536 — Aadla) daalal)
Llad) bl all 3alac

psadl 408
sL Jul) o

I slamic University of Gaza
Deanery of Graduate Studies
Faculty of Science
Physics Department

Measurement of Radon Concentration in
Soil at North Gaza

By

Nabil M. A. Hamed
B. Sc. In Physics (1995)
University of Athens — Greece

Supervised By

Prof. M. M. Shabat Assoc. Prof. S. S. Yassin
Professor of Theoretical Phys. Professor of Nuclear Phys.

Thesis

Submitted to faculty of Science as a Partial Fulfillment of the
Master of Science (M.Sc) in Physics

2005



2y 2

o O U

Y

iy s e b g s

et b el baal o2y AN ) 93

, , . L
gkt

‘.;a,s\.&\é.\.o



(105) i a5l 5 5m

Ao

sgag slanll g pal) o)) cAudiall (2 ) ¢ Lgd ) b A G )
g gland) il

S sl ol s

co s L ) Slagl e dd ) L Al Lagd e GutalS )
o S

Ve cdiel ca Mg, .. Bsidls Lad) .. . 5 smally duay Al
o gl et Ll g Ledld g
A g



L gom g el L il Gaal Be) ) agd ) 0 Y
slaa¥) AU

Acknowledgement

My sincere gratitude goes to my supervisors, Prof. M.
M. Shabat and Associate Prof. S S. Yassin, for
useful discussion, kind help and guidance throughout
this work.

Thanks due to many helpful comments and some
Important advise.

Last but not least many thanks to the staff members of
physics Department at 1slamic University-Gaza.

I really indebted to the Palestinian Energy Authority
and Natural Resources for their encouragement of



scientific research and moral support. 1 would also like
to thank my wife for her patience and kind support
during this work as well as to my parents.

CONTENTS

DEDICATION TO
ACKNOWLEDGEMENT
CONTENTS

LIST OF TABLES

LIST OF FIGURES

CHAPTER 1: Background Radiation pages

1.1 Introduction

1.2 Typesof Radiation
1.2.1 Alphaparticles
1.2.2 Betaparticles
1.2.3 Electromagnetic Radiation
1.2.4 Neutrons

1.3 Radioactive Decay

A W W W W DNDNDNDN

1.4 Sourcesof Radiation



1.4.1 Natural Radiation Sources
1.4.1.1 Primordial Radionuclides
1.4.1.2 Cosmic Radiation
1.4.1.3 Cosmogenic Radiation
1.4.1.4 Radon
1.4.1.5 Internal Radiation

1.4.2 Man-Made Radiation Sources

1.5 Unitsof Radiation Measurement
1.5.1 Activity

1.5.2 Exposure:
1.5.2.1 Radiation Absorbed Dose (rad)

1.5.2.2 Radiation equivalent man (rem)
1.6 Health Effectsof lonizing Radiation
1.7 Objectives
1.8 Scope

CHAPTER 2: Radon Concentrations and its Decay Products

2.1 Introduction

2.2 Characteristics of Radon and its decay products.
2.2.1 Radon
2.2.2 Decay Products of Radon
2.2.3 Behavior of decay products

2.3 Radon Concentration in Soil at Different Countries
2.4 Radon in Soil, Water and Air

2.4.1 Radon in Soil
2.4.2 Radon in water
2.4.3 Radonin Air

© 0O 00 00 N N O O

17

17
17
18
19

20
22

22
23
23

\



2.5 The Geogenic and Anthropogonic Parameters Affecting of Soil Radon
Concentration.

2.5.1 Emanation of Radon
2.5.2 Migration of Radon
2.5.3 Exhaation of Radon

2.6 Depth Dependence of Radon Concentration in the Soil Air.

2.7 Gaza Strip

2.7.1 Geography
2.7.2 Demography

CHAPTER 3: Experimental Techniques and Methodology

3.1

3.2

Types of Detectors

3.1.1 Ionization Chamber

3.1.2 Proportional Counters

3.1.3 Geiger-Muller Counters

3.1.4 Scintillation Counters and Fluorescence Screens
3.1.5 Solid State Nuclear Track Detectors (SSNTD)

3.1.5.1 Track Formation

3.1.5.2 Geometrical Construction of Etch Cones

3.1.5.3 Characteristics of Alpha Particle Tracksin Polymars
3.1.5.4 Tracks Chemical Etching

3.1.5.5 Tracks Counting Methods and Statistics

M easurement Techniques

3.2.1 Cadlibration Etching Parameters
3.21.1 Suitable Morality (Concentration of the Etchants) of NaOH
3.2.1.2 Suitable Etching Temperature.

3.2.2 Didribution Technique

24
24
26
27

29

30
30
31

33
33
33
33
34
34

35
35
39
40
40

42

42
42
43

VI



3.22.1 Method for Measuring Radon by SSNTDs 44
3.2.3 Determination of Radon Concentration 45
3.2.4 Cdlibration Technique 46

CHAPTER 4: Experimental Results

4.1 Introduction 48

4.2 Results of Measurements 48

4.2.1 Didgribution of Measured soil Radon Levelsin North Gaza. 48

4.2.2 Measured Soil Radon Levelsin Four Locations. 50
4.2.3 Percentage Frequency of Soil Radon Levelsin East Biet Hanoun
and West Biet Hanoun. 51
4.2.4 Percentage Frequency of Soil Radon Levelsin AL SHaaf and East
JAbadlia. 52
4.2.5 Genera Results 53

CHAPTER 5: Discussions and Conclusion

5.1 Discussion 55
4.2.6 Varity of soil 55

4.2.7 Relief 55

4.2.8 Venation cover 56

5.2 Conclusion 57
GLOSSARY 58
APPENDIS (1) 64
APPENDIS (11) 65
APPENDIS (111) 66

VIII



REFERENCES

LIST OF TABLES

. Table 1.1: Annua Effective Dose Equivaent.
. Table 1.2: Primordial Nuclides.
. Table 1.3: Cosmogenic Nuclides.

. Table 1.4: Radiation Weighting Factor (Wg) with Different
Radiation.

. Table 1.4: Tissue Weighting Factor (W+) with Tissue or
Organ for Human Body.

. Table2.1: Uranium and Thorium Series.

. Table 2.2: Radon Levels in Outdoor Air, Indoor air, Soil
Air, and Ground Water can be Very Different.

. Table 2.3: Diffusion Coefficient D for ??Rn.

. Table 2.4: Approximate Values of Porosity of some Types
of Soil. Porosity is the Proportion of a Volume

Pages

12

13

18

24

27

30

67



Filled with Air.

10. Table 4.1:Number of Collected Dosimeter (N=128) from 48
Locations and Radon Concentration in Soil Air.
C is the Average Concentration and S.D. is the
Standard Deviation. (1 pCi/L =37 Bg/m3).

11. Table 4.2: Distribution of Soil Types in Four Locations at 51
North Gaza.

LIST OF FIGURES

Pages
1. Figurel.1:Average Annua Exposureto lonizing Radiation (1Sv 5
=100 rem).
2. Figure 2.1:Diagrammatically the Formation and Growth of 19
Radon Daughter Aerosols
3. Figure 2.2:Schematic Illustration of Radon Recoil Traectories 25
in and Between Soil Grains.
4. Figure 2.3:Gaza Strip. 31
5. Figure 3.1:Creating an AlphaParticle Track. 35
6. Figure 3.2:Etching an AlphaParticle Track. 36
7. Figure 3.3:Geometrical Construction an Etch Cone. 37
8. Figure 3.4:Growth of an Etched Alpha Particle Track. 39
9. Figure 3.5:Tracks Formation on CR-39 Detectors After 39
Chemical Etching.
10. Figure 3.6: Systematic scanning by an optical microscope fitted 40

with amovable stage. ...

11. Figure 3.7:Passive Diffusion Radon Dosimeter. 42



12.

14.

15.

16.

17.

18.

19.

20.

Figure 3.8: Relationship Between Track Density and Molarity.

Figure 3.9: Relationship Between Track Density and Etching
Temperature (T).

Figure 3.10: Distribution Technique.

Figure 4.1:Distribution of Measured soil Radon Levelsin Four
Types of Soil in North Gaza. The Depth of
Measurement Its 50 cm.

Figure 4.2: Percentage Frequency of Soil Radon Levelsin Four
Locations. The Depth of Measurement its 50 cm.

Figure 4.3: Percentage Frequency of Soil Radon Levelsin East
Biet Hanoun and West Biet Hanoun. The Depth of
Measurement 1ts 50 cm.

Figure 4.4: Percentage Frequency of Soil Radon Levelsin AL
SHaaf and East JAbaia The Depth of
Measurement Its 50 cm.

Figure 4.5: Percentage Frequency of 128 Soil Radon
Measurements in North Gaza. The Depth of
Measurement is50 cm.,

Figure 5.1: Radon Concentrations and Soil Moisture Content
(Median Vaues Depth of 80 cm) Along the Test
Slope

49

50

ol

53

56

Xl



Abstract

Measurement of Radon Concentration in
Soil at north Gaza

Solid state nuclear track detectors (CR-39) are used to measure Radon
(***Rn ) concentration in soil at north Gaza, Palestine. One hundred sixty
(160) CR-39 dosimeters with dimenson 2x1.5 cm and dosimeter were
distributed in five deferent locations on Gaza {East Beat Hanoun (E BH),
West Beat Hanoun (W BH), Al SHaaf (AL SH), East JAbdia (E JA) and
Beat Lahia(B L)}.

A hole is digged into the soil of about 11cm in diameter and 50cm in
depth. Then 70cm long PV C tube is fixed into the hole, leaving 20cm above
the soil surface (with the covered top end of tube sticking out the ground by
about 20cm).

At the bottom of each tube a Radon dosimeter is placed. The exposure
time for the dosimeters was 60 days during the months September, October
and November of 2004 to alow Radon gasto come to an equilibrium level.

The collected detectors were chemically etched using a6.00 M solution
of NaOH, at a temperature of (70 + 0.2) oC, for 6 hours, (standard etching
condition). An optical microscope with a power of (40 x 10), manually the
number of tracks per cm® in each detector where counted. We are measured
the average Radon concentration in Bg.m™

Results obtained that the average value of Radon concentration in soil
air at north Gazawas 207.24 Bg/m® (5.6pCi/L), ranging from (23.48 — 584.15)
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Bg/m?® ((0.64 — 15.79) pCi/L),with value standard deviation 34.90Bg/m? (0.94
pCi/L).

There were considerable differences between the individual Radon
concentration values for each location, for example for AL SH the smallest
vaue was 150.84 Bg/m® (4.08 pCi/L) and for E JA the largest was
246.22Bg/m? (6.66 pCi/L). The overall minimum and maximum were 23.48
Bg/m?® (0.64 pCi/L) and 584.15 Bag/m® (15.79 pCi/L), respectively, whichisa
difference of almost two orders of magnitude.

Certainly, this study was conducted to provide a health oriented Radon
assessment of Gaza dtrip, and to address long term management goals,
especialy form the environmental point of view.
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CHAPTER
(1)

BACKGROUND RADIATION




1.1 Introduction:

Radiation is the emission of energy as either waves (electromagnetic
radiation) or particles (particle radiation). It is produced by radioactive decay,
nuclear fission and nuclear fusion, chemical reactions, hot objects, and gases
excited by electric currents [1].

Radiation is often separated into two categories, ionizing and non-
ionizing, to denote the energy and danger of the radiation. lonization is the
process of removing electrons from atoms, leaving electrically charged
particles (ions) behind. Many forms of radiation such as heat, visible light,
microwaves, or radio waves do not have sufficient energy to remove electrons
from atoms and hence, are called non-ionizing radiation. In the case of heat,
for objects at room temperature, most of the energy is transmitted at infra-red
wavelengths.

The negatively charged electrons and positively charged nuclei created
by ionizing radiation may cause damage in living tissue. The term
radioactivity generally refers to the release of ionizing radiation [1].

1.2 Typesof Radiation:
There are generally four types of radiation associated with radioactive decay:

1.2.1 Alphaparticles:

An apha particle is a positively charged particle emitted in the
radioactive decay of some unstable atoms. It consists of two protons and two
neutrons (it is essentially the nucleus of a helium atom) and is thus heavier and
slower-moving than other decay emissions. Alpha particles do not penetrate
far into a material and can be stopped quite easily; however, they are capable
of breaking chemical bonds (which can cause chemical or biological damage)
when they strike a molecule because of their size, mass and
charge. (Penetration distance of apha particles depends upon the energy with
which they are emitted and the materia through which they are
passing). Thus, while apha particles can be stopped by thin barriers such as a
piece of paper or skin, alpha emitters are mostly damaging if they are ingested
or inhaled into the lungs. Uranium (?%U), Radium (*°Ra) and Radon (“*Rn)
are typical apha-particle emitters [2].

o Decay: anucleus emits an a particle (helium). The decay processis:

any ]
7 Xy ® 773X\ +oHe, (1.1)




where X and X' aretheinitial and final nuclei, A is the total mass number,
N is the number of neutrons and Z is the number of protons in nucleus.

1.2.2 Beta particles.

A beta particle is emitted during the radioactive decay of some unstable
atoms. Beta particles can have either a negative charge or a positive charge
and they have the same very small mass (1/2000 the mass of a neutron)
regardless of charge [2]. A negatively charged beta particle is called an
electron, and a positively charged beta particle is called a positron. Beta
particles can penetrate farther than alpha particles (Its penetration distance
depends upon the energy of beta particle and material used); however, they
can be stopped fairly easily by a sheet of aluminum.

p Decay: here the nucleus can correct a proton or a neutron excess by directly
converting a proton into a neutron or a neutron into a proton. These processes
can occur in three possible ways [2]:

n — > pte " decay (1.2
p —— n+¢ B* decay (1.3)
p+e — n Electron capture (1.4)

1.2.3 Electromagnetic radiation:

Two types of electromagnetic radiation are associated with radioactive
decay. Electromagnetic radiation is referred to as a gamma ray (this happens
when the nucleus transitions from a higher energy level to a lower energy
level). Electromagnetic radiation emitted by an atomic electron changing
energy levels is referred to as an x-ray. Gamma rays usualy have higher
energies than x-rays and both can penetrate matter farther than any
particles. They can be stopped by high density materials such as several feet
of concrete or lead [2].

1.2.4 Neutrons:

Neutrons are particles having a mass 1/4 that of an apha particle and
2000 times that of a beta particle. The neutron has no electrical charge. It has
the potential to penetrate matter deeper than any other charged particles but
this depends greatly on the physical and atomic nature of the matter being
penetrated [2].

1.3 Radioactive Decay:

Radioactive materials have an associated half-life, or decay time characteristic
of that isotope. As radiation is emitted, the material becomes less radioactive
over time, decaying exponentially [3].



Some radioisotopes have long half-life's; for example, **C takes 5,730
years for any given quantity to decay to half of the original amount of
radioactivity. Other radioactive materials have short half-lives; **P has a two
week half-life, and *Tc (used in human and animal nuclear medicine
diagnostic procedures) has a half-life of 6 hours [4].

The equation which is used to calculate radioactive decay is shown below.

— -1t
A= Ae (1.5)
Where:
A = Current amount of radioactivity

Ao = Original amount of radioactivity
€ = base natural log » 2.718

| = Disintegration constant or decay constant = 0.693/ty, (where ty, =
half-live)

t = the amount of time elapsed from Ao Alltis important to be

careful of the units used for the time. Days, hours and years must not be mixed
in the calculation [4].

1.4 Sourcesof Radiation.

Naturally occurring radioactive materials are common in the
environment and in the human body. These materials are continuously
emitting ionizing radiation. lonizing radiation from outer space (cosmic
radiation) bombards the earth constantly. Collectively, the ionizing radiation
from these and similar sources is caled background radiation. Human
activities, such as making medical x-rays, generating nuclear power, testing
nuclear weapons, and producing smoke detectors which contain radioactive
materials, cause additional exposure to ionizing radiation. The sources of
radiation can be classified into natural and man-made radiation.

The percentage of the average annual radiation exposure contributed by
each major source is illustrated in Figure 1. About 82 percent is from nature,
and 18 percent is from industrial, medical, and consumer sources. The values
given in Figure 1.1 are averages for the United States. Actual values vary
depending on where people live and how they spend their time [5].



EXPOSURE DUE TO EXPOSURE DUE TO

NATURAL SOURCES HUMAN ACTIVITIES
Radon Medical/Dental X-rays
200mrem (55%) 39mrem (11%)
Inside Human Body Nuclear Medicine
40mrem (11%) 14mrem {4%)

Rocks & Soil Consumer
28mrem (8%) Products
Casic 10mrem {3%)
27mrem 8%) Other (<1%)

Figure 1.1: Average Annual Exposure to lonizing
Radiation (1Sv = 100rem)

Table 1.1: indicates that Radon and its daughters contribute the
maximum precentage of annual effective dose equivalent. These numbers are
average and were obtaind by estimating the total dose for the U.S., and
dividing by number of peoplein the U.S. [6].

Table 1.1: Annual Effective Dose Equivalent.

Sour ces Dose (mrem/yr)  Percent of Total
Natural radiation
Radon 200 55%
Cosmic 27 8%
Terrestrial (Rocks and Soil) 28 8%
Internal (Inside Human Body) 40 11%
Total natural 295 82%
M an-made radiation
Medical X-Ray 39 11%
Nuclear medicine 14 4%
Consumer products 10 3%
Other
Occupational 0.9 < 0.3%
Nuclear fule cycle <1 <0.03%
Fallout <1 <0.03%
Miscellaneous <1 <0.03%
Total artificial 65 18%
The Total 360 100%




1.4.1 Natural Radiation Sour ces
1.4.1.1 Primordial Radionuclides Sources

Primordial radionuclides sources include naturally occurring radioactive
materials that exist in rocks, soil, water, and vegetation. The major isotopes of
concern for primordial radionuclides radiation are uranium and its decay
products, such as thorium, radium, and Radon. Some of these materials are
ingested with food and water, while others, such as Radon, are inhaled.

The dose from primordial radionuclides sources varies in different parts of the
world. Locations with higher concentrations of uranium and thorium in their
soil have higher dose levels[7].

These primordial radionuclides are left long time ago. They are
typically long lived, with half-lives often on the order of hundreds of millions
of years. Radionuclides that exist for more than 30 half-lives are not
measurable. The progeny or decay products of the long lived radionuclides are
aso in this heading. Here is some basic information on some common
primordial radionuclides: [6].

Table 1.2: Primordial Nuclides

Nuclide Symbol Half-life Natural Activity
Uranium 235 U 7.04 x 10° 0.72% of all natural uranium
yr
Uranium238 | “°U 4.47 x 10
yr 99.2745% of all natural uranium; 0.5to 4.7

ppm total uranium in the common rock types

Thorium232 | ““Th | 1.41x 10" | 1.6 to 20 ppm in the common rock types with a

yr crustal average of 10.7 ppm
Radium226 | “°Ra | 1.60x 10°
yr 0.42 pCi/g (16 Bg/kg) in limestone and 1.3

pCi/g (48 Bg/kg) in igneous rock

Radon 222 ““Rn 3.82 days

Noble Gas; annual average air concentrations

range in the US from 0.016 pCi/L (0.6 Bg/m3)
to 0.75 pCi/L (28 Ba/m3)

Potassium 0K 1.28 x 10° soil - 1-30 pCi/g (0.037-1.1 Bg/q)
40 yr

The primordia radionuclides of the decay chain of those radioactive materials
are presented in Appendix(l)



1.4.1.2 Cosmic Radiation

Charged particles from the sun and stars interact with the earth’s
atmosphere and magnetic field to produce a shower of radiation. The dose
from cosmic radiation varies in different parts of the world due to differences
in elevation and to the effects of the earth’s magnetic field [7].

Cosmic radiation is really divided into two types, primary and secondary.

Vv Primary cosmic radiation:

Primary cosmic radiation is made up of extremely high energy particles
(up to 1018 eV), and are mostly protons (87%), with some larger particles
(alpha radiation 12%). A large percentage of it comes from outside of our
solar system and is found throughout space. Some of the primary cosmic
radiation is from our sun, produced during solar flares [7].

Some of the primary cosmic radiation penetrates to the Earth's surface,
the vast majority of it interacts with the atmosphere. These reactions produce
other lower energy radiations in the form of photons, electrons, neutrons and
muons that make it to the surface.

v/ Secondary cosmic radiation
Results from the interaction of primaries with the earth's atmosphere
Cascade effect: one primary ionization = 100 million secondary
ionizations
Products produced: pions, muons, electrons, photons, protons, neutrons
Primaries absorbed within the upper 10% of the atmosphere
Dominant components at ground level are penetrating muons and
the electrons they produce.
L atitude contributes a small factor due to the earth's magnetic field.

The atmosphere and the Earth's magnetic fields also act as shields against
cosmic radiation, reducing the amount that reaches the Earth's surface [7].

1.4.1.3 Cosmogony Radiation

Cosmic radiation permeates all of space, the source being primarily
outside of our solar system. The radiation is in many forms, from high speed
heavy particles to high energy photons and muons. The upper atmosphere
interacts with many of the cosmic radiations, and produces radioactive
nuclides. They can have long half-lives, but the maority have shorter half-
lives than the primordial nuclides. Here is a table with some common
cosmogenic nuclides:




Table 1.3: Cosmogenic Nuclides

Nuclide Symbol Half-life Natural Activity
Carbon 14 C 5730 yr Cosmic-ray interactions, | 6 pCi/g (0.22 Bg/g)
14N(n,p)14C; in organic material
Tritium 3 °H 12.3yr Cosmic-ray interactions | 0.032 pCi/kg (1.2 x
with N and O; spallation 10-3 Bg/kg)

from cosmic-rays,
6Li(n,alpha)3H
Beryllium Be 53.28 days | Cosmic-ray interactions 0.27 pCi/kg (0.01
7 with N and O; Ba/kqg)

1.4.1.4 TheRadon

The largest natural source of radiation exposure to humans is radon gas,
that exist on air, water and soil. While radon gas has always been in the
environment, its contribution to human radiation exposure has increased in
recent years. Radon's primary pathway is from the earth, through the
basements of houses and other buildings, and into inside air that people
breathe. Radon exposures can vary depending on the soil and rock structure
beneath buildings. To conserve energy, buildings are more tightly constructed
so there is less exchange of inside air with fresh air from outside. This tends to
trap radon inside [5].

The Radon concentration in soil is our main concern in the presented
work and will be discussed in detail in proceeding chapters.

1.4.1.5 |Internal Radiation

Internal radiation comes from radioactive materials that occur naturally
in the human body. Potassium and Carbon are the primary sources of internal
radiation exposures.
Potassium is an essential mineral for life. The Potassium (*K) isotope (0.01
percent of all potassium) is naturally radioactive. It enters the human body
through the food chain. Carbon makes up about 23 percent, by weight, of the
human body. Cosmic radiation creates Carbon (**C), which is a small
percentage of all carbon. Carbon enters the body both through the food chain
and by breathing [5].

1.4.2 Man-M ade Radiation Sour ces

Natural and artificial radiation sources are identical in their nature and
their effect. By far, the most significant source of man-made radiation
exposure to the general public is from medical procedures, such as diagnostic




X-rays, nuclear medicine, and radiation therapy. Some of the major isotopes
would be 3, ®Tc, ®Co, 4, 2*'Cs, and others.

In addition, members of the public are exposed to radiation from
consumer products, such as tobacco (polonium #°Po), building materials,
combustible fuels (gas, coal, etc.), ophthaimic glass, televisions, luminous
watches and dials (tritium), airport X-ray systems, smoke detectors
(americium), road construction materials, electron tubes, fluorescent lamp
starters, lantern mantles (thorium), etc [7].

Occupationally exposed individuals are exposed according to their
occupations and to the sources with which they work. The exposure of these
individuals to radiation is carefully monitored with the use of pocket-pen-
sized instruments called dosimeters. Some of the isotopes of concern would be
cobalt (*’Co), cesium (*¥'Cs), americium (***Am), and others [7].

Examples
of industries where occupational exposure is a concern include:

Fuel cycle

Industrial Radiography

Radiology Departments (Medical)

Radiation Oncology Departments

Nuclear power plant

Nuclear medicine Departments

National (government) and university Research Laboratories
Itis known that the background level of radiation exposure, the NRC requires
that its licensees limit man-made radiation exposure to individual members of
the public to 100 mrem (1 mSv) per year, and limit occupational radiation
exposure to adults working with radioactive material to 5,000 mrem (50 mSv)
per year.

The exposure for an average person is about 360 millirems/year
(360mrem=3.6mSv), 81 percent of which comes from natural sources of
radiation. The remaining 19 percent results from exposure to man-made
radiation sources.

1.5 Unitsof Radiation M easur ement

Two types of units are used for radiation, units of activity and units of
exposure (dose). Units of activity quantify the amount of radiation emitted by
a given radiation source. Units of exposure quantify the amount of radiation
absorbed or deposited in a specific material by a radiation source.



In the world today, two sets of units exist. They are the specia units (Curie,
Roentgen, Rad and Rem) and the Sl or International Units (Becquerel, Gray
and Severt) [4].

1.5.1 Activity

The Activity Aof a radioisotope sources is defined as its rate of decay
and is given by the fundamental law of radioactive decay

dN
A= (E)decay =-IN (1.6)
where N is the number of radioactive nuclei and | is defined as the decay
constant.

The historical unit of activity has been the curie (Ci), originally defined
as the amount of radioactive material emitting 3.7 x 10 disintegrations
(particles or photons) per second (DPS).

The becquerel (Bg), which is 1 disintegration per second, is the Sl unit for
activity.

1Ci = 3.7x10% Bq (1.7)

Radioactive sources of convenient size in the laboratory are more reasonably
measured in kilobecquerels (kBq) or megabecquerels (MBQ) [8].

1.5.2 EXxposure:

It is the being exposed to ionizing radiation or radioactive material. The
special unit of exposure is the Roentgen.
Roentgen (R) is the quantity of X- or gamma radiation needed to produce lesu
(electrostatic unit) of ionic charge in one cubic centimeter of dry air at STP
(Standard Temperature and Pressure). The roentgen, however, is limited to
use with X- or gamma radiation with energy less than 3 Mev [9].

lesu

IR= ———
cm 2air (1.8)
where
1
lesu = coulomb
3x10° (1.9)

10



One Roentgen is equal to the quantity of gamma or x-radiation that will
produce ions carrying a charge of 2.58 x 10™* coulombs per kilogram of air.

1
Ix———
1IR=_340° 5 5gygq7 COUlOmD
0.001293 gram
Or
Coulomb
—_ -4
1R = 2.58x10 k—g (1.10)

An exposure to one Roentgen of radiation with total absorption will
yield 89.6 ergs of energy deposition per gram of air [4]. The Roentgen is easy
to measure with an ion chamber, an instrument that will measure the ions (of
one sign) produced in air by the radiation. The ion chamber has a readout in
Roentgen per hour or fractions thereof, and is an approximation of tissue
exposure.

The Radiation Absorbed Dose (rad) and the Radiation equivalent man
(rem) are the two main radiation units used when assessing radiation exposure

[4].
1.5.2.1 Radiation Absorbed Dose (rad):

Absorbed Dose is the amount of energy imparted to matter by ionizing
radiation per unit mass of irradiated material. The fundamental dosimetric
quantity D, defined as: [9].

_de

D -
dm (1.12)

where d€ is the mean energy imparted by ionizing radiation to matter in a

volume dement dM . The unit of absorbed dose is the rad which is the
amount of absorbed radiation that deposits 100 ergs per gram or 0.01 J per
kilogram of material [9].

1.5.2.2 Radiation equivalent man (rem).

The rem (radiation equivalent man) is the unit of human exposure and is
a equivalent dose (H). (The international or Sl unit for human exposure is the
Sievert, which is defined as equal to 100rem.) It takes into account the
biological effectiveness of different types of radiation. The target organ is
important when assessing radiation exposures and a modifying factor is used

11



in radiation protection to correct for the relative biological effectiveness. Also,
the chemical form of the radiation producing the dose is of critical importance
in assessing internal doses, because different chemicals bind with different
cell and/or organ receptor sites [4].

Additionally, some types of radiation cause more damage to biological
tissue than other types. For example, one rad of alpha particles is twenty times
more damaging than one rad of gamma rays [4].

Typical values of the Radiation Weighting Factor are given below in Tablel.4

9.

Table 1.4: Radiation Weighting Factor (Wg) with Different Radiation

Types of Radiation Radiation Weighting Factor Wg
X- or y-rays 1
Electron (B) 1

Neutrons

Neutrons <10 kev 5
Neutrons (10keV-100 keV) 10
Neutrons (100keV-2000 keV) 20
Neutrons (2MeV- 20MeV) 10
Neutrons > 20MeV S
protons < 2MeV 10
w-particles and heavy ions 20

To account for these differences, a unit called a Radiation
Weighting Factor Wr is used in conjunction with the radiation absorbed
dose in order to determine the equivalent dose. The unit of equivalent
dose is J.kg?, termed the sievert (Sv) { 1Sv = 100rem} [10].

Hy = @ We.Dr (1.12)
R
where
H,: Equivalent Dose,
Wi, : radiation weighting factor for radiation R
D; r: Average absorbed dose by radiation type R in the organ or tissue T

Tissue weighting factors, W,, are used for incorporating the actual risk to

tissues for different radioisotopes and tissues in dose calculations. These
weighting factors assign multiplication factors for increasing or decreasing the
actual biological risk to a given tissue. Typical values of the Tissue Weighting

Factor W, are given below in Table(1.5) [9].
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Table 1.5: Tissue Weighting Factor W, with Tissue or
Organs for Human Body.

Tissue or organ Tissue Weighting Factor W+
Gonads 0.2
Bone marrow 0.12
Colon 0.12
Lung 0.12
Stomach 0.12
Bladder 0.05
Chest 0.05
Liver 0.05
Thyroid gland 0.05
Oesophagus 0.05
Skin 0.01
Bone surface 0.01
Pancreas, small intestine,
uterus, brain, spleen, muscle, 0.01
suprarenal gland, kidney,
thymus gland

The Effective Dose E is defined as summation of the tissue
equivalent doses, each multiplied by the appropriate tissue weighting
factor [10].

E=§ W, .H; (1.13)
T

where Hy is the equivalent dose in tissue T and W7 is the tissue weighting
factor for tissue T, form the definition of equivalent dose, it follows that
[10].
E=aW,.a Wg.D; (1.14)
T R
where Wr is the radiation weighting factor for radiation R. The unit of
effective dose is J.kg™, termed the sievert (Sv) {1Sv = 100rem} [10].

1.6 Health Effects of lonizing Radiation

The magnitude of the radiation absorbed per year due to natural or
background radiation may provide a basis for a health risk to human body.
Effect of radiation: Radiation causes ionizations in the molecules of living
cells. These ionizations result in the removal of electrons from the atoms,
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forming ions or charged atoms. The ions formed then can go on to react with
other atoms in the cell, causing damage.

At low doses, such as what we receive every day from background
radiation, the cells repair the damage rapidly. At higher doses (up to 100 rem),
the cells might not be able to repair the damage, and the cells may either be
changed permanently or die. Cells changed permanently may go on to produce
abnormal cells when they divide. In the right circumstance, these cells may
become cancerous. This is the origin of our increased risk in cancer, as a result
of radiation exposure [11]. Prolong exposure to the radiation would certainly
cause health risks.

1.7 Objectives

Many scientific researchers have debated the effects of ionizing
radiation on human health.

Public exposure to Radon and its daughters present in the environment
results in the largest contribution to the average effective dose received by
human beings [13]. Under specific conditions, such as those existing in the
Uranium mining environment, the lung dose arising from the inhalation of
Radon daughters can be sufficiently high as to cause an increase in lung
cancer occurrence [14].

We believe, several environmental problems currently affect the Gaza
Strip. These problems have not received serious investigation. Practically,
exposures to radiation materials may be represent one of these environmental
problems. A previous study of Radon concentration in air (Indoor and
outdoor) of Gaza strip was conducted by M. Rassas (2003). The concluded
results shown the average Radon concentration was 37.83 Bg/m® with average
standard deviation of 11.23 Bg/m®. Therefore we have proposed to investigate
the Radon concentration in different area in soil of Gaza. Soil along the coast
of the Gaza Strip may contain elevated concentration of some of the
radioactive minerals, like uranium and thorium, which are derived from the
granite sources rocks present in the area. The main interest of the present work
IS to investigate this effect of radiation and how to measure its concentrations.

1.8 Scope

This research program aims to study a preliminary survey of Radon
concentration in soil at north Gaza strip. This study will enable us to identify
the environmental problem concerning radiation hazards.
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A passive diffusion Radon dosimeter containing CR-39 solid state
nuclear track detectors (SSNTDs) will be used in this survey. These
dosimeters were distributed in soil that selected in the north Gaza, East Biet
Hanoun (E BH), West Biet Hanoun (W BH), Al Shaaf (AL SH), East
JAbalia (E JA) and Biet Lahia(B L).

This distribution of the detectors is based on the nature of the soil type
and geographical location, see Appendix (I11). The detectors are left about 60
days during the months September, October and November of 2004.

In additional, the study aims to measure continuously the Radon
concentration in soil and to understand the nature of soil of Gaza strip.
Certainly, this study also enable us to identify the factors that affecting Radon
concentration in soil in different areas and to find out the methods of
remediation.
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CHAPTER
(2]

RADON CONCENTRATION AND
ITS DECAY PRODUCTS



2.1 Introduction:

The element of Radon (*Rn) was discovered in 1900 by Dorn, who
called it radium emanation. It is essentially inert and occupies the last place
in the zero groups of gases in the Periodic Table. Since 1923, it has been
called Radon. It is estimated that every square mile of soil to a depth of 6
inches contains about 1 g of radium, which releases Radon in tiny amounts
into the atmosphere [15]. On the average, one part of radon ispresent to 1 x
10 part of air. The main hazard is from inhalation of the element and its
solid daughters which are collected on dust in the air [15].

The Radon potential for a given region is likely to be the result of a
combination of properties of the underlying rocks and of the soil, such as
the distribution of uranium and radium, porosty, permeability, and
moisture content, as well as meteorological and seasonal variation. such as
atmospheric pressure, temperature, Co, concentration in the soil, and so on
[16].

2.2 Characteristics of Radon and itsdecay product's:
2.2.1 Radon:

Radon is a mobile, chemically inert radioactive element. Its atomic

number of 86 makes it a noble element and therefore both non-reactive
chemically and atomically mobile at normal temperatures [17]. Radon is
the heaviest noble gas and exhibits the highest boiling point, melting point,
critical temperature, and critical pressure of al noble gases. Radon is
highly soluble in nonpolar solvents and moderately soluble in cold water
[18].
Radon is a natural radioactive gas produced by the natural radioactive
decay of uranium and thorium. Both uranium and thorium are ubiquitousin
the ground and the important isotopes are 22U and 2**Th [19]. The decay
chains for both these nuclides are given in Appendix (1) and Appendix (11).

The levels of uranium and thorium present depend on local geology.
The three naturally isotopes produced from radium decay as steps in
lengthy sequences of decays that originate from uranium or thorium
isotopes - ““Rn (called Radon), from *®U, has a half-life of 3.823 daysand
is an alpha emitter; “’Ra (called thoron) emanating naturally from thorium
and has a half-life of 55.6 s and is aso an apha emitter. “>Ra (called
action) emanates from actinium and it has a half-life of 3.96sand is also an
alpha emitter [20]. However, our concern in the present work is to measure
Radon (**Rn) concentration in soil air.
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2.2.2 Decay Productsof Radon (**Rn):

Radon decay products is another name for the Radon progeny or
Radon daughters. Radon decay products rather than Radon gas deliver the
actual radiation dose to lung tissues[18].

The Radon decay products are radioactive isotopes of Polonium,

Bismuth, Lead, and thallium. Which are produced by decay of the Radon
Isotopes. These daughters of the radioactive gases are isotopes of heavy
metals and are easly fixed to existing aerosol particles in the atmosphere.
They decay by alpha particles and beta/ gamma emission.
Radon decay products are divided into two groups. the " short—lived"
Radon daughters *®Po (3.05 min), “*Pb (36.8 min), #*Bi (19.7 min), %“Po
(164 uSv) with half — lives below 30 min, and the " long-lived" Radon
decay products #®Po (22.3 years), %°Bi (5.01 days), %°Po (138.4 days), as
show in Table 2.1.

Table 2.1: Uranium and Thorium Series:
Uranium Series:

Nucleus Half-live Energy (Mev) Radiation type

1. U 451X10°Years | 4.2 (75%) o

2. = 2.47x10°Years | 4.77 (72%) o

3. “Ac 24Day's 0.100,0.192 B

0.09 y

4 “Th 8.0x10"Years | 4.68 (76%) o

5. “*Ra 1602Y ears 4.68 (95%) o

6. “2Rn 3.82Days 5.49 (100) o

7 “pg 3.05 min 6.00 (100%) o

8 4B 19.7min 3.26,1.5,1.00 B

9. ““po 016 msec 7.69 (100%) o

10, “‘pb 22Y ears 0.015,0.065 B

0.065 y

11] 9B 5Days 1.17 B

12]  “po 138 Days 5.30 (100%) o
13] P Stable

Half-live Energy (Mev) Radiation type

1. Th | 1.4x10"°Years 3.95 (76%) o

0.055 Y

2.| “Ra 6.7 Years 0.055 B

3. *®Ac 6.13 Years | 2.18,1.85,1.11,1.72 B

4. “®Th 1.91Y ears 5.68 (71%) o
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5| ““Ra 3.64Days 5.68 (94%) o
6.] “°Rn 55 s 6.29 (100%) o
7. ““Po .015s 6.79 (100%) o
8.| ““Pb 10.6 hours 0.57,0.33 B

0.3,0.238,0.178 y
9.| ““Bi 60sec 2.23 B
10| ““Po 304 ns 8.78 (100%) o
11| “*Ta 3.1 min 1.8 B
12| “*pb Stable

2.2.3 Behavior of decay products

The overall concentration of decay products is represented by the
potential alpha energy concentration (PAEC). It depends on the
concentration of the first three decay products (***Po, ““Pb and **Bi) and
on the amount of polonium a energy that obtained. The behavior of Radon
daughter is of high interest among scientists not only to satisfy a
relationship between indoor Radon concentration and decay product
concentration but also to provide a view of decay products exposures[19].

The decay products can attach to aerosol particles, indoor walls,
furniture and the human lung if the Radon is inhaled. After the decay of
Radon, the daughters can deposits on surface before or after attachment to
the particles. The health significance of the decay products is greatly
influenced by their half-life decay modes and their behavior after decay
[19].

The formation and growth of radon daughter aerosols is illustrated
by Figure 2.1: [21,22].

Q 222Fn atom (=5

1

‘I, 218Fo recoil atomy ion ]
~10-bs

) growsto ™ 10nm

"z o

attachmentto larger aerosol “0Limm - g,
can he neutral, vwe or ove

214Fh atom detaches form aerosol i

due to recail
Figure 2.1: Diagrammeatically the Formation and Growth of Radon
Daughter Aerosols:
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a) Theinitial Radon (**Rn) atom.

b) Isan electrically neutral gas atom which is unaffected by electric fields.
When Radon decays it emits an alpha-particle (apha radiation) but at
the same time the so-called daughter nucleus of atom, %**Po, recoils.

¢) In doing so it cannot take all of its atomic electrons with it and as a
result the daughter atom carries a net postive charge i.e. it is a
positively charged ion. Chemically this is a “*®Po ion, an isotope of
polonium. Within 10® seconds this ion attracts trace water molecules
and gasesin air growing to asize of ~10 nm.

d) Such small particles are termed 'ultrafine aerosols. Within one second
theinitial positive charge islost, so resulting in a neutral aerosol.

€) This aerosol may (or may not) then go on to attach itself to larger
aerosolsin room air of size range typically 0.1 to 0.2 nm. these are then
said to be 'attached radon daughter'. These larger aerosols may pick up
stray positive or negative charges, so their charge state (+ve, -ve, or
neutral) can very.

f) Each ?®Po atom is itself alpharadioactive and has a mean lifetime of
4.4 minutes. When this decay the above process (a) to (e) is repeated i.
e. the daughter nucleus from the decay of #®Po, an aerosol becoming a
positively charge ?*Pb atom or ion.

The concentration of Radon in air is measured in units of picocuries
per liter (pCi/L) or (Ba/m?), with (1pCi/L = 37Bg/m®). One Bq corresponds
to one disintegration per second. The concentration of Radon daughters is
measured in units of working level (WL). One WL correspond to 101.3
pCi/L of Radon equilibrium with its short-lived daughter in atypical indoor
environmental [23].

2.3 Radon Concentration in Soil at Different Countries

Many scientists have given screws attention to study Radon
concentration in air, however less attention has paid to measure the Radon
concentrations in soil. In the following section we will discuss the
measurements of Radon concentration in soil in different countries
providing the method and some of the results.

John F. DeWild and James T. Krohelski [24] have studied Radon
concentrations in 29 ground-water samples collected from the sand and
gravel and sedimentary and crystalline bedrock aquifers. They are found
that Radon range from 260 to 22,000 pCi/L with a median concentration of
560 pCi/L. The highest Radon concentrations were found in ground water
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from wells in Wisconsin. The results were obtained by using the
scintillation counter with Lucas cells method [24].

This method is also used to map the geogenic Radon potential in
Germany [25]. The results show that Radon concentration in soil is
subdivided into categories of low (< 10 kBg/m®) — medium (10 kBg/m?® -
100 kBg/m® — increased (100 kBg/m® - 500 kBg/m®) and high (>500
kBg/m®) Radon concentration in soil gas.

The influence of the vegetation on the Radon potentia is discussed

controversially by [26] in Germany.
This study shows a marked influence on Radon concentration in soil gas by
vegetation cover. Especially trees can lower the Radon concentration in soil
gas significantly. Scintillation counter with Lucas cells method is also used
and found the Radon activity concentration increases with increasing
distance from the tree. A background level of about 5Bg/L isreached in a
distance >10m. again, the Radon activity concentration decreases by
approaching the tree the background vale drops from 12Bg/L to 6Bg/L.

A compilation and evaluation of important parameters of soil Radon
potential are also studied by [27] in Germany.
Where a guideline for the evaluation of the soil Radon potentioal based on
geogenic and anthropogenic parameters. M easurements present new insight
into geogenic and anthropogenic parameters on the soil. Scintillation
counter with Lucas cells method is also used to detect the Radon
concentration in soil at depth 80cm of different types of made ground.
Result: Radon concentrations in soil was medium of made ground 9 Bg/L
and medium of undisturbed and turbed soil was 43 Bg/L

A Study of Radon Concentration in the Soil and Air of some
Villagesin Irbid Governorateisis described by Karim [28].
He found that the average Radon concentration in soil air of study area at
depth 50cm was about 1221.1 Bg/m®. Hubras soil was characterized by the
lowest average 1033.4 Bg/m®, while Al-Rafeed soil was characterized by
the highest average 1557.6 Bg/m®. The results obtained by passive closed
can technique implying solid state nuclear track detector (SSNTD) CR-39
dosimeter method.

Measurement of Radon Concentration in Soil is also described by
[30] where passive closed technique implying solid state nuclear track
detector (SSNTD) CR-39 was used. A study found that the average Radon
concentration in soil air at west area on Libya coastal sand samples was
about 6.997 Bg/m®. Sarman soil was characterized by the lowest average
4.70 Bg/m?, while Tajoraa soil was characterized by the highest average
9.20 Bg/m®.
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2.4 Radon in Soil, Water and Air

Radon is found in all soils and rocks to some degree, but the amount
can vary in different parts of the country and at different times of the year.
It is formed in the ground by the radioactive decay of small amounts of
radium which itself is a decay product of uranium. The gas rises to the
surface and in the open air is quickly diluted to low and harmless
concentrations in the atmosphere. However, once it percolates into an
enclosed space, such as a building, it can accumulate to dangerous levels,
depending on the concentration of Radon in the underlying soil and the
congtruction details of the building. Radon may aso be introduced indoors
by way of ground water supplied from a well, or from building material
containing traces of radium.

2.4.1 Radon in Sail:

Radon forms in rocks and soil that contain uranium or thorium.
Rocks have generally been thought to be the maor source, Radon
production and migration in soil and bedrock define radon availability,
while specific dte and construction characteristics control the Radon
transfer into houses[31].

Radon moves into houses because of a negative pressure differential,
and because of a large concentration gradient between the (house) building
and bedrock or soil. The Radon concentration in houses is likely to relate
fairly closaly to that in the soil although there is no well established method
of estimating Radon levels in individual dwellings based on soil Radon
data. There are direct correlations between uranium, radium, Radon in soil
gas, and indoor Radon concentrations. Reimer et al. (1991) aso suggested
that geology and soil gas Radon are useful indicators of indoor Radon
concentration [32].

We considered that soil Radon might provide a reasonable guide for
assessing the potential for large Radon concentrations in homes. ““Rn and,
?2Rn, are usually produced in approximately equal quantities, but the latter
Is often ignored because its contribution to the overall dose of radiation is
relatively small. For both the soil and buildings there are many other
factors, in addition to the spatial variation in the source elements, that
complicate the spatial variation of Radon emanation. For example, the
gpatial variation in soil permeability, porosity, Co, concentration in the soil
gas, moisture content, and atmospheric pressure affect its emanation. Soil
moisture content can increase Radon emanation but, if the soil pores
become saturated, emission is inhibited. Carbon dioxide acts as a carrier
gas for radon in soil which can enhance its concentration in the soil
atmosphere [27].
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The vaues insde buildings depend on structural characteristics,
ventilation rates, aerosol concentration, central heating, building materials,
and the habits of the inhabitants[16].

2.4.2 Radon in water

Radon can enter home through water systems. Water in rivers and
reservoirs usually contains very little Radon, because it escapes into the air;
so homes that rely on surface water usually do not have a Radon problem
from their water. In big cities, water processing in large municipal systems
aerates the water, which allows Radon to escape, and also delays the use of
water until most of the remaining Radon has decayed.

In many areas, ground water is used as the main water supply for
homes and communities. Small public water works and private domestic
wells often have closed systems and short transit times that do not remove
Radon from the water or permit it to decay. This Radon escapes from the
water to the indoor air as people take showers, wash clothes or dishes, or
otherwise use water. A very rough rule of thumb for estimating the
contribution of Radon in domestic water to indoor air Radon is that house
water with 10,000 pCi/L of Radon contributes about 1 pCi/L to the level of
Radon in the indoor air.

The areas most likely to have problems with Radon in ground water
are areas that have high levels of uranium in the underlying rocks. For
example, granites in various parts of the United States are sources of high
levels of Radon in ground water that is supplied to private water supplies.
In areas where the main water supply isfrom private wells and small public
water works, Radon in ground water can add Radon to the indoor air[33].

2.4.3 Radon in Air.

Radon moving through soil pore spaces and rock fractures near the

surface of the earth usually escapes into the atmosphere.
In constructing a house with a basement, a hole is dug, footings are set, and
coarse gravel is usually laid down as a base for the basement slab. Then,
once the basement walls have been built, the gap between the basement
walls and the ground outside is filled with material that often is more
permeable than the original ground. This filled gap is called a disturbed
zone.,

Radon moves into the disturbed zone and the gravel bed underneath
from the surrounding soil. The backfill material in the disturbed zone is
commonly rocks and soil from the foundation site, which also generate and
release Radon. The amount of Radon in the disturbed zone and gravel bed
depends on the amount of uranium present in the rock at the site, the type
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and permeability of soil surrounding the disturbed zone and underneath the
gravel bed, and the soil's moisture content [33].

Radon levelsin outdoor air, indoor air, soil air, and ground water can
be very different. Outdoor air ranges from less than 0.1 pCi/L to about 30
pCi/L, but it probably averages about 0.2 pCi/L. Radon in indoor air ranges
from less that 1 pCi/l to about 3,000 pCi/L, but it probably averages
between 1 and 2 pCi/L. The amount of Radon dissolved in ground water
ranges from about 100 to nearly 3 million pCi/L [33].
Radon in soil air (the air that occupies the pores in soil) ranges from 20 or
30 pCi/L to more than 100,000 pCi/L; most soils in the United States
contain between 200 and 2,000 pCi of Radon per liter of soil air,(The
National Average of Approximately 10kBg/m? (270pCi/L) [33].

Table 2.2: Radon Levelsin Outdoor Air, Indoor Air, Soil Air,
and Ground Water can be Very Different.

A/A Radon levels Ranges of Radon Average of Radon
concentration Concentration
1.| Outdoor air 0.1pCi/L ---30pCi/L 0.2pCi/L
2. Indoor air 1pCi/L --- 3,000pCi/L (1-2)pCi/L
3.| Ground water | 100pCi/L --- 3Milion pCi/L
4. Soil air 20pCi/L --- 100pCi/L (20-30)pCi/L
United State | 200pCi/L --- 2,000pCi/L

2.5 The Geogenic and Anthropogenic Parameters Affecting of The

Soil Radon Concentration.

Soil is defined as a complex mixture of crumbled rock, organic
matter, moisture and gases that varies in texture and composition. Sail is
formed by a combination of physical, chemical and biological processes.
These include rain and flooding, gravity, wind, radiation, temperature
changes and the collective labours of various soil organisms, which recycle
decayed plant and animal product into the molecular building blocks
necessary for creating new life.

2.5.1 Emanation of Radon

The release of Radon atoms from mineral grains to the pore or joint
space can result through grains is too small, a-recoil diffuson or through a
recoil effect, which the emerging Radon atom receives at the a-decay of its
precursor “°Ra. Because the Radon diffusion coefficient in mineral is the

dominating procesy19].
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Figure 2.2: Schematic Illustration of Radon (““Rn) Recoil Trajectoriesin
and Between Soil Grains.

The recoil distance lies in the range of 0.02-0.07um within mineral

grains, so a fraction of generated Radon atoms is catapulted into the pore
space (Figure 2.2). The fraction of Radon atoms which enters the pore
gpace is called emanation coefficient or emanation power [19].
Figure 2.2: Two spherical grains are in contact at point B. The stippled
portion of pore is water-filled. The recoil range, R of the Radon atoms is
indicated by the dashed line. “°Ra atoms, indicated by solid circles, decay,
producing an alpha particles and a Radon atom, which may end its recoil at
the point indicated by the open circle. At point A the radium atom is too
deeply embedded within the grain for the Radon atom to escape. At point B
and point D the recoiling Radon atom possesses sufficient energy after
escaping the host grain to penetrate an adjacent grain. At point C the Radon
atom terminatesits recoil in the pore water [19].

In a first approximation, the most important influence on the
emanation are 226Ra concentrations of rocks and soils. Of course, Radon
concentrations of soil-gas are likely to rise at high 226Ra concentrations of
the soil. Indeed, mostly slight differences of 226Ra concentrations in the
soil in comparison with greatly varying Radon concentrations show, that
subsequent parameters must influence the emanation strongly. One of those
parameters is the spatial distribution of 226Ra within the solid phase of the
soil. In genera, soils have higher emanation rates than the rocks from
which they have developed, and a fine-grained soil with its large overall
grain surface usually has a larger emanation rate than a coarse-grained one
[27].
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Another important parameter influencing the Radon emanation is the
amount of soil moisture. Many scientists research have been recommend
to investigations positive correlation between emanation coefficient and
soil moisture content [19]. The emanation rate can differ up to a factor of
30 between adry and awater saturated soil [19]. Thisis dueto the different
travel distances of a recoiled Radon atom in water and gas. Within soil
water Radon is catapulted over a distance of 0.1 mm and within the soil-gas
it travels 63 mm [19]. Because many soil pores have diameters smaller than
63 mm, a fraction of Radon is catapulted through a dry pore space and
embedded within the adjacent mineral grain (Figure 2.2). Consequently, an
increase of soil moisture will adsorb the recoil energy partly, and the
probability for an atom remaining within the pore space is enhanced [27].

If the %°Ra concentration, porosity and emanation for a type of soil
are known, the maximum Radon concentration that can occur in the pore
air can be calculated from eqg. (2.1).

Equation (2.1) is used to caculate the maximum Radon
concentration in the soil’s pores when they are completely filled with either
air or water[20].

Cmax = Aed(l' p)/ p (2.1)
where

C.ex is the maximum Radon activity concentration (Bq m™) in pore
volume with absolutely no ventilation (0 ach);

A is specific activity (Bq kg®),

€ is emanation (Fraction of all Radon atoms formed that emanate the
pore space);

d iscompact density (kg m™), (normal for mineral soils: 2700kg m™),

P is porosity, ratio of pore volume to total volume; ach stands for air
changes per hour.

Thevolume of C,_, increases asthe valuesof P fallg20].

2.5.2 Migration of Radon

The term Radon migration describes the movement of Radon atoms
within the litho-, pedo-, hydro- or atmosphere. Usually, this term is used
for the transport within the soil. There are two transport mechanisms to
move Radon from its place of origin: diffusion and convection.

Transport of Radon through the soil takes place by diffusion and/or with air
ambient gases like Co, and CH,4 or water moving in the soil horizons.
Moving air can be driven by wind, change in air pressure and percolating
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rain or melted snow. Differences of temperature in the soil could be a
further cause [20].

A measure for the Radon diffusion is given by the Radon diffusion
coefficient (D). This indicates the amount of the atoms, which diffuse

through a surface at a given timeinterval. Beside D  an effective diffusion

coefficient (D,) is used too, which describes the diffusion through a
surface (or soil volume) regarding the pore space only.[27]

Therefore, D, is increased in comparison to D by the porosity P:
D.=D/p [34].

The Radon diffusion coefficient for soilsliesin the range of 10> and
10*° m%s, which are the diffusion coefficient for Radon in the atmosphere
and water. Most soils have a coefficient in the order of 10° — 107 m?%s[5].
The diffusion distance gives the range of diffusive movement under
consderation of the radioactive decay. For wet soils the diffusion distance
Is only some centimeters, whereby in dry soils it can reach about 1.5m [34].

The diffusion of soil through the ground is related to permeability,
which is dependent on grain-size distribution, degree of compaction and the
water content of soil. Rodgers and Nielson (1991) have described the
parameters governing Radon transport in detail [27]. Table 2.3 lists
diffusion coefficients for Radon in some soil types[20].

Table 2.3 : Diffusion Coefficient, D for Radon.

Medium D (m?/s)
10

Air
Boulders— coarse gravel | 10°—5.10°
Dry sand 10”
Moist sand 2.5.10”
Clayey till 8.10°
Water 10”

Table 2.3: Radon diffuses through coarse gravel about as easily as in the
air, whole there is very little diffusion through a water-saturated clay [27].

2.5.3 Exhalation of Radon

The term Radon exhalation or flux marks the passage of Radon from
the soil to the atmosphere. A measure of exhalation is given by the
exhalation rate, which is the amount of atoms leaving the soil per surface
unity and time interval. Even stronger than the migration, exogenous
parameters control the exhalation [27].
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It is suitable to distinguish between meteorological conditions
influencing soil-physical parameters and conditions, which change the
Radon concentration directly. Among the first ones, the frequency and
amount of precipitation are important, which influence soil moisture
content and gas permeability. The second group includes parameters like
atmospheric pressure, temperature, wind force and precipitation again.
Rainfall or snow cover can lead to a temporal sealing of the soil surface,
whereby Radon is accumulated beneath the sealing, and the exhalation rate
IS minimized.

If the overall influence of the soil moisture on emanation, migration
and exhalation are considered, the exhaation rate is largest under a
moderately damp soil. Under these conditions, only small pores are filled
with water, resulting in a high emanation rate. The larger pores are still dry,
so relatively large migration distances are possible.

A change of atmospheric pressure can influence the exhalation rate,
which is usualy correlated negatively with the atmospheric pressure
gradient. With increasing pressure, atmospheric air with low Radon
concentrationsis pushed into the soil, whereby the exhalation is decreased.
It was noticed during own investigations, that in dependence of the soil
permeability, the reaction of the exhalation on changing pressure can be
delayed; thus a fine-grained soil showed a phase shift of several hours,
starting with a pressure difference of +27 mbar between 0.8 m depth and
soil surface [27].

The impact of the temperature gradient adjusting between soil and

atmosphere is beyond dispute [19].
Wind force is a pretty unknown exogenous parameter on the exhalation.
While Kovach (1945) found an increase in exhalation rate with an increase
in wind force and Crozier (1969) observed the opposite behavior [31]. It
seems to be important, if the wind creates an excess or a low pressure
above the soil surface, which is controlled by large and small scaled
topographical stuations[27].

While the processes of emanation are largely known and described in
the literature at least qualitatively consistently, the processes of migration
and especially of exhalation are still discussed controversial. This is
explained mainly by different intensities of exogenous influences on the
three processes. While the emanation is mainly controlled by soil-physical
parameters (like “°Ra concentration, grain size), migration and exhalation
are influenced much stronger through exogenous processes (precipitation,
temperature, air pressure, wind), which change quickly and distinctive.
This leads to fluctuationsin the intensity of the influences on migration and
especially on exhalation [27].
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2.6 Depth Dependence of Radon Concentration in the Soil Air

Radon concentration has depth dependence in soil. The concentration
increases with depth, and may reach a maximum at a depth of 2 m in soil.
The exhalation upwards of the Radon gas in soil is not only a process of
diffusion but also of forced exhaation. One possibility is a carrier gas, like
bubbles moving upwards through water-filled cracks. Another isa pumping
effect by compression and decompresson in the ground, possibly in
connection with earthquakes [20].

The soil is considered to be porosity homogeneous, then the Radon
concentration C(z) has a relation with the depth (z) of the soil and therefore
the diffusive flux density of Radon can be described by the following
equation (2.2) [28].

dC

J=- De(—OIZ ) =0 (2.2)
D
D.=—
=5 (2.3)

Since

J : Diffusive flux density of Radon activity per unit of pore space of the
soil. (the activity flux density Bg/(m?.s))

D: Diffusion coefficient (m%s).

D, : Effective diffusion coefficient (m%s).

C : The activity concentration of Radon in soil air (Ba/m®).

Z : Soil depth (m).

p: porosity.
The Radon diffusion equation is given by [28]
PeydC | cip =0 (2.4)
P’ dz '

there Sl unitsisused and,|  denotes decay constants (1/9),
b : Congant correlates diffusion rate of Radon in the medium (sources) to
the pore space in the soil, with units (Bg/(m?>.s)).
For smplicity lets take (b=0) (which means without Radon sources
in the medium) the equation (2.4) becomes:
(B 9C
P~ dz®
The solution of the above equation is:
e =2 U
C(2) =C, exp& ? pc:/ zu
e gD H

-1C=0 (2.5)

(2.6)

Q1=

e
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Since: C(2): Radon Concentration in depth(Z) under Ground surface at
any time.[28]

Table 2.4: Approximate Values of Porosity of Some Types of Soil. The Porosity
is the Proportion of a VVolume Filled with Air.[5]

Soil types Sand Gravel Morain Packed Morain Blasted rock
Porosity | 0.40 0.40 0.30 0.25 0.40

Generally, the depth dependence of the Radon concentration is
different in various types of soil. The porosity is an important parameter
because it differs from one type of soil to another. Table 2.4 gives
approximate values of the porosity of some types of soil. The porosity of
clay is missing because of its dependence of the water content of the clay.
A second important parameter is the diffusion coefficient. It is given in
Table 2.3 for some media. A third important parameter affecting the soil
Radon levelsisthe moisture content of the soil [20].

2.7 GazaStrip

It is well known that the Radon exists in soil as previously discussed
in different sections. Therefore the measurements of Radon concentration
in soil plays an important role in an environmental point view. Thus we
will concern to study the geology and geography of Gaza strip, so that to
know the types of soil.

2.7.1 Geography:

Gaza Strip is a narrow area, surrounded by the 1948 occupied

territories in the east and the north, Egypt in the south and the
Mediterranean Seain the west. The geographical coordinatesis31 25 N, 34
20 E. in respect to land boundaries has a border 11km of Egypt, of 51km
with the 1948 occupied territories, and of 40km with coastline [19].
The main topographic areas in the Gaza strip are the coastal planes and
large sand dunes, which are about 20 to 40 m in height above sea level.
Gaza Strip is very crowded place with area, 360 km? as shown the Map in
Figure 2.3 [35].

The climate in Gaza Strip is characterized as Mediterranean, with
hot, dry summers and short, wet, cool winters, and it has extremely varying
average temperatures and rainfall with altitude and distance varying in
accord to the climatic regions. The average temperatures in Gaza Strip in
the summer are 29 degrees Celsius, in winter it is 12 degrees Celsius [36].
The land use with Gaza Strip is 24% arable land, 39% permanent crops, 0%
meadows and pastures, 11% forest and woodland and 26% other 1993 [36].
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Figure 2.3: Gaza Strip

1.1.1 Demography:

The population size of Gaza Strip isestimated at 1,132,063, Which is
about 36.3% of the total population in Palestine in 2001; the population is
mainly distributed in the cities, small villages, and eight refugee camps that
contain two thirds of the population, with population growth rate: 3.97%
(2000 est.), in addition, there are some 6,500 Israeli settlers (July 2000

est.).[36]

Age structure: 0-14 years. 50% (male 289,954, female 275,628), 15-64
years. 47% (male 271,365; femae 263,197) and 65 years and over: 3%

(male 13,792; female 18,127) (2000 est.). [36]

Birth rate: 43.14 births/1,000 population (2000 est.) [36].
Death rate: 4.31 deaths/1,000 population (2000 est.) [36].
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3.1 Typesof Detectors

All detecting methods are based on the interaction of the radiation
with matter. Since ionization is an important process for radioactivity, most
detectors exploit the signals generated due to ions and electrons. There are
different types of detectors for radiation.

3.1.1 lonization Chamber

lonization Chamber consists of a detector chamber, a voltage
supplier (battery), an ampere meter, and a load resister.
lonizing radiation enters the detector chamber and ionizes the mixture of
gas in it. The electrons drift towards the positive electrode and ions move
towards the negative electrode. The number of ion pairsis proportional to
the number of ionizing particles entering the detector chamber. Thus, the
current is proportional to the intensity of ionizing radiation [37,38].

3.1.2 Proportional Counters

In proportional counters, the high voltage applied to the electrodes
created a strong electric field, which accelerate electrons. The electrons,
after having acquired the energy, ionize other molecules. Production of
secondary ion pairs initiates an avalanche of ionization by every primary
electron generated by radiation. Such a process is called gas
multiplication.

The gas multiplication makes the detection much more sengtive.
Y et, the current is sill proportional to the number of primary ion pairs.
When voltages applied to proportional counters get till higher, sparks
jump (arcs) between the two electrodes along the tracks of ionizing
particles. These detectors are called spark chambers, which give internal
amplification factors up to 1,000,000 times while still giving an initia
signal proportional to the number of primary ion pairs[37,38].

3.1.3 Geiger-Muller Counters

Geiger-Muller counters are the most widely used radioactivity
detectors. They are often caled Geiger counters, which are essentially a
spark counter operating at still higher voltage. The voltages depend on the
mixture of gases in the detector chamber. At a high voltage, a single
primary ion pair causes a spark to jump between the electrodes.
Every spark gives a pulse registered either across the two electrodes of the
chamber or across the resister. Electronic means count the number of
pulses. The counter can also be made to give an audible signal for each
pulse. The intensity of the pulse is related to the number of primary ion
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pairs, but we are often more interested in the number of ionizing particles
entering the chamber [37,38].

3.1.4 Scintillation Countersand Fluorescence Screens

Scintillation counters: cintillation counters are commonly used for
X-rays and gamma rays. The output pulses from a scintillation counter are
proportional to the energy of the radiation. Electronic devices have been
built not only to detect the pulses, but also to measure the pulse heights.
The measurements enable us to plot the intensity (number of pulses) versus
energy (pulse height), yielding a spectrum of the source [37].

Fluorescence Screens. Fluorescence material absorbs invisible light
and the energy excites the electron. De-exciting of these electrons resultsin
the emission of visible light. By mixing different materials together, we
have engineered many different fluorescence materials to emit lights of any
desirable colors[37,38].

3.1.5 Solid State Nuclear Track Detectors (SSNTDs)

Solid state detectors are used for accurate measurements of radiation
energy. Although solid state detectors are based on ionization, they are very
different from ionization chambers, proportional counters, and Geiger
counters. Solid State Nuclear Track Detectors (SSNTD) have been used for
a long time for Radon measurements. SSNTD are sensitive to the alpha
particles in the energy range of the particles emitted by radon. However
SSNTDs are largely insensitive to beta and gamma rays. In the other
words, beta and gamma rays do not produce etchable individual tracks.
SSNTDs also have the advantage to be mostly unaffected by humidity, low
temperatures, moderate heating and light. They of course do not require an
energy source to be operated since their detecting property is an intrinsic
quality of the material they are made of [20].

Three types of commercially available SSNTDs are:

1) Polyallyl diglycol carbonate (Ci;H180;) known as CR-39,with
appearance is clear, colorless, rigid plastic, density: 1.30g.cm™ and
chemical structure:

G,CHz -CH,~0—-C0O—-0—CH,—CH = CH,
“CH,~CH,—-0—C0—0—CH,—CH = CH,

2) Cellulose nitrate (CgHgOgN») known as CR-85.
3) Plastic track detector known as CR-115.

CR-39 is a better detector as compared to other detectors used for Radon
concentration measurement [39].
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Thisis due to the fact of the advantages of the detector of CR-39 of
measuring the Radon concentration which is cheap and can be easily
obtained. Therefore, this type of detectors have been used throughout our
work so that a reasonable result can be obtained.

CR-39 is a clear, stable plastic which is sensitive to the tracks of
energetic protons, alphaparticles and heavier nuclei. After exposure, the
tracks may be revealed by etching the material in solutions such as caustic
akalis.

3.1.5.1 Track Formation

When a charged nuclear particle enters the plastic it creates a trail of
radiation damage along its path, known as a latent track, shown
schematically in Figure: 3.1.

Plastic surface &

Trail of damage
glong track axis

Figure 3.1: Creating an Alpha Particle Track.

This may be revealed by etching the plastic in a suitable reagent such
as NaOH. Immersion in NaOH results in bulk etching of the material at a

characteristic rate known as the bulk etching rate (V) .

3.1.5.2 Geometrical Construction of Etch Cones[20,38,39,40]:

It is easy to understand the existence of mechanica track by using
the chemical etching when studying the vertical falling of the particles on
the detector surface. For simplicity, consider that the bulk etching velocity

(V) and track etching velocity (V) are congant. At etching time (1),

the track reaches a distance L from the ori gina surface of the detector.
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Originsl surface

Erched surface

Figure 3.2: Etching an Alpha Particle Track

Figure 3.2 illustrate the etching of an alpha particle track that incident on
the surface of CR-39. so L given by:

L = VT I (3.1)
when the surface was etched by a velocity Vg then the length of the track

IS.

L, =V, - V)t (32)
for each point of track, the etching solution has a velocity equal to the bulk

etching velocity (Vg) . At an ingtant of 1(Y) = Y/V; | the etching solution
reaches to the point Y then the latent etching displacing away from Y by

a digtance equal to Vg (t- t(Y)). As the depth of track increases, the
difference between from t and t(y) will decrease consequently and

yieldsto create a conical shape of angle U given from the triangle TAD as
illustrated in Figure 3.3, then

Vol _Vat _ Vg

sin = =
B =L VetV (33)

where ¢ : critical angle of etching
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Figure 3.3: Geometrical Construction of an Etch Cone

The etch-pit diameters can be calculate from Figure 3.3, asfollows:
From Figure 3.3: Draw a line AA representing the initial, pre-etch plastic
asurface. Draw a line BB parallel to AA and a distance h representing the

bulk surface removed during etching. For an etching time U and bulk

etching velocity rate Vg, then h :VB 1. Draw alineOT representing the
tragjectory of the traversing nuclear particle. Therefore,

g =972- Ve
e = |_ 2 _ 2 (3.4)
V; -V,
d=2V,t. / v VI, 5)
= _T
where: N VB . track etching rate, this is an important parameter that

useful in determining the registration properties of charged particles in
dielectric media. This ratio also gives us parameters such as 'etching

efficiency’ and 'critical angle’ (0.) .
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For high-Z (i.e. heavily-charged) particles, such as fission fragments,
V; can be many times VB (the general velocity of etching in the medium)
(VT f VB ), vV ff 1 , consequently:
The diameter d (fission fragments) after an etching time t being, and the
length L =V; L. Thisisespecially casein crystalline media, and;

d=2Vgt (3.6)

Form this equation (3.6) we can measure the bulk etching velocity alpha

particles (VB) from measuring the etch-pit diameters for fission fragments
and etching time known.
VT

For alpha particles, however, V= v
B

Is not very high — e.g. In the CR-39

plastic, the value of V may only be 2 to 3. To measure VB inaplagticis,
of course, very easy.[20,39]

Let X istheratio of the etch-pit diameters for normally-incident as to those
for normally-incident fisson fragments at any given etching time (t), we

notes.
V-1 _1+x

1+ X
Vi =V T 58

From this equation we can measure the track etching velocity apha

particles (Vi) from etch-pit diameters known.

We can calculate the etching rate for a detector when exposed to two
sources alpha particles and fisson fragment through the measure of etch-pit
diameter for fission fragments using equation (3.6) and the track etching
velocity of the alpha particles by measuring the etch-pit diameters for
apha particles usng equation (3.8) [20,38,39,40].
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3.1.5.3 Characteristicsof Alpha Particle Tracksin Polymers

The growth of etch pits along the apha-particle tracks in CR-39
detectors is shown in Figure 3.4. The etched track grows initially with a
cone-like structure. The track walls are curved because the track etching
rate increases with decreasing particle range. When the etching reaches the
end of the particle range the track is said to be "etched out". All further
enlargement of the track now proceeds as a result of bulk etching - the
track is said to be "over-etched". Continued over-etching enlarges the track

but gradually the cone-like structure is destroyed [39].
Original plastic surface

' Path of alpha-partkclo

Typical view of track
for viewing
undar the MICroscope

Typical view of track processad
v— for viewing by slide projector

Figure 3.4: Growth of An etched Alpha Particle Track.

The fact that the plastic detects alpha-decays from a finite height
above the plastic surface, that is, a finite depth in the sample, enables the
track count in units of tracks per square centimeter per unit time to be
converted to activity per unit mass of material [39].
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Figure 3.5: Tracks Formation on CR-39 Detectors After Chemical Etching
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3.1.54 TracksChemical Etching

Chemical etching (CE) is usualy carried out in a thermostatically-
controlled bath at temperatures ranging from 40°C to 70°C (exceptionally,
up to ~90°%), and the commonest etchant is an aqueous solution of NaOH (or
KOH) at amolarity of from 2to 6 M (e.g. for 6 M NaOH, 6 x 40 (the gram
molecular weight of NaOH) = 2409 of NaOH is mad into aliter of aqueous
solution, using distilled water). Typica etching time, and/or the etching
temperature, increase, so dose the size of the resulting etch pit.

The detectors are immersed in the etching solution, which are placed
In a constant-temperature water bath. At the end of etching, the detectors
are removed, washed in running water, and preferably placed in a small
ultrasonic bath of distilled water for a few minutes to remove the etching
residue from the etch pits. After drying, the detectors are ready to be
counted under an optical microscope. The etched track diameters are
typicaly afew nmm in size, although they may grow to 50 nm or more after
prolonged etching [20].

3.1.55 TracksCounting Methodsand Statistics

The main requirement generally is simply to count etched trackson a
detector. Etch pit "track" sizes and shapes will of course vary: vertically
incident alpha particles will form circular etch pits. While the majority of
etch pits will be éliptical resulting from apha particles incident on the
detector surface of shallower dip angles. Then consistently ignore any
smaller etch pits and any scratches are easly discounted. The genuine track
etch pit may be identified by dowly moving the fine focus of microscope
up and down and looking for a bright point of internally reflected light at
bottom tip of the etch-pit cone as shown in Figure 3.6 [20].
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Figure 3.6: Systematic scanning by an optical microscope fitted with a
movable stage. The stage isfirst moved from right to left along the x- axis
for counting tracks in the consecutive filed of view (fov's) designated as
1,2,3,.... After having counted all the tracks in the first fov, the stage is
moved in such a way that some fiducial mark on. Say, the extreme right-
hand boundary now falls on the extreme left-hand boundary, and so on. At
the end of the firgt line, the stage is moved upwards along the y-axis, again
using some fiducial mark to ensure exact converge of all consecutive fov's,
the stage is now moved from left to right to count fields4,5,6, ...; etc. To
ensure that no tracks are missed or counted twice, a convention is adopted,
e.g. to count atrack if it touches or falls on the left vertical and the bottom
horizontal boundary of fov, but to ignore those on the other two
boundaries.

In any case, it is necessary to count background tracks on sufficiently

large areas of detectors to give good statistics. Background track densities
of (20-40) tracks'cm? are common.
For example: if genuine track densities are say, 1000 track/cm?, then the
background tracks would contribute (assuming that one has counted a total
of 1000 tracks as well as 40 background tracks) a negligible error.
[(1000+,/1000) - (40++/40) = 960++1040, i.e. a total error of
3.36% us an error of 3.16% in the total tracks and ~ 16% in the background
tracks

Poisson datistics are assumed to apply to track counting in common
with other nuclear events. In these dtatistics, the error is given by the square
root of the events actually counted. For example, if one counts just 400
tracks, the standard deviation error is 5% (i.e. 400+ +/400), in whatever way
one expresses the result. If, for instance, the number of counted tracks
(N =400) was in a field of view which was A=103cm? in area, the track

dengty r (tracks cm?) isgiven by

N ++/N _ 400++/400
A 1073
ie 4.10° + 2.10* trackscm®.

=(4.10°)£5% (trackscm®) (3.9)

It is absolutely wrong to expressthe value as
8?4(?2 =4.10° 2+ \4.10° (tracks cm‘z) 3.10)
e a

A few hundred tracks, counted cumulatively over a number of fov's, are
usually considered to give reasonable statistic [20].
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3.2 Measurement Technique:

We prepared about 160 plastic detectors CR-39 with dimension
2x1.5 cm and dosimeter. The dosimeter is composed of a plastic cup with a
circular hole of diameter 7cm in center in the center of lid and depth 4.5 cm
as shown in the Figure 3.7. The holeis covered by a piece of sponge sealed
into the interior surface of the lid. The detector CR-39 is fixed to the
bottom of the dosimeter.

Tom

- 3

o ___———— Filter sponge

/1o —— Plastic cover

4.5 / _-Plastic Detector CR-39
e -— Cellotape

Figure 3.7: Passive Diffusion Radon Dos meter

The detectors collected from the locations, chemically etching and
determined the track density of Radon concentration in Bg/m?, as will be
discussed later.

3.2.1 Calibration Etching Parameters

The etchants most often used for organic polymers are agueous
solution of potassium hydroxide (KOH) or sodium hydroxide (NaOH). The
reactivity of alkaline etchants can be increased by adding acohol to the
agueous solutions. In practice, the parameters most important for control of
the etching speed of the detector are the concentration of the etchants,
etching time and temperature [20].

3.2.1.1 Suitable Molarity (Concentration of the Etchants) of NaOH

To find out the suitable morality of sodium hydroxide NaOH
(concentration of the etchant), fifteen (15) dosmeters were exposed to
“®Ra (Radon source) of activity 800 Bg/m® for ten days. Then the
collective detectors were chemically etched using different values of
molarity of NaOH at constant temperature 70°C and constant etching time
(6 hours). The number of tracks per units area of 1cm? were counting using
an optical microscope with power of (40x10).
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Figure 3.8 shows that the variation of the track density (number of
track/cm?) against amolarity of NaOH.

SUITABLE MOLARITY
20,0000
=
E 40,000.0 4
i/
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E 30,0000 -
= Condition of Etching
.E: 20,0000 4 Constant Bching Tempersture (T) = FOCO.
2 Constant Bching Time (t) = & hours.
= i
10,0000 Radium Sources = 300Bg/m3.
Time (BExpozure’) = 10 days.
I:ll:l T T T T T T
2 3 4 g G v g g

Concentration of the Etchants HaOH (Molarity)

Figure 3.8: Relationship Between Track Density and Molarity

The maximum number of the track density was found at 6M of
NaOH, where a clear track observed. As the molarity of NaOH increased
greater than 8M, the detectors were found not valid for track counting and
dissolved.

3.2.1.2 Suitable Etching Temperature

To find out the suitable etching temperature, we are also repeated
the calibration for another detectors. Then the collective detectors were
chemically etched using different vales of etching temperature at constant
etching time (6h) and constant molarity (6M). The number of tracks per
units area of 1cm? were also counting using an optical microscope with
power of (4x10).

Figure 4.9 shows that the variation of the track density (number of
track/cm?) against a Temperature.

SUITABLE ETCHING TEMPERATURE (T)

50,0000 -
Londition of Etching
Constant halarity (uli= 6. bl
"E 40,0000 1 Constant Bching Time 3= 6 hours.
I Radium Sources = S00Bq/fm:.
E 30,000.0 - Time (Expozure) = 10 days.
%
E 20,000.0
=
Z {poo00o -
0.0 T *

20 30 40 5;3 E;II T;:I S;ZI 9;3 1|:Iu:|
Temperature Etching (T)
Figure 3.9: Relationship Between Track Density and Etching Temperature (T)
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The maximum number of the track density was found at 70 C° of,
where a clear track observed. As the temperature (T) of NaOH solution
increased greater than 70C°- 72C°, we notes the tracks of detectors was
large diameter and small track density.

3.2.2 Distribution Technique

For Radon measurements, passve method, is used. This method
requires digging a hole in the soil of about 11cm in diameter and 50cm in
depth. Then 70cm long PV C tube is fixed into the hole, leaving 20cm
above the soil surface, (with the covered top end of tube sticking out the
ground by about 20cm). At the bottom of each tube a Radon dosimeter is
placed, as show in the Figure 3.10. The dosimeter is a plastic container,
containing a CR-39 detector, as previoudy described.

PVC tube

20cm

Ground Surface
Ground Soil

Radon Dosimeter
CR-39

Figure 3.10: Distribution Technique

3221 Method for Measuring Radon by SSNTDs:

Solid State Nuclear Tract Detectors (CR-39) is used to measure
radon-222 concentration in soil air at the selected area. One hundred sixty
(160) CR-39 dosimeters were distributed in five deferent locations on Gaza
(East Biet Hanoun, West Biet Hanoun, Al Shaaf, East JAbalia and Biet
L ahia).

The exposure time for the dosmeters was 60 days during the months
September, October and November of 2004 to allow radon gas to come to
an equilibrium level. nly 128 dosmeter were found in place and collected,
while the remaining 32 dosimeter (only 20 from Biet L ahia location) were
consdered lost. The collected detectors were chemically etched using a
6.00 M solution of NaOH, at a temperature of (70 + 0.2) °C, for 6 hours,
(standard etching condition).

The CR-39 detectors were mounted vertically in a stainless steel spring and
then immersed in the etching solution inside a water bath. At the end




etching process, the detectors were washed thoroughly with distilled water
and then left to dry. Each detector was counted visually using an optical
microscope with a power of (40 x 10). We are measured the average
number of tracksin 1cm™.

3.2.3 Determination of Radon Concentration:

Radon concentration in surrounding air is measured in terms of
Bg/m?, since the most regulatory reference levels are specified in this unit.
Determination of radon concentration and the standard deviation (S.D.) in
soil air at north Gaza are carried out by the following equations [34].

C.(Bg.d/m?3) r
C(Bq / m®) = 0 (B9 ){_}det. (3.11)
r, t
én (Xk' X_)Z
s (S.D) =1/ (3.12)
n
where,

C, : Thetotal exposure of “°Ra (Radon source) in term Bqg.d/m?,
r ,: Track density (number of track /cm?) of detectors exposed to
226
Ra.
I : Track density (number of track /cm?) of distributed detectors.

t : Exposuretime (days) of distributed detectors.
s ,(SD.): Standard Deviation

Simply, a number of dosimeters were exposed to a known dose of “°Ra,
(Radon source) for a period of time. Then those dosimeters were collected
and treated chemically etching. The average numbers of tracks/cm? were
observed. These detectors were considered as a calibration standard
[27,41]

Similar method is also obtained for track detectors techniques to
determine the calibration constant (factor). Thisis derived by dividing the
track density by the total exposure of radon source. Then to equation
(3.11) for radon exposure becomes as follows [27,41].

1. r
C(Bq/m?) :?{T}det. (3.13)
since,
1 _ Cy(Bgd/m’) b K = r ,(track /cm?)
K r,(track /cm?) C,(Bg.d/m®)
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where K iscalled the calibration factor in terms of (track.cm™® Bg.d.m™),
or acalibration coefficient was determined experimentally.

3.2.4 Calibration Technique:

To determined the calibration factor ( K ), we have prepared ten 10
dosimeters and exposed for 46 days of “*Ra (radon source) of activity
concentration 800 Bg/m°. The calibration process for dosimeters used in
this survey was carried out at the nuclear laboratory at physics department
— Islamic University of Gaza.

It is found that, the reversed calibration constant (i) was found to be
1 022 7(80':[/”?)

- - - 0
K (track/ cm)’ and standard deviation error was 12.54 %.

The overall uncentainty calibration was estimated to be +10%[42].

Substituting reversed calibration constant in equation (3.13) then, becomes
r
C(Bg/m®) =0.22 (e (3.14)

This equation was used to determine the Radon concentration at the present
work.
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4.1 Introduction:

A passive diffuson Radon dosimeter containing CR-39 solid state
nuclear track detectors (SSNTDs) were used in this survey. These
dosmeters was randomly distributed in soil in different locations at North
Gaza Strip (East Biet Hanoun, West Biet Hanoun, Al SHaaf, East Jabalia

and Biet Lahia).
Radon concentration at depth in soil described at many factors like
(Porosity, Flow velocity, Diffusion coefficient, Moisture, ......... etc.).

The relations of Radon concentration with various types and grades

of rock deformation have been studied in the present work with respect to
different parameters of the soil cover. The Radon intensity in soil was
measured in selected geologically well of depth 50cm.
With several exceptions most of the recent studies of Radon migration in
different environmentsincline to the opinion that the exhalation mechanism
of Radon cannot be explained only by its diffusion but also by additional
processes such as slow vertical upward flow, which allows Radon to move
from larger distances.

4.2 Resultsof Measurements:
There are considerable differences between the individual Radon
concentration values for each location.

4.2.1 Digribution of Measured soil Radon levelsin North Gaza.

Table (4.1): Number of Collected Dosimeter (N=128) from Locations and
Radon Concentration in Soil Air. C is the Average Concentration
and S.D. is The Standard Deviation. (1 pCi/L =37 Bg/m°)

L ocation No.of Min.Con. Max. Con. C SD. SD.
Detector (Bg/m®  (Bg/m® (Bg/m® (Bg/m®) (%)

1|EBH 40 29.35 584.15 212.70 142.05 66.78
. | 18 29.35 279.46 131.28 66.9 50.96

. 1 22 105.09 584.15 279.32 152.2 | 54.49

2 | WBH 42 23.48 339.34 219.19 74.93 34.18
. | 27 83.95 318.79 207.94 61.28 | 29.47

1 10 242.27 339.34 283.86 40.20 | 14.16

1l 5 23.48 317.62 150.65 105.17 | 69.81

3| AL SH 28 54.01 326 150.84 88.08 53.09
E JA 18 119.76 386.11 246.22 825 3351
Average (128 det.) |23.48 584.15 207.24 (3490 |16.84

Table 4.1: Shows the number of detectors collected from the main
groups of locations, the minimum and maximum Radon concentration in
soil air of each location measured in Bg/m?, but also the average Radon




concentration (C) and standard deviation (S.D.) for each location in this
study.

The Radon concentration and standard deviation for each detector
was caculated by equation (3.14) and equation (3.9) respectively.
However, the Radon concentration for each location was caculated by
summing individual concentration for that locations, and the products also
divided by the total number of detectors.

The standard deviation was also calculated by equation (3.12).
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Figure4.1: Distribution of Measured soil Radon Levelsin Four Types
of Soil in North Gaza. The Depth of Measurement 1ts 50 cm.

Figure 4.1: Shows the percentage frequency of distribution measured
soil Radon levelsin four types of soil in north Gaza.
The results of measurements are evaluated as follows;

(@ E BH 40 measurements, average Radon concentration:
(212.7+142.1) Bg/m?, or (5.8 + 3.8) pCilL.

()W BH 42 measurements, average Radon concentration:
(219.2+74.9) Bg/m?®, or (5.9 + 2.0) pCilL.

()AL SH 28 measurements, average Radon concentration:
(150.8+80.1) Bg/m?®, or (4.1 + 2.2) pCi/L.
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(dE JA 18 measurements, average Radon concentration:
(246.2+82.5) Bg/m?®, or (6.7 + 2.2) pCilL.
It is found that Radon concentration ranges from 150 Bg/m® up to 250
Bag/m?, where the maximum isin E JA.

4.2.2 Measured Soil Radon Levelsin Four Locations.

Figure 4.2: Shows the percentage frequency of distribution of the
average Radon concentration (C), min, max, S.D. and S.D. Error in soil
at four locations of the surveyed area. The concentration in the East Biet
Hanoun (E BH), West Biet Hanoun (W BH), AL Shaaf (AL SH) and East
JAbalia (E JA) locations are relatively low. The change of the Radon
concentration at the four measuring locations are due to the differences
type of soil and moisture contain.

700
@ Min. conc. (Bg m-3) B Max. conc. (Bq m-3)

® 500 O C (Bgm-3) O S.D. (Bqm-3)
E B S.D. Error %
o
2 500
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S 300 A
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o
© 200 -
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o
§ 100 -

O -

EBH W BH AL SH EJA

Figure 4.2: Measured Soil Radon Levels in Four Locations. The Depth of
Measurement its 50 cm.

From the above figures we can see that in East Biet Hanoun (E BH)
has both the smallest value of the minimum values 29.32 Bq/m3 and the
largest value of the maximum value 584.15 Bg/m°, this is an evidence that
the S.D. error isthe largest in this study, which implies that the distribution
of the Radon gas concentration isrelatively different from other locations.
Thisis attributed to the different sand percentages and soil moisture contain
from point to point in that locations, where the sand percentage and soil
moisture contain differences, plays an important role of Radon emanation
throughout soils grains.

The chance of emanation from a rock or soil are greater the more
porous the material is, which allows a greater diffusion of the Radon gas
[20]. Table 4.2: gives the soil types of the four locations and the results
obtained of Radon concentration for each area.
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Table 4.2: Distribution of Soil Typesin Four Locations

a North Gaza
Area Soil  Type % No. of C
Sand Clay Detectors (Bg/m®)
1. E BH 80 15 40 212.7
2. W BH 70 18 42 219.19
3. AL SH 72 22 28 115.08
4. EJA 60 30 18 246.22

The soil samples were taken at depth 50cm in the study area. The
selected samples were analyzed at Rural and Environmental Center at
Islamic University-Gaza to obtained the percentage of component of sand
and clay.

4.2.3 Percentage Frequency of Soil Radon Levelsin East Biet Hanoun
and West Biet Hanoun.

Per cent frequency of Radon leves
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25 B E BH
B W BH

20 A
15 4
10 4
0 l

0-50 51-100 101-150 151-200 201-250 251-300 301-350 351-400 401-450 451-500 501-550 551-600

Frequency of Radon concentration (%)

Average Radon concentration (Bgq/m3)

Figure 4.3: Percentage Frequency of Soil Radon Levelsin East Biet Hanoun
and West Biet Hanoun. The Depth of Measurement I1ts 50 cm.

Figure 4.3: Shows the average Radon concentrations in soil air at E
BH and W BH are relatively equal, with average Radon concentration in
soil air at E BH is(212.7 Bg/m3 (5.75 pCi/L), and the Radon concentration
in soil air at W BH is219.19 Bg/m® (5.92 pCi/L).

From the above figure we can see that there is a percentage of 52%
from detectors which range (>200-300) Bg/m® in W BH location, where as
in the location of E BH the percentage is about 42% at range between
(>50-150) Bg/m>. This reveals that some detectors at E BH are registered
high values of Radon concentrations ranges from (350 up to 600) Bg/m®.
however, the W BH less values of Radon concentration up to the 300
Bg/m*value.
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4.2.4 Percentage Frequency of Soil Radon Levelsin AL SHaaf and
East JAbalia.

There are considerable differences between the individual Radon
concentration values for each of the main in the AL SH soil and those in
the E JA soil.

It isfound that in AL SH soil, the results gives about 150.84 qu'3 (4.08
pCi/L), whereas for the E JA soil gives 246.22 Bgm™ (6.66 pCi/L).
Thislarge differences depends upon the content of soil of that locations.

Per cent frequency of Radon leves
45
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Frequency of Radon
concentration (%0)

10 +

0-50 51-100 101-150 151-200 201-250 251-300 301-350 351-400 401-450

Average Radon concentration (Bg/m3)

Figure 4.4: Percentage Frequency of Soil Radon Levelsin AL SHaaf
and East JAbalia. The Depth of Measurement Its 50 cm.

Figure 4.4. Shows the digribution of Radon levels in soil with
differences between the individual Radon concentration values for AL SH.
The minimum value was 54.01 Bgm™ (1.46 pCi/L) and the maximum about
326 Bgm™ (8.81 pCi/L) for AL SH. However for E JA the minimum was
119.76 Bgm-3 (3.33 pCi/L) ) and the maximum about 386.11 Bgm-3
(10.44 pCi/L). this illustrates that there is a percentage of 64.3% from
detectors which range (>50-150) Bg/m® in AL SH location, where asin the
location of E JA the percentage is about 55.6% at range between (>100-
250) Bg/m°.

The reason for this deviation could be the different percentage of
sand and clay existed in both locations in other words percentage.

4.25 General Results:

The differences between the individual Radon concentration values
for each location are taken into consideration. The overall minimum and
maximum values are 23.48 Bgm-3 (0.64 pCi/L) and 584.15 Bgm-3 (15.79
pCi/L). This indicates that the difference is very large between the two
values (Table 4.1).
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Figure 4.5: shows the percentage frequency of 128 soil Radon
measurements in north Gaza at depth of measurement is 50 cm. the results
indicates that 1.6% of the detectors have soil Radon concentration less than
50Bg/m®, 16.4% in range (>50-100) Bg/m® 18.0% in range (>100-150)
Bg/m®, 1 4.8% in range (>150-200) Bg/m? 18.8% in range (>200-250)
Bg/m®, 12.5% in range (>250-300) Bg/m®, 9.4% in range (>300-350)
Bag/m? and 8.7% above (>350) Bg/m°.

Further, it can be concluded that the highest frequency vaue (68%)
in north Gaza ranges (50-250) Bg/m? ((1.35-6.76) pCi/L).
Results Obtained in soil air at north Gaza was found that the average value
of Radon concentration about 207.24 Bg/m® (5.6 pCi/L). However, the
values of Radon concentration range from (23.48 — 584.15) Bg/m? ((0.64 —
15.79) pCi/L), with value standard deviation error 16.84%, (Table 4.1).
This value is smaller than the National average of approximately 10
kBgm™ that range (740-1110) Bg/m?, (27 pCi/L at rang (20-30) pCi/L)
[16].
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Figure 4.5: Percentage Frequency of 128 Soil Radon Measurementsin North
Gaza. The Depth of Measurement is50 cm.

This is probably due to the little content of rocks which contain the
main source of Radon (*?U series) in surveyed areas. The nature of those
areas which are considered to be rural and farms territories increases the
rate of exhalation, as known in farms the soil is prepared for planting by
ploughing the soil to depth about 30 cm.
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5.1 Discussion

As discussed previoudly, that the soil Radon concentration are
affected by three factor process. These are emanation, migration and
exhalation. The Radon emanation describes the Radon release from the
solid phase of the soil (mineral grains, soil particles) to the pore or joint
gpace. The movement of the released Radon atoms through gas or water-
filled voids is called Radon migration, which can be a result of diffusive
and/or convective processes. Finally, the Radon exhalation describes the
passage of Radon from the soil into the atmosphere.

The main parameters controlling the soil Radon concentration on
rural areas is: the variety of soil (rocks, sand,...eta), relief and vegetation.
These parameters can be modified further by geology of soil at regions.

5.1.1 Variety of soil:

The most important parameter of the soil Radon concentration is the
type of bedrock beneath the soil. It is found that, the variety of rocks that
contain radionuclide concentrations plays an important factors in Radon
concentration. In most cases, rocks with high ?°Ra concentrations develop
soils with high Radon concentrations. Not only the “*U or “*Ra
concentration of a soil controlled by the type of bedrock, but also the gas
permeability of a soil, that which determines the migration distance are
depends on the bedrock.

In the present study, we have found that most of the soil in all
regions are nearly similar in content. However, a remarkable increase in
Radon concentration is found in East JAbalia rather in EL SHaaf. This
difference in concentration is due to the type of soil content, where East
JAbalia has more relatively clay in EL SHaaf.

5.1.2 Relief

Investigations in hilly areas have shown that the distribution of
Radon concentrations in soil gas depends on the relief and the season
[27,34]. Under natural conditions, the geological situation determines the
soil development and the soil Radon potential in first approximation.
Within one geological unit (same petrography) the potential is modified
further by relief, which can be expressed as soil type variety because the
soils developed with a strong dependence on the topographical stuation
under similar climatic conditions.

In the present work, we have also noticed the Radon concentration in
East Beat Hanoun, a slight increase in the two regions(l and Il as show in
table 4.1). these regions have different levels in height, where region Il has
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lower level, that a humidity can be high and affected the Radon
concentration.

The Radon concentrations shown in Fig. 5.1 are median values of the
measurements conducted throughout the whole period. Parallel to the
median soil moisture contents, the Radon concentrations increased down
the dope [27].

sail rmcis ure
3 |
1ER conleny 1
L .

Figure5.1: Radon Concentrations and Soil Moisture Content (Median Values,
Depth of 80 cm) Along the Test Slope [27].

5.1.3 Vegetation cover

The impact of the vegetation on meteorological and physical soil
conditions, such as a change in the microclimate or a change in gas
permeability and moisture content of soils has its influence on Radon
concentration.

In the present work the nature of those four locations are considered
to be rural and farms territories increases the exhalation rate, as known in
farms the soil is prepared for planting by ploughing. Probably, the
destroyed (ploughing) soil structure reduces not only the Radon migration
(small exhalation rate), but also reducesits subsequent delivery from depth
aswell (low concentration within soil gas).

Results Obtained that the mean value of Radon concentration in soil
air at north Gaza is smaller than the National average of approximately 10
kBg/m?, isillustrated in Fig. 4.5.

This is probably due to the little content of rocks which contain the main
source of Radon (*®U series) in surveyed areas.

The negative correlation between Radon concentration and gas
permeability of soils, depending on land use or vegetation cover,

In the present study, several geologically and structurally well
investigated localities with different types of soil and were selected; the
aim of the study is to measure Radon concentration in soil at north Gaza
and to obtain basic information on types of soil in this area.
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5.2 Concluson

It is evident from our measurements that the Radon concentration in

soil air varies considerably. Soil types plays major part in varying Radon
concentration.

The main factors influencing the Radon intensity through the soil,

observed in the present study, can be summarized as follows:

1.

2.

The Radon concentration in soil air a north Gaza are typicaly in
values to those normally found in other countries.

The higher Radon concentration in soil air at East JAbalia do not
create any specia environmental and or health problem, because it
was smaller than the National average of approximately 10 kBgm=,
hopefully.

At present, the action levels for Radon concentration in soil air at
north Gaza is under consideration, comparing to others.

The main parameters affecting the soil Radon levels are types of the
soil (Sand and clay), Radium concentration (U%*®), moisture contain of
soil, and vegetation cover, and relief.

The results of the present study in soil at north Gaza, will be used as a
data base and source for the development of more specific studiesin
the regions in environmental point of view.

The present work suggests that more investigation are requested to

survey the Radon concentration in other regions in Gaza, and to map the
Radon gas in soil a Gaza Strip. This would give a good motivation to
remedia the areas of radiation contamination and to protect people of
Radon risks.
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GLOSSARY

Absorbed Dose, the amount of energy imparted to matter by ionizing radiation
per unit mass of irradiated material. The unit of absorbed dose is the rad, which
Is 100 ergs/gram.

Activity, the quantity A expressing the decay rate of a radionuclide, defined as
A=dA/dt =1 N, where A is the decay constant (s*) and N is the number of
nuclel undergoing spontaneous disintegration. The Sl units of activity is
becquerel (Bg). 1Bgq = 1 disintegration per second. The activity is usually
expressed in Bq m*,

Aerosol, colloidal particles dispersed in the air, that can serve as nuclel to which
the solid Radon daughter products can attach themselves.

Alpha Particle, a strongly ionizing particle emitted from the nucleus during
radioactive decay having a mass and charge equal in magnitude to a helium
nucleus, consisting of 2 protons and 2 neutrons with a double positive charge.

Background Radiation, ionizing radiation arising from radioactive material
other than the one directly under consideration. Background radiation due to
cosmic rays and natural radioactivity is always present. There may also be
background radiation due to the presence of radioactive substances in other parts
of the building, in the building material itself, etc.

Becquerel, the international (SI) the unit for radioactivity in which the number
of disintegrations is equal to one disintegration per second. A charged particle
emitted from the nucleus of an atom during radioactive decay.

Beta Particle, charged particle emitted from the nucleus of an atom during
radioactive decay. A negatively charged beta particle is identical to an electron.
A positively charged beta particle is called a positron.

Chemical etching of tracks, developing a latent by an etching solution that

selectively removes the material of the latent track, thus enlarging it to a point
usually observable under an optical microscope.
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Concentration of Radon, i.e. its activity concentration; often referred to as
radon level; its Sl unit is Bq m™ (the volume refers to that surrounding air). Also
expressed in Bq (or Ci) per liter of aliquid. 1pCi It = 37 Bq m™.

Cosmic Radiation, penetrating ionizing radiation , both particulate and
electromagnetic, originating in space. Secondary cosmic rays, formed by
interactions in the earth's atmosphere, account for about 45 to 50 millirem
annually.

Coulomb, the meter-kilogram-second unit of electric charge, equal to the
guantity of charge transferred in one second by a constant current of one ampere.

CR-39, trade name of atrack detector made of polyally diglycol carbonate.

Curie (Ci), the quantity of any radioactive material in which the number of
disintegrations is 3.7 x 10™ per second. Abbreviated Ci.

Daughter Products, isotopes that are formed by the radioactive decay of some
other isotope. In the case of radium (*°Ra), for example, there are ten successive
daughter products, ending in the stable isotope lead (***Pb).

Decay, Radioactive, disintegration of the nucleus of an unstable nuclide by the
spontaneous emission of charged particles and/or photons.

Dose or Radiation Dose, a generic term that means absorbed dose, dose
equivalent, effective dose equivalent, committed dose equivalent, committed
effective dose equivalent, or total effective dose equivalent, as defined in other
paragraphs of this section.

Dose Equivalent (H+), the product of the absorbed dose in tissue, quality factor,
and all other necessary modifying factors at the location of interest. The units of
dose equivalent are the rem and the sievert (Sv). The ICRP defines this as the
equivalent dose, which is sometimes used in other countries.

Dose Rate, the radiation dose delivered per unit of time. Measured, for example,
in rem per hour.
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Dosimetry, the theory and application of the principles and techniques involved
in the measurement and recording of radiation doses. Its practical aspect is
concerned with the use of various types of radiation instruments with which
measurements are made.

Effective Dose Equivalent, the sum of the products of the dose equivalent to the
organ or tissue and the weighting factors applicable to each of the body organs or
tissues that are irradiated.

Emanation, the movement of radon atom from a mineral grain to the pore void,
usually as arecoil in the alpha-decay of the parent radium atom.

Etch pit, the pit, of a charged-particle track as result of etching the detector with
an appropriate chemical reagent.

Exhalation, emission of Radon from a surface, for example the ground surface
or awall surface, by diffusive or convective movement through pore space.

Exposure, (1) Being exposed to ionizing radiation or radioactive material. (2) a
measure of the ionization produced in air by x or gamma radiation. It is the sum
of the electrical charges on all ions of one sign produced in air when all electrons
liberated by photons in a volume element of air are completely stopped in air,
divided by the mass of air in the volume element. The special unit of exposure is
the Roentgen.

Gamma Ray, very penetrating electromagnetic radiation of nuclear origin.
Except for origin, identical to x-ray.

Gray, The international (SI) unit of absorbed dose in which the energy deposited
Is equal to one Joule per kilogram (1 Jkg).

Half-Life, Radioactive, time required for a radioactive substance to lose 50
percent of its activity by decay. Each radionuclide has a unique half-life.

lonization, the process by which a neutral atom or molecule acquires either a
positive or a negative charge.
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lonizing Radiation, any radiation capable of displacing electrons from atoms or
molecules, thereby producing ions. Examples, alpha, beta, gamma, x-rays,
neutrons and ultraviolet light. High doses of ionizing radiation may produce
severe skin or tissue damage.

| sotopes, nuclides having the same number of protons in their nuclei, and hence
having the same atomic number, but

differing in the number of neutrons, and therefore in the mass number. Almost
identical chemical properties exist between isotopes of a particular element.

Joule, the meter-kilogram-second unit of work or energy, equal to the work done
by a force of one Newton when its point of application moves through a distance
of one meter in the direction of the force.

Mole (M), molecular weight of a compound in grams, based on the atomic mass
number A of its constituents. A mole contains the Avogadro’s number N, of
molecules. Na = 6.0220 x 10% molecules.

Natural exposure, an exposure delivered by natural sources.

Natural Radiation, ionizing radiation, not from manmade sources, arising from
radioactive material other than the one directly under consideration. Natural
radiation due to cosmic rays, soil, natural radiation in the human body and other
sources of natural radioactivity are always present. The levels of the natural
radiation vary with location, weather patterns and time to some degree.

Natural sources, Naturally occurring sources of radiation, including cosmic
radiation and terrestrial sources of radiation.

Neutron, an uncharged elementary particle with a mass slightly greater than that
of the proton, and found in the nucleus
of every atom heavier than hydrogen.

Nucleus, the small, central, positively charged region of an atom that carries

essentially all the mass. Except for the nucleus of ordinary (light) hydrogen,
which has a single proton, all atomic nuclei contain both protons and
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neutrons. The number of protons determines the total positive charge, or atomic
number; this is the same for all the atomic nuclei of a given chemical element.
The total number of neutrons and protons is called the mass number.

Nuclide, a species of atom characterized by its mass number, atomic number,
and energy state of its nucleus, provided that the atom is capable of existing for a
measurable time.

Rad, the special unit of absorbed dose. One rad is equal to an absorbed dose of
100 ergs/gram or 62.4 X 106 MeV per gram.

Radioisotope, a nuclide with an unstable ratio of neutrons to protons placing
the nucleus in a state of stress. In an attempt to reorganize to a more stable state,
it may undergo various types of rearrangement that involve the release of
radiation.

Radionuclide, a radioactive isotope of an element.

Rem, the special unit of dose equivalent. The dose equivalent in rems is
numerically equal to the absorbed dose in rads multiplied by the quality factor,
distribution factor, and any other necessary modifying factors.

Risk, A multiattribute quantity expressing hazard, danger or chance of harmful
or injurious consequences associated with actual or potential exposures. It relates
to quantities such as the probability that specific deleterious consequences may
arise and the magnitude and character of such consequences.

Roentgen (R), the quantity of x or gamma radiation such that the associated
corpuscular emission per 0.001293 gram of dry air produces, in air, ions carrying
one electrostatic unit of quantity of electricity of either sign. Amount of energy is
equal to 2.58 x 10-4 coulombs/kg air. The Roentgen is a special unit of exposure.

Sievert, The international unit (Sl) of dose equivalent (DE, human exposure
unit), which is equal to 100 rem. It is obtained by multiplying the number of
grays by the quality factor, distribution factor, and any other necessary
modifying factors.
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Solid state nuclear track detectors (SSNTDs), insulating materials (e.g.
polymers) in which heavy charged particles produce damage trails, etchable into
track visible under an optical microscope.

Track detectors, see Solid state nuclear track detectors.

Terrestrial Radiation, the portion of the natural radiation (background) that is
emitted by naturally occurring radioactive materials in the earth.

X-rays, penetrating electromagnetic radiations having wave lengths shorter than
those of visible light. They are usually produced by bombarding a metallic target
with fast electrons in a high vacuum. In nuclear reactions it is customary to refer
to photons originating in the nucleus as gamma rays, and those originating in the
extranuclear part of the atom as x-rays. These rays are sometimes called
Roentgen rays after their discoverer, W.C. Roentgen.

Working level (WL), A unit for potential alpha energy concentration (i.e. the
sum of the total energy per unit volume of air carried by alpha particles emitted
during the complete decay of each atom and its daughter in a unit volume of air)
resulting from the presence of Radon daughter or thoron daughter equal to
emission of 1.3 E+05 MeV of alpha energy per litre of air. In SI units the WL
corresponds to 2.1 E-05 J per cubic metre.

Working level month (WLM), A unit of exposure to radon progeny or thoron

progeny.
1WLM =170 WL.h
One working level month is equivalent to 3.54 mJ.h per cubic metre.
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The ?8Uranium Decay Chain. ---> Uranium Decay Chain.
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The #?Thorium Decay Chain. ---> Thorium Decay Chain
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APPENDIX (I11)

Detectors Distribution in Soil at North Gaza.

M easur ement of Radon Concentration in Soil at North
Gaza, Palestine

Area Name: EBH...... ,WBH ......,BL ...... ,EJA ......,ELSH ..........
Number of Locationsin the Area; ..........

Location Name of the Area . .. ... oo e e e e e e e e

Soil Type:
Clay: ...oiiieieees Gravel:.......oceeeee.
CoarseClay............. Sand: ...,
FineClay: .......ccccce... St
Crushed rock: ..........

Number of detectors; .......ccoeveenn....

Exposure period:
Date of Digribution: 10/9/2004
Date of Collective: 10/11/2004

A/A Detector Number Soil Radon Standard
Seria No. of track | concentration (Bg.m") Deviation
1.
2.
3.

(@01 0] 1101 ] 55

66
East Beit Hanoun: (EBH), West Beit Hanoun: (WBH), Beit Lahia: (BL), East JAballia (E JA), El SHgaia: (EL SH)
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