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1.

INTRODUCTION

The World Health Organization (WHO) Regional Ofice for the Eastern Mediterranean
(EMRO) and the Arab Atomic Energy Agency (AAEA) held a joint coordination meeting on
the accumulation of radon in houses from 20 to 22 November 1999 at the Egyptian Atomic
Energy Authority in Cairo, Egypt. The aim of the meeting was to discuss and adopt a

workplan for a joint WHOIEMRO-AAEA project on accumulation of radon in houses.
Experts from six countries participating in the joint WHOIEMRO-AAEA project attended the
meeting. The agenda, programme and list of participants are given in Annexes 1, 2 and 3
respectively.
Radon-222, a decay product of uranium-238, is a radioactive gas which occurs in indoor
environments. As uranium-238 is present in the earth's crust, the ground is the major source
of radon. The United Nations Scientific Committee on the Effect of Atomic Radiation
(UNSCEAR) has estimated worldwide population-weighted values of indoor radon at
40 ~ ~ / r Radon
n ~ . concentrations in habitations depend on geology, climate, construction
materials and techniques, and human habits and customs. Exposure to radon varies greatly
between countries, regions in the same country, dwellings within a region and even rooms
within the same dwelling.
Radon is a known carcinogen (IARCC, class 1) with genotoxic action and no safe level
of exposure. Historically, underground miners have been exposed to very high concentrations
of radon; it was reported tor instance that 22 000 underground miners were exposed to radon
in the United States of America. This type of exposure has been reduced substantially
worldwide. Mining and mineral processing, however, particularly uranium and phosphate
mining and burning of natural gas and oil still represent a source of enhanced exposure to
radon. Most studies on radon exposure have been conducted in Europe, North America,
Australia and Japan. Therefnre the WHO Regional Office for the Eastern Mediterranean
(WHOIEMRO) and the Arab Atomic Energy Agency (AAEA) decided to include the
evaluation of radon in houses in communities related to mining and mineral processing in
their joint project on environmental aspccts of radiation protection. The AAEA had already
organized in November 1993 in Damascus a training workshop on radon and environmental
radiation pollution.
Dr M. Barakat, Director-General, AAEA, opening the meeting, welcomed the
cooperation with WHO/EMRO in radiation concerns and thanked the Atomic Energy
Authority of Egypt for hosting the coordination meeting. Dr A.H. Zahran, Chairman,
Egyptian Atomic Energy Authority welcomed the participants and expressed his appreciation
for the joint work of the RegionaI Office for the Eastern Mediterranean and the Arab Atomic
Energy Agency on such an important subject.
Dr H. Abouzaid, Regional Adviser, Supportive Environment for Health, WHO/EMRO,

read out a message from Dr Hussein A. Gezairy, WHO Regional Director for the Eastern
Mediterranean.
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In his message Ur Gezairy welcomed the participants to the meeting and fiarlked the
Government of Egypt and the Egyptian Atomic Energy Authority for hosting the workshop.
Noting that the meeting was sponsored by the joint project between the Regional Office for
the Eastern Mediterranean and the Arab Atomic Energy Agency on environmental aspects of
radiation protection, he said that within this same joint project, an intercountry training
wnrkshnp on medical preparedness and medical care in radiological emergencies, organized
jointly by WHO, the Arab Atomic Energy Agency and the International Atomic Energy
Agency, in collaboration with the Government of Egypt and the Egyptian Ministry of Higher
Education and Scientific Research had just been held at Kasr Al Aini Teaching Hospital. That
workshop had been an occasion to share experience with national experts from nine Arab
countries.
The present meeting on radon accumulation in houses was being held for two reasons.
One reason was that radon represented the most common source of naturally occurring
radiation. In Great Britain, for instance, the National Radiation Protection Board had
estimated that radon accounted for half of the total average exposure of the population to
radiation in the country. A second reason was that radon tended to accumulate in the indoor
environment and this accounted for most of the exposure to radon, usually more than 90% of
the annual effective dose of radon.

He said that it was worth noting that tobacco smoking had an interaction with radon
exposure that was considered to be more than additive. Thus, people exposed to radon
daughters could reduce their rjsk of lung cancer hy abstaining from smoking.
Phosphate and cement industries, gas and oil combustion were potential sources for
radon and were widespread iil tlle Region. It was thcrcforc dccrned usehl to investigate the
radon concentration in the environments and conditions specific to countries of this Region,
particularly the indoor environment, taking into account local housing designs and specific
occupancy factors found throughout the Region.

Dr Farid Abou-El Nour was elected Chairman of the meeting and
Abouzaid and Dr Mahmoud Barakat acted as the meeting secretaries.

Dr Houssain

Dr Abouzaid in his introductory remarks on the method of work of the meeting said that
the meeting was intended to be a fonun for the country team leaders of the WHOEMROIAAEA joint project on accumulation of radon in houses in communities related to
mining and mineral processing, and for reference persons from institutions in charge of
radiation safety and radiation protection. While all participants were specialists in the subject,
it was felt useful to include two introductory presentations on radon in indoor environments,
particularly in cornrriu~~itic~
~clatcdto mining and mincral processing and on an approach for
establishing a survey for indoor radon monitoring. The group was expected to discuss
conceptual as well as practical aspects of their plan of action, so as to elaborate a prospective
plan of work for each nat~onalteam for the coming 2 years or so. Qualily assurance related to
equipment used and signals generated as well as data reported needed to be given due
attention.
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2.

TECHNICAL PRESENTATIONS

2.1

Radon in indoor environments, particularly in communities related to mining and
mineral processing
Dr R.Eaton, WHO consultant, Canada

When the residences of the town of Port Hope near Toronto, Canada, became aware that
there was a possibility of radium and uranium contamination in their community, the
Canadian government decided

to

undertake a gamma and radon survey of dl the housing

there. The gamma survey was to determine the extent of any contamination due to the
uranium/radium residues and the radon survey was to see if any of this contamination was
shielded from detection by soil about the houses. It quickly became apparent that removal of
contaminated material had little effect on the radon level in the houses.
The occupants of three uranium mining communities became aware of this radiation
reduction activity in Port Hope and requested a similar s w e y of their houses. The concern
here was the possibility of the presence of low-grade uranium ore being used as housing
backfill, as fill materials for road and ditch construction, as backfil around their house
foundations and even as aggregate for the concrete in their basement. Again it was discovered
that the radon levels in horises were of natural origin r 2 t h ~ rthan h i e to any introduced

radioactive material.
Ail the l~ouscsin these fou- coillmunities were surveyed for radon. Somc houses showed

high radon concentration while others appeared to have background levels. There was no
clustering of the high levels nor of the low-levels. It rapidly became apparent that it was not
possible to predict the radon concentration in any of the houses in all of these communities
based on geological of gamma information.

The background level for radon in housing was determined by undertaking a similar
radon survey in a non-mining/processing town near Port Hope. These measurements were
used to determine the ambient radon concentration which was assumed to be representative of
the natural radon background.
Radon and radon daughter concentration were measured at that time by means of a grab

sample technique. Measurements were repeated in those houses that showed an indication of
higher than natural concentration to confirm that elevated radon concentrations were present.
It was determined that the radon was entering the basement ofhouses though the cracks
at the wall-floor interface and at any penetrations of the poured concrete floor. The primary
driving force was a stack effect which reduced the air pressure in the basement relative to the
outside soil air pressure. Remedial action could take the form of sealing these cracks.
However a better way was found by using a sub-floor ventilation system consisting of the
chimney connecting the gravel below the concrete basement floor and the outside air at the
roof level. A fan had to be added to this chimney to make this remedial action work during the
sumner months.
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Radon is now considered to account for about 50% of natural background radiation.
Study of uranium miners has shown that radon does cause lung cancer and that the
concentrations found in houses could also cause lung cancer, A number of sophisticated
epidemiological studies have tried to find this effect in the population at large but so far to no
avail. The effects of smoking on health have overshadowed the effects of radon.
2.2

An approach for establishing a survey for indoor radon monitoring
Dr R.. Eatort, WHO consultant, Canada

A screening survey should be the first step in any programme of indoor monitoring to
determine whether the population under study is at risk from an elevated level of radon. The
cities of interest to the participants of this meeting have large popuIations of the order of
several hundred thousands to millions of people and a house-by-house measurement is
impractical at this time. Statistical sampling is therefore recommended and the actual
sampling protocol will have to be determined by those present and who have experience of
their own communities.
Simple and inexpensive dose integrating radon measuring devices have been perfected
since the Canadian work. It is recommended that these integrating devices be used for the
screening suxvey. They are available in two forms: a track-etch device which depends on the
pitting of plastic by alpha particles; and an electret which depends on the alpha particle
discharging a condenser charged to a high voltage.
The most common track-etch device is based on a plastic known as CR-39. Other forms
of film are also available. The most common electret is the E-perm which itself is available in
two forms, one for short-term measurements and the other for long-term measurements. Both
systems are capable of integrating measurements over a full year if an epidemiological study
is undertaken.
When the track-etch devices were used in Canada for the epidemiological study, they
were left in pairs at head level usually in a kitchen cupboard. The kitchen was considered to
be the room in which a mother and children would be spending the most time during the day.
A second pair of devices was left in the basement to provide a measurement in the volume
with the highest level of radon. Bedrooms were not used in Canada as measuring points as

they were generally in an upper story. In Canada the radon level in housing generally
decreases for higher floors.

It is recommended that these integrating devices be left for at least a few weeks. It is
now also possible to purchase automatic radon monitors that will give a reading within 5
minutes. This modem grab sample method could be used for quick measurements if the
situation demanded it.
If the screening survey indicates that the community under survey is at risk, then it will
be necessary to measure every house. The integrating devices recommended for the screening
survey can be modified for an annual measurement. Further recommendations for a
comprehensive survey will depend on the results of the screening service.
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If remedial action is to be taken in any houses, an action level of 200 J3@m3 is
recommended.

2.3

Radon measurement in Morocco

Professor ML. Yous3 Char$ WHO TempormyAdviser
A "learning study7' was scheduled to establish a programme presently in progress and to
improve the knowledge with regard to radon concentration in houses, schools, hospitals,
prisvrls arid olher public buildinigs.

The equipment used comprised:

e

an alpha counting system, type CAPPl
an air sample analyser with 125 mL vials (ZnS), type FI 125
balloons 500 mL, type FI 500
a manual vacuum pump type PVDMA.
The following ranges of average concentrations (without ventilation) were found:
148-200 ~ ~ in dwellings
/ m ~in several small cities and villages
80-1 44 ~ ~ in some
/ mhistorical
~
monuments
9-58 ~ ¶ / r nin~modern houses. (fluctuations between winter and summer).

The study showed the influence of different building materials on the indoor radon
emission. The concentration of radon and its daughters varied substantially with time and
space. In general the activity levels in air made a significant contribution to radiation
exposure.
Radon poses a problem for public health, although unfortunately this is not recognized
in many countries. Prevention should be based on a risk management approach.
In the countries of the Region, the public perceives the risk fiom radon to be Iower than
the scientifically estimated risk. It is important to supplement good science with good
currr~rrurricaliun.This is a difficult challenge; rrlusl cuunlries rely u,n rm-urrlzrtendalioI~sand

voluntary actions; however, some are moving towards regulations based on international
guidance and particular situation in their country.
It would be good if risk management programmes were to focus on reducing high
individual risks, through approaches such as action levels, but the reduction of population
exposure seems also to be essential, particularly using rules of good practice for new
constructions.
Some European Union countries are trying to make up the time they have lost compared
to the USA (about 10 years). For example, in France the French Supreme Council of Public
Hygiene reccntly cnmc to a decision about thc risk of radon to human health. This is not an

excuse for us to be idle; on the contrary, we have to act with urgency to make up the lost time.
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2.4

Radon measurement in Tunisia
Dr S. M'Timet, WHO Temporary Adviser

The National Centre for Radiation Protection (CNRP) in Tunisia, being aware of the
potential hazards associated with radon, has undertaken, since 1994, specific preliminary
studies.

A first study took place in south-west Tunisia, well-known for its phosphate mines. The
study involved the cities of Metlaoui, Gafsa, Moulares and Redeyef. A Kodak film SR-115 (2
cm x 2 crn) was used. 48 measurement points were chosen which were the houses of workers
employed by a phosphate mining company. A questionnaire "defined" the parameters on site.

n ~the
)
The highest mean concentration vdue of radon was found in Gafsa (50 ~ ~ / r and
was found in Redeyef.
highest single value (140
The second study was conducted in CNRP's premises with a group using an ionization
room. Results showed weak concentrations. The results have to be interpreted with respect to:

nature of construction material
mode of life: type of housing, etc;.
nature of ground and underground (no granite ground for both studies).
A national programme was established in order to assess the general level of radon and
its health implications. It will take into consideration available human and financial resources.

3.

COUNTRY PRESENTATIONS

Essential features of the experience of participating countries are summarized in
Table 1.
3.1 Jordan
Dr M K Klozrb, Radiation Monitoring Section, Nuclear Energy Department, Ministry of
Energy, Amman

No indoor radon survey has been undertaken yet in the country, but this is under serious
considcration. Collaboration with the Syrian Arab Republic is under way to build on their

experience and get their advice for conducting a first such survey.
3.2

Saudi Arabia
Dr KhaEid Aleissa, Department of Health and Environment Studies, Institute of Atomic
Energy Research, King Abdul Aziz City for Science and Technology, Riyadh

A preliminary phase was completed by 1991. That phase had two objectives: to screen
radon for health impact and to establish background levels in each area.

WHO-EM/PEW537/E/L
Page 7
a

Scope: 15 cities
Measurement: Working level monitors were employed to study different parameters re
radon concentration (minimum-maximum levels). The same instrument was also used
for screening objectives: the E-perm. Integrating dosimeters were used to establish
radon-background level (hilt samples were not statistically significant).

a

Results: No significant levels of radon were found; the average dose from radon
daug1ilt.r~was found to be about 0.4 mSv/y
Difficulties: No technical diffxculties, however, increased awareness of the involved
population is required.

a

Future plan: Another screening study with a larger number of samples for each area of
consideration.

3.3

Syrian Arah Republic
Dr R. Shweikani, Head of Nuclear Safety Division, Department of Radiation Protection
and Safe&, Atomic Energy Commission of Syria, Damascus

Almost all techniques used for radon measurements (active and passive) are available in
the Syrian Arab Republic. A nationwide investigation of radon levels in houses was carriedout during the period from 1991 to 1993. Passivt: 1-aclor1diffusion dosimeters wcrc distributed
in some houses.
Radon concentration was found to be typically around 5 ~ ~ / This
m ~investigation
.
indicated, however, that there were a few houses that require remedial action. Variation of
radon concentration in different typical houses was done in Damascus only, where the
relationship between the parameters of some houses and radon and radon daughter
concentration was studied. The houses were classified into three types, depending mainly on
the house design. Radon measurements were then carried out in different places inside those
houses, using nuclear track detectors. In addition, the active technique was used to monitor
the variation of radon and radon daughter concentration, during the day, inside one type of
house. Some other studies were also conducted regarding phosphate mining and processing.
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4.

OUTLINE OF THE GUIDING DOCUMENT FOR NATIONAL PROJECT
TEAMS

The purpose is to provide participating countries with advice on how to conduct a
national radon survey in a way that provides data that will assist in establishing a basis for a
health effect study and to assist in identifying houscs that cxcccd n level of radon for which
remedial action will be recommended (action level).
Discussions concentrated on the following aspects:
Should surveys concern only communities related to mining and mineral processing or
should other communities be included as well?
Should dose evaluation be also part of the screening survey?
Whether active or passive radon measurement should be used;
The minimum period of measurement in case passive measurement is not used;
Whether track-etch devices should be used in a pair or a single device is enough;
Which room of a typical dwelling is most representative of indoor exposure to radon?
Quality assurance aspects, including calibration and inter-comparisons.
The guiding document (Annex 4) reflects the consensus rea~heclduring the meeting on
the matter.
5.

THE WAY AHEAD FOR THE JOINT WHOIEMRO-AAEA PROJECT ON
RADON IN HOUSING
Dr H. Aboutaid, WHO/EMRO, and Dr M Barakat, Director-General, AAEA

Annex 5 presents the prospective national team project for each of the participating
countries, prepared during the meeting by country representatives.
The AAEA intends to study these national prospective projects and their requirements
and to determine the appropriate financial needs. Following approval by the AAEA Executive
Board, WHOIEMRO will be contacted to discuss further cooperation.

Table 1. Radon monitoring activities in participating countries
Country

E ~ ptY

Jordan

Saudi Arabia

Syrian Arab Rep

Institution

Atomic Energy
Authority, National
Centre for Nuclear
Safety
1985 - 1998

Ministry of Energy and
Natural Resources,
Nuclear Energy
Department

Institute of Atomic Energy
Research, King-Abdul
Aziz City for Science and
Technolog:,
2-3 months passive -one
week activz.
Estimated dose rate:
0.4 mSv/y

Atomic Energy
Commission

Estimated dose rate:

None

Measurement
period
Measured
indoor level

Up to 40 ~ q l m
il ~
houses

Measured
outdoor level

Around 15 ~ ~ / r n '

Type of
measurement

Active grab sampling
Nuclear track and EPerm

Passive method

Nuclear track and EPerm
Kusnetz and Rolle
method
Ruins areas were studied
Underground phosphate
mines: up to 3WL in bad
ventilated mines
Uranium and phcsphate
mines are studied
No major risk du: to
radon problem, probable
risk in bad ventilated
underground mims

Active method
Old town
Phosphate site
Mining sites
Results

Done by Natural
Resources Authority
280 km south of Amman
Solid state nuclear track
detection
Alpha track etch method
Emanometry method

Emanometry method.

Unknown

1991 - 1993
45 Bq/m3

0.2 mSvIy

Active working level
Passive E-perm

Approximately a
w"Ps

E-perm (Radelec)

Lucas cell

WLM (Ebedine)

CR-39

Around 50 ~ q l r n ~
(Not applicable)

81 Bq/m3
230 Bq/rn3

Yes (but not measured)

715 Bq/m3

No significant health risk
(tow level)

h w Ievels, exce

some mining site
few houses
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Annex 1
AGENDA
Opening ceremony
Election of officers
Scope of the meeting and method of work
Radon in indoor environment, particularly in relalion wid1 ~riirlirlgactivities
Approach for a survey for indoor radon monitoring

The national experiences in monitoring indoor radon within the national radiation
protection programmes
Development of a plan of action for the national project teams

The way ahead for the WHOIEMRO-AAEA Joint Project on radon in housing
Closure
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Annex 2

PROGRAMME
Saturday, 20 November 1999
08:30-09:30
Registration
09:30-10:OO
Opening ceremony
Address of the Chairman of tbe Egyptian Atomic Energy Authority (EAEA),
Professor A.H. Zahran
Message of Dr Hussein A. Gezairy, Regional Director for the Eastern
Mediterranean
Address of the Director-General, Arab Atomic Energy Agency (AAEA),
Professor Dr Mahmoud Barakat
10:30-10145
Presentation of participants
Election of officers
Scope of the meeting and method of work
10:45-11: 15
Dr H. Aboutaid, Regional Adviser: Supportive Environment for Health,
WHO/EMRO and
Dr M.Barakut, Director-General, Arab Atomic Energy Agency (AAEA)
Radon in indoor environments, particularly in communities related to
11:30-12:45
mining and mineral processing
Dr R. Eaton, WHO consultant
12145-13:15
Discussions
Approach for establishing a survey for indoor radon monitoring
14:45-16:OO
Dr R. Eaton, WHO consultant
16~30-17:OO
Discussions
Sunday, 21 November 1999
National experiences in matter of indoor radon monitoring within the
09:30-10:30
radiation protection programme
Dr M.I. Hussein, E a p t
Dr M K Kloub, Jordan

Dr K. Aleissa, Saudi Arabia
Dr R. Shweikani, Syrian Arab Republic

10:00-11:OO
1 1 :15-12:30

12:30-13:30
14:30-16:OO
16:OO-17:OO

Dr M.L. Yousfi Char$ WHO TemporaryAdviser
Dr S. M'Timet, WHO TemporaryAdviser
Discussions
Development of a plan of action for the WHO/AAEA joint project. Siting
and sampling aspects
Development of a plan of action for the WHO/AAEA joint project.
Analytical aspects
Development of a plan of action for the WHOIAAEA joint proiect.
Data collection, data analysis and data reporting
Development of a plan of action for the WHO/AAEA joint project.
Regulations and guidelines
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Monday, 22 November 1999
Development of a plan of action for the WHOIAAEA joint project.
09:30-11:OO
Discussion of an outline of the method of work
Development of a plan of action for the WHOIAAEA joint project.
11:15-13:OO
Discussion of an outline of the method of work (continued)
13:45-14:45
The way ahead
Dr H. Abouzaid, Regional Adviser, Supportive Environmentfor Health,
WNOIEMRO and
Dr 116 Barakat, Director-GerseraE,Arab Atomic Energy Agency (A4E,4)
14:45-15 :15
General discussions
15:15-1 5:45
Closure session
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Annex 3

LIST OF PARTICIPANTS
EGYPT
Professor A,H. Zahran
Chairman, Egyptian Atomic Energy Authority
Cairo
Tel:3 655077-0105 140852-2875 930
Fax: 2 878 664-4 620 796
Dr Flu-idAbou El-Now

Vice-Chairman, Egyptian Atomic Energy Authority
Cairo
Tel: 3 655 077 4 1 0 5 140 852-2 875 930
Fax: 2 878 664-4 620 796

Dr Abdelrazik Zaki Hussein
Head, Radiation Control Division
National Centre for Nuclear Safety and Radiation Control
Atomic Energy Authority
Cairo
Tel: (202) 2 740 238

Fax (202) 2 878 664-(202) 2 740 238
e-mail: hussein43@hotmail.com

Dr Mohamed Ibrahirn Hussein
National Centre for Nuclear Safety and Radiation Control
Egyptian Atomic Energy Authority
Cairo
Tel: (202) 2 740 238
Fax (202) 2 878 664-(202) 2 740 238
JORDAN

Dr Moharned W. Kloub
Ministry of Energy
Nuclear Energy Department
Radiation Monitoring Section
Amman
Tel: 009 626 586 746
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Dr Darwish Jaser

Director of Geology Directorate
Ministry of Energy and Natural Resources
P.O. Box 7
Amman
Tel: 962/6/5 857 600
Fax: 5 81 1 866
e-mail: jso@,amra.nic.rtov.io
LIBYAN ARAB JAMAHIRIYA
Dr Nouri Ali Droughi
Head of Radiation of Environmental Measurements Laboratory
Tajura Nuclear Research Centre
Tripoli
Tel: 21 8-21-607 021/22
Fax: 2 18-2 1
e-mail: droughi~yahoo.com

SAUDI ARABIA
Dr Khalid Aleissa
Head, Department of Health and Environment Studies
Institute of Atomic Energy Research
King Abdulaziz City for Science and Technology

P.O. Box 6086
Riyadh 1l 442
Tel: (+9661) 481-3617
Fax: (+9661) 481-3887
e-mail: kaleissa@,kacst.edu.sa
SYRIAN ARAB REPUBLIC
Dr Mustafa Harno-Leila
Head, Radiation Protection and Safety Department
Atomic Energy Commission of Syria
n~rnasrlir

Tel: 0963(11) 6 111 92617
Fax: 00 963(11) 6 112 289
Dr Riad Shweikani
Head, Nuclear Safety Division
Department of Radiation Protection and Safety
Atomic Energy Commission of Syria
Damascus
Tel: 0963(11) 6 111 92617
Fax: 00 963(11) 6 112 289
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TUNISIA

Dr Nafaa Reguigui
National Center for Nuclear Science and Technology
P.O. Box 1080
Tunis-Cedex
Tel: 216-1-537 410
Fax: 2 16-1-706-200
e-mail: n.repuigui~cnstn.rnrt.tn
SECRETARIAT
Prof. Dr M. Barakat, Director-General, Arab Atomic Energy Agency, Tunisia
Dr H. Abouzaid, Regional Adviser, Supportive Environment for Health, WHO Regional
Office for the Eastern Mediterranean, Alexandria, Egypt

Prof. S, El-Mashri, Head of Training and Scientific Development, Arab Atomic Energy
Agency, Tunisia

Dr R. Eaton, WHO Consultant, Canada
Prof. Mohamed Larbi Yousfi Charif, WHO Temporary Adviser, Rabat, Morocco

Dr Sadok Mtimet, WHO Temporary Adviser, Tunis, Tunisia
Mrs Mona Nassef, Secretary, WHO Regional Offlce for the Eastern Mediterranean,
Alexandria, Egypt
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Annex 4

GUIDING DOCUMENT FOR NATIONAL PROJECT TEAMS SURVEYING FOR
RADON IN HOUSES

Introduction
The exposure of people in houses to the radioactive element radon and its decay
products became a public health prohlem in Clnn~dain 1977 This sitnation came ahnut when
it was recognized that a town of 10 000 was contaminated with the residues of radium and

uranium processing and three other towns of a similar size were the sites of uranium mines
and were probably built over parts of thc orc body. Surveying mcthods, health criteria, risk

factors and remedial methods have all reached maturity since then permitting a rational
approach to a solution to this problem.
Experience has shown that the primary risk is from radon generated fiom the decay of
naturally located radium in the soil. The exposure of people to radon in general occurs in
dwellings which trap radon when the structure acts like a bell-jar sitting on the soil. While
radon is a naturally occurring radioactive material (NORM), occupants of houses are
considered as being subject to an enhanced exposure and an intervention is required to reduce
the risk.
The Canadian experience highlighted two complicating factors which have also been

found to be true elsewhere:
a gamma survey about a dwelling could not be used as an indication or the radun
concentration that would be found in the house;
the radon concentration found in a house could not be used as an indication of the radon
concentration that might be found in adjacent houses.
Because of these factors it was necessary to carry out a radon survey of every house in
these four relatively small towns. A grab sample method was the only available technique at
that time but such measurements were optimized by arranging with home owners to keep their
basements and main floor unventilated for a few hours where possihle (overnight sometimes)

before the measurement was made.
W1lethe1-the same coilditions as at higher latitudes prevail in thc countries of thc Eastcrn
Mediterranean Region and those under the umbrella of the Arab Atomic Energy Agency
remains to be seen.
A radon survey carried out in Oman for WHO in 1992 indicated that there was no
significant radon risk there. All closed buildings were well air-conditioned; and all the houses
visited had paved floors or the windows were always open. Similar conditions exist in Saudi
Arabia; there are some measurements that confirm this. UNSCEAR reports that latitude
cannot be used as a predictor based on the assumption that low latitudes are related to sandy
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highly porous soils and therefore will allow any radon to escape before it can accumulate in a

house.
The present Guiding 1)ocument is mainly based on the above experience. Its purpose is
to provide participating countries with advice on how to conduct a national radon survey in
houses. The data thus obtained will assist in establishing a basis for a study of the effect of
radon on the health of the occupants of these houses. This data will also assist in identifying
those houses that exceed the level of radon for which remedial action will be recommended
when an action level is established. Housing is defined as any budding that can be considered
as a dwelling place for a person or a family.
Type of survcy

The survey may take two phases:

a screening survey to establish if a significant radon risk exists to the dwellers of the
particular community under survey;
if it is determined that a significant risk exists, then to undertake a comprehensive
survey to establish the dose to each family in that community.
It is to be noted that the cities of concern within the Region are very large (millions). At
this stage, a statistically representative survey should be tried to get a sense of the range of
radon concentrations involved. Part of the survey would be a statement of thc unccrtaintics.
Also, the size of a comprehensive survey is not defined. From the introduction,
r
l
l
e
a
r
l every dwelling. The inability to separate lung cancers caused by
smoking fiom those caused by radon strongly suggests that the public might be better served
with greater effort being placed on the reduction of smoking.
comprehensive would

Priorities
There was a consensus at the meeting that capital cities will be given first priority.
Surveys will then follow in communities and villages in the vicinity of or associated with
mining and oil and mineral processing. Some considerntion may be given to communities
associated with groundwater containing high levels of radon.
In countries with littlc cxpcricncc in radon monitoring, a bcttcr choicc u~ightbe to lry

one of the communities or villages first. Experience gained in a smaller survey would help
with future decisions.

Screening survey
Capital cities will be divided into two areas:
the old city, usually in the centre of the present city;
the new city.
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For the old city, a minimum of 10 integrating devices will be placed for every I square
kilometre.
For the new city, a minimum of 1 integrating device will be placed for every 1 square
kilometre or l/lOth of the old city rate.
For villages and communities associated with mining and mineral processing and those
possibly subject to high radon groundwater levels, the old city rate of placement is
le~unllllendedalthough every dwelling could bc mcnsurcd if thc community is small.

Visiting the dwelling to be surveyed

National authorities must plan on visiting each dwelling to be surveyed in order that the
residents understand the purpose of the survey and the role of the devices to be left with them.
Local living styles will dictate how the initial approach will be made in each case but all visits
should include a questionnaire that needs to be completed at the time of the visit. A
representative set of forms based on forms used in Syrian Arab Republic are included as
attachments 1 , 2 and 3 to this document. The forms address three issues under the general
heading: Indoor Radiation Survey.
1.
2.

3.

Building characteristics (attachment 1)
Information about the occupants of the building. Information on tobacco smoking and
on how much smoke cooking generales. Sornt: workplace infvn~raliur~
is alsu suli~iled
(attachment 2)
Medical information (attachment 3) is to be used ONLY if an occupant has lung cancer.

The purpose of the building survey questionnaire is to obtain some idea as to how radon
may be entering the building. (e.g. a negative pressure in the building due to cooking or
heating fires). The questionnaire about the occupants provides additional and critical
information about smoke and ventilation efficiency.
Device placement
At least ulle dcvicc will be used in each location although two would be bcttcr. A

placement height of about 1.5 metres is recommended, preferably on an open shelf out of
reach of children.
The most lived in room on the ground floor is the preferred choice. A mother with
children occupying the dwelling all day long is the assumed occupancy situation. The diurnal
variation of radon concentration in a house would suggest that a bedroom on the ground floor
might be the preferred room but breathing rates multiplied by hours of occupancy should be
the ruling factor, i.e. the volume of air containing radon respired.
If the dwelling has a basement, that space will be provided with at least one device
placed out of reach of children. If this basement is used for sleeping, then a measurement is

essential.
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Duration of measurements
A 3-month measurement is recommended for track-etch devices. If E-perms (electrets)
are used, a shorter time of 1 week may be sufficient.
It i s permissible for participating countries to use other types of active or passive

devices if they so choose, subject to their recognized quality and appropriate calibration. Such
devices include instant radon daughter meters, charcoal canisters or bags, and the Kusnetz
method.

Track-etch devices are subject to a lot of internal noise because of faults in the plastic
which end up being etched as a track and therefore counted. Each sheet of plastic from which
the chips are cut must be calibrated in advance to manage this. Three months should be
sufficient to get a good enough signal to noise ratio to put an upper limit on the concentration
of radon present assuming a low concentration to start with.
E-perms can be read in situ and left for a longer time if necessary without losing data.
The use of short-term devices is encouraged to provide a quick response when high
radon concentrations might be expected. For example, in a basement open to the soil

particularly when this basement is in a region associated with uranium bearing fertilizers or
with a natural gas field.

Intercalibration of devices
Each participant country is responsible for the calibration of all their own national
measuring instruments. In addition, intercalibration of at least one national device with
instruments from other countries is essential.
Intercalibration can take place in at least two ways:
testing of at least one national device from each country in a calibrated radon chamber
at a central laboratory;
co-locating onc country's instrument in a dwelling of another country alollgsidc thc Iiost

country's device.
The best way to calibrate national instruments is for countries to set up their own radon
chamber. This chamber can be a glove box containing a piece of pitchblende and a small fan
to help with mixing. To this glove box is added a port by which filtered radon can be collected
into a Lucas cell. The radon concentration can then be measured by the Kusnetz method. Or a
continuous monitor could be used. The port can also be used to calibrate short term measuring
devices.

It cannot be stressed enough that for a scientifically sound study or research programme
to be recognized internationally, any measurements must be traceable back to a recognized
original source. It is understood that the Syrian Arab Republic has a calibration chamber in a
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central laboratory. If international support is desired, the US EYA Center for Indoor
Environments, Las Vegas, Nevada, (Telephone 0017 027 982 340) could be contacted for
advice.
Reporting protocol

Maximum, minimum and average concentrations are to be reported. Values are to be
m radon.
~ ) A map is to be provided to
noted in units of becquerels per cubic metre ( ~ ~ l of
show the location of the dwellings survcycd with an indication of thc conccntrntions

measured. A computer based geographic information system (GIs) may be used.
L)ata analysis is to be provided with the range of uncertainties indicated. Any comments
on special cases or situations would be of interest. All conclusions will have to be justified.
Reporting of track-etch data is expected about 6 months after placement in the case of
the initial survey (3 months for measurement, 3 months to count). For surveys undertaken for
purposes of establishing an annual dose, reporting delays will be the exposure time plus 3
months for counting. As all devices cannot be placed simultaneously, additional delays can be
expected.
In Canada, data scatter was best represented by a log normal distribution. In that case a
geometric mean would be the best representative value. Otherwise a simple arithmetic mean
may suffice. A data reporting form is included as allachrnenl no.4.

Action level
An action level for those dwellings that may be subject to remediation will be
established upon completion of the screening survey. I C W Publication 65 (Protection Against
Radon-222 at home and at work, annals of the ICPR, Volume 23, no.2, 1993) or an updated
version of this document should be consulted for policy aspects of the action level.
High-rise buildings
The distribution of radon in such buildings may rcquirc furthcr rcscmch in order to

develop an appropriate measurement protocol, noting that Canadian experience has been to
ignore any floor levels above the third.
A comprehensive survey

Careful consideration must be given to 'the consequences of embarking on an "every
dwelling" survey because of the two complicating factors noted in the introduction. The cost
will be high and a number of years will be required to complete it. Such a survey would imply
that a dwelling remedial action programme would follow. Who would pay for remediation?
Are there other approaches that can be taken such as increased efforts to reduce smoking or a
campaign to improve house ventilation in general? Because of these uncertainties and the
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possibility that radon may not be a problem for the states of the Kegion, further comments are
not possible at present.
References
Searching the Internet will turn up many references to radon. Some of the best general

publications are listed below:
1 . UNSCBAR, Scction on Exposures from Natural Radiation Sourccs providcs an up-to-datc

review of radon both inside and outside houses. Of particular value is an approximation
formula for converting exposure to dose in sieverts. Search on UN publications for ordering
information. [Draft of the UN General Assembly Report A/AC.82/R.582 of 12 January 1999
on "Exposure from Natural Radiation Sources" was circulated to participants of the meeting
by WHOI.

2. BEIR VI, Biological Effects Of Ionizing Radiation IV, Health Effects of Exposure to
Radon. US National Research Council 1999. The Executive Summary (31 pages) can be
downloaded from the Internet (Search EPA BEIR VI). Information is also provided for
ordefing the full report. This is one of the best reference far radon currently available; even
the executive summary is worth careful study. Risk models have been developed that may be

applicable when the radon screening programme is completed and a comprehensive survey is
contemplated. The uncertainties of these risk models are also explored.

3. ICRP Publication 65: Protection against Radon-222 at Home and at Work. Policy issues are
considered, including recommendations for action levels. (This publication will be sent by
WHO to all participants of the meeting along with the meeting report).

4. EPA document: Protocols for Radon and Radon Decay Product Measurements in Homes.
(Search EPA Radon June 1993). This may be out of date but probably worth a look.
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Attachment 1

INDOOR RADIATION SURVEY
- Building Characteristics Household no

u

study no

m

Date of interview

Day1 1rKzzq-l

Interviewee's name

>

Interviewer's name

I

Interviewer's address

1- Type of building:

detached house
no cellar

0 semi detached house 0 apartment building O with a cellar O
nther (specify)
I

2- Year of construction:
before 1900 D
1970-1979 D

1900-1949

0

1950 - 1969 0
After 1999 O

1980 - 1999

3- M a i n type o f h l l i i d i n g material used fnr nutside W R I I ~ '

limestone/gypsum brick
other (specify)

I

clay brick

O

4- Are asbestos tiles or other material used in construction?

If yes,

specify

5- Areas that family mostly live in:

Please indicate by the relevant letter the floor
corresponding to:
living area
bedroom
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6. Floor area:

living room
bedroom
7. Windows:
single window without glass 0 single window with glass P double glazing 0

8. Heating system in winter:
Please mark the relevant boxes:

9. Ventilation:
Please mark the relevant boxes
Living area

Bedroom

natural ventilation
(windows, ventilation bricks)
electrical ventilator
(to the outside)

10, Nuinber of people living in the house:
adults (over 65)
adults (over 16 and under 66)
children (under 17)

1 I. How long have these people lived in this house?
adults (over 65)
adults (over 16 and under 66)
children (under 17)
12. Major structural changes in the building:

No
digging of a basement
change of heating system
[ pavement
Please write any additional comments in this box:

Yes

Date of change
Month
Year

1
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Attachment 2

INDOOR FUDIATION SURVEY

- Information about occupants Household no

m

study no

D

Date of interview

IDayT/1 -

Interviewer's name

1

Interviewer's address

*

*

Please fill in data, and mark appropriate boxes.
Please intmdure yniirself tn the interviewers, e.g.: "I am here on behalfofthe rninistr-vof'
public health. You have been selected to help us with our study on exposure to indoor radon
by answering questions about your home and lifestyle".

1. Name:

2. Sex:
3. Nationality:

i

4. Date of birth:

/I

Sa) Present occupation of the interviewee:
miner
farmer
teacher
Q
student
other (Specify)

I

0

worker U
officer 0

5b) At what age did you start your present occupation?

age:

0
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Ba) Former occupation:
miner
O
teacher
U
other (Specify)

0
0

farmer
student

worker O
officer

[

6b) For how long were you engaged in that occupation? From age

to age

TI

7) Present address of the interviewee:

8) Marital status:

married
remarried

0

divorced C l

widowed
unmarried

O

U

9) Education status:

illiterate
secondary school

0

junior middle school 0

primary
university

O

10) Homes lived in for 3 or more years:
a) Present home:
Address

from age:

0

toage:

O

rural

[7

P

Area:

urban

Type of cooking fuel:

coal
0 firewood O
other (specify)

Type of heating in winter:

open fire 0 stove
or other (specify)

h) Preceding home: from age:

=

U

to age:

Cl

Area:

urban

Type of heating in winter:

open fire Cl

0

LA

rural
stove

other (specify)
Type of cooking fuel:

straw O dung O

7

7

0

0 firewood0
other (specify)
coal

I

1
straw

a

dung O
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1 1) In your present home:

a) How many months on average are the windows sealed?
never O
number of months

0

b) During cooking, how smoky is it inside your home?
Winter:

very smoky

0

slightly smoky

O

not smoky

O

Summer:

very smoky

0

slightly smoky

D

not smoky

P

c) Within 100 m radius of your residence, how smoky is the outdoor environment?

Winter:

very smoky

slightly smoky

U

not smoky

R

Summer:

very smoky

slightly smoky

Cl

not smoky

CJ

d) The sources of smoke in your area:
factories Ll

residential (cookingfheating) 0

other (specify)

12) During your work, are you exposed to:
smoke
chemical fumes
metal fumes
wood dust
coal dust
silica dust
textile fibre dust
asbestos dust
metal and oxide dust
other (specify)

I
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13)Agricultural chemicals:

1-

a) In your farm, are you in contact with agricultural chemicals?

If yes,
What types nf agricultoral chemical have yo11heen in cnntact with?

Specify names: 1
For how long?
At what age were your first in contact with the agricultural chemicals? age:
b) Do you wear a protective mask during your farm work?
frequently

seldom O

never R

14) Smoking:

(a) have you ever smoked regularly?
(for 5 months or longer)

p Z l - l m

b) If yes, what is (was) your main form of smoking?
cigarettes 0 western pipe O roll own cigarettes O tobacco for water pipe 0
other (specify)
c) How many cigarettes or tobacco doldid you smoke per day regularly?

more than 20 cigarettes or 50 grams of tobacco
1 1-20 cigarettes or 25 grams of tobacco
1-10 cigarettes or 12.5 grams of tobacco

O
0
0

d) Do you smoke regularly now?
e) At what age did you start smoking regularly?

age:

CIlI

f) At what age did you stop smoking regularly?

age:

L.A

g) How long have you smoked?
from age:

to age:

0

0

The total number of years (excluding the years when you did not smoke)

1-
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mcrl

1-1

15) Does anyone in your household smoke in your presence?
If yes,
Number of smokers:

I ---l
.

Total number of cigaretteslquantity of tobacco per day:
1 6) Cnnking-

a) Are you cooking at home?
h) How often do you cook?

3 or more meals per day 0

2 meals per day O

c) At what age did you start cooking often? age:

a few times per week P

0

d) How often are your eyes and throat irritated when cooking?
frequently
0
seldom
O
never

e) Which type of oil did you use mostly?
peanut
soyabean
rapeseed
a cottonseed
other (specify)

never CI

O
O

sesame oil
olive oil

0
LI

Cl

h

17) Do any of the people living in the house have lung cancer or has anybody in the household in
the past had lung cancer?

rn
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Attachment 3

INDOOR RADIATION SURVEY
Medical Data
(To be completed for households that havehad a case of lung cancer)

I

Household no
Study no

T
D
y
a
1-

Date of interview

p47

Inferviewer's Name
/ >
Interviewer's Address

The following data serve as a medical record abstract for a lung cancer case:
1 . Vital status;

alive 0
i

deceased R

2. Nanle ;

3. Sex:

male 0

female

6. Home address:

1-

unknown O
1

1-

4. Date of birth:

5. Nationality:

1-

1
1

1
I Month 1 1

7. Date of admission to hospital

8. Discharge status:
still in hospital 0 discharged O date of discharge

(

1-1

/_htnoM-

9. Date of first diagnosis of lung cancer:

1-

Year

1 I

1-

WHO-EM/PEW537E/L
Page 30

10. Place of initial diagnosis:
Hospical name f

7
country

Address: province

1 1. Description of first syndrome:

12. Method (s) of diagnosis:

Clinical findings:

0

positive findings

slide report no.:

0

specify findings:

negative finding 0
sputum cytology 0
other (specify)
Radiological findings:

endoscopy O

a
]
I

13. Histology:
adenocarcinorma
large cell carcinoma
other (specify)

14. Tumor location
peripheral

O oat (small) cell carcinoma 0 squamous cell carcinoma O
CJ unknown
0

0
central 0

15. Sites of metastasis:
First (specify):

tissue biopsy
unknown

both 0

unknown [3

1

1

Second (specify):

Third

1

(specify):

16. Treatment in hospital:

surgery 0 radiation O
other (specify)
unknown 0

I

chemotherapy O

traditional 0

none Ll

I

WHO-EM/PEW537/E/L
Page 3 1

Attachment 4
SAMPLE SHEET

I

RADON GRAB

SAMPLE
Sample no:

Date:
Year

Monzn

Uay

Address

Name

)Sample L o c a t i o n
Basement

1

Phone

2nd f l o o r

1st f l o o r

I

/

I

naow;
C: oseu

I

3nen

I

I

L

I

I
I

-

I

FansYenti
On I a t 1F aonn s O f f

I

1

r l owrat?:

Pump No:

L/mi n. sample :ins:
I

1

I

1I

RADOI!

I

j
1

I

RAG014 2AUGilTERS
(moci f i?ci Kusnetz method)

I

/

5oors
Ocen
,lased

PUV

SMIPLE TIME 5 min.
?ump o t r :

on:

Start Coun:

At:
I

-I s t a r t :

I

SCOD:

START C3UNT TIME 10 m i n .

Start

/ ~ o i a lc a u n t i / t o i a l time:

Total c o u n t s / t o t a l ci me:

G ~ Q S Sc?m:

Gross cpm
aackground Count r a t = :

I c e 1 1 backpr3und:

c ~ m

1 ner

Net cpm:

cpm

Decay F a c t o r :

End o f c o l l e c t i o n co m i d c s u n t :

Kusnetz F a c t o r :

Ice1 l volume:
I

D e t e c t o r E f i i c i ency :
Working L e v e l ( W L )
Comments:

Surveyor:

I

LC00

count:

I

Radon
F-Rati o

CPm

i
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Annex 5
PROJECT PROSPECTIVE

Cairo city is studied for the first stage. It is divided in four areas: In each area, 200
electrets are distributed, 100 in old area and 100 in new area.
Total studied locations are 800. Grab sampling technique will be used for estimation in
a number of houses before distribution of electrets.

Available
grab sampling set of equipment;
electret reader;
20 chambers for radon collection;
50 electrets; and
calibration facility.
Required
400 electrets; and
r
200 chambers for radon collection.
2

Jordan

Screening survey
Amman: (a) old city; (b) new city
El Hassa city, south of Jordan near the phosphate mines: (2) nld city; (h) new city;
Tafila city: (a) old city; (b) new city
Aqaba city, export city for phosphate and industrial city: new city:
Required
Electrochemical etching unit
Calibration unit and radiation source
Solid chamber: 200 for Amman; 200 for El-Hassa, Tafila, and Aqaba
Training in radon measurement and dose calculation (working level).
CR-39 method is to be used in this project.
3

Libyan Arab Jamahiriya

For the old part of Tripoli:
Area: 3 km x 3 km
Detectors: 9 km2x 10/km2= 90 detector sites
For the llcw p a t uf the city uf TI-ipuli;

Area:15kmx15km
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Detectors: 225 km2x l/km2= 225 detector sites
Also one city around cement factories will be chosen (homes or zlitan) for screening of
radon problems.
For the high-rise buildings, fnur such buildings will be chosen and all the floors will be

surveyed,
Available ey uiymerit

Solid state track technology laboratory, having the following equipment:
CR-39 plastic materials;
microscope for counting;
Etching facilities.

Needed
For this system to work properly, a calibration system is needed that requires:
calibration chambers for radon;
calibration source; and
e
source holders: "plastic cans" for distribution.
Five engineers and two technicians will be available for the study.
E-Per111is not available, thcrcforc, there is a need for this technology as snon as pnssihle

to start the screening programme for the study.

4

Saudi Arabia

Screening is not the aim at this stage, since this has already been performed at least in
the major cities. Evaluating the background level at these cities is the ultimate objective:
hence, the component of radon dose of the total background radiation dose is the next step.
This will be done in stages, each one a year long (four measurements/year at each location).
The site of the sampling points depend on the resources and are subject to approval.
The first period of measurement may be considered. as part of this joint project.

5

Syrian Arab Republic
In this project, the aim is to cover three areas:

Damascus, the capital city, especially the vld nortk~ernpart is a highly populated area
and consists of old houses that are very close to each other. It is planned to distribute around
100 detectors in such areas.
1)

2) The north-east area of Syria, where the oil industries are located: since such industries
could increase the level of exposure for people in that area, radon will be monitored in three
highly populated areas, near the oil fields. The number of detectors is 250.
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3) The third area is the coastal area near Lattakia, where homes are built over an
unexplored phosphate deposit. It is well-known that phosphate is rich in uranium. Radon may
be present in groundwater. About 150 detectors will be distributed in this area.
In all measurements, CR-39 equipment will be used, in addition to some active samples
for radon daughters. The distribution will be conducted through the governmental offices in
each area.
In each monitored house, one detector will be placed in the bedroom at about 1.5m (the
breathing level). These detectors will be collected after around 3 months. (it is better to
conduct the measurements in winter, as it is expected to be the period where windows are
closed most of the time).
For each monitored house, a questionnaire will be used. This questionnaire will have
information about smoking, history of house, heating system, ventilation, health history of the
family, time spent in house, etc. The collected dosimeters from all areas will be counted
rnm~~ally.
The number of tracks counts in each detector are simply converted to radon

concentration using the calibration factor, which is found using our calibration system. Data
related to each area will be evaluated separately
6

Tunisia

'l'he plan calls for radon measurement in three different regions:
City of Tunis (capital):
old city (area: 10 km2), I0 houses/km23 100 houses;
new city, greater Tunis (area: 500 km2) 1 house/km2 a 500 houses;
effect of multi-story building in 1/10 of the houses 2 50 houses.
Site around phosphate fertilizer industry (city of Sfax, center of Tunisia):
Area around the site: 10 km2' 10 houses/km2 100 houses
-

*

Site around phosphate mining industry (city of Moulares, south of Tunisia):

Area around the site: 10 km2, 10 houses/krn2* 100 houses
This makes a total of 850 houses to be surveyed.
Previous experience and equipment used for radon measurement
Tunisia has relied in the past on using Kodak films for radon measurements. No
development facility exist in the country. The films are usually sent back to the supplier
(overseas) for evaluation. At the present time, an active device for working level
measurements is available. This device will be used as a supporting tool but not as the main
tool for tbe screening.
Method to be zrsed and needs

The plastic track detectors CR-39 will be used. This is the first time, this technique will
be used in Tunisia. Therefore, the needs are as follows:
CR-39 plastic sheets (about 10);

1000 containers and filters;
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f

v

etching and measurement laboratory.
This should include a powerful microscope, one etching bath with heater, measuring
equipment and chemicals. (A video camera and a monitor are recommended but not
mandatory). Needs include also a calibration chamber and source; few E Perm devices (for
comparison purposes); training on using this technique, calibration and measurement.
Training cnlild include organizing a two-week training session for the senior researcher in an
overseas laboratory (e.g. Syrian Arab Republic) and by an expert visit for one week
(preferably from the same host country, e.g. Syrian Arab Republic). The facility will be used
for furthcr studies and especially for a comprehensive study.

