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Recent studies show that radon inhalation even at low concentrations poses a risk of
developing lung cancer. Additionally, there are reports representing that natural
radon exposure may be a risk factor for squamous cell carcinoma or chronic
obstructive pulmonary disease mortality. It has been reported that the radon health
risk is proportional to its concentration down to the Environmental Protection
Agency of US’s action level of 148Bg/m>. Although naturally occurring isotopes of
radon in indoor air are identified as the second leading cause of lung cancer after
tobacco smoking, there is limited consequenceof data on the incidence of radon-

related lung cancers in Iran.



Ramsar, a northern coastal city of Iran, has some areas with the highest levels of
natural radiation background to date. They are considered the high level natural
radiation areas (HLNRAS) of Ramsar, in particular in Talesh-Mahalleh district, in
which the effective dose equivalent is a few times higher than the International
Commission on Radiological Protection (ICRP)recommended radiation dose limits
for radiation workers. According to U.S. Environmental Protection Agency (EPA)
estimation, Radon is the first leading cause of lung cancer among non-smokers. In
addition, directand indirect radon-induced lung cancer health care has cost the USA
over 2 billion dollars annually. Although radon reduction systems including
architectural considerations can reduce the radon levels in buildings by up to 99
percent, architectures are often unaware of the risk of radon inhalation and how to
reduce the radon levels. Furthermore, radon exposureand consequent of health effect
are not part of building regulation in Iran to be considered into the building
construction, construction materials and building utilization by regulatory

authorities.

In this study after reviewing the meteorological data of Ramsar during 1955-2005,
the soil sampling was done in the radon prone area of Ramsar at four levels of
activities classified as extremely hot, severely hot, very hot, and hot. The samples
were placed in a model house one after another and the radon concentrations were
measured with and without intervention conditions using a Prassi portable radon gas

survey meter.



For the extremely hot soil samples, the mean radon concentrations measured for 24 h
inside the model house wasabout 1615 Bg/m?® when all windows were closed. When
the windows were openedin the wind direction the radon level decreased to 89
Bq/m*(96% reduction)and when the windows were opened in the opposite of wind
direction the radon level decreased to 139Bg/m® (91% reduction). Interestingly,
when crossed windows were opened for the same 24 h duration, the radon level was
about 144 Bg/m*(91%). For simulation of cold seasons, when all windows were
usually closed, the chimney effect reduced the radon level to around
323Bqg/m*(80%). For the other severely hot, very hot and hot soil samples, the
natural ventilation interventions effectively reduced the radon concentration in

proportion with their radon concentration.

The annual equivalent dose of man and the annual effective dose of human lung
associated with the radon intake in radon prone areas of Ramsar were also studied
before and after ventilation interventions. For extremely hot soil samples, the mean
annual equivalent dose and the annual effective dose inside the model house before
intervention or when windows closed were about925 and 111 mSvy'respectively.
When windowswere opened in the wind direction, the annual equivalent dose of man
and the annual effective dose of human lung decreased t020.50and 2.46 mSv y™,
respectively. When windows were opened in opposite of the wind direction the
annual equivalent dose of man and the annual effective dose of human lung
decreased to 34.70 and 4.16mSv yrespectively. When crossed windows were

opened in silent condition(no wind), these two values were reduced to 45.33and



5.43mSv y 'respectively. For the other severely hot, very hot and hot soil samples,
the natural ventilation interventions effectively reduced the annual equivalent dose

of man as well as the annual effective dose of human lung accordingly.

The results of the natural ventilation of HLNRAs show that these simple cost-
effective interventions can significantly reduce the radon concentration, the annual
equivalent dose of man, and the annual effective dose of human lung to about of
90% of their initial values.These techniques are highly recommended to be used by

residents and inhabitants of radon prone areas of Ramsar.

Key Words: Radon, Ramsar, Natural Ventilation, House Design, Dwellings, annual

effective dose, annual absorbed dose
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Kajianterkinimenunjukkanbahawa pernafasan mengandungi radon walaupun pada
kepekatan yang rendah menimbulkan risiko mendapat kanser paru-paru. Tambahan
pula, terdapat banyak laporan yang menunjukkan pendedahan radon semulajadi
boleh menjadi faktor risiko untuk sel karsinoma skuamus, atau penyakit paru-paru
obstruktif kronik (COPD) penyebab kematian. la telah dilaporkan bahawa, risiko
kesihatan radon adalah berkadar kepada kepekatannya sehingga ke tahap 148 Bg/m?®
daripada Agensi Perlindungan Alam Sekitar. la telah dilaporkan bahawa risiko
kesihatan radon adalah berkadar dengan kepekatan sehingga ke peringkat tindakan

Agensi Perlindungan Alam Sekitar 148 Bg/m3.Walaupun isotop radon semulajadi

pengudaraan dalaman yang dipastikan sebagai punca kedua utama kanser paru-paru
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selepas merokok tembakau, tidak ada data secara besar-besaran terhadap kejadian

kanser paru-paru yang berkaitan dengan radon di Iran.

Ramsar, sebuah bandar pantai di utara Iran, terdapat beberapa kawasan yang
mempunyai sinaran asli latarbelakang yang tertinggi setakat ini. Kawasan ini
diiktiraf sebagai kawasan Ramsar yang mempunyai sinaran semula jadi yang tinggi
(HLNRAS), khususnya di daerah-Talesh Mahalleh, dimana dos setara berkesan
adalah beberapa kali lebih tinggi daripada yang dicadangkan had dos sinaran untuk
pekerja sinaran oleh ICRP. Menurut anggaran Agensi Perlindungan Alam Sekitar
Amerika Syarikat (EPA), radon adalah punca utama penyebab kanser paru-paru di
kalangan bukan perokok. Tambahan pula, kos penjagaan kesihatan secara langsung
dan tidak langsung di Amerika Syarikat adalah lebih daripada 2 bilion dolar setahun.
Walaupun sistem pengurangan radon termasuk pertimbangan seni bina boleh
mengurangkan tahap radon di dalam bangunan sehingga 99 peratus, ahli seni bina
sering tidak menyedari risiko pernafasan mengandungi radon dan bagaimana untuk
mengurangkan paras radon. Tambahan pula, dedahan radon dan kesan kesihatan
akibatnya tidak menjadi satu peraturan pembinaan bangunan di Iran untuk diambil
kira dalam membina bangunan, bahan binaan, dan pengunaan bangunaan oleh pihak

berkuasa.

Dalam kajian ini selepas mengkaji perubahan kajicuaca Ramsar semasa 1955-2005,
persampelan tanah dilakukan di kawasan terdedah radon Ramsar dengan empat

tahap yang dikelaskan sebagai yang terlalu tinggi, amat tinggi, sangat tinggi, dan
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tinggi kepekatan radonnya. Sampel secara berasingan telah diletakkan di sebuah
rumah model dan kepekatan radon telah diukur dengan menggunakan meter gas

radon mudah alih Prassi.

Untuk sampel yang terlalu tinggi kepekatan radonnya, kepekatan radon purata
diukur dalam tempuh 24 jam dalam model rumah ialah 1615 Bg/m®apabila semua
tingkap ditutup. Apabila tingkap ditutup pada arah angin bertiup kepekatan radon
berkurangan kepada 89 Bg/m® (96%pengurangan)dan apabila tingkap ditutup pada
arah bertentangan dengan arah angin paras radon berkurang kepada 139
Ba/m*®(91%pengurangan).Yang menarik, apabila tingkap-tingkap bertentangan
ditutup dalam tempuh sama 24 jam paras radon ialah 144
Bg/m3(91%pengurangan).Untuk simulasi musim sejuk, apabila semua tingkap
ditutup, kesan serombong menunjukkan paras radon berkurang kepada323
Bqg/m*(80%pengurangan). Untuk sampel-sampel tanah lain yang amat panas, sangat
panas dan panas kepekatan pengudarae semulayidi mangurangkan kepekatan radon

dengan kadar kepekatan radon masing-masing.

Dos setara tahunan bagi manusia dan dos berkesan tahunan bagi paru-paru yang
dikaitkan dengan pengambilan radon di Ramsar yang terkenal kawasan kepekatan
radon tertinggi telah dikaji sebelum dan selapas campur tangan pengudaran. Untuk
sampel tanah yang paling tinggi kepekatan radon didapati dos setara tahunan bagi
manusia dan dos berkesan tahunan bagi paru-paru dalam model rumah sebelum
campur tangan atau ketika tingkap ditutup masing-masing 925 and 111 mSvy™.

Apabila tingkap ditutup pada arah angin bertiup didapati dos setara tahunan bagi



manusia dan dos berkesan tahunan bagi paru-paru masing-masing berkurangan
kepada 20.50 dan 2.46 mSv y'. Apabila tingkap ditutup bertentangan arah angin
bertiup didapati dos setara tahunan bagi manusia dan dos berkesan tahunan bagi
paru-paru masing-masing berkurangan kepada 34.70 dan4.16mSv y.Apabila
tingkap bertentangan ditutup dalam keadaan senyap (tiada angin) kedua nilai
masing-masing berkurang kepada 45.33 dan5.43 mSv y*. Untuk sampel-sampel
tanah lain yangamat tinggi, sangat tinggi dan tinggi kepekatan radonnya campur
tangan pengudaran secara berpadanan mengurangkan dos setara tahunan bagi

manusia dan dos berkesan tahunan bagi paru-paru.

Keputusan yang diperolehi dalam kajian ini jelas menunjukkan bahawa cara mudah
dan murah melalui campur tangan pengudaraan boleh mengurangkan kepekatan
radon, dos setara tahunan bagi manusia dan dos berkesan tahunan bagi paru-paru
manusiakepada kira-kira 90% daripada nilai awal mereka. Kaedah-kaedah ini sangat
disyorkan untuk digunakan oleh penghuni dan penduduk di Ramsar yang terdedah

kepada kepekatan radon yang amat tinggi.

Kata Kunci: Radon, Ramsar, Pengudaraan Asli, Design House, Kediaman, dos

tahunan yang berkesan, dos tahunan diserap
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CHAPTER 1

INTRODUCTION

1.1 General introduction

According to WHO (W.H.O, 2009a), cigarette smoking is the foremost cause of lung
cancer and radon exposure is the main contributor to the total internal radiation
absorption which also contributes to lung cancer. Our world environment is full of
radioactive activities since it was created(Jaworowski, 1997). The human life is
constantly exposed to natural and artificial sources of ionizing radiation(Knoll,
1986). The natural sources of radiation include the cosmic rays from extraterrestrial
spaceand radiation emitting from the soil and rocks and the artificial radiation is
coming from man-made sources for different types of nuclear applications(Paschoa
& Steinh&usler, 2010). Radionuclides used in industries, medical application and
agriculture, are some of the radiation sources which humans are exposed to man-

made radiation.

1.1.1 A brief history of radiation and radioactivity

Man is exposed to various types of radiation consisting of ionizing and non ionizing

radiation. Alpha and beta particles, neutrons, gamma-andX-rays are ionizing



radiation which causes health hazards due to ionization of atoms or molecules
whereas the UV, visible, and radio waves are non ionizing radiation which may
cause health hazards by heating of atoms or molecules. lonizing radiation from
cosmic rays and naturally radioactive elements such as uranium, thorium, and radium
have always been present on earth.The main sources of radiation to the environment
are the natural sources and this consistsof cosmic rays and other terrestrial radiation
(UNSCEAR, 1988). The discoveries of x-ray by Roentgen in 1895, uranium
radioactivity by Becquerel in 1896 and electron by Thomson in 1897(Williams,
2008)were regarded as the beginning of man’s foray into the use of ionizing radiation

for many purposes and the exposure can cause potential health hazards.

The first radiation injury to human was reported a few months after Roentgen’s
discovery(Evens, 1955). Unfortunately the first detrimental effect of radiation
happened to its pioneers. Some radiation injuries from exposure to X-rays noted in
1896(Lambert, 2001).Becquerel and Pierre Curie were two famous pioneers who
have been injured by radiation in 1906. At the beginning of 1925, luminescent paint
containing radioactive radium was used as consumer products(Clark, 1997). This
leads to illnesses such as anemia, lesions of the Maxillo-mandibular bones and mouth

and subsequently bone cancer.

The entrance of radionuclides through soil and water in the food chain and their
subsequent entry into human through consumption has been the subject of intense
research to date. Another important source of human exposure to radionuclides is

through industrial accidents. For example, large quantities of radionuclides were



released into the atmosphere during the 26" April 1986 Chernobyl nuclear disaster in
Ukraine and also on 11" March 2011 when the Fukushima Daiichi nuclear power

plant melted down following the earthquake and tsunami of the east coast of Japan.

A nuclear reactor and spaceflights are two important novel uses of radiation as an
energy source.The first nuclear reactor in the world (Chicago Pile 1) was built in
1942 (Alario & Freudenburg, 2003) by Enrico Fermi who was a winner of the Nobel
Prize. The first radiation injuries and subsequent experiments on animals were used

to establish scientific knowledge of radiobiology(Meyniel, 1995).

The terrestrial radiation produced by cosmogenic radionuclides are continually being
produced by the cosmic rays and primordial radionuclides which have been present
since the forming of the universe about 4.5 billion years ago(Wald, 1964).The
cosmogenic radionuclides are always present on the earth; however their half life is
shorter than the age of the earth. More than 25 cosmogenic radionuclides such as **C
have been identified(Lamarsh, 1983). The life of the earth is assumed to be a little
more than 4.5 billion years(Hanks & Anderson, 1969),so0 the short lived
radionuclides would have decayed by this time. However, some primordial
radionuclides due to long half-lifehave not completely decayed and continue to exist
since the earth was formed to date. The radionuclides with half- life of the order of
10® years are present in certain amounts today in addition to the radionuclides
generated from the primordial radionuclides *®*U, ?**U and %**Th of the associated

decay chain.One of the decay products of these series is the radon gas which is



important to human life because of its daughters decay produces alpha particles that

contribute to cancers.

1.1.2 Radioactivity atRamsar

Worldwide there are four famous places which are designated as High Level Natural
Radiation Areas(HLNRAS). These include Guarapari in Brazil, Yangjiang in China,
Kerala in India and Ramsar in Iran (Ghiassi-Nejad et al., 2002). Several places are
known in Iran, India and Europe where the natural background radiation gives an
annual dose of more than 50mSvy™, and in Ramsar, it can give up to 260mSvy’
!(Ghiassi-Nejad, et al., 2002). Lifetime doses from natural radiation range up to
several thousand millisieverts. However, there is no direct evidence of increased
cancers or other health problems arising from these high natural

levelradiations(Hore-Lacy, 2007).

Radon gas is a fragrance-free, tasteless and colorless gas, which is formed by
disintegration of natural radioactive elements of the earth. Its continuous inhalation
by human can create lung cancer. This nobel gas is a product of uranium decay and
exists throughout the world in soils and rocks. Radon gas can escape into the
atmosphere, enter groundwater and surface water and thus enter directly into the
human system through inhalation or the food one eats. This gas is found at very low
levels in outdoor air and in drinking water from rivers and lakes but it can be found

at higher levels in the air in confined houses and closed workplaces, as well as in



water from underground sources, such as well water. Radon decays into solid
radioactive elements such as polonium-218, polonium-214, and lead-214. As radon
and radon progenies decay in the air, they emit alpha particles, a form of high-energy
radiation that can damage the DNA inside the body's cells and its detrimental effects
is 20 times more than X and gamma rays. Recent studies show that radon inhalation
even at low concentrations poses a risk of developing lung cancer(Barros-Dios et al.,
2012). The average effective dose for radiation worker is 20mSvy™ and for other
than radiation workers is 1mSvy™ whilst the annual effective dose for people in some

areas of Ramsar can be up to 260mSv/year(Ghiassi-Nejad, et al., 2002).

It is largely accepted that the human activity modifies the earth's surface, therefore
the radiation dose may be considered as an ever-changing parameter(Saj6-Bohus et
al., 1999) and measurement of radon concentration in soil air is a useful tool in the
planning and constructing of new buildings in order to avoid high indoor radon
levels(Jonsson, 1995). As the main objective of ventilation system is to provide the
quality and quantity of the air flows throughout the dwellings and to ensure safe
health conditions for the inhabitants of dwellings to an acceptable level which is
specified by the standard regulations. It can be used as a useful way to reduce the

radon level inside of houses and workplaces.

The type of natural radiation responsible for most fatalities are not cosmic rays or
internal exposure by “°K in the human body or building materials, but actually the

inhalation of environmental radon gas and its short-lives daughters which is expected



to cause well over 5000 mortalities in comparison to other radiation sources which
cause about 3000 mortalities(Cohen, 1979). The worldwide average indoor radon
concentration has been estimated 39Bg/m®(W.H.O, 2009a) which corresponds to a
human lung effective dose of 2.34 mSv y™. The high levels of radon concentration in
Ramsar motivates this research work in order to plan for the alleviation of the indoor

radon level and reduce the radon risks for the inhabitants of Ramsar.

1.2 Significance of study

Ramsar, known also by the old name as Sakhtsar, located on the Caspian Sea coast,is
one of the most attractive districts in the north of Iran. It is highly attractive for
tourists’ destination for Iranians and people all over the world. However it is located
in one of HLNRAs and several studies were performed by Iranians and scientists
from other countries on Ramsar’s natural background radiation. Most of the studies
have been focused specifically on the radon gas, but none of these studies established
a suitable protocol for healthy living in Ramsar and its surroundings. Lung cancer
risk increases linearly with long term radon exposure and there is no radon exposure
threshold for this risk, even below 200Bg/m*® which corresponds to a human lung
effective dose of 12 mSv y*(W.H.O, 2009a). Assessing the role of natural ventilation
(chimney effect and buoyancy effect) inindoor radon reduction of high background

radiation radon prone areas of Ramsar is the objective of this study.



1.3 Problem statement

The main dangerous effect of radon gas and its progenies is the inhalation of their
emitted alpha rays which goes to cause lung cancer. Furthermore, there are published
reports indicating that environmental radon exposure might be a risk factor for
squamous cell carcinoma(SCC)(Wheeler et al., 2012) or chronic obstructive
pulmonary disease (COPD) mortality(Turner et al., 2012). It was recommended for
all countries to set a national reference level for radon hazard as low as reasonably
achievable, and the 100Bg/m>(2.7pCi/ L) which corresponds to a lung effective dose
of 6 mSv y, is the latest scientific data on health effects of indoor radon which can
be used as a reference level to prevent a lot of lung cancers(W.H.O, 2009a).
However if this value cannot put into action in many countries, the established
reference values should not exceed 300Bg/m*(W.H.O, 2009a) corresponds to a lung
effective dose of 18 mSv y'. Despite these recommendations, unfortunately there is
not a serious effort to establish a radon reference level in many countries including
Iran. Most of the people and transit inhabitants living in Ramsar are not aware of the
radon hazards and they live there as in other normal cities without concern of radon

health effects.

The aim of this study is to determine the effect of natural radon reduction methods as
a suitable and cheap method to alleviate the indoor radon gas in the Ramsar and
relevant districts based on more than last 50 years meteorological changes of the

Ramesar.



1.4

Objectivesof the study

The aim of this study is to determine the effect of natural ventilation based methods

in HLNRAs of Ramsar based on meteorological changes during the last decades and

introducing the suitable situation for residential dwellings as well as workplaces to

reduce the indoor radon gas. The objectives of this research are as follows:

To determine the mean values of meteorological parameters in the Ramsar
based on the reviewed data which have been obtained from the national

meteorological organization of Iran.

To discover and determine the environmental background radiation of
Ramsar and the main source of the radon production using Gamma

Spectrometry Analysis of the various top soil samples.

To evaluate the buoyancy effect and chimney effect on the concentration of
the indoor radon,annual effective dose of the lung and annual equivalent dose
on man living in residential dwellings of Ramsar using the Ramsar soil
samples as a radon source in a model house and Prassi Portable Radon Gas

survey meter in a continuous measurement method.

To propose appropriate window position of residential dwellings as well as
workplaces in the HLNRAs of Ramsar to follow meteorological wind

direction.



15 Outline of the thesis

This thesis is planned as follows. Chapter 2 gives a report on the previous works
carried out by others and applications of the study. Chapter 3 provides a theoretical
background to the thesis, which includes the theoretical aspects of radiation and
natural background (BG) Radiation, ionization effects of radiation, interaction
between radiation and materials, Gamma Spectroscopy, natural ventilation, radon
and radon level reduction methods. Chapter 4 describes the materials and instrument
used in the measurement of soil samples by Gamma Spectroscopy method, the
method of measurement of concentration of indoor radon gas using Prassi portable
radon gas surveyor. Detailed results on evaluation of meteorological parameters of
Ramsar region, evaluation of various mitigation method of radon concentration using
natural ventilation and discussion are given in Chapter 5. The last Chapter 6 contains

the conclusion of the study and suggestions for future work.
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