13
1.21
1.38
1.14
0.95
0.92
0.66
0.43
1.21

CA

Male
(Pyr)

96294
112106
89837
54114
40611
35519
21984
9091
1721

461274

Female
(Pyr)

90794
102288
79416
43458
38918
41360
28766
16926
4416

446342

Ratio
(M/F)

1.06
1.10
1.13
1.25
1.04
0.86
0.76
0.54
0.39
1.03

2.2. Survey for Comparison of Confounding Factors

For comparing the confounding factors which might
effect the incidence of cancers and hereditary diseases in
HBRA and CA, several studies have been done, one of them
was the case (HBRA inhabitants) control (CA inhabitants)
study.

Cases and controls were selected from HBRA and CA
respectively using two stage sampling. Controls were
matched to cases by sex and age, 459 case-control pairs
were available for analysis. The purpose of this study is
to assist in assessment of the effects of elevated natural
radiation on disease believably caused by some form of
mutation, a comparison of various factors either acceptably
or believably affecting the occurrence of such results are
summarized in Tables 12 and 13.
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Table 12. Comparison of factors known affect the
diseases caused by mutation process (7)*

Factors

Pesticide uaa

Occupation

(Involving

toe uaa of

poisonous

and noxioua

Sinking

Alcohol

(consuaption)

Madlcal X-ray

(exposure)

Oonatituent ratio (%)

BBRA

62.3

l.S

37.9

37.2

20.0

CA

63.6

2.0

37.6

38.6

26.4

P "

US

US

as

as

as

Odds ratio

Matched

analyaia

1.00

0.60(0.15-2.47)

1.06(0.71-1.58)

0.85(0.60-1.21)

0.62(0.45-0.87)

Urantrhad

analyaia

0.95(0.72-1.24)

0.77(0.29-2.09)

1.01(0.«(-1.16)

0.90(0.64-1.27)

0.70(0.51-0.95)

* figures in parentheses represent 95% confidence intervals.

•• US saim no significance.

One thing should be mentioned, although the percentage
of male smokers was high, the smokers do not often smoke
cigarettes, most of them smoke water pipes, which might
diminish the detrimental effects of smoking.

Table 13. Scxae data on smokers

Area

BSJUV

CA

Parsons Investigated

Mala

239

23*

re-al.

220

217

Total

459

455

Bo. of ssDkars

Male

171

167

resale

3

4

Total

174

171

Percentage

Mala

71.5

70.2

resale

1.4

l.S

Total

37.9

37.6

Selected by two ataga stapling

Saaple taken froa investigated persons above 16 years old.

For several years we have studied the factors which
might affect the incidence of malignancies and the
hereditary diseases, and the comparability between HBRA and
CA. As yet we have not found that they were not comparable
to each other in terms of environmental and host factors.
However, the culture and education levels were higher in
CA, which might influence the hygiene status and family
planning.
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2.3. Cancer Mortality Study

1) Cancer mortality in HBRA and CA has been studied since
1972. The early data were obtained by means of
retrospective survey (at 1972 for pilot study, at 1975
for 1970-1974 data, at 1979 for 1975-1978 data). Since
1979, a cancer registry system has been established for
the investigated areas where local physicians, with the
help of section hospitals and country hospitals and
many health administrative organizations, report all
cancer cases and cancer deaths to the registry,
diagnoses are checked up, sometimes re-examined, and
confirmed by an expert group who meet at the
investigated areas to evaluate cases twice a year.
Meanwhile, deaths from all causes are also registered
and analyzed. By the end of 1986, 467 cancer deaths
were found among 1,008,769 person-years at risk in
HBRA, resulting a crude mortality rate of 46.29/100,000
pyr. The corresponding figures in CA were 533 cancer
deaths, 995,070 pyr and a crude cancer mortality rate
of 53.56/100,000 pyr. Mortality rates from all cancers,
site specific cancer mortalities, sex specific cancer
mortality are shown in the following Tables 14-17.

Table 14. Crude cancer mortalities in HBRA and CA
(1970-1986, per 100,000 person-years)

t o

Mala

Foaale

Ana

HBRA

CA

HBRA

Ok

Crude aortal ity rat*

(95% conf. Interval)

56.3(50.1-63.1)

65.4(58.6-77.9)

35.2(30.1-41.0)

41.4(35.9-47.5)

Rate ratio*

(95* conf. interval)

0.93(0.81-1.06)

P=0.65

0.96(0.81-1.14)

P=0.35

• Aga adjuatad by coBbinad population of HBRA and CA.

The distribution of cancer mortality in HBRA and CA in
various periods of years is shown in Table 18.

From the data above mentioned, the mortality rate of
total cancers was higher in CA than that in HBRA for male,
female and for both sexes. However the differences were not
large enough to be significant statistically. For site
specific cancers, there were small differences between HBRA
and CA, only the mortalities of cancer of uterus cervix
were found to be different significantly between these two
areas. However, the induction of this type of cancer is
difficult to relate to ionizing radiation.

For examining the validity and reliability of the above
mentioned findings, further analysis have been done.
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Table 15. Site specific cancer mortality in HBRA.

and CA for both sexes (1970 through 1986,

per 100,000 person-years)*

Basopharynx
Ssophagos
Stcaaca
Liver
Intestine

Bltut
Cervix Utarua
r<MI>aa_la

Osteosirnnea

Otter

total

HBRA

• o . of
daatba

94

13

5 3

115

16

25

7

13

3 1

5

95

467

Mortality rates

Crate

9.32
1.29
5.25

11.40
1.59
2.65
0.69
1.29
3.07
0.50
9.42

46.29

Adj.**

9.81
1.40
5.60

12.50
1 . '

2.f J
0.75
1.37
3.02
0.52
9.91

48.61

CA

So. Of

1 0 9

16

47

145

25

35

13

5

33

6

9 9

S33

Mortality ratas

Crude

10.95
1.61
4.72

14.57
2.51
3.53
1.31
0.05
3.32
0.60
9.95

53.56

A d j . "

10.45
1.49
4.45

13.92
2.3*
3.29
1.25
0.45
3.39
0.S9
9.44

51.09

P

value

>0.05
M>.0S

X>.05

>0.0S

X>.05

>0.05
>O.05

<0.05

XJ.05

>O.O5

X).O5

M>.05

• 1,006,769 pyra obaarvad In mWA,995,070 pyrs In CA.

•• Adjusted with t t e combined population of BBRA and CA.

Table 16. Site specific cancer mortality in HBRA and CA for
male (1970 through 1966, per 100,000 person-years)*

•aaopharymt

Xtiphagua
*t—ir-ti
Liver
Intaatina
Long
Breast
Lmkeala
OBtOOBafLU—

otter

Hotel

HBHA

•o . of

59

10

3 6

185

10

17

0

17

4

6 1

2 9 9

Mortality rates

Crude

11.11
1.88
6.78

16.01
1.88
3.20

0

3.20
0.75

11.49

56.31

M j . "

11.58
1.92
7.11

16.67
1.96
3.36

0

3.21
0.78

11.91

58.56

CA

• o . of

72

7

2 9

113

14

18

0

18

4

55

3 3 0

Mortality rates

Crude

14.27
1.39
5.75

22.40
2.78
3.57

0

3.57
0.79

10.90

65.42

A d j . "

13.79
1.32
5.49

21.62
2.69
3.39

0

3.70
0.77

10.48

63.26

P

value

XJ.05
XJ.05
>0.05
XJ.05
XJ.05
>0.05

X>.05

XI.05
>0.0S

>0.05

• 530,952 pyra observed in HBRA, 504,458 pyra in CA.

•* Adjusted with the coabined population of HBRA and CA.

2) As the data of age-specific mortalities showed, most
cancer cases appear within the age groups of 40 and
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more than 40 years. Furthermore, literature indicated
that there exist latent period after which the solid
cancers begin to be clinically distinguished, no matter
whether the solid malignancies are natural
("spontaneous") or induced by ionizing radiation (8).

Table 17. Site specific cancer mortality in HBRA
and CA for female (1970 through 1986,
per 100,000 person-years)*

Site or

cancer

nasopharynx

Esophagus

Staaach

Liver

Intestine

Lung

Breast

cervix Uterus

Leukemia

OBteosarcoaa

Other

Total

HBRA

so. of

deaths

35

3

17

30

6

8

7

13

14

1

34

168

Mortality rates

Crude

7.33

0.63

3.56

6.28

1.26

1.67

1.47

2.72

2.93

0.21

7.12

35.16

Adj."

7.82

0.68

3.82

6.67

1.37

1.82

1.60

2.94

2.80

0.21

7.51

37.34

CA

Ho. of

deaths

37

9

18

32

11

17

13

5

15

2

44

203

Mortality rates

Crude

7.54

1.83

3.67

6.52

2.24

3.47

2.65

1.02

3.06

0.41

3.97

41.38

Adj.**

7.08

1.66

3.42

6.14

2.09

3.23

2.51

0.94

3.06

0.40

8.44

39.00

P

valae

X>.05

>0.05

XJ.05

X3-O5

>0.05

X>.05

>0.05

<0.05

X1.05

XJ.05

X).05

X>.05

• 477,817 pyrs observed in BBRA, 504,458 pyrs in CA.

*• Adjusted with the combined population of HBRA and CA.

Table 18. Cancer mortality in HBRA and CA in various
periods of years of survey (1970-1986, per
100,000 person-years)

Calendar

years

1970-1974

1975-1976

1977-1978

1979-1980

1981-1982

1983-1984

1985-1986

1970-1986

BBRA

Pyrs

96533

138954

1447867

150712

156203

159702

161798

1008769

•o. of

cancer

deaths

45

59

66

73

67

82

75

467

Mortality rates

Crude

46.61

42.46

4S.55

46.43

42.89

51.16

46.35

46.29

Adj.*

45.69

44.69

48.43

51.20

45.42

54.16

49.24

48.81

CA

Pyrs

122554

141081

143046

144601

146440

148706

148642

99S070

No. of

cancer

deaths

55

82

64

72

75

79

B6

533

Mortality rates

Crude

44.87

58.12

58.72

49.79

51.21

53.12

57.83

53.56

Adj.*

44.83

55.51

56.41

47.1*

48.16

50.90

54.51

51.09

• Adjusted with the combined population of BBRA and CA.
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For these reasons, we have analyzed the cancer
mortality of al l cancers except leukemia of HBRA and CA
inhabitants aged 40-70 years as given in Table 19a. The
results are somewhat different from those of analysis of
cancer mortalities of all age groups. The mortality rate in
HBRA was lower significantly, although the s ta t i s t ica l
power is weak with wide confidence interval. I t ' s necessary
to accumulate more person-years of these older age groups.

Table 19a. Mortality rates of a l l cancers except Leukemia of HBRA
and CA inhabitants aged 40-70 years (1970—1986)*

Area

HBRA

CA

Person-years
observed

207-900

224-380

Mortality
rate (10-*)**

143.8(299)

168.0(377)

fl-value*
(95%CI)

-14.6%

(-24.8,-3.0%)

P-value

0.04

0.04

* Computer program "AMFIT" (D. Preston, 1987) was used to f i t a
Poison regression model. RHA(S,T)= RC*(S,T) (1+I3A). RHA and Re*,
are mortality ra tes in HBRA and CA, respectively. S=sex, T=age,
R i s "excess" ra te of HBRA to CA.

** Figures in parentheses are numbers of cancer death.

3) Bench Mark Examination

We have set leukemia mortality and thyroid nodularity
as bench marks. Because bone-marrow and thyroid gland are
most sensitive to radiation among other tissues.

Leukemia

Leukemia has been well recognized by the scientific
community as malignancy closely related to ionizing
radiation. Besides, there is less case-missing and
miss-diagnoses in cancer registry (in our study, 100% of
cases were diagnosed with histopathologic evidences).

The data published by WHO (9) indicated that although
the cancer mortality rates fluctuated in various countries
or area very much, the mortality rates of leukemia in Asian
countries or area were close to each other. The mortality
rate of leukemia in HBRA was within the ragne of
spontaneous incidence. Table 19b shows the mortality rates
of malignant neoplasms and leukemia in Hong Kong and some
asian countries or areas (per 100,000 population).

Thyroid nodularity

Since the thyroid nodularity may be a kind of
predisposition of thyroid cancer, we have conducted a
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collaborated study with National Cancer Institute of USA,
in HBRA and CA to identify if the high-background radiation
would produce a detectable increase in thyroid nodularity.
Since female's thyroid is more sensitive to radiation, and
older people have received larger doses, women aged 50-65
(N=l,001 in HBRA and 1,005 in CA) who had resided in HBRA
or CA throughout their entire lives were selected. Personal
interviews and physical examinations by experienced
physicians of thyroid diseases were conducted on all women,
thyroid hormone levels, urinary iodine, and chromosomal
aberrations were measured and analyzed on part of women,

Table 19b. Mortality rates of malignant neoplasms and
leukemia in Hong Kong and some Asian Countries
or area (per 100,000 population)

Country

Hong Kong (1986)*
Japan (1986)*
Korea (south)(1985)*
Singapore (1986)*
Sri Lanka (1982)*
China (1977)**

HBRA
CA

Malignant Neoplasms
(all

Male

172.7
191.1
95.0
127.5
25.2
84.35

(119.6)
56.31
65.42

ages)

Female

116.7
126.9
54.7
95.2
25.0
84.35
(80.7)
35.16
41.38

Leukemia
(all

Male

3.4
5.2
2.9
3.1

2.8

3.20
3.57

ages)

Female

3.3
3.7
2.4
3.2

2.24

2.93
3.06

* Data from: World Health Organization: 1987 World Health
S ta t i s t i c s Annual, Geneva 1987 (9).

** Data from: Office for Research of Prevention and Treatment
of Cancers: Data Collection of Malignant Neoplasms
Mortalities in China, Beijing, China, 1980 (10). Figures in
parentheses are world standardized mortality ra tes .

selected randomly. There was no evidence that nodular
thyroid disease was elevated among women in HBRA, compared
to the CA. The prevalence of nodular thyroid diseases were:
9.5% in HBRA 9.3% in CA (13). Table 20 shows the thyroid
nodularities found on physical examination of women
residing in HBRA and CA.

These data suggest that continuous exposure to low
level radiation of the HBRA is unlikely to increase
appreciably the risk of nodular thyroid disease.

4) Causes Analysis Case Control Study

As the mortality rates of cancers of liver and stomach
were conspicuously high, and the effective dose equivalent
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Table 20. Thyroid nodularities found on physical
examination of women residing in HBRA and CA*

Typo of

modularity

All nodular

Single nodule (any)

with goiter

without goiter

Multiple nodules (any)

with goiter

HBM

(•=1001)

95

74

61

13

21

21

CA

(11=1005)

93

66

48

18

27

26

Prevalence

ratio

1.02

1.13

1.28

0.73

0.78

0.81

95% confidence

interval

0.76-1.35

0.82-1.55

0.88-1.84

0.36-1.48

0.44-1.37

0.46-1.43

• This thyroid research was partially supported by Contract Hol-CP-61018 with

toe Bational Cancer Institute, United States Public Bealth Service [13].

of lung tissue was largest among other tissues, it is
necessary to have further analysis. A task group of HBRRG
has conducted the case (cancer deaths) control (non-cancer
deaths) study specific for exploring the possible causes of
these cancers.

Data collection was done by means of interviews with
the relatives, close friends and (or) neighbors of the
deceased. Data analysis was conducted with matched and
unmatched analyses. Fifteen items were selected in this
study which include: social economic conditions, quantity
of pesticide using, status of cigarette smoking, exposure
to medical X-rays and so on.

The results of analysis showed that the factors which
were suggestive to be related to single site cancer
induction were: pesticide using, low family income,
drinking water source other than well (surface water),
occupation involving use of poisonous and noxious
substances and alcohol consumption. If we exclude those
factors whose magnitude and level were comparable between
HBRA and CA, only factors of pesticide using, lower family
income and drinking water source other than well (surface
water) were implicated in this investigation. If we use the
combined data from both HBRA and CA, only lower family
income and surface water source are implicated.
The conclusions from this case-control study were:

(1) No evidence was found to
ionizing radiation to the
stomach, liver and lung.

(2) It is likely that the use
the higher mortality rate
However, the difference of
liver between HBRA and
statistically.

show the implication of
induction of cancers of

of pesticide is related to
of liver cancer in CA.
cancer mortality rates of
CA was not significant
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5) Source of Registry Uncertainty

539

One source of the uncertainty was that a small part of
death cases among the death certifications did not have
clear diagnoses. The term "death with unknown causes" means
that the deceased had not received medical examination or
diagnosis for a period of time before his (her) death, or
the previous data did not record any serious illness.
Usually, it relates to the cases of very senile people,
most likely, died of cardiovascular diseases. However, we
do not have any evidence to say so. About 0.6% of total
deaths fell into this category in each area.

Table 21. Analysis of death cases from all causes (1979-1986)

A T M

HB*A

CA

Pdrsoo

!••*

GtMBXVati

62S.41S

SS*,3S9

Dsaths

tram all

3,733

3,M9

Daaths with

daflnlta

diagnosis

•o.

3,680

3,520

Parcant

M.5*

M.0*

Deatba with

unknown

•o.

20

23

Parcant

0.54

0.64

Daaths wltH

ondafinad

diagnosis*

•o.

33

46

o.u
1.2*

*o stat ist ical dlrfannca batiiasn BHU and CA.

The term "deaths with undefined diagnosis" means that
the deceased had received some medical examination but
without definite diagnosis (diagnosis with a question
mark). About one percent of the total deaths fell into this
category in each areas. The differences of this kind of
uncertainty are not significant between HBRA and CA (Table
21). So, we believe that the data of cancer mortality are
appropriate for analysis.

6) Statistical Uncertainty

For the purpose of determining the statistical
uncertainty, data from various periods of observation were
analyzed (Table 22). Although the ft values calculated from
1970-1978 data and 1970-1968 data (for both sexes, above 20
years old) showed negative values, the confidence intervals
of the ft values were wide, which suggest that the
possibility of minor excess of cancer mortality can not be
wholly excluded, although the excess (if any) would be very
very small.

7) Preliminary Risk Estimates

Using the data of cancer mortalities in HBRA and CA and
statistical analyses, the risk of excess cancer deaths was
estimated preliminarily. The excess relative risk estimate
(per 10 mSv) with 90% confidence limits for all cancer



540 LOXIN et al.

Table 22. Statistical uncertainty of the
difference between HBRA and CA
in cancer mortalities other
than leukemia*

Years

1970-1978

1979-1986

1970-1986

fl-value
estimate

-0.1902

0.0014

-0.0738

90* confidence
interval

-0.3260, -0.0286

-0.1273, 0.1488

-0.1701, 0.0332

* Data from inhabitants aged 20 years
and above were analyzed.

except leukemia is shown in Table 23a. A comparison with
RERF estimate was done in this table. It must be emphasized
that the exposure patterns between these two coherts were
different. A-bomb Survivors received acute high dose-rate
irradiation, while HBRA inhabitants receive continuous low
dose-rate exposure. The original figures RERF estimates
were risk per Gy (15).

Table 23a. Excess relative risk estimates (per 10 mSv)
with 90% confidence limits for all cancer
except Leukemia-A comparison

Inhabitants in HBRA,
Tangjiang, China

Atomic baab Survivors,
Blroahlea and Ksgasaki*

b c w relative risk per 10 sGy with 90%
confidence limits for a l l cancer except Leukeaia

-0.71% (<0, 0.31%)

0.41% (0.32% 0.51%)

Aa presented in Shiaizu et., TR 87-12, Radiation Effects Research Foundation,

Biroahiea, Japan. The original figures ware given in risk per Gy (15).

The risk coefficient estimates for HBRA inhabitants are
much low (negative number) than that for A-bomb survivors
extrapolated from data of acute high dose rate exposure.
However, the confidence interval of our estimate was wide,
further accumulation of person-years of observation is
needed.

If we compare the number of cancer deaths in HBRA
(1970-1986) with that extrapolated by BEIR-V model (16),
still we can find that the number we observed was much less
(P<0.05) than the estimate extrapolated from moderate to
high doses and high dose rates (Table 23b).
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Table 23b. Comparison of cancer deaths between
observed and extrapolation data

541

Data from CA Observation
(Age adjusted)
No. extrapolated by
BEIR-V model
Data form HBRA Observation

Cancer deaths (All cancer)

Male

325

(+9)
299 (-26)

Female

175

(+7)
168 (-7)

P< 0.05

An internal comparison of excess relative risk of
cancer mortality was made between the different dose groups
in HBRA, which shows that there was no statistically
difference between these groups. That means: We have not
found the fact that the effect of cancer deaths increased
with the increase of dose within the HBRA dose range (Table
23c).

Table 23c. Comparison of excess relative risk of cancer
mortality in different dose groups of HBRA*

Dose group

1.85 mGy.y-1

2.15 mGy.y-1

2.55 mGy.y-1

Sex

M
F

M
F

M
F

fl-value

-0.114
0.045

0.004
0.015

0.001
-0.154

Standard errors

0.135
0.194

0.132
0.163

0.170
0.208

P-value**

NS
NS

NS
NS

NS
NS

* From 1979-1986 data only.
** P-values for these three groups

were not different statistically.

2.4. Incidence of Down's Syndrome

Information concerning the rate of hereditary diseases
and congenital defects was gathered from a sample of
children examined during one or two years (1975 to 1979),
who were under 12 years of age at the time of examination.
The prevalence rates were almost identical in the two
areas, 22.64 cases/1000 people in the HBRA (N=13425) and
22.54 cases/1000 people in CA (N= 13087). However, the
frequency of Down's syndrome in HBRA was significantly
higher than that in CA (see Tables 24 and 25).
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Table 24. Prevalence rate of 31 hereditary diseases
and congenital defects in children of
the two areas (1975, 1979)

A n a

BBM

Ca

•o. at
COUMllWW

13425

13087

Total of 31 dlnun

•o . of

304

295

Fnquancy
(10 »)

22.64*

22.54*

Down'*

• o . of

14

4

•yndroaa

Fraquancy
(10 >)

1.04"

0.31**

• P>0.05

*• P<0.05

Table 25. Incidence of Down's syndrcxae in HBRA and CA

Taar

of

wtnitlai

1975

1979

19S5

Total

B M

•o . of

3,504
9,921

11.S33

25,25*

•o. of

7
7
•

22

Rat*
(10 ')

2.00
0.71
«.6»

0.87

en

Ho. of
•cuBinao*

3,170
9,917
•,705

21,«37

•o . of

0
4
0

4

nmtrn

(10 «)

0

0.41

0

0.1*

In order to confirm the fitness of the obtained data of
Down's syndrome frequency, in 1985 we enlarged the size of
cohort examined (almost all of the children in this age
category at the time of examination). Chromosomal analysis
was done for those who had one or more positive clinical
indications, including minor mental disturbance. The
results are shown in Table 25.

From the figures in Table 25 we can see that the rate
in HBRA is significantly higher than that in CA.

However, there is a wide range of spontaneous incidence
of Down's syndrome (1-2 per thousand new born, UNSCEAR
1982) (11), so that the first thing we should know is
whether the incidence in HBRA is within the normal ragne.
If we compare the rate in HBRA with that in other places of
the same province (Guangdong Province), the difference is
not significant (Table 26).

If we compare the rate in HBRA with the rates in other
places of China, we can see the frequency in HBRA is a
little higher, but within the normal (spontaneous) range
(Table 27).
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Table 26. Significance test

543

Araa of «T—inatlon

BBBA (1)

CA (2)

Zhanjiang and Poahan of

Guangdong Provlnc* (3)

CUM of

Down's •jfiuli I — I

22

4

16

•o. of

axaalneas

25,258

21,837

26,504

R a t * (10•»)

0.87

0.18

0.60

(1) and (2) K 0.01, (2) and (3) P- 0.01, (1) and (3) P> 0.05

Table 27. Frequencies of Down's syndrome
in some places in China (12)

Plac* and yaara of

investigation

Mthan, 1980

Bapai Pror. 1981-82

Hunan Pror. 1982

Oulyang, 1981

Onangrtmg Pro*.

Zhanjiang, 1982

Foaoan, 1982-83

HBM 1975, 79, 85

CA 1975, 79, 85

Aga of

0-12

0-14

0- 7

0-11

0-14

0-14

0-12

0-12

•o. of

niHinm

177057

275642

2880

7894

20084

6420

25258

21837

•o. or Don'i

syndroaa casaa

48

106

3

16

12

4

22

4

rnquaocy

(10 ')

0.27

0.39

0.62

0.02

0.60

0.62

0.87

0.18

Many studies have already discovered and confirmed that
incidence of Down's syndrome i s maternal age dependent.
Mothers over 35 years of age at del ivery have very high
frequency of Down's syndrome (14) .

Table 28 shows the comparison of ages at maternity
between HBRA and CA.

Table 28. Comparison of the age of mothers at delivery

Araa

BBRA

CA

Ag* < 35 yzm

•o.

14,837

13,827

*

87.

95.

old

98

56

Aga > 35

•o.

2,027

645

12.

4.

old

02

44

P V

« 0

alu*

.01

The figure shows that the women in HBRA who gave births
at the age more than 35 years old constitute a higher
percentage.
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It is likely that the incidence of Down's syndrome is
maternal age dependent, either in HBRA or in CA. Possibly,
this is the cause of higher incidence in HBRA. Another
cause of the difference is that the incidence in CA was too
low.

2.5. Cytogenetic Study

The study on the frequency of chromosomal aberrations
in circulating lymphocytes has begun in HBRA and CA since
1975. The examinees were selected randomly from young
students aged 15-16 years and from aged women of 50-65
years old. Cultures were established shortly after blood
drawing by dispensing 1 ml of whole blood into 10 ml of
complete medium (i.e., 9 ml of RPMI-1640, supplemented with
20% fetal bovine serum, 1% phytohemagglutinin, and 1%
antibiotic solution). To arrest all responding lymphocytes
at the metaphase stage of their first in vitro mitosis,
colcemid (0.1-0.2 ug.ml~x) was added at the beginning of
the culture period. Cultures were incubated at 37°C for 48
hours and harvested by standard procedures. Metaphyses were
analyzed from coded preparations from each examinee for all
types of structural chromosome aberrations following
detailed scoring procedures. The slides from 50% of the
preparations for the aged women groups were subsequently
reviewed at the Oak Ridge Associated Universities, TN,
U.S.A. (13). For the young student groups, G-banding
analysis was also used for part of the preparations.

The results of analyses showed that although there was
no difference between chromosomal aberrations in HBRA and
CA in G-banding analysis, significant differences were
found in metaphase-1 analysis. In young student groups, the
frequency of stable aberrations (translocations and
inversions) was higher in HBRA; in aged women group, the
frequencies of both stable and non-stable aberrations were
higher in HBRA than that in CA (Table 29). The difference
between results obtained from two methods of analysis was
probably due to the small sample size of examinees for
G-banding analysis.

3. CONCLUSIONS

1. The areas we investigated in Yangjiang Country are high
background radiation areas, characterized by the
homogenous distribution of environmental gamma
exposure, large size of population and its long-term
inhabitants. These area are suitable for investigation
of late effects.

2. Up to 1986, about one million person-years in each area
(HBRA and CA) have been observed for cancer mortality
study. Results showed that no increase of cancer
mortality has been found in HBRA. On the contrary,
there was a trend that the cancer mortality in HBRA was
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Table 29. Summary of cytogenetic findings (10-3 per cell)

545

Year

of

Btody

1981

1981

1986

Subject*

and

•ethod

Students

aged 15-16 y a u i ,

C- band ing.

HBRA

CA

P-value

Student*

aged 15-16 years.

M l analysis.

HBRA

CA

P- value

M o m

aged 50-56 y H n ,

M-l analysis

HERA

CA

P-value

•o. of

subjects

34

40

122

99

85

76

cells

scored

1711

2006

24400

19800

8500

7600

Dicentries

and rings

(xis}'

1.1710.83

0.00

>O.l

0.2U0.09

0.20±0.10

>0-9

1.76*0.46

0.66*0.29

<0.05

Translocations

and inversions

(**»)*

11.10*2.56

5.98*1.73

>0.05

0.45*0.14

0.05*0.05

<0.01

2.3510.53

0.92*0.35

<0.05

Maan * Poison standard error

lower than that in CA. However, the confidence interval
of excess rate was wide in statistics, further work is
needed for narrowing the range of this interval.
The incidence of hereditary diseases and congenital
defects was similar to each other in both areas (HBRA
and CA); however, the incidence of Down's syndrome was
higher in HBRA (within the normal range) than that in
CA. The possible explanation is the difference of age
of maternity between HBRA and CA, and the extremely low
incidence in CA.
The results of cytogenetic study showed that the
frequency of chromosomal aberrations in circulating
lymphocytes was higher in HBRA than that in CA. The
biological implication should be explored in the future
work.
The factors which might influence the incidence of
mutation based diseases have been studied. In general,
they are comparable between HBRA and CA. However, the
cultural and educational levels were somewhat
different, which might affect the hygiene status and
family planning.

ACKNOWLEDGMENTS

Data used in this paper originated from the reports of



546 LUXIN et al.

the Task Groups of High Background Radiation Research
Group. The authors also wish to thank Wang Jianzhi and Pan
Yingdong and Zhang Jihui of the Laboratory of Industrial
Hygiene, Ministry of Public Health, China, for their
computation of statistical data and typewriting of this
paper.

REFERENCES

1. High-Background Radiation Research Group, Health Survey
in High Background Radiation Areas in China, Science
209: 877-880 (1980).

2. Luo Daling et al., Field Gamma Spectrometric
Measurement of Natural Radionuclide Concentrations in
Soil and Environmental Exposure Rates in High
Background Radiation Area, Chin. J. Radiol. Med. Prot.
5 (2): 90-93 (1985).

3. Zhang Zhonghou, Annual Effective Dose Equivalents
Arising from Inhalation of 2 2 2Rn, 23ORn and their
Decay Products in High Background Radiation Area in
China, Chin. J. Radio. Med. Prot. 5 (2): 102 (1985).

4. Wei Luxin et al., Report of Third Stage (1982-1984)
Health Survey in High Background Radiation Area in
Yangjiang, China, Chin. J. Radiol. Med. Prot. 5 (2): 82
(1985).

5. Wei Luxin, Reply to Dr. Archer's Criticism of "Lung
Cancer Risk at Low Doses of Particles", Health Phys. 54
(2): 222 (1988).

6. World Health Organization, Introduction, 1987 World
Health Statistics Annual, Geneva (1987).

7. Tao Zufan et al., An Epidemiological Investigation of
Mutation?! Diseases in the High Background Radiation
Area of Yangjiang, China, J. Radiat. Res. 27 (2): 141
(1986).

8. United Nations Scientific Committee on the Effects of
Atomic Radiation, Report to the General Assembly. P.33.
Para. 201. United Nations. New York (1988).

9. World Health Organization (1987). 1987 World Health
Statistics Annual, Geneva.

10. Office for Research of Prevention and Treatment of
Cancers, Data Collection of Malignant Neoplasm
Mortalities in China, Beijing, China (1980).

11. United Nations Scientific Committee on the Effects of
Atomic Radiation, Report to the General Assembly. Annex
I << Genetic Effects of Radiation >>. United Nations,
New York (1982).

12. Zha Yongru, Investigation and Analysis of Etiology of
Down's Syndrome in Children of High Background
Radiation Area, Chin, J. Radio. Med. Prot. 5 (2>:
113-116 (1985).

13. Z. Wang, J.D. Bioce, L. Wei, et al.: Thyroid Nodularity
and Chromosome Aberrations Among Women in Areas of High
Background Radiation in China, J. Natl. Cancer Inst.
82: 478-485 (1990).



ICHLNR,Ramsar,3-7 Nov. 1990 547

14. Ernest B. Hook, Differences between Rates of Trisomy 21
(Down Syndrome) and other Chromosomal Abnormalities
Diagnosed in Livebirths and in Cells Cultured after
Second-trimester Amniocentesis Suggested Explanations
and Implications for Genetic Counseling and Program
Planning, Birth Defects: Original Article Series, Vol.
XIV, No. 6C. PP. 249-267 (1978).

15. Y. Shimizu, H. Kato, W.J. Schull, D.L. Preston, S.
Fujita, and D.A. Pierce, Life Span Study Report II, Pat
1. Comparison of Risk Coefficients for Site-specific
Cancer Mortality Based on the DS86 and T65D Shielded
Kermas and Organ Doses. TR87-12, Radiation Effects
Research Foundation, Hiroshima, Japan (1987).

16. BEIR-V, National Research Council, Health Effects of
Exposure to Low Levels of Ionizing Radiation, National
Academy Press, Washington, D.C. (1990)



RADIATION MEASUREMENT METHODS
CHAIRMEN: R. BRANDT and P. OLKO

Report on the 15thl International Conference
on Particle Tracks in Solids,
3-7 September 1990, Marburg, Germany 551
R. Brandt

Uranium Determination and Radon Measurements
by a Nuclear Track Technique 569
S.L. Guo

High Energy Alpha Detection and Spectromety
from Radon Daughters in Polycarbonate Detectors 577
M. Sohrabi and M. Sadeghi

The Determination of Uranium in Environmental
Samples using Laser Fluorimetry 585
A. Ghods and J.C. Veselsky

Advances on the New Dyed ECE Track (DYECET)
Method in Polymeric Dosimeters 593
M. Sohrabi, L. Pozoonmayeh and H. Khoshnoodi

Trapping Parameters of CaF2:Dy (TLD-200)
Used for Environmental Dosimetry 603
M. Zahedifar and M. Sohrabi



ICHLNR,Ramsar,3-7 Nov. 1990

REPORT ON THE 15 t h INTERNATIONAL
CONFERENCE ON PARTICLE TRACKS
IN SOLIDS, 3-7 SEPTEMBER 1990,

AT MARBURG, GERMANY

R. Brandt

Kernchemie
Phi l ipps-Oniversi ty

3550 Marburg, Germany

ABSTRACT

During the period 3-7 September 1990 the "15 t h

International Conference on Particle Tracks in Solids" was
held in Marburg. Here, the author will report on two
specialized aspects of this work, as concerned with the use
of heavy ions for particle tracks work:

1) Applied work, in particular filters, as used for
environmental studies.

2) Fundamental work on relativistic heavy ions, in
particular the ANOMALON hypothesis, for educational
purposes.

I). INTRODUCTION

The "15th International Conference on Particle Tracks
in Solids" took place in Marburg (Germany) during 3-7
September 1990. One day during this conference the
participants took off to the "Gesellschaft fur
Schwerionenforschung" (GSI) near Darmstadt to see the most
modern heavy ion accelerators UNILAC (for ions up to
uranium with an energy up to 20 MeV.n"1) and the newly
constructed SIS (for ions up to uranium with an anticipated
energy of up to 2 GeV.n"1).

More than 200 participants presented their scientific
work in Marburg with more than 300 contributions. They came
from more than 40 countries. It was particularly gratifying
that an exceptionally large contribution, both with respect
to the number of participants and with respect to the
quality and quantity of their contributions, came from the
Eastern World. Eastern World means literally 3 r d world
countries, Moslem countries and Eastern European countries.

It is a good sign for our International Nuclear Track
Society, which is responsible for this series of
Conference, to have this rather broad representation of
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people and opinions. Our solid state nuclear track
technique is well-suited for this purpose.

As good as it is to have a rather broad spectrum of
opinions and representations, as difficult it is
simultaneously to review this entire conference properly.

Therefore, the author of this report chooses an
entirely different approach: Here, two single contributions
will „ be represented. But it will be shown that these two
contributions are very well-suited for further studies in
the Eastern World, as one contribution may have a rather
broad application for the simple people in the
not-so-wealthy countries and the other contribution shows
how one can tackle, with relatively simple methods,
including solid state nuclear track detectors, rather
intricate problems in fundamental nuclear science. The only
thing required is a hard working scientist with an
undogmatic mind, a microscope, and the ability to work with
other scientists in a coordinated manner. The two subjects
chosen are:

1) The use of nuclear track filters for the production of
clean drinking water (1).

2) Fundamental work with relativistic heavy ions, in
particular the ANOMALON hypothesis, for educational
purposes (2).

Certainly, the reader might find this selection heavily
one-sided. The author admits this, but he points out that,
after October 3, 1990 he feels free to do so in the unified
Germany.

II. The Use of Nuclear Track Filters for the
Production of Clean Drinking Water.(1)

Some filtration work has already been reported using
makrofol PTMF (Particle Track Micro-Filters) to filter the
water (i) fetched from a natural water pool in the
countryside of China, and (ii) containing bacterium shaped
like round balls (Staphylococcic) and bacterium shaped like
rods (colon bacillus). We have applied Kapton PTMF for this
purpose. Proper references are given in Ref. 1.

We used Kapton as the basic materials; and this plastic
is very heat-resistant, mechanically very stable, and also
resistant against very many chemicals.

EXPERIMENTAL PROCEDURE

Kapton sheets were irradiated with heavy ions at GSI
etched with NaOCl-solution at 70°C for the time required to
get holes of needed size. A simple gadget made of stainless
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steel was fabricated for this experiment as shown in Fig.
1. Prior to experiment, the whole equipment was sterilized
in an autoclave at 121°C for fifteen minutes.

Supporting grid

|
]

1

i
Vrr

Wr7T77[

r/ r.

Colltciw

Fig. 1. Schematic diagram of the set-up.

In the preliminary study water samples from the Gomal
University campus in Pakistan were allowed to pass through
three Kapton PTMFs of various hole sizes. Water was poured
from an input funnel and, after passing through filters,

received in a collector. This water, and the unfiltered
was applied to nutrient media (Mac Conkey

and was placed in an incubator along with
media (blank) for 48 hours for bacterial growth.

was
water (control)
and agar)
untreated
Colonies were counted in each as shown in the Table 1.

The results show a remarkable reduction in the number
of bacteria in filtered water, which was more pronounced as
the pore size decreased. To remove 100 % of bacteria,
filters with hole sizes smaller than 1 ,um have to be used.

Table 1. Colony count of water samples, after 48 hours of
incubation, Each count is the mean of 3 replicate

Sample

Blank
Control
Filtrate I
Filtrate II
Filtrate III

pore size
of filters

1.0 um
1.5 um
3. 5 um

Porosity
of filters

2.0 %
1.8 %

25.0 %

Dilution

io-3

Nil
-do-
-do-

Colony
count

30
3
5

10

Blank: Untreated nutrient media.
Control: Media treated with unfiltered water.
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This result is in agreement with references 28 and 29 and
with reference 30 in which a Gadget made of plexiglass was
employed, as quoted in Ref.l.

How to proceed further?

The good point is that this system works In PRINCIPLE
when we work with Kapton filters having pores with approx.
1 ;im diameter. The bad point is that this system does not
work under PRACTICAL CONDITIONS/ so far. The reason is as
follows: Tiny bacteria or other solid particles do not pass
through the micropores, however, they also block the same
micropores for further filtration purposes. Consequently,
we must work out practical steps to PRECLEAN the water,
before it reaches the sensitive "1 jam" Kapton filter. Here,
future work is needed: maybe, charcoal will work, or
special forms of clay or other simple and cheaply available
materials. Details must be worked out experimentally. In
PRINCIPLE, the set-up shown in Fig. 1 should be capable to
supply up to 10 liters of good quality drinking water per
day without the use of any chemical additive. The costs of
this gadget could be approx. 5 US$, provided it is
mass-produced.

The Kapton filter is fairly rugged; it can be cleaned,
sterilized and reused quite often. There is no reason why
one Kapton filter should not last longer than one year.

Consequently, we consider it worthwhile to continue
research and development along these lines, as there is
certainly a need to get clean drinking water in the rural
areas of the 3"* World.

Part II
Fundamental work on relativistic heavy ions, in particular
the ANOMALON hypothesis, for educational purposes
Summary (this part is based on Ref. 2)

There is abundant literature on No EVIDENCE for
ANOMALONS in relativistic heavy ion interactions. Here we
review some POSSIBLE POSITIVE EVIDENCE for the same
phenomenon in nuclear emulsion, bubble chambers and in
counter experiments.

Then we take a fundamental view on the original
Alexander experiment (K* >n+ decay), the Judek
experiment (enhanced cross-sections for secondary protons
at large lab angles), and the Cu-configuration experiments.
Further experiments to reproduce Alexander's and Judek"s
experiment are required. New experiments with SSNTDs are
discussed to further study this phenomenon, in particular
within the framework of the ideas of Arbuzov.

I. Introduction

In this conference proceedings we refrain from a long
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introduction and refer the interested reader to a recent
publication, which contains a fairly exhaustive
introduction to this field (3). We are concerned with the
possible experimental evidence for some fundamental new
phenomena in relativistic heavy ion physics. Or, to be more
precise: Have secondary fragments produced in relativistic
heavy ion collisions at-the-moment-of-their-birth some
strange and new properties: "enhanced" nuclear
cross-sections, but only enhanced nuclear cross-sections
and no unusual electromagnetic properties? This carry on
field of research is sometimes called: ANOMALON RESEARCH.
It is not the intention of this contribution to give a
further review of this field.

There are quite a number of excellent review articles
(for details see Ref. 3). But it appears worthwhile to
remember some pro-anomalon evidences. As the general mood
in science, at present, is more inclined to disregard the
anomalon concept, we give a somewhat one-sided view of the
situation-and we admit it. The review articles give both
sides. The intention of this article is NOT to make the
certain claim: "Anomalons exist", as such a claim is
definitely premature at present. However, a claim to the
contrary is unjustified, too. This field appears to be open
and we recall some "pro-anomalon" experiments:

1. The first definite claim was published in 1957 by
Alexander et al. (4). They observed a considerably reduced
mean-free-path for n~ at its moment-of-birth during
K~-decay ( AO=H±3 cm) as compared to the mean-free-path
for n- after it had traversed some 10 m in space {A«,
=32+3 cm). The authors investigated nuclear tracks in
nuclear emulsion and used optical microscopes. This work
was never challenged nor reproduced or understood from a
theoretical point-of-v:.ew. The reason for this can be as
follows: this experiment was carried out around 1955.
Afterwards, the technological advances in physics shifted
the experimentalists into the use of counter techniques.
The advantages of using counters are all too well known.
The disadvantages are neglected: The nuclear emulsion is an
excellent technique to study many nuclear phenomena within
the range of >im up to 10 cm linear dimensions.
Additionally, nuclear tracks are well recorded in their
emulsion stacks.

2. Friedlander et al. (5) published in their classical
paper the first modern and statistically significant
evidence for the experimental observation of a reduced
mean-free-path of relativistic secondary fragments after
their creation in high-energy heavy ion interactions. They
studied the interaction of 100 GeV ssFe in nuclear
emulsions. Fig. 2 reproduces the original figure.
Afterwards, this work of Friedlander et al. was challenged
by other experimentalists. During the last decade a series
of papers was published using the emulsion technique. Some
papers support the original claim, others do not. The



556 BRANDT

56,
Friedlander et al., 100 GeV Fe + "emulsion"
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Fig. 2. The variation of the apparent mean-free path * of
secondary particles with the distance D, as measured
between the point-of-interaction of 100 GeV s6Fe with an
"emulsion" nucleus and the point-of-interaction of a
secondary fragment (Z>3). Details can be found in Ref. 5.

authors of the original paper (5) never retracted their
claim. However, they also never published continued
evidence supporting their original claim.

3. An entirely new approach was used by Gasparian et
al. (6) and Bano et al. (7). Both groups used modern bubble
chambers at the Laboratory of High Energy (Joint Institute
for Nuclear Research, Dubna, USSR). They irradiated liquid
targets with relativistic heavy ions from the
Synchrophasotron at Dubna. The essential results of their
work are shown in Figs. 3 and 4. Again, one observes a
considerably reduced mean-free-path for relativistic
secondary fragments after their creation in high-energy
heavy ion interactions. But such an anomalous behaviour was
only observed for extreme peripheral interactions with no
charge change of the primary ion. This work has never been
challenged, nor has it been reproduced in any other
laboratory.

4. Within the physics community it is well-known that
the most convincing form of experimental evidence for
nearly any kind of phenomenon comes from experiments using
electronic counters. They can be precisely designed to
study any particular kind of phenomenon. A number of such
experiments has been carried out all over the world
searching for the existence for many kinds of anomalous.
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44 GeV C in C3 H4

(propane chamber) Oubna
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Fig. 3. The same variation of A, as shown in Fig. 2,
In this case the interaction of 44 GeV iaC was in
a propane chamber. Details can be found Ref. 6.
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Fig. 4. The same variation ofA,as shown in Fig. 2.
In this case the interaction of 13.5 and 8.6 GeV/c
*He was studied in a hydrogen bubble chamber
(Ref. 10 gives details).
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All of these special counter experiments were restricted to
the detection of projectile fragments with Z>6. When these
experiments were sensitive to a mean-free-path of secondary
fragments with X>1 cm, all experiments gave negative
answers. It is not the intention of this paper to review
critically these experiments. However, one must recall two
experimental biases of these counter experiments.

A. Counter experiments have been insensitive to nuclear
interactions with zero charge change of the projectile
fragment ( AZ=0). It has been stated, and we show evidence
in Figs. 3 and 4, that anomalons are produced in
interactions with zero charge changes.

B. These counter experiments can identify the charge Z
of the secondary fragment, but they have not been able to
identify low-Z projectile fragments (Z<6). Such light
projectile fragments with 1<Z<6 can be identified very
easily in nuclear emulsions.

5. Recently, some work has been published by Morozov
and coworkersB>. Again, they used the 88 GeV 2"Mg beam
from the Synchrophasotron (Joint Institute of Nuclear
Research, Dubna, USSR) and studied the mean-free-path of
secondary fragments over very short distances. Their
experimental technique is the most refined used in this
field, and their result is shown in Fig. 5. They observed a
considerably reduced mean-free-path for secondary fragments
( xA=1.9±0.8 mm) as compared to the "normal" mean-free-
path of such fragments (XN=14.2±2 mm). This work has not
been challenged nor reproduced by another group.

After this short review of the experimental situation,
it is necessary to answer the question:

What is so exciting about anomalons?

The most systematic study on what anomalons could be is
given in the original pioneering work of Friedlander et
al.(5). They claim the following, and this claim is typical
for all the other experiments:

A) approx. 6 % of all heavy secondary fragments (Z>3)
have a 10 fold increased total interaction cross-section
and an indefinite life-time (i.e. T>>10~* S )
and/or

B) all heavy secondary fragments (Z>3) have at the
moment-of-their-birth a two-fold increased total
interaction cross-section, but they revert back to "normal"
heavy secondary fragments with normal total interaction
cross-sections within a flight-path of a few centimeters
(or approx. 10~10 s).
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Fig. 5. The same variation ofA,as shewn in Fig. 2.
In this case the interaction of 88 GeV iaMg with a
plastic scintillator was studied using electronic
counter techniques. Details are given in Ref. 8
("anomalous" :(1.9±0.8)M»; "normal" :(14.2±2)ma).

At present, there are still no experimental results
published which definitely establish the validity of either
hypothesis (A) or (B), or of the partial validity of both
hypotheses. In addition, there is no accepted and
well-established theory available which can interpret this
possibly new effect. However, we want to draw attention to
the interesting theoretical concepts of Arbuzov(9), who
speaks about "open color states" and connects this to the
anomalon phenomenon.

II. Taking a FUNDAMENTAL VIEW on some of
the original experimental evidences

In this unclear and controversial situation, it appears
to be useful to take a fundamental view on the most
fundamental experiments reported so far: these are the
experiments:

1. The Alexander-experiment, mentioned already,
describes for the first time the basic problem:

ON THE ONE HAND, all conventional wisdom and
experimental evidence, as measured in the CONSTANT
curvature of the flight path of any pion in a magnetic
field, tells us, that the relativistic mass determined
by its electromagnetic interaction within the magnetic
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field of a bubble chamber is INVARIANT with the "age"
of the pion, as the curvature of a pion in a magnetic
field is invariant from the moment-of-its-creation down
to distances of "100 meters, neglecting second-order
effects due to stopping, etc.

ON THE OTHER HAND, the nuclear interaction appears to
be changing with the "age" of the pion.

It is amazing that such a fundamental experiment was
neither challenged nor reproduced since more than one
generations' time. When this experiment could be reproduced
and experimentally confirmed, we would have a formidable
problem in physics, as a pion is then no longer a pion.
Obviously, it would be quite desirable to have this work
reproduced.

2. The Judek-experiment (Ref. 11) is of similar and
fundamental importance. This time, we are concerned with
"minimum ionizing particles" observed in nuclear emulsion:

These are either protons (E>375 MeV), or pions (E>56
MeV), or - more unlikely - deuterons or tritons. For the
sake of simplicity, we talk about "protons" in this paper.
As can be seen in Fig. 6, Judek irradiated a nuclear
emulsion with 32 GeV 16O ions and observed relativistic
secondary "minimum ionizing particles", i.e. "protons", at
various angles. For small emission angles (©•) Judek
observed a normal behaviour of secondary protons. For
larger emission angles (0L) Judek observed again some
contribution of the same kind, as found by Friedlander et
al.(5) and shown in Fig.6. The fundamental problem in this
case is:

ON THE ONE HAND, protons with a large emission angle
(0L) have a lower kinetic energy (Ref. 3 and later
parts of this paper) than protons emitted straight
forward (0.) with their large kinetic energy.

ON THE OTHER HAND, protons with a large emission angle
(6L) have within some 5 cm after creation a larger
nuclear interaction cross-section than protons emitted
straight forward (9.).

Again, it is amazing that such a fundamental experiment
was neither challenged nor reproduced. When this experiment
could be reproduced, it could be confirmed experimentally
that "protons" are no longer protons", as their NUCLEAR
properties depend on their emission angle and on their
"age". Then we would have a formidable problem in physics.

III. Contribution of Cu-Confiquration Experiments to
the Problem of "Unusual wide-angle emission of
secondaries" (for details see Ref. 3).



ICHLNR,Ramsar,3-7 Nov. 1990 561

1) Emulsion experiment

32GeV '60

point of interaction

^ , minimum ionising

^ - - X&l } particles

" " " ~f~ ^E p >370MeV. En>56MeV

0L - large emission angle: 200 < P sin 0 < 400 MeV/c

0S - small emission angle: Psin 0 < 200 MeV/c *

2) Experimental results for secondary particles

i.0

20

oa.
a 60
a>

a

20

VT
P sin 0 < 200 MeV/c

1

200 i. P sin 0 < £00 MeV/c — '

5 10 15 20 25
Distance from primary interaction (cm)

Fig. 6. Mean free path vs. distance for particles
emitted into two angular intervals (p sine). The
dotted curve represents the best fit to the data:
One can estimate approximately 6% "anomalons" with
tenfold increased nuclear interaction cross-section.
The results are taken from Judek, Ref. 10.

In such a situation it appeared proper to some of us to
study the same fundamental problem with another technique.
We chose the radiochemical technique of "activation
analysis" of copper. Details are described in Ref. 3. Here
we report on some results. We irradiated a "2rr-ring
target", such as that shown in Fig. 7, with 44 GeV 12C
from the SYNCHROPHASOTRON, JINR, Dubna, USSR. Then we
studied with radiochemical techniques (i.e. standard
gamma-spectrometry using Ge (Li) detectors) the production
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Fig. 7. The 2rr ring-target exposed to 44 GaV X2C with a
distance of 38 cm between the front disk (1 cm thick and
8 cm •) and the end disk. A similar 2n ring target was
exposed to 4 GeV *He and 72 GeV *°Ar; in these cases
the distance between the two Cu disks was only 20 cm.

of 2*Na from Cu at various angles. The reaction
Cu >2*Na was chosen, as this reaction requests about a
1 GeV activation energy. The results are shown in Fig. 8.
Again, using conventional wisdom-as explained in great
detail in Ref. 3- we are unable to understand the abundant
production of 3*Na at LARGE lab angles. This effect is
particularly strong for angles 20°<e<30°. A detailed
analys. s shows that here we have about a three-fold

of 2*Na as compared to standard
The statistical significance of this
3a (3 standard deviations). This

over-whelming; it is comparable to

increased production
theories in the field,
effect amounts to
significance is not
those of many other experimental results in this particular
area of research.

The next question is now as follows:

What is the energy of secondaries emitted into
20°<e<30°?

The energy of secondary fragments emitted into the
crucial angle 20°<6<30° can be measured by a variety of
techniques. It was shown in Ref. 3 that a very thick
Cu-target, composed out of 20 copper disks, each 1 cm
thick, can be considered as kind a of "calorimeter" for the
total energy of the incoming relativistic hadron: The
variation of the relative amount of 24Na with the depth
of the copper stack appears to be a function of the hadron
energy. Consequently, we carried out calibration
experiments with 0.6 GeV protons (SIN, Villingen,
Switzerland), 1.3 protons (SYNCHROPHASOTRON, JINR, DUBNA,
USSR), 2.6 GeV protons (SATURNE, Saclay, France), and 4.5
GeV protons (SYNCHROPHASOTRON, JINR, DUBNA, USSR). We used
2 cm * Cu-stacks and 8 cm * Cu stacks. The results are
shown in Figs. 9 a and b, respectively.

One observes an increasing slope of 24Na-activities
in thick Cu-targets for decreasing primary proton energies.
This confirms our claim that our target arrangement of very
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Fig. 8. Comparison between calculated and experimental
distributions Ro(a*Na) in the reaction (44 GeV "C+"-fcCu).
All distributions are normalized to the a*Na-activity
within the angular interval 0°<6<10°. PM: phenoaenological
model, DCM:Dubna cascad model for details, see Ref. 3.

thick Cu-stacks can be
"calorimeter" for heavy ions.

considered as a kind of

Now we irradiate a Cu-target arrangement, called
SEGMENT-2, such as that shown in Fig. 10: a 1 cm Cu-target
is irradiated with 44 GeV iaC ions from the
SYNCHROPHASOTRON, JINR, DUBNA. Secondary fragments are
emitted into the lab angle 20°<8<30° and hitting Cu-parts
Ax,...,AS. Further details of
published in Ref.
the decrease of :

this experiment have been
3. However, we have not shown in Ref. 3

t4Na in the sic Cu-parts (Ai,...,A6).
This result we reveal in this conference contribution and
show it, too, in Fig. 9 (a and b). It is surprising to see,
that the decrease of 2*Na activities in A1;...,A6
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appears to be approximately similar to 2.6 GeV protons. It
is well-known, that we expect essentially only high-energy
protons, pions and neutrons being emitted into the lab
angle 20°<8<30°.

1.0-

01

0 . 5 -

1.0-

0.5-

protons on 2 cm 0 Cu

• 0.6 GeV proton (SIN)

• 1.3 GeV proton (JINRI

o 2.6 GeV proton ISocloy)

1 1 1 1 1 -

SEGMENT-2

(20'<e<30°)

-4- -f-

protons on 8 cm 0 Cu

• 0.6 GeV proton (SIN)

T 1.3 GeV proton (JINRI

o 2.6 GeV proton (Socloy)

* 4.5 GeV proton (JINRI

SEGMENT-2

(20*<e<30°J

T T
5

T
6

T"
7

T

Cu(cm)

Fig. 9. Similar experimental results as shown in Ref. 2,3.
A "very thick" Cu-disk target, composed out of 1 cm thick
Cu disks was irradiated.
a) With 0.6 GeV p, 1.3 GeV p, and 2.6 GeV p, the diameter

of Cu disks was 2 cm,
b) With 0.6 GeV p, 1.3 GeV p, 2.6 GeV p, and 4.5 GeV p;

the diameter of the Cu disks was 8 cm.
In addition we show in (a) and (b) the results from
SEGMENT-2-targets (Fig. 10 and text). One could estimate,
that the energy of protons in 20°<e<30° is approx.
(2.110.5) GeV.

From Fig. 9 we can estimate in a very preliminary
manner, that the energy of secondary protons (Provided,
that we have secondary protons) would be approx. (2.140.5)
GeV. Such an energy would be surprisingly large. Its value
could be compared with other energy determinations as shown
in Table 2.
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\
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B

58°

78°
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to measure
- halo

.A. ^30°

" #

i

20°

30°

Fig. 10. The target set-up SEGMENT-2 consists of a
target T and Cu-segment Kx through B3 : a) head-on
view and b) shown in a simplified cut-view. Some
results from this experiment have been given in
Ref.l. They concern the effect of the "beam halo",
as measured with the "shadow" on the activity of
34Na in the segments Ax, Bx/ d , and Dit
B (0.5 cm Cu): Bx (1 cm Cu)=0.09+0.02
A (0.5 cm Cu): Ai (1 cm Cu)=not determined
Bx: T=(0.042+0.002)
Ax: T=(o.038+0.002)

A theory (Toneev et al., Refs. 11,12) based on
conventional wisdom agrees somewhat with the experimental
values, obtained by multiple Coulomb scattering (Ref. 13).
In this experimental method one determines the energy of a
particle via its electromagnetic properties. However, the
energy measurement of our SEGMENT-2 experiment gives a much
larger energy, here we have measured the energy via its
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Table 2. Mean energy (GeV), E for protons emitted as secondaries
in the nuclear interaction (44 GeV xaC+Cu) into forward
laboratory angles. Only high energy protons with E>0.37
GeV are considered

Emulsion
experiment*

Calculations
by Toneev**
(Refs. 11, 12 and
given in Ref. 3)

SEGMENT-2
(This experiment)***

O'-IO0

1.8±0.1

2.9

-

10°-10°

1.47±0.1

1.4

—

20°-30°

1.15±0.1

0.98

2.140.5

30°-40°

0.910.1

0.82

—

*)The energy determination in emulsion experiments i s
carried out via multiple Coulomb scattering (Ref.13).

**)Toneev's calculations are based on conventional wisdom.
***)Here, the energy determination is based on nuclear inter-

action properties.

nuclear interaction properties. Clearly, the two methods
used do not give the same answer. However, the statist ical
significance of this discrepancy is only about 2 standard
deviations, and as such not yet sufficiently large. This
demonstrates the necessity to remeasure the energy of
secondary particles by a variety of methods. It is
necessary to improve the statist ical accuracy of SEGMENT
experiments ( i t should be feasible) and i t appears to be
advisable to reproduce the emulsion experiments. Finally,
i t might be necessary, to bring also other techniques
(bubble chambers, counters, Solid State Nuclear Track
Detectors-SSNTD's) into this field. But we refer the
interested reader to the original literature for further
information (Refs. 2/3).

This work was supported in part by the BMFT, Bonn,
Germany.
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ABSTRACT

Uranium and its daughters, especially the gaseous
daughter radon, are important sources of natural radiation.
They exist ubiquitously and accumulate in some areas. They
may constitute considerable radiation hazard if their
concentrations reach to a certain level. In order to map
uranium and radon in China, a study has been preformed on
fission track technique for determination of uranium in
natural water. A comparison has been carried out between
fission track technique and fluorocolorimetry and
lazer-fluorometry for this purpose. It shows that fission
track technique is unique not only in high sensitivity
(=10~12g.g~1) and precision, but also in high speed,
low cost, saving manpower and light labor intensity. A
large area mapping of uranium has been carried out recently
with fission track technique. It shows that a fission track
technique is more sensitive to outline a high uranium
region than other methods. A comparison between the results
will be presented. Twelve research institutions and
universities in China have established a Nationwide
Collaboration on a Comprehensive Study of Radon
Measurements with Nuclear Track Detectors. The
collaborators working in different disciplines are being
integrated themselves and put their results together. One
set of data could be used for many purposes. All the data
will be used in the investigation of natural environmental
radiation.

1. INTRODUCTION

Uranium and its daughter species such as radon are
important sources of high level natural radiation. The
variation of uranium concentrations in the environmental
substances in different areas is very large. In some area,
even within a short distance, uranium and radon
concentration may change largely. In China, it has been
known in recent years that people live in some areas where
there is a very high concentrations of uranium exist in the
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soil. Their houses, food stuff and drinking water have a
higher natural radioactivity than other area which can be
harmful to the health of the inhabitants.

In order to map the distribution of uranium and radon
in China, we have studied fission track technique for
uranium determination in different substances (1). We found
that the convenient substance to trace uranium in South
China is natural water. Uranium is comparatively easy to be
dissolved in natural water. Therefore, surface and
subsurface water which passed through or stayed in
uranium-rich substances will contain higher concentrations
of uranium. Therefore, concentrations of uranium in surface
and subsurface water could be regarded as an indication of
uranium in surrounding soils or rocks. High concentration
of uranium in these substances also result in an intense
radon flux which would diffuse up into houses and mines.
Therefore, intense radon and uranium-rich water are almost
coexistent substances in the region of high concentration
of uranium in earth's surface and subsurface layer. We have
compared the fission track technique with fluorocolorimetry
and laser fluorometry methods for determination of uranium
in natural water. A large area has been investigated with
fission track technique. The technique and results of the
investigation will be described in this paper. The message
of a big collaboration between 12 institutions and
universities in China on radon measurements with nuclear
track techniques will also be mentioned in this paper.

2. FISSION TRACK METHODS FOR DETERMINATION
OF URANIUM IN NATURAL WATER

For direct determination of uranium concentrations in
drinking water and the water for mapping uranium-rich area,
a systematic study of determination of uranium in natural
water has been performed with a fission track technique. A
small volume (5 to 20 ul of natural water is dropped onto a
piece of polycarbonate (PC) sheet. After drying the water,
the PC sheet is covered with another PC sheet, keeping the
residue of water in between. This sample is put into a
nuclear reactor to be exposured to thermal neutrons to
induce fission of uranium in the residue. Fission fragments
are recorded by the PC sheets. A cobalt foil is used to
determine the flounce of thermal neutrons. The following
formula is used to calculate the uranium concentration in a
natural water sample:

Cu=AuNt/(aWC23s*oa£) (1)

where:

Co = uranium concentration in unit mass of water (g.g~x)#
Au = atomic weight of uranium,
a = Avogadro number,

= relative abundance of 2 3 SU,
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a = effective fission cross section of a 3 3U,
* o = integrated neutron flux equivalent to that of the

neutrons with 2200 m.s"1 in speed (neutron fluence),
W = weight of water sample used,
Nt = fission track density per piece of PC,
£ = detection efficiency of PC sheet for fission

fragments.

A comparison between a fission track technique and
fluorocolorimetry and lazer-fluorometry has been carried
out for selecting a better method to determine uranium in
water. Samples of water were taken simultaneously at the
same place and the same time for the three methods for
separate determination. The results are shown in Fig.l. The
reproducibility of uranium determination with fission track
technique has been studied using in parallel 2 to 8 samples
of water. The reproducibility of measurement is shown in
Fig. 2. For comparison of the reproducibility of the
fission track technique with those of fluorocolorimetry and
lazer-fluorometry, the scattered values of uranium
concentration corresponding to one value given by

10

Cu (LF, FC ), q/q

Fig. 1. Comparison of results of fission track
technique (FT) with those by lazer-fluorometry
(LF) and fluorocolorimetry (FC) for determination
of uranium in natural water.
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Fig. 2. Reproducibilities of determination of fission
track technique (FT), fluorocolorimetry (FC) and lazer-
fluorometry (LF), respectively, for uranium in natural
water. Fission track technique has high reproducibility,
while the reproducibilities of fluorocolorimetry and
lazer-fluorometry are very poor in low uranium
concentration range.

lazer-fluorometry or
Fig. 2. From Figs.
conclusions:

fluorocolorimetry are also shown in
1. and 2, we can draw the following

1. The results of fission the track technique are
consistent with those of the other methods in the whole
range of uranium concentrations from -10~7 to
-10"11 g.g~x. - But lazer-fluorometry and
fluorocolorimetry are not sensitive below 10"11 and
5xlO~lr g.g"1, respectively. However, the fission
track technique can give fairly good results until
=10-12g.g-1.

2. The reproducibility of fission track determination is
much better than those of the other methods.
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Even though low concentration range of uranium in water
is not important to direct harm to human health, it is
likely to be important to the prediction of radon
emanation, and location of uranium-rich area in a rainy
region. In this respect, high sensitivity and
reproducibility of fission track techniques are
advantageous to our purposes.

3. MAPPING OF URANIUM-RICH AREA BY FISSION TRACK TECHNIQUE

The levels of natural radiation produced by uranium and
radon change from place to place. By using fission track
technique, uranium mapping in a very large area more than
hundreds of Km2 can be investigated and the difference
within a small distance less than tens of meters can be
distinguished. Figure 3 is an example of the investigation
of uranium distribution in China. A uranium-rich area has
been located by fission track technique, which is also
shown in Fig. 3. In these areas, it was found that the
concentration of radon is also higher than the surrounding
region. Actually, one of the areas was analyzed in detail.

•i Km
I f

Vry uranium - We* «r««

Hill

Soil 4tpo»it

Fig. 3. Example of uranium mapping in South China by a
fission track technique. Several areas having high
concentrations of uranium were outlined. One of the areas
has been analyzed, whose uranium concentration is about
=0.07%, which also emanates intense radon and it may
constitute a high radiation hazard to people.
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It was found that the uranium concentration in underground
rock in this area is about ~0.07%, which would be a
strong source of intense radon gas. This mapping test could
be an example to show how useful fission track techniques
is in indicating high level regions of natural radiation.

4. NATIONWIDE COLLABORATION ON RADON MEASUREMENT
WITH NUCLEAR TRACK DETECTORS IN CHINA

In March of 1990, the First Workshop on Radon
Measurement with Nuclear Track Detectors in China was held
in Beijing. Around 30 scientists working in different
fields including physics, radiation protection, geology,
seismology, uranium exploration and public health attended
this workshop. The scientists from 12 research institutions
and universities voluntarily established a comprehensive
multidiscipline collaboration on radon measurements with
nuclear track detectors. They decided to use devices and
detectors from .uniform material, shape and size for the
study. They put all the data together for use by every
unit. This collaboration will greatly help the
investigation of radon hazards in China.

5. SUMMARY

A fission track technique has been studied for the
purpose of outlining uranium-rich areas where high values
of uranium exist. This is important to detect areas with
high levels of natural radiation. Some areas have been
investigated with the technique and its advantages to other
techniques have been demonstrated. This technique is
especially suitable for outlining uranium-rich region in a
rainy area, such as South China. Any natural water
including surface and subsurface waters can be used to
trace uranium sources in large and moderately small areas.
Therefore, this has become a common approach to look into
the earth crust larger where high levels of natural
radiation might exist. Further study combined with radon
measurement will gain deeper insight.
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ABSTRACT

Efficient registration of alpha tracks over a broad
energy range with also having a spectrometry potential is
of importance in radiation protection especially for radon
monitoring. In our laboratory, alphas of energies up to 5
MeV in polycarbonate (PC) detectors using a new single
electrochemical etching (ECE) process are being registered.
To expand this range to higher energies, e.g. from radon
daughters alphas, a surface layer of a PC detector was
removed by a pre-etching (PE) process to a point of maximum
energy loss of alphas or Bragg peak followed by an ECE
process. Depending on the thickness layer removed, alphas
of known energies can be registered, also providing an
approach for alpha energy spectrometry. In this study, even
5.99 MeV and 7.69 MeV alphas from radon daughters were
directly detected in a PC detector as well as demonstrating
their full spectrum. The registration efficiencies obtained
were found to be up to 70%. However by a double-point-etch
method, near 100% efficiency was obtained. In this paper,
the results of the above studies are presented and
discussed.

1. INTRODUCTION

Since the invention of electrochemical etching (ECE)
process by Tommasino (1), and the discovery of efficient
registration of recoil and alpha tracks in polymers by
Sohrabi (2-4), polycarbonate (PC) detectors have found
wide-scale applications as detectors for neutron personnel
dosimetry (2,5,6) and in particular for radon monitoring
indoors (7,8) .

At present, PC is a major detector in passive radon
diffusion chambers used worldwide for indoor radon
monitoring (7-9). The availability, uniformity in
thickness, ruggedness, masking possibility, high alpha
detection efficiency, low cost, etc. make this polymer,
processed by ECE, very suitable for such applications.
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Nevertheless, its upper alpha detection energy has been
limited to 1.8 MeV based on our original studies (4), and 5
MeV based on efforts made using a new single ECE process
recently developed in our laboratory (10), actually the
same upper energy obtained for CR-39 (11).

To increase the above stated upper registration energy
range of PC to 5.99 MeV and 7.69 MeV, respectively from
radon daughters 218Po and 2 1 4Po, surface layers were
removed from a PC detector by chemical etching to a point
in depth close to the Bragg peaks where alphas can be
detected easily by an ECE process (12). As alpha energy
increases, its range in a material increases leading to
development of the relevant Bragg peaks in deeper layers,
so that the damage density at the surface is lower than the
registerable threshold.

To develop high energy alphas, two procedures can be
applied:

(a) using an etching process which can develop tracks
with lower damage densities at the surface and
(b) removing a layer from the detector by a pre-etching
process to a point where ECE of alpha tracks can be
efficient.

This study was successful for the first time to make
registration of high energy alphas from radon daughters
possible with showing the potential for alpha spectrometry.
In particular, the application of the dyed ECE track method
(13-15), can make ECE tracks beautifully observable in
different colors for easy detection and measurements. In
this paper, the results of high energy alpha registration
and spectrometry are presented and discussed.

2. PROCEDURES AND METHODS

Polycarbonate (PC) detectors with 230 urn and 370 um
thicknesses were exposed to known collimated fluences of
alphas with known energies degraded from 241Am source in
air. The foils were pre-etched to a point where tracks of
alphas with known energies can be amplified by the ECE
process. A pre-etching (PE) process was carried out in a
mixture solution of 15g KOH + 40g C2HSOH + 45g H2O
(PEW) at 55°C in an oven. Figure 1 shows PC layers
removed as functions of PE time in the PE solution. By
increasing the PE time, the removed layer is increased, so
that higher energy alphas can be revealed by the ECE
process.

The ECE process was carried out using a new version of
our previously developed multi-chamber ECE system, in a PEW
solution at 25°C applying 32 kV/cm at 2 kHz for 2.5
hours. To develop 5.99 Me^ and 7.69 MeV alphas from radon
daughters, 375 um PC foils were used applying longer PE
times of about 12 hours.
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Fig. 1. Layer removed from 375 pn PC by
pre-etching (PE) as a function of PE
time at indicated Conditions.

3. RESULTS AND DISCUSSION

By increasing the PE times, higher energy alphas can be
detected in PC. Figures 2 and 3 show a family of curves
respectively for the sensitivity and mean track diameter in
230 urn PC detectors as functions of PE time in PEW at
55°C, where the detectors have been further processed by
ECE in PEW solution at 25°C applying 32 kV/cm at 2 kHz
for 2.5 hours. As it can be seen, each PE time can reveal
onJy alphas in a limited alpha energy range; i.e. losing
lower and higher energy alpha tracks outside this range.
This can be considered a drawback for applying a PE
process. However, the PE process can provide a procedure
for spectrometry of higher energy alphas.

By conversion of the track densities in Fig. 2 to
efficiency, Table 1 can be constructed showing detection
efficiencies and a detectable energy range for each PE
time. From the data of Table 1, two important conclusions
can be drawn:

1) Development of a two-point-etch method with a near 100%
alpha detection efficiency; i.e. adding the efficiencies
related to two PE times with 1 hour PE interval to
obtain near 100% efficiency as shown in the last column
of Table 1. As an example, for 3.05 MeV, by adding the
efficiencies related to 1 and 2 hours PE times and for
4.23 MeV by adding 2.5 and 3.5 hours PE times, 98% and
90% efficiency have been respectively obtained for the
above two energies. Of course the interval should be
optimized to obtain optimum conditions.
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2) Data of each PE time column show a maximum efficiency
value at a known energy: i.e. the most efficient energy
correlated to each PE time. Fig. 4 shows the most
efficient energy taken from Table 1, plotted as
functions of PE time. The results can be considered as
the optimum PE time required to detect alphas of a
certain energy by an ECE process. The three PE time data
related to 5.48, 5.99 and 7.69 MeV energies are taken
from the data of radon and its daughters as given below.

( 2 3 4 0 0 7 0 9 10 If

PRE - ETCHING TIME ( fir )

Fig. 4. Most efficient energy as a function of PE
time in 375 }im PC foils at indicated conditions.

By the experiences gained above, the detection and
spectrometry of alphas from radon daughters have been
accomplished by exposing a number of 375 jam PC detectors
for a known time in a radon and daughters environment. They
were each pre-etched for a known time followed by an ECE
process.

Figure 5 shows alpha track density due to radon and its
daughters as a function of PE time or its relevant energy.
The results clearly demonstrate two single peaks each
correlated to a different PE time. The first peak seems to
be due to 5.49 and 5.99 MeV alphas revealed after two close
PE times applied. The second peak is due to 7.69 MeV. Based
on the data of Fig. 4 and the known alpha energies of
2 2 2Rn, 2iaPo and 2 1 4Po, the top energy scale of Fig.
5 has been completed. It should be mentioned that the
three high energy points of Fig. 4 have been concluded from
their data. It is clear that high energy alphas can be
detected by using this approach which shows to be an
effective procedure for alpha spectrometry.
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Table 1. Detection efficiencies and the detectable
energy range for each pre-etching time
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Fig. 5. Alpha track density due to radon and its daughters
as a function of PE time or and its relevant energy showing
the spectrum of alphas from 2"Rn, ai*Po and a i BPo.
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Figure 6 shows the mean track diameter (MTD) of alphas
due to radon and its daughters as a function of PE time. As
it can be seen, the mean track diameter is about the same
at different PE times within the hatched area of 14 pm
width. When no pre-etching is applied, the mean track
diameter depends strongly on alpha energy. However the
approximate flat response of Fig. 6 is due to the PE
treatment applied which develops the tracks preferably
around the Bragg peak.

2 3 4 5 6 7 6 9

PRE- ETCHING TIME f Or )

n ii 12

Fig. 6. Mean track diameter of alphas from " 2 R n ,
21*Po and 218Po in 375 ;um PC detectors as functions
of PE time at indicated conditions.

4. CONCLUSION

It has been shown that by applying a PE process in a PC
detector prior to an ECE process to remove surface layers,
high energy alphas from 2 2 2Rn, 218Po and 21*Po can be
registered for efficient detection and as its spectrum can
be developed for alpha spectrometry purposes. The
resolution can be higher than what reported by reducing the
PE time steps so that 5.49 and 5.99 peaks can be separated.
Also it has been concluded that by using a two-point-etch
method based on selecting two proper PE times, near 100%
efficiency can be obtained even at higher energies.
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THE DETERMINATION OF URANIUM
IN ENVIRONMENTAL SAMPLES
USING LASER FLUORIMETRY

A. Ghods and J.c. Veselsky

Agency's Laboratories, A-2444 Seibersdorf
International Atomic Energy Agency

Wasgramerstrasse 5
P.O. Box 100
Austria

ABSTRACT

Concern over the long term health effects resulting
from the ingestion of Uranium has resulted in increased
interest into how Uranium is incorporated into living
organisms. Up to now, little data exist on the
concentration ot Uranium in biological materials and
foodstuffs because the levels are usually low (typically
0.1-1000 ng.g-1), which necessitates tendentious
separation and pre-concentration operations or the
accessibility to special instrumentation for detection of
Uranium at these low levels. This paper describes a
procedure for the determination of Uranium in environmental
materials by laser fluorimetry. The samples (1-2 g) are
ashed, treated with HNO3 and HC1CU, and dissolved in a
Ca(NO3) salting solution. The Uranium is then extracted
with methyl isobutylketone (MIBK), back extracted into
dilute HNO3 and determined by laser fluorimetry. A spike
sample is also analyzed to determine the chemical recovery.
The procedure has been used successfully to determine
Uranium in five NIST SRM'S and also in a number of
foodstuffs.

1. INTRODUCTION

Because of the sometimes extremely low uranium content
of environmental material such as soil, water and materials
of biological origin, which can be in the region of ug
U.g"1 or ng U.g""1, analytical methods with very low
detection limits are required. Methods like alpha
spectrometry and neutron activation analysis are in general
use, but less time consuming and cheaper techniques would
be highly desirable. For this reason some work was done in
the IAEA Laboratory Seibersdorf to utilize the low
detection limits of fluorimetric techniques for the
determination of uranium in the materials mentioned above.
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Fig. 1. Laser fluorimeter type Scintrex UA-3.
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Fig. 2. Block Scheme of a time resolved
Laser fluorimeter (Bushaw 1983).

Fluorimetry was introduced as a tool of quantitative
uranium microanalysis in 1935 and since that time greatly
improved by the application of modern electronic and laser
techniques to the corresponding instruments (Figs. 1
and 2).
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In principle the uranium to be measured is irradiated
with UV light and the emitted fluorescence radiation (Fig.
3,4). In conventional fluorimetry the uranium to be
measured is embedded in a fused sample pellet (alkali
fluorides and carbonates or mixtures of them) which is then
irradiated and measured in an instrument called
fluorimeter. More recent developments lead to the use of
pulsed UV laser beams (*= 337 nm) as irradiation sources,
the highly developed electronic systems of our days permit
a differentiation between the uranium fluorescence and
parasitary fluorescences by time discrimination. In some
recent developments also the electronic elimination of
interfering quenching effects is possible, thus
circumventing the use of more complicated methods such as
uranium isolation, internal standards, sample dilution etc.

In the IAEA laboratory Seibersdorf conventional
fluorimeters (System Galvanek Morrison) as well as a pulsed
laser fluorimeter (system Scintrex UA-3) are available, but
not yet the very recent constructions making possible the
purely instrumental elimination of quenching effects or the
measurement of certain rare earth elements (which require
additional tunable dye-lasers).

For the practical analytical work in the laboratory
mainly the Scintrex apparatus is used, which makes the
measurement of uranium in aqueous solutions down to a
concentration of about 0.05 ng U.ml"1 possible. In tap
water, for example, the uranium can be directly determined
without any pre-concentration step.

As an example for the determination of uranium in
mineralic substances a list of results obtained in the
course of the uranium analysis of several reference
materials using different fluorimetric methods developed in
our laboratory shall be given, the detection limit was
found to be 0.5 ug U.g"1 (conventional fluorimetry) and
0.05 jag U.g-1 (laser fluorimetry).

2. EXPERIMENTAL

To reliably determine uranium in environmental samples
it is highly desirable to develop a method achieving low
limits of detection. For that reason the use of laser
fluorimetry, where detection limits as low as 0.05 ppb were
reported (1) appeared to be promising for that purpose. At
present this technique has not yet been widely used in the
field concerned (2-4).

Based on previous studies in the determination of
minute amounts of uranium by laser fluorimetry (5,6), an
improved method for the uranium assay in biological
materials was developed and tested on a series of standard
materials.
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Fig. 3. Fluorescence due to organic matter and
uranium excited by a Laser beam of 337.1 nm in
a Laser fluorimeter type Scintrex UA-3.
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Fig. 4. Fluorescence spectrum of uranium.
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The instrument used in this study was the commercially
available laser fluorimeter (Scintrex UA-3).

2.1. Sample Preparation for the Determination of U-Traces

Material:

2.1.1. Inorganic:

Decomposition of 100-150 mg sample with HNO3/HF at
160°C (high pressure vessel). Evaporation to dryness,
uptake in 2 ml HNO3 1:25 and 10 ml salting solution
(Ca(NO3)2 EDTA). Extraction of the U with MIBK,
backextraction with 0.001M HNO3, measurement in the
laser fluorimeter.

2.1.2. Biological:

1. Approximately 1 g of sample carefully weighed into a
platinum crucible is coalified in a furnace at 200°C,
then the temperature is raised to 650°C for 4 hrs to
complete ashing. The same procedure is carried out with
a separate sample containing a known amount of uranium.
Its quantity depends on the tentative uranium content
of the sample (usually ug region).

2. Add to the ash 5 ml H20+5 ml cone. HNO3 and fume
to dryness.

3. Add 5 ml Ha0+2 ml 60% HC1CU and fume to dryness.

4. Take up the residue in (exactly) 2 ml HNO3 1:25
(v/v) and 10 ml Ca(N03)2-EDTA solution (400 g
Ca(NO3)2x4H2O+ 6 g Disodium-EDTA+ 100 ml H20)
and transfer to (filter, if required) a 20 ml
calibrated test tube fitted with glass stopper (0.1 ml
calibration). Note the volume for correction.

5. Add exactly 2 ml Methyl-isobutylketone (MIBK) and
extract uranium by shaking for 3 minutes.

6. After phase separation pipette 1 ml of the MIBK into
a second, dry test tube, add 10 ml 0.001 M HNO3 and
strip the uranium by shaking for 3 minutes.

7. Transfer a suitable aliquot of the aqueous phase to
the quartz cuvette of the laser fluorimeter and measure
as described in taking into consideration volume
correction (if applicable), extraction recovery, and
eventually also reagent blank.

8. The spiked sample is treated as described above,
from the result of its analysis one can derive the
extraction recovery.
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3 . QUALITY CONTROL

Several commercial
standard materials were
analyzed using the
procedure outlined above.
The results are listed in
Tables 1 and 2. They are
in good agreement with
those reported by other
laboratories and the
certified uranium content
of the corresponding
materials.

Table 1. The uranium content of
some soil and lake
sediment samples.

Material

Soil
Lake Sediment S
Lake Sediment K

j i g U . g 1

4 . 7 + 0 . 1
5 . 3 + 0 . 1

1 4 . 5 + 0 . 1

Table 2. Determination of Uranium in some standard
materials (references in brackets)

Material

Oyster Tissue

Pine Reedies

Toaato Leaves

Citrus Leaves

•1ST*

Code no.

1566

1575

1573

1572

Certified

value

0.11610.06

0.020*0.004

0.06110.001

<0. IS

This study
(ug.g ')

0.10710.003

0.022*0.001

0.0!>3t0.002

0.02710.001

Other

0.100 1 0.007 (17)
0.111 1 0.003 (19)

0.01451 0.006 (10)
0.015 t 0.006 (19)
0.018 i 0.006 (21)*
0.02S 1 0.005 (13)**
0.022 1 0.0016 (25)

0.502 1 0.0023 (19)
0.063 1 0.003 (21)*
0.053 l 0.008 (13)**
0.054 1 0.0012 (25)

0.03O81 0.005 (17)

Vegetative radlonuclide reference aatarials (Canada):

Spruce ftrfigs

Spruce Reedles

C1V-1

CIV-2

86.8

3.6

84.611.5

3.6610.04

* Delayed neutron counting

*• Inductively coupled plasm suss spectrceetry

All others neutron activation analysis

» national Institute Cor Standard and Technology,

forser Rational Bureau of Standards.

The highest sensitivity available nowadays with
special, home-made fluorimeters is in the order of 10"1S

g U which number can possibly be further reduced by the use
of resonance ionization mass spectrometric methods.
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The absolute detection limits for uranium of different
methods are given in Table 3.

Table 3. Detection Limits of Methods used
for the Determination of U

Method

Y-spectrometry
a-spectrometry
Conventional fluorimetry
laser f luor ̂.cnetry
inductively coupled plasma/
mass spectrometry

Detection limit (ng)

400-800
5-10
5

0.05.ml-1

0.1.ml"1
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ECE TRACK (DYECET) METHOD
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ABSTRACT

Some parametric studies of a new dyed ECE track
(DYECET) method have been recently reported from our
laboratory. By this method, the ECE tracks are densely dyed
in polymers like polycarbonate (PC) and CR-39 forming high
photon absorbent sites for spectrophotometry. The method
consists of five consecutive steps: (a) exposing a suitable
polymer to neutrons or charged particles such as alphas;
(b) ECE of tracks; (c) acid treatment; (d) dyeing; and (e)
using UV spectrophotometry or other counting techniques.
The steps c and d are usually time consuming. Therefore, by
efforts made to bypass step (c), the same DYECETs were
developed with no acid treatment. The UV absorbance,
however, was significant and being varied with processing
conditions for acid treated foils and it was low and
constant in foils not being acid treated. The method has
been very successful in development of DYECETs with
different colors for dosimetry applications and track
structure studies. Research and development are in progress
to further elaborate such findings as well as improving the
method. In this paper, some results on efficient
development of DYECETs with and without acid treatment as
well as some phenomenological conclusions are presented and
discussed.

1. INTRODUCTION

A new dyed electrochemically etched track (DYECET)
method in polymers such as polycarbonate (PC) and CR-39 has
been recently developed at the National Radiation
Protection Department (NRPD) of the Atomic Energy
Organization of Iran (AEOI) for radiation dosimetry and
particle track structure studies (1,2). By applying the
optimized parameters determined, the ECE tracks are densely
dyed on an unaffected surface leading to a high UV
absorbance the magnitude of which depends on the track
density and thus on the radiation dose (2,3). The method
applied by Monnin and Blanford (4) and ">ogyi and
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co-workers (5,6) on non-etching dyed fission fragment
tracks in some cellulose derivatives could only be observed
at very high magnification. In the DYECET method, tracks of
low-LET charged particles such as alphas and fast-neutron-
induced recoils in polymers like PC and CR-39 have been
successfully dyed (1-3). However, the complicated steps of
degassing and free oxygen removal from the samples during
the polymer grafting of non-etching dyed method have been
omitted and instead an ECE step for track amplification has
been added.

The DYECET method consists of five consecutive steps:
(a) exposing a suitable polymer to neutrons or charged
particles such, as alphas from radon daughters, (b) ECE of
tracks, (c) acid treatment, (d) dyeing with a suitable dye,
and (d) applying a counting technique such as UV
spectrophotometry. In an effort to also bypass the acid
treatment step and to efficiently dye the ECE tracks with
or without an acid treatment, some interesting results were
found on dyeing the tracks which helps in clarifying
further some theories on none-etching dyed track method
(4-6). In this paper, the results on such developments are
presented and discussed.

2. DYECET METHOD

The DYECET method and the optimization of its many
parameters have been reported by us recently (1-3). In this
study, 230 }im PC and/or 500 .urn CR-39 foils were exposed
either to fast neutron-induced recoils and/or alphas from
an 241Am source or alphas from radon daughters. The ECE
of PC foils was carried out using the AEOI multi-chamber
ECE system in a mixture of KOH (15 g), C2H5OH (40 g)
and H2O (45 g), so called PEW, at 25 °C after a 30 min
waiting time in the same solution applying 32 kv.cm"1 at
2 kHz for 2.5 h.

The acid treatment and dyeing steps were carried out in
a flask having a condenser on top with cold water running
through. The acid treatment procedure for PC was as
optimized before (1,3), being 20% by weight acrylic acid at
75 "C for 3.5 h. Dyeing was carried out for ECE tracks
with or without acid treatment using eosin yellowish (Y),
wright eosin methylene blue (WEMB) as well as eosin bluish
(B). A Perkin Elmer UV spectrophotometer Model 575 was used
for spectrophotometry.

3. RESULTS AND DISCUSSION

The optimization of the DYECET method parameters in PC
and CR-39 was reported recently with eosin B (1-3). In
this study, eosin Y and wright eosin methylene blue (WEMB)
were mainly used with and without acrylic acid treatment.
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However, acetic, oxalic and hydrochloridric ajids were also
applied to clarify some stated points.

Figures 1 and 2 show the UV absorbance as functions of
eosin Y concentration and dyeing duration with and without
acid treatment. The 230 pm PC foils used have been exposed
to 25 mGy of 252Cf neutrons treated by ECE applying 800
V, 2 kHz for 3 h at 25 °C. It was found that dyeing for
3h in 3% eosin Y can provide a suitable coloration of the
ECE tracks with or without acid treatment. However, as can
be seen in Figs. 1 and 2, the UV absorbance in foils not
being acid treated is not changed and it is constant as the
dye concentration and its duration increases, compared to
those of samples treated by acid.

Figures 3 and 4 show the UV absorbance as functions of
WEMB concentration and dyeing duration in PC foils treated
at the stated conditions both with and without acid
treatment. As concluded for eosin Y, the UV absorbance is
quite constant as the dye concentration and its duration
increases for foils having no acid treatment, compared to
those being acid treated. Also, it can be concluded that 3h
of dyeing provides an optimized duration under the applied
conditions.
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Fig. 1. The UV absorbance of DYECETs in PC as a
function of eosin Y concentration with and without
acid treatment at the stated conditions.
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function of WEMB dye concentration with and without
acid treatment at the indicated conditions.
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Fig. 4. The UV absorbance of DYECETs in PC as a
function of WEMB duration with and without acid
treatment at the indicated conditions.

Figure 5 (a,b,c,d) shows DYECETs of fast-neutron-
induced recoils treated in 20% acrylic acid at 75 °C: (a)
in PC dyed in 3% eosin B at 95 °C, (b) in PC dyed in 3%
eosin Y, (c) in PC dyed in 5% WEMB at 95°C and (d) in
CR-39 dyed in 5% Rohdamine B at 95 °C. As can be seen,
the tracks are densely dyed with different colorations of
interest to be applied in different fields as well as track
structure studies (7,8).

Figure 6 demonstrates the UV absorbance spectra of
foils exposed to different doses of 2152Cf neutrons using
eosin Y with absorbance peaks at 285 nm wave- length. As
can be seen, the UV absorbance changes with the number of
color centers and thus the neutron dose (2).

In the above experiments, the constancy of the UV
absorbance in the dyed ECE tracks with increasing the dye
concentration and duration in foils not being acid treated
seems a proof for the formation of a new molecule or a
copolymer during the acid and dye treatment. Monnin and
Blaniord (4) in the non-etching dye track method proposed
that unsaturated (double-bond bearing) organic molecules
(monomers) can diffuse through a medium and reach the
active metastable chemical species such as free radicals
and/or peroxide groups formed around the passage of a
charged particle track. Then by raising the temperature,
the necessary activation energy is gained to trigger the
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(a)

(c) (d)

Fig. 5. Microphotographs of DYECETs of fast-neutron-induced
recoils treated in 20% acrylic acid at 75°C: (a) in PC dyed
in 3% eosin B at 95°C/ (b) in PC dyed in 3% eosin Y, (c) in
PC dyed in 5% WEMB at 95°C and (d) in CR-39 dyed in 5%
Rohdamine B at 95°C.
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Fig. 6. The UV absorbance spectra of DYECETs of recoils
in PC exposed to different doses of 2=2Cf using eosin Y.

chain reaction between the active sites and the monomer:
i.e. a new polymer is grown and grafted onto the polymer
detector, a process called "grafting". Then a proper dye
can selectively be fixed onto the grafted copolymer which
makes the tracks look colored.

In a later study, Somogyi and co-workers stated that a
graft-copolymerization process, as discussed above, could
not be responsible for the observed dyed tracks because the
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tracks can also be dyed with saturated (single-bond
bearing) acid monomers; then another term called
"sensitization" was introduced (6). Our experiments have
also proved that both saturated (e.g acrylic acid) and
unsaturated (e.g. acetic acid) acids have been effective in
forming DYECETs with a high UV absorbance compared to those
not being acid treated. Also, some preliminary studies with
acids such as tartaric, oxalic and hydrochloridric acids
showed no increase in UV absorbance compared to foils not
being acid treated. However, some DYECETs developed with no
acids also showed high UV absorbance. Based on this
preliminary study, it seems that for UV-type absorbtion
methods, either copolymers or dye molecules should be
responsible for the photon absorbtion at a certain
wavelength.

4. CONCLUSIONS

Efficient DYECETs in different colors were developed
both with and without acid treatment in PC and CR-39 after
optimized processing which is of interest for many
applications such as radiation dosimetry and for track
structure studies (1-3,7,8). Based on this preliminary
study, it seems that a molecule or a copolymer formed
during acid and/or dye treatments by grafting or the dye
molecule itself can be responsible for UV-type absorbance.
Also, it seems that the word "sensitization" should be
substituted by another term for example "acid treatment".
More research is underway to clarify further such
conclusions the results of which will be given elsewhere.
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ABSTRACT

Trapping parameters of CaF2:Dy (TLD-200), which is
widely used for low-dose measurements, were determined for
the 6 glow peaks contained in the glow curve of this
phosphor after being exposed to 6°Co gamma radiation.
Isothermal decay, variable heating rate, and initial rise
methods were used for such analysis. The expression which
estimates the systematic error involved in the
determination of activation energy by the initial rise
method was used. All glow peaks, except the first, were
considered with the general-order kinetics. Good agreements
were found for the values of trapping parameters determined
by the three stated methods. The kinetic orders for peaks
one to six were determined to be 1.0, 1.8, 1.7, 2.0, 1.9
and 1.6. The respective average activation energy values
were found to be 1.20, 1.22, 1.37, 1.54, 1.57 and 1.45 eV
with relative frequency factors of lxlOls, 2xl014,
8xl013, 2xl014, 3xlO12 and 6xl09 s"1, and with
respective mean half-lives of 27 h, 16 d, 36 a, lxlO4 a,
2xl06 a and lxlO7 a. Based on such results, the strong
fading and the other dosimetric properties of this crystal
can be described. In this paper the results of the above
studies are presented and discussed.

1. INTRODUCTION

Because of its high sensitivity, calcium fluoride doped
with dysprosium (TLD-200 from Harshaw) has attracted
considerable attention in the field of environmental
monitoring (1). Strong fading (2,3), a complex glow curve
(4), supralinearity of response (5), and emission spectra
(6), have been extensively investigated, and different
thermal treatment methods have been recommended for the
removal of residual dose and the reduction of fading.
However, information on trapping parameters responsible for
the different glow peaks seemed limited. Nevertheless,
basic properties of TL materials may be understood only by
the determination of trapping parameters of individual glow

603
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peaks, in a complex glow curve. Therefore, the evaluation
of trapping parameters such as the kinetic order (1),
activation energy (E) and frequency factor (S) seems of
prime interest and importance. Three different methods were
used in the study for glow peak analysis in the general
order case known as: the isothermal decay method (8,9), the
variable heating rate method (10), and the initial rise
method (11-13), to obtain trapping parameters for the 6
glow peaks contained in the glow curve of CaF2: Dy
(TLD-200). A brief discussion on applied methods and
experimental results is presented.

2. ANALYSIS OF GLOW PEAKS

A rather general equation governing the behaviour of TL
glow peaks is the rate equation (8):

I = -dn/dt=S' .nx.e<-E''*T> (1)

Where 1 is the kinetic order, E is the activation
energy, S' is the pre-exponential factor and n is the
concentration of charge carriers. Based on this general
equation three different methods can be derived for kinetic
analysis as follows:

2.1. The Isothermal Decay Method

This analysis uses data for the decay of luminescence
when the sample is held at a constant temperature, and it
can be carried out in the temperature range where TL is
normally exhibited. The decay in luminescence intensity is
predicted by solving Equ. 1 for a constant temperature
giving:

Where Io is the intensity in the beginning of decay and
S=S'no

(1-1' is a frequency factor with a dimension
(s - 1). By rearranging the Equ. 2, Equ. 3 will be
obtained:

I* 1/1)-1=a+bt (3)

in which a and b have constant values. The isothermal decay
method for determining the kinetic order consists of a plot
of log(dl/dt) versus log(I). According to Equ. 3 the slope
S of the resulting line is related to the kinetic order by

For evaluation of other trapping parameters, Equ. 2 can
be transformed to

1 (4)
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so that the plot of (Io/I) <
i~i) /"i versus t will yield a

straight line with a slope of:

if mi and m2 are the slopes of the linear plots
obtained at temperatures Ti and T2 respectively,, we
have (9):

S=m2
T2'<T2-T1>/(l-l)m:L'

rl''<'r>2-'rl) (5)

Once 1 and S have been determined, the E value can be
obtained with the use of the slope of each straight line.
However, in the case of first order kinetics (1=1), the
above equations are not valid and the slope will be
S.e<'E/kT); the expression for S is similar to equation
5, and only the term containing 1 is absent .

2.2. Variable Heating Rate Method

This analysis is based on shifting the peak maximum to
higher temperatures with an increasing heating rate.
Derivation of maximum condition of Equ. 1, and inserting it
back into the original equation for maximum point, leads
to:

L' 1" 1' (Tm
2/B)x = (S.no)-

x(noE/lk)
1e<E/kTn} (6)

A change in the heating rate creates a change in the
value of Im and Tm. Plotting tne term
ln[I,n(l-l) (Tm

2/fl)l] as a function of 1/Tm should
yield a straight line whose slope is E/k. In order to use
this method one should know the value of 1 beforehand. The
slope of this line cannot be used for the evaluation of the
S value, since n in Equ. 6 is an unknown. It should be
noted that corresponding equations for first-order kinetics
and the second-order kinetics (1=2) can be directly derived
from Equ. 6 by equating 1 with the desired values. As a by
product of this method, a method can be derived based on
the shift of non-first order peaks as a function of initial
concentration of trapped carriers or equivalently absorbed
dose. The right-hand side of Equ. 6 can be written as:

where S=S'.no
(i-x> and S' is a constant.

One can therefore plot ln[Im
(1-x>(Tm

2/B)1] versus
1/Tm for various initial concentrations to obtain a
straight line with a slope E/k. This would be appropriate
for either constant or varying heating rates. For a
constant heating rate, the method is useful only where 1 is
appreciably different from unity, since for 1=1, Tm is
independent of the initial concentration no, and for 1=1,
the dependence is weak. In the general order case, the
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equation below can also be used for estimation of frequency
factor, when the other trapping parameters are determined
(10):

(7)

2.3. The Initial Rise Method

This analysis is applied to the low temperature tail of
the glow peak. In this region the number of trapped
electrons n changes by only a small amount with
temperature, and n can be regarded as a constant. In the
general order case including first and second order peaks,
this assumption leads to:

I=C.e<"E/kT> (8)

where C is a constant. A plot of lnl versus 1/T should
yield a straight line with a slope -E/k. But this result
will be accurate only if the level of signal used is a
small fraction of the peak height, usually quoted as less
than 10%. This is not, however, always possible and in
situations where the signal-to-noise ratio is low, some
investigators apply the method to signal levels exceeding,
in some cases, 50% of peak height. While these high signal
levels should be avoided, even for lower levels of signal,
the systematic error introduced may be of the order of a
few percent. For estimation of the errors involve"1 in the
initial rise measurements, due to high levels of jignals
used, the following expression has been presented for first
order peaks (12), with T m in °K, and E and E ± r are
corrected and experimental activation energies in electron
volt:

E= (1+0. 74a 1+0.082a2)Eiir-(2a1+0.22a2)Tm/11605 (9)

where ai. = Ix/Im, a2=Ia/Im and Ii, I2 are
the lowest and highest limits of signals used for plotting
lnl versus 1/T; and Im, Tm are the signal and
temperature of the maximum point.

Further, it has been shown that the general assumption
that the initial rise method does not depend on the order
of kinetics is a misconception (13). The corresponding
expressions for special case of general-order peaks with
1=1.5 and second order peaks (1=2) are respectively:

E (1=1. 5) = (0.994+0. 826a x+0.115a2 )Eiir-
(0.013+1.923a1+0.244a2)kTm (10)

2)=(0.993+1.005ai+0.
(0.017 + 3.263aa. + 0.284a2)kT (11)
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3. EXPERIMENTAL PROCEDURES:

The CaF2:Dy phosphors used were TLD-200 (Harshaw)
chips with 3.2x3.2x0.89 mm3 dimensions. Annealing was
carried out using a Thermolyne (model 10500) oven for the
high-temperature treatment. All the irradiations were made
with a 6°Co source. To prevent the measurements being
affected by the initial tunneling effects and high rate of
fading of CaF2:Dy, the TLDs were stored at room
temperature for 10 hours before reading. The TL responses
were recorded and analysed by a Harshaw model 2000C reader
and a model 2000 recorder. Linear heating rates from
0.2°C.s-1 to 4°C.s-1 were used to heat the TLDs in
variable heating rate analysis and glow curve recording.
For pre-irradiation annealing, the experimental results
suggest an annealing procedure of 30 min at 450°C (14).
With this annealing procedure minimum residual TL as well
as stable sensitivity was achieved. The glow curve of this
phosphor is complex and consists of a group of four
low-temperature peaks at 100°C, 130°C, 190°C, 220°C which
overlap considerably, and two higher-temperature peaks at
300°C and 380°C; all measured at 1.25°C.s-1. To determine
trap parameters accurately, it is necessary to resolve the
individual glow peaks making up the complex glow curve.
This is especially necessary for the initial rise and
isothermal decay methods and also to enable the peak
maximum positions, which are not obvious from the complex
glow curve, to be determined for the variable heating rate
analysis. The technique used to do this is called thermal
bleaching (15).

4. RESULTS

The thermal bleaching method for peak separation was
applied to CaF2:Dy and the peaks 1 to 6 were resolved.
The separated peaks added up precisely to give glow curve
shown in Fig. 1. It can be seen that the shapes of glow
peaks, except the first, are almost symmetric, in contrast
to first order peaks in which descending parts of the glow
peaks are faster, showing that the general order kinetics
must be applied for kinetic analysis. Figure 2a shows the
isothermal decay plots for dosimetry peak 3 at 190°C for
two different temperatures, 170°C and 180°C. For the
application of the isothermal decay method to a specific
glow peak, the low temperature peaks in the complex glow
curve must be removed by the use of thermal bleaching,
method and then the light output can be recorded as a
function of time in the temperature range from the lowest
detectable signal up to the peak maximum. If the descending
part of peak is also mixed with higher-temperature peaks,
the higher allowed temperature is decreased to prevent the
decay of this higher temperature peak. Figure 2b shows the
time variations of: (Io/I)<

1~1»'x for peak 3. These
linear plots use the data from Fig. 2. In order to evaluate
the frequency factor, the slopes of each plot (mi and
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Fig. 1. Glow curve of TLD-200 expose d to 2.4
Gy gamma ray. Using thermal bleaching method
for peak separation (0.6 "C.s"1, heating rate).
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Fig. 2a. Isothermal decay plots for peak
3 of TLD-200 (190°C) exposed to 2.4 Gy,
recorded at 170°C (a) and 180°C (b).
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ma) were substituted in Equ. 5, and than the activation
energy was determined by the slope of each line. This
property, i.e. independent estimation of frequency factor,
yields a higher accuracy in evaluation of this parameter in
comparison with the other methods. Further discussion is
left for the last section. In Fig. 3, the introduced method

1.4 CttF2: Dy(TLD-ZOO)
Ptak 3 /

7

f a)

10 20 30 40

Decay tlm*($*c)
50

Fig. 2b. Variation of (Io/I)
 <1~1>/':L with decay

time for corresponding plots (Fig. 2a).
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Fig. 3. Variation of log (dl/dt) as a
function of log I for glow peaks 1 to 6
which the kinetic orders were evaluated.
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for evaluation of the kinetic order with the use of the
isothermal decay data (Equ. 3) is presented for peaks 1 to
6. The slope of each line is (2-1/1), from which the
kinetic order can be determined. It can be seen in Table 1
that, except for the first peak, all other peaks show a
kinetic order considerably different from unity. The
isothermal decay plots used for this analysis were recorded
at 80=0, 110°C, 170°C, 200°C, 280°C and 370°C for the 6
peaks respectively. Fig. 4a shows isothermal decay plots
for the last peak recorded at 350°C and 360°C; and in Fig.
4b the corresponding linear plots were obtained from which
the kinetic parameters were determined.

z

1.5

1

0.5

YS. C0Ft: DyfTLD-
\ \ Lost Peak

200;

-

(a;
- ~

(b)

20 40 60 90 \00

Decay #'m« ($*c)
120 140

Fig. 4a. Isothermal decay plots for peak 6 of
CaF2:Dy exposed to 2.4 Gy irradiation maintaining
the phosphor at temperatures of 350 °C and 360 °C.

Figure 5 shows the application of the variable heating
rate method to determining the trapping parameters. This
analysis, according to Equ. 6, uses a maximum temperature
and intensity simultaneously, but in the first-order cases,
the peak intensity is not necessary. For this analysis,
chips were heated at rates ranging from 0.2°C.s-z. up to
4°C.s~1. The increase of heating rate, above 4oC.s~i is
not allowed because of the creation of temperature
gradients. After the evaluation of activation energies,
Equ. 7 was used for determining the frequency factor. As
explained above, the temperature and intensity of the
maximum point are not only are increased by increasing the
heating rate, but also different levels of dose received
affect these characteristics.

Figure 6a shows the shift of maximum temperature of the
last peak towards higher temperatures with decreasing dose
received for constant heating rate. This effect has also
been observed previously, showing that the peak obeys the
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Fig. 4b. Corresponding plots of (I o/I)
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time from which the values of 7xlO9 s - 1 and 1.45 eV were
obtained for frequency factor and activation energy.
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Fig. 6a. Peaks of TLD-200 for different absorbed
doses (0.24, 0.48, 0.96, 2.7 and 9 Gy).

general order kinetics with kinetic order considerably
greater than unity. In Fig. 6b, the plot of
lnIm

x-i(Tm
2/fl):L versus 1/Tm was drawn with the

use of data in Fig. 6a (4). From the slope of the linear
plot obtained, the activation energy was evaluated, which
is in good agreement with the results obtained from other
methods in the text. In Fig. 7, the application of the
initial rise method for obtaining the trapping parameters
is observed for all peaks contained in the glow curve. The
slope of each line gives the energy obtained from the
initial rise method (EiE.). The corrected values for trap
depth were obtained with the use of equations 9, 10 and 11.
The kinetic parameters obtained from the three different
methods applied are shown in Table 1. For the estimation of
half-lives of glow peaks at certain temperatures, the
following equation can be used for the first order peaks
(16).

T=0.693 /S (12)

This equation for general order peaks takes the form:

(13)
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1/T«, using data of Fig. 6a, from which the value
of 1.5 eV was obtained for activation energy.
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Fig. 7. Variation of lnl as function of 1/T for all peaks
contained in the glow curve of TLD-200. In each plot, the
high limit of signal used is the point where the intensity
reaches a value half of the maximum intensity. Absorbed
dose is 2.4 Gy.
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Table 1. Results obtained for trapping parameters of 6 glow
peaks contained in glow curve of CaFa:Dy(TLD-200)
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5. DISCUSSION

Three different methods of peak analysis were applied
to obtain trapping parameters of glow peaks contained in
the glow curve of CaFa:Dy (TLD-200). Our peak separation
technique shows that the glow curve can be resolved
precisely into 6 glow peaks between room temperature and
400°C. The analysis of these peaks by the three methods
indicates non-first-order kinetics, except for peak one for
which the kinetic order obtained was 1. Each of three
stated methods have some advantages and disadvantages from
a theoretical viewpoint and in consideration of the
specific glow curve analyzed.

While the isothermal decay method presents evaluation
of frequency factor independent of the activation
energy,the experimental errors may arise if the temperature
did not remain constant during the reading of the decay.
Variation in temperature can lead to suprious values for
slopes of linear plots of Figs. 5 and 7 used in the

of the frequency factor. Also, care must be
overlapping peaks. In this case, the decay
must be as low as possible and the recording
be short (for example in studying the first peak
at 110°C). The decay was a few seconds, and

calculation
taken with
temperature
time must
in TLD-200
decay temperature was low.

The main advantage of the variable heating rate method
is that only the quantities at the maximum (Tm,Im,flm)
are needed. Thus additional parts on either side of the
peak maximum would not influence the result. In this
respect, this method is better than those in which, apart
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from the information at the maximum, some other parameters
have to be found.

In many cases the intensity is so low that no
information can be revealed from the initial rise range.
For example, the application of initial rise method for
peak 4 (at 220°C), because of its low intensity relative to
adjacent peaks and intense overlapping, creates some
difficulties. However, the information about its peak
maximum for variable heating rate analysis was obtained
easily. From a theoretical point of view, the heating rates
used should be different from each other. But this range in
practice is limited because at very small heating rates,
the peaks are broaded and have relative low intensity.
Thus a precise evaluation of the peak temperature is
difficult. At high heating rates, the temperature gradient
in the sample causes the mixing of glow peaks. Because of
these two limitations, the low and high limits of heating
rates applied to phosphor were selected to be between
0.2°C.s-1 to 4°C.s-1.

The main difficulty with the initial rise method, as
described in section 3.3, arises from the use of high
temperature part of initial rise region, and expressions
presented for the correction of energy depth obtained from
experiments. Another difficulty with this method is the
effect of thermal quenching on results. In this work, due
to good agreement between the results obtained from initial
rise analysis and the other two methods used, it can be
concluded that thermal quenching dose not have a
considerable influence on the results obtained.

A notable result of the activation energy determination
given above is that, as can be seen in Table 1, the E value
for peak 6 is smaller than that for peak 5. It may be a
spurious result, but one cannot expect E to increase with
increasing peak temperature. This, however does not
necessarily mean that the peak is less stable, since its
lifetime at any temperature depends not only on E but also
on S (16). The average lifetime for peak 6 of CaFa:Dy is
found to be 10v years, while for peak 5, whose activation
energy is higher, the mean lifetime is determined to be
2xlO6 years. From the results obtained for the trapping
parameters, we can also explain the strong fading of this
phosphor. As can be seen in Fig. 1, the intensity and peak
areas for peaks 1 and 2 in the glow curve are considerably
larger compared with other higher-temperature peaks. On the
other hand, the mean lifetimes of these intense peaks are
very short relative to peak 3 and other deeper peaks.
Therefore, a considerable part of the signal induced in
phosphor from radiation field will fade within a short time
of storage of the dosimeter at room temperature.
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