An-Najah National University
Faculty of Graduate Studies

Indoor Exposure Assessment and Health
Hazard of Radon in the Elementary Schools
of Tulkarem Province, Palestine

By
Khaled Bassam Yousef Mallah

Supervisor
Dr. Hamzeh Al Zabadi

This Thesis is Submitted in Partial Fulfillment of the Requirements for
the Degree of Master of Public Health, Faculty of Graduate Studies,
An-Najah National University, Nablus, Palestine.

2013



Indoor Exposure Assessment and Health
Hazard of Radon in the Elementary Schools
of Tulkarem Province, Palestine

By
Khaled Bassam Yousef Mallah

This Thesis was defended successfully on 26/ 5/ 2013, and approved by:

Defen mmittee Members Signature
1. Dr. Hamzeh Al Zabadi  (Supervisor) %%ﬂ
2. Dr. Khaleel Dabayneh (External Examiner) m

3. Prof. Ghassan Safarini (Internal Examiner) < _>¢:{



iii
Dedication
To

My sweet family members:

My parents (Bassam & Aysha), brothers (Yousef,
Mohammad, Omar, Hassan and Hossam), brothers’
wives (Doaa, Hanan and Alaa) and my daughters

(Eila & Zeinah).
And especially to my soul mate........ my wife

(Aminah)



\Y;
Acknowledgments

I would like to express my sincere gratitude to my supervisor Dr.
Hamzeh Al Zabadi for his guidance, assistance, support and
encouragements all the way through this work. He gave advice and

suggestions of major importance that make this work possible.

I would like to thank An-Najah National University in Nablus,
Palestine and the Faculty of Graduate Studies mainly the Public Health
department for giving me this opportunity to do this study and for my
instructors who taught me Public Health. I am very grateful to the
Physics Department, personally to Prof. Ghassan Safarini and Dr. Nidal
Dwaikat for providing the CR-39 used for this research work and for
their technical support and help. Many thanks are expressed also to
Faculty of medicine and health sciences for providing the RAD7
apparatus used for this work. Major parts of this research would not have
been possible without the assistance of the laboratories of biology and

chemistry.

Special thanks to Dr. Faten Ismail, a senior medical officer at
UNRWA for her cooperation and patience. | am also grateful to Dr.
Hasan Ramadan for his permission to conduct the study in the UNRWA

schools.

My thanks are extended to the Palestinian Ministry of Education
for their cooperation, and to all headmasters, staffs and students of the

schools that participated in this study.

This work is also acknowledged to my family for their love and

moral support.



\Y

o=

Ol sie Jand Al ALl ande olid) 28 gl Ul

Indoor Exposure Assessment and Health Hazard of Radon in
the Elementary Schools of Tulkarem Province, Palestine

o) @é&d\ ¢ ogd) ‘“,A S9N A el el N g gl il anis
Ot <8 gh Azilaa 3 dplidy)
b b eliul alall a7 s Lol Allull sda agle cdad) L gl A
Ga A Jad U8 e i o Lo e 0 gl ol cJSS ALY s3a s cas L 4 5 LY

(oA Ay ol daalet Ange A oA Gy o cale iy ff ddle
Declaration

The work provided in this thesis, unless otherwise referenced, is the
researcher's own work, and has not been submitted elsewhere for any other

degree or qualification.

Student's name: rllal) acd

3

Signature: 2 gl

Date: o



ARPD:
Bg/m®:
ClI:
EPA:
IARC:
ICRP:
IRB:
LEAR:
MeV:
MoE:
mSvl/y:
NaOH:
pCi/L.:
SD:

SE:
SSNTDs:
UNRWA:

Vi
List of Abbreviations

Average Relative Percent Difference
Becquerel per cubic meter

Confidence Interval

Environment Protection Agency
International Agency for Research on Cancer
International Commission on Radiological Protection
Institutional Review Board

Lifetime Excess Absolute Risk

Million electron Volts

Ministry of Education

MilliSievert per year

Sodium Hydroxide

PicoCuries per Liter

Standard Deviation

Standard Error

Solid-State Nuclear Track Detectors

United Nation Relief and Work Agency

UNSCEAR:United Nations Scientific Committee on the Effects of Atomic

U.S EPA:
WHO:
WL:
WLM:

Radiation

United States Environmental Protection Agency
World Health Organization

Working Level

working Level per Month



vii

Table of Contents

No. Content Page
Dedication ii
Acknowledgments 1\
Declaration v
List of Abbreviations Vi
Table of Contents Vil
List of Figures X
List of Tables Xii
List of Annexes XV
Abstract XVi
Chapter One: Introduction 1

1.1 Background 2
1.2 Study justification and problem statement 4
1.3 Goal of the study 5
1.4 Aims of the study 5
1.5 Study objectives 6
1.5.1 | General objective 6
1.5.2 | Specific objectives 6
1.6 Thesis overview 7
1.7 Summary 8
Chapter Two: Conceptual Framework 9
2.1 Definition of radon 10
2.2 Physical and chemical properties of radon 11
2.3 Radon and its daughters 12
2.4 Indoor radon sources 14
2.5 Radon and health risk 15
2.6 Radon concentration units 17
2.7 Radon measurement devices 18
2.7.1 | Solid State Nuclear Track Detectors (SSNTDs) 19
2.7.2 | Continuous Radon Monitor (CRM) 20
2.8 Summary 22
Chapter Three: Literature Review 23
3.1 International average indoor radon concentration 24
Comparison between various countries in the
3.2 : . 25
regulations and action levels of radon
3.3 Worldwide radon studies in the schools 25
3.4 Middle East radon studies in the schools 26
3.5 General radon studies in Palestine 28
3.6 Radon studies in the Palestinian schools 30
3.7 Summary 30




viii

No. Content Page
Chapter Four: Methodology 32
4.1 Introduction 33
4.2 Study area and characteristics 34
4.3 Study targets 35
4.4 Sample size and settings 36
4.5 Ethical and administrative considerations 37
4.6 Data collection 38
4.6.1 | Short-term measurements by active system 38
4.6.2 | Long-term measurements by passive radon dosimeter 41
4.6.2.1 | Dosimeters preparation 41
4.6.2.2 | Dosimeters distribution 43
4.6.2.3 | Dosimeters collection 44
4.6.2.4 | Detectors etching 46
4.6.2.5 | Detectors scanning 47
4.7 Measurement of radon concentration in unit of Bg/m® 50
4.8 Estimation of the effective dose 51
4.9 Estimation of the lung cancer risk 52
4.10 Quality assurance 53
4.10.1 | Duplicate measurements 53
4.10.2 | Blank measurements 95
4.11 Data analysis 56
4,12 Summary 56
Chapter Five: Results 58
5.1 Introduction 59
59 Indoor radon concentration in the 20 elementary 59
' schools of Tulkarem province by using CR-39
Average radon concentration in the elementary schools
521 |. : 85
in Tulkarem province
529 Average radon concentration and geographic location 86
T dependence
503 Average radon concentration and school authority 94
- dependence
Average radon concentration and school building age
524 97
dependence
5.2.5 | Average radon concentration and floor level dependence | 99
5.2.6 | Result of duplicate and blank CR-39 measurements 102
53 Average radon concentration in the elementary schools 103
' in Tulkarem province by using RAD7 detector
54 Comparison between CR-39 and RAD7 measurements 109

of radon concentration




iX

No. Content Page

Chapter 6: Discussion 113

6.1 Main study results 114
Average indoor radon concentration, effective dose and

6.1.1 e s ) 114
lifetime risk
Effects of geographic location, school authority,

6.1.2 o 116
building age and floor level

6.1.3 | Quality assurance 118
The correlation between the active method and the

6.1.4 . 118
passive method

6.2 Conclusions 120

6.3 Recommendations 122
References 124
Annexes 133
uadlal) -




X

List of Figures

No. Figure Page
Figure (2.1) | Radon-222, Radon-220 decay charts 13
The Durridge RAD7 electronic continuous
Figure (2.2) |radon monitor with a HP printer mounted for | 21
immediate printing of results
Figure (4.1) | Tulkarem province location map 35
Figure (4.2) | Measurement apparatus RAD7 40
Figure (4.3) | Schematic diagram of the radon dosimeter 42
Figure (4.4) | Etching process experimental set up 46
Figure (4.5) | Tracks counting system 48
. Images of alpha tracks in two field views of CR-
Figure (4.6) 39 detector 49
Figure (5.1) Radqn concentration distribution in Tulkarem 86
province area

Figure (5.2) The surveyed sch_ools in the five regions shown 88
in Tulkarem province map

Figure (5.3) (Fiziatcj/on concentration distribution in Tulkarem 89

Figure (5.4) Radon concentration distribution in Tulkarem 89
Camps

. Radon concentration distribution in Al
Figure (5.5) Shaarawih Villages %0
Figure (5.6) Rz_adon concentration distribution in Al Kafriaat 90

Villages.

. Radon concentration distribution in Wad Al
Figure (5.7) Shaeer Villages. N
Figure (5.8) The average mqloor radon distribution due to 91

geographic location
Figure (5.9) Radon concentration distribution in government 95
schools

. Radon concentration distribution in UNRWA
Figure (5.10) schools 95

. Radon concentration distribution in private
Figure (5.11) schools 96

: The average indoor radon distribution due to
Figure (5.12) school authority %
Figure (5.13) Ra_do_n concentration distribution in  new 98

buildings
Figure (5.14) Radon concentration distribution in old 98

buildings




Xi

No. Figure Page
Figure (5.15) Th_e average indoor radon distribution due to 99
building age
Figure (5.16) | Radon concentration distribution in ground floor | 100
Figure (5.17) | Radon concentration distribution in first floor 100
Figure (5.18) | Radon concentration distribution in second floor | 101
Figure (5.19) The average indoor radon distribution due to 101
floor level
Figure (5.20) RAD? data displayed in the CAPTURE Graph 106
Window
RAD7 data with air temperature (T C) and
Figure (5.21) |relative humidity (RH %) displayed in the| 107
CAPTURE Graph Window
. RAD7 data of run # 1 displayed in the
Figure (522) | - APTURE Graph Window 108
Figure (5.23) | Comparison of RAD7 and CR-39 results 111
Figure (5.24) Correlation between CR-39 and RAD7 112

measurements of indoor radon concentration




xii

List of Tables

No. Table Page
Table (2.1) Radon gas measurement devices and their 19
characteristics
Table (4.1) Num_ber of eler_nentary schoqls_ in Tull_<arem 36
province by location and supervising authority
Number of students in the elementary schools in
Table (4.2) | Tulkarem province by location and supervising | 36
authority
Table (4.3) The _st_udy se_lected schools stratified by 37
authorities, locations
Table (4.4) Dosimeters distribution and coIIec_tlon in the 45
elementary schools of Tulkarem province
Table (4.5) | The collected duplicate detectors 54
Indoor radon concentrations, doses and lifetime
Table (5.1) risks of radon induced lung cancer of school No.1 61
Indoor radon concentrations, doses and lifetime
Table (5.2) risks of radon induced lung cancer of school No.2 62
Indoor radon concentrations, doses and lifetime
Table (5.3) risks of radon induced lung cancer of school No.3 63
Indoor radon concentrations, doses and lifetime
Table (5.4) risks of radon induced lung cancer of school No.4 64
Indoor radon concentrations, doses and lifetime
Table (5.5) risks of radon induced lung cancer of school No.5 66
Indoor radon concentrations, doses and lifetime
Table (5.6) risks of radon induced lung cancer of school No.6 67
Indoor radon concentrations, doses and lifetime
Table (5.7) risks of radon induced lung cancer of school No.7 68
Indoor radon concentrations, doses and lifetime
Table (5.8) risks of radon induced lung cancer of school No.8 69
Indoor radon concentrations, doses and lifetime
Table (5.9) risks of radon induced lung cancer of school No.9 0
Indoor radon concentrations, doses and lifetime
Table (5.10) | risks of radon induced lung cancer of school | 71
No.10
Indoor radon concentrations, doses and lifetime
Table (5.11) | risks of radon induced lung cancer of school | 73
No.11
Indoor radon concentrations, doses and lifetime
Table (5.12) | risks of radon induced lung cancer of school | 74

No.12




Xiii

No.

Table

Page

Table (5.13)

Indoor radon concentrations, doses and lifetime
risks of radon induced lung cancer of school
No.13

75

Table (5.14)

Indoor radon concentrations, doses and lifetime
risks of radon induced lung cancer of school
No.14

76

Table (5.15)

Indoor radon concentrations, doses and lifetime
risks of radon induced lung cancer of school
No.15

78

Table (5.16)

Indoor radon concentrations, doses and lifetime
risks of radon induced lung cancer of school
No.16

79

Table (5.17)

Indoor radon concentrations, doses and lifetime
risks of radon induced lung cancer of school
No.17

80

Table (5.18)

Indoor radon concentrations, doses and lifetime
risks of radon induced lung cancer of school
No0.18

82

Table (5.19)

Indoor radon concentrations, doses and lifetime
risks of radon induced lung cancer of school
No.19

83

Table (5.20)

Indoor radon concentrations, doses and lifetime
risks of radon induced lung cancer of school
No0.20

84

Table (5.21)

Summary  analysis of average radon
concentration, average effective dose and average
life time risk over different classification

85

Table (5.22)

The minimum, mean, standard deviation, standard
error of the mean and the maximum values of
radon concentrations in Tulkarem Province

85

Table (5.23)

The minimum, mean, standard deviation,
standard error of the mean and the maximum
values of radon concentrations in the five regions

88

Table (5.24)

The minimum, mean, standard deviation,
standard error of the mean and the maximum
values of radon concentrations in different
schools authorities

94

Table (5.25)

The minimum, mean, standard deviation,
standard error of the mean and the maximum
values of radon concentrations in new and old
school buildings

97




Xiv

No. Table Page
The minimum, mean, standard deviation,
standard error of the mean and the maximum

Table (5.26) values of radon concentrations in different floor %
levels

Table (5.27) | Result of duplicate measurements 103

Table (5.28) | RAD7 Data summary 104

Table (5.29) | RAD7 Run Summaries 105
Correlation between the radon concentration of

Table (5.30) | RAD7 monitor and the corresponding | 110
concentration of CR-39 detectors

Table (6.1) Comparison of the present study results in the 115

schools with previous studies




XV
List of Annexes

No. Annex Page
Annex (A) | Tracks density of CR-39 detectors 113
Annex (B) | RAD7 Run # 1 printer output 146
Annex (C) | The IRB Approval letter 154
Annex (D) | An-Najah National University letter to the MoE 155
Annex (E) | Minster of Education Approval letter 156
Annex (F) | Information form of each school 157
Annex (G) | A map of the selected 20 elementary schools in 159

Tulkarem province




XVi
Indoor Exposure Assessment and Health Hazard of Radon in the
Elementary Schools of Tulkarem Province, Palestine

By
Khaled Bassam Yousef Mallah
Supervisor
Dr. Hamzeh Al Zabadi

Abstract

Many public health agencies rank residential radon exposure as the
second leading cause of lung cancer after cigarette smoking. Furthermore,
it has been shown that the risk coefficient for lung cancer is higher for
children than that for adults. Therefore, there is a special interest in radon
measurement in kindergartens and elementary schools in different
countries. This study aims to investigate the indoor radon levels in the
elementary schools of Tulkarem province for the first time. As well as to
set a baseline data for Tulkarem schools which would be of great help for
“school’s radon survey in the West Bank” in the near future. This study
also aims to investigate the different parameters that may influence the
indoor radon concentrations by different radon measurements methods

such as active and passive methods.

Two hundred and thirty Solid-State Nuclear Track Detectors
(SSNTDs) type CR-39 were distributed in the classrooms of twenty
elementary schools located in Tulkarem province using stratified random
sampling method of public, private and United Nations schools. About
thirty of them were used for quality assurance purpose (10% duplicate

detectors and 5% blank detectors). The CR-39 detectors were exposed in
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the schools for three months during the school summer holiday from May
2012 to August 2012 and then collected and etched in Sodium Hydroxide
(NaOH) 6.25 N solution at 75 "C for 6 h. The tracks were counted manually
at the digital microscope. In parallel, twenty active measurements
performed by RAD7 monitor (Durridge Company) were carried out in the
same twenty classrooms for quality assurance and correlation analysis

between the two types of measurements (passive and active).

The indoor radon levels results were generally low, ranging from
3.48 to 210.51 Bg/m® (Becquerel per cubic meter), with a mean radon
concentration (mean+SE; standard error) of 40.42+ 2.49 Bg/m°. The
average annual radon effective dose was assessed to be (meanzSE) 0.17 +
0.01 mSv/y (milliSievert per year) while the excess lifetime lung cancer
risk was approximately 0.09%. The research also focused on parameters
affecting radon concentrations such as geographic location, the age of the
building, school authority in relating to the building style and building
material, and floor number of the classrooms. The study findings, as
expected, showed that radon concentrations in ground floors were higher
than in upper floors. The old-age school buildings showed significantly
higher radon concentrations than new ones. The two measurements (CR-39

and RAD7) showed a highly significant correlation with (R?) = 0.97.

Our results were below the action level provided by the United States
Environmental Protection Agency of 148 Bg/m® which indicates no

radiological health hazard. However, the relatively high concentrations in
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some classrooms can be reduced by increasing the natural ventilation or
classrooms supply with suction fans. The results obtained indicate that the

indoor radon concentration was significantly affected by the floor level of

the classroom and the school building age.



Chapter One
Introduction



1.1 Background

Radon has long been recognized as a cause of lung cancer, and in
1988, the International Agency for Research on Cancer (IARC) and the
World Health Organization (WHO) (ICRP, 2010; WHO, 2009) classified
radon as a human lung carcinogen. This classification was based on a
review of evidence from experimental data on animals and from
epidemiological studies of underground miners exposed to relatively high
radon and radon progeny concentrations. Furthermore, indoor radon has
been identified as an important public-health problem, estimated by the
United States Environmental Protection Agency (U.S EPA) to cause about
21,000 American lung-cancer deaths per year (EPA, 2012). Moreover,
numerous public health agencies rank residential radon exposure as the
second leading cause of lung cancer after cigarette smoking (EPA, 2012;

WHO, 2009).

On the other hand, it is well known that mankind exposure to
radioactivity comes mainly from natural sources, being radon and its
progeny breathed in the air responsible for more than 50% of the annual
dose received from natural radiation (UNSCEAR, 2000). Radon (**Rn) is a
noble radioactive gas generated by disintegration of radium (***Ra) which
is present in soil, water and building materials (Appleton, 2007). The
indoor radon level is strongly influenced not only by the radium in the

underlying soil (or walls), but also by the life style and building use, that is
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to say by the natural or mechanical exchange of indoor air with outdoor air

(Nazaroff and Nero, 1988).

Exposures to radon and its short-lived decay products at

concentrations typically found indoors, deliver a dose to the sensitive cells

of the lung corresponding to a dose of 1.3 milliSievert per year (mSv/y) out
of the total effective dose (2.4 mSv/y) (UNSCEAR, 2000). However, due
to the enhanced children sensitivity, The ICRP estimates that for groups of
younger, the risk coefficient for lung cancer from inhaled radon daughters
Is about a factor of two (age < 20 years) to four (age < 10 years) higher

than that for adults. (Malanca et al., 1998).

In Tulkarem province and in most of West Bank schools,
information on concentration of radon is almost unavailable. There is
therefore a need to study radon in Tulkarem province schools with the aim
of measuring and documenting the actual level of concentration of radon in
order to estimate the risk of radon exposure that the hosts of these schools
might face. Dependently, the control measures can be taken to reduce the
risk if necessary by simple mitigation ways. This study will provide
preliminary data about indoor radon levels in Tulkarem province
elementary schools for the first time as a baseline study for a wider future

national survey in the whole West Bank schools.
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1.2 Study justification and problem statement

Radon is a contaminant of indoor environments, including homes
and schools. The elementary schools host young children who are
considered as a very susceptible and vulnerable group compared to other
age groups. It has been shown that the risk coefficient for lung cancer is
higher for children than that for adults (Ismail, 2006). On the other hand,
for most school’s children and staff, the second largest contributor to their
radon exposure is likely to be their school (as average time spent for a
student is usually not less than 6 hours/day) after their homes (EPA, 1993).
Moreover, most of the data related lung cancer to radiation exposure during
childhood because children have small lung volumes and high breathing
rates. Therefore, they are more sensitive to ionizing radiation than older
ages (Abel-Ghany, 2008). Meanwhile, this study will estimate the indoor
radon levels in the elementary schools of Tulkarem province area that is
located in the central part of Palestine and in the extreme northwest of the
West Bank, and nearly 15km east of the Mediterranean Sea. This area has
the second highest prevalence rate of lung cancer compared with other
districts in the West Bank (Diab, 2003). One of the hallmarks of
epidemiological analyses is that health problems in a population can be
better understood if the spatial frequency and distribution of the health
problems are compared to spatial variations of the cause(s) of the health
problems (George, 2009). Therefore, indoor radon evaluation in this area

could further add to the explanations for this high cancer rate in this region.
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It has been recognized that an increase in radon concentration of 100
Becquerel’s per cubic meter (Bg/m®) is associated with approximately a
16% increased chance of contracting lung cancer (Darby et Al., 2005). It’s
therefore, necessary to evaluate radon levels inside the elementary schools
in general and in Tulkarem province in specific. Results of this study will
be used to estimate the effective dose for the pupils and teachers from
radon and it will provide an important database and information about the
estimation of radiation hazard from indoor radon in Tulkarem province

area.
1.3 Goal of the study

The goal of this study is to get a better understanding of indoor radon
levels so that we can better inform and help protect the Palestinians from

the risks of long term radon exposure.
1.4 Aim of the study

This study aims to carry out a survey of radon concentration in some

selected elementary schools in Tulkarem province. This survey will help in:
1- Assess the safety of these buildings.

2- Take action to reduce the indoor radon levels in the schools (if

necessary).

3- The measured level of radon can be considered in future studies as well

as in constructing of schools in future.
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On the basis of these results, a radon levels comparison can be
sought with other parts of the West Bank and Gaza strip to draw a national

contour map of radon concentration, in different regions.
1.5 Study objectives
1.5.1 General objective

To study if there is a radiological environmental hazard inside the
selected elementary schools in Tulkarem province that could be associated
with an increase in indoor radon exposure compared with the international

workplace permissible exposure limits.
1.5.2 Specific objectives

1. To measure the average indoor radon concentration levels inside the
selected elementary schools in Tulkarem province during a three-month

period in the summer season.

2. To estimate the annual effective dose for the pupils and the teachers

from the indoor radon exposure.

3. To compare the average indoor radon concentrations at different

geographical sites in Tulkarem province.

4. To compare the average indoor radon concentrations between different

floor levels inside the selected schools.
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5. To compare the average indoor radon concentrations between new

school buildings and old schools buildings.

6. To compare the average indoor radon concentrations between United
Nation Relief and Work Agency (UNRWA) schools and governmental

schools.

7. To estimate the lifetime excess lung cancer risk for the teachers from

radon exposure.

8. To compare the average indoor radon concentration from active short
term method (continuous radon monitor type RAD 7) and from passive

long term method (radon dosimeter type CR-39).

1.6 Thesis overview

This thesis consists of six chapters. Chapter 2, “Conceptual
framework”, highlights different definitions and aspects of radon. Chapter
3 “Literature review”, reviews the relevant literature. It includes a
description of previous indoor radon studies that carried out in schools at
the international and national levels. Also, provides a review of the
International average and action levels of indoor radon concentration in the
schools. Chapter 4, “Materials and methods”, describes the study setting,
population and sample. Also it describes the data collection and analysis.
This includes the technical description of data collection methods and
instruments used as well as the calculation of radon concentration, effective

dose and lifetime risk.
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Chapter 5, “Results”, presents the study results. While chapter 6,
“Discussion”, evaluates our study findings and results. It also gathers
information from all the results and presents future insights for further
work and research. Finally, the study documents with other different
annexes at the end of this thesis provide summaries related to this work

which were essential parts of it including permissions to conduct the study.
1.7 Summary

While the harmful effects of indoor radon are generally accepted,
information on indoor radon in the elementary schools of Tulkarem
province is not readily available. There is therefore a need to study these
schools with the aim of measuring and documenting the actual level of
concentration of radon in schools in order to estimate the actual risk of

radon exposure that the student and the staffs may face.



Chapter Two
Conceptual framework



2.1 Definition of radon N

Radon is a naturally occurring colorless, odorless, tasteless
radioactive gas that is formed from the normal radioactive decay of
uranium. Uranium is present in small amounts in most rocks and soil. It
slowly breaks down to other products such as radium, which breaks down
to radon. Some of the radon moves to the soil surface and enters the air,
while some remains below the soil surface and enters the groundwater
(Bodansky et al., 1989). Uranium has been around since the earth was
formed and has a very long half-life (4.5 billion years), which is the period
of time it takes for one half of the initial quantity of radioactive atoms to

radioactively decay (Niren, 1994).

Uranium, radium, and thus radon, will continue to exist indefinitely
at about the same levels as they do now. Radon also undergoes radioactive
decay. When radon decays, it divides into two parts (Papastefanou, 2008);
one part is called radiation, and the second part is called a daughter. The
daughter, like radon, is not stable; and it also divides into radiation and
another daughter. Unlike radon, the daughters are metal and easily attach to
dust and other particles in the air. The decay of daughters continuous until
a stable, nonradioactive daughter is formed. The decay chain of radon
involves the release of five energetic particles which are; three alpha
particles (with energies of 5.49, 6.0 and 7.69 million electron volts) (MeV)
and two beta particles with endpoints ranging from (0.69 to 3.26 MeV)

(Hasan, 1996). Alpha particles are solids and can travel only a short
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distance. It cannot go through our skin but it can be breathed and deposited
in the lung tissue. The energy deposition in lungs is extremely localized

and may increase the risk of lung cancer (UNSCEAR, 2000).
2.2 Physical and chemical properties of radon

Radon is a mobile, chemically inert radioactive element, has a high
melting point of -71°C and a boiling point of -62.7°C. Its atomic number of
86 makes it a noble element and therefore both non-reactive chemically and
atomically mobile at normal temperatures, so it has greater ability to

migrate freely through soil, air, etc. (Durrani and llic, 1997).

Radon has three important isotopes. These are: (1) **’Rn (called
radon) belongs to 2*®U decay series; (2) ?°Rn (called thoron) belongs to
22Th decay series; (3) ?°Rn (called action) belongs to, %°U decay series.
The decay chains for both *Rn and *Rn are given in figure 2.1.
Scientifically, radon is known to be ??Rn, the most abundant isotope of the
element radon (Nazaroff and Nero, 1988; Hasan, 1996). In the literature,
the term radon is often referred to ’Rn. This term has been adopted in the
present work. °Rn has a relatively low abundance in the earth's crust, i.e.
only about 0.7%, and has the shortest half life of ~ 4 seconds. Because of
its very short half-life, *°Rn usually disappears soon after its production.
22%Rn is also not able to travel far (i.e. decays before reaching the earth's
surface due to its-short half-life of 55.5 seconds), and can often be
eliminated from the monitoring system by introducing filters or other

delaying techniques. Therefore, the most important isotope of radon is
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222Rn. Its half-life is 3.82 days and can move substantial distances from its
point of origin (Durrani and Ilic, 1997). That is why only **’Rn is generally
considered as a health hazard when estimating risk factors from exposure to

radon.
2.3 Radon and its daughters

Radon is a noble gas with a lifetime relatively longer than the
breathing time. And when breathed into the lung, it is mostly breathed out
again except for a small amount which may be transferred to the blood or
decay. The hazard from radon arises from the fact that, when radon decays
in the air, its daughters are solids, and when they are inhaled they are

deposited on the interior surfaces of the lung (Papastefanou, 2008).

Radon daughters, or radon decay products, or radon progeny are:
Polonium 218 (***Po, t1,=3.05 min; ty,: is the half life), Lead 214 (***Pb,
t,,=26.8 min.), Bismuth (***Bi, t,,=19.7 min) and Polonium 214 (***Po,
t,,=1.6x10" s), as shown in figure 2.1 (Al-Mosa, 2007). Two of these,
8pg and #*Po, emit alpha particles which are the main source of radiation

damage when they decay in the lung (Papastefanou, 2008).
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RADON DECAY SEQUENCE Rgggfgylj
o
5,49 MeV
Polonium 210 Polonium 214
138 days 164 psecs ,
Polonium 218
B 3.05 min
Bismuth 210 Bismuth 214 0
o 5,01 days 0o 19.8 min
5,31 Me ; 7,69 MeV 6.00 Ne¥
Lead 206 Lead 210 Lead 214
stable 0.3y 26.8 min
THORON DECAY SEQUENCE cadon 20
55,6 sec
o
5.29 MeV
Polonium 212

0.3 psec

Polonium 216
0.15 sec

Bismuth 212
60,6 min

o
6.78 MeV
8.78 MeV

Lead 208

stable —

p

6.05 eV Lead 212
10.6 hrs

Thallium 208
I min

Figure (2.1): Radon-222, Radon-220 decay charts (Durridge Co., 2012).
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2.4 Indoor radon sources
The primary sources of indoor radon are the soil adjacent to the
building which contain amount of radium that is fixed in the soil grains.
Buildings in general tend to have a slightly lower indoor air pressure
compared to that in the ground. This is normally sufficient to draw soil gas

from the ground into the building (Abd EI-Zaher and Fahmi, 2008).

Radon gas can enter a building by many mechanisms but the most
significant are diffusion and pressure driven flow from the ground beneath
and immediately adjacent to the building, provided suitable entry routes are
available. Entry routes for radon gas are usually cracks and holes in floors
and walls, and gaps around service pipes and cables (Bodansky et al.,
1989). In most dwellings with elevated indoor radon concentrations
pressure-driven flow is recognized as the dominant mechanism of ingress

(Ahmed and Haji, 2012).

Radon from domestic water and gas supplies and from building
materials can contribute to the indoor radon concentration in a building, but
in most cases the contribution is considered minor when compared with
that from the soil gasses in the ground on which the building is constructed

(George, 2009).

Building materials generally contribute fairly little to the total indoor
radon concentration, except when the radium content in it is above the
normal values. All building materials are derived from soil and rocks that

contain trace amount of radioactive nuclides occurring in the earth's crust.
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Many of the buildings materials such as bricks or concrete are sufficiently
porous and emanate radon that enters into the indoor air. Materials which
are not derived from the earth's crust, such as wood, tend to have a very

low radium concentration (Al-Mosa, 2007).

Radon might enter into buildings via the water supply. With
municipal water or surface reservoirs, most of the radon volatilizes to air or
decays before the water reaches buildings, leaving only a small amount
from decay of uranium and radium. Dissolved radon is easily released into
the air when the water is used for showering, cleaning, and other everyday

purposes in homes (Mehral et al., 2010).

The most important factors controlling radon migration and
accumulation in buildings include 1) the transmission characteristics of the
bedrock, including porosity and permeability; 2) the nature of the carrier
fluids, including carbon dioxide gas, surface water, and groundwater; 3)
weather; 4) soil characteristics, including permeability; 5) house
construction characteristics, and 6) life style of house occupants (Appleton,

2007).
2.5 Radon and health risk

In many countries exposure to indoor radon gas represents the largest
proportion of the radiation dose received by the general public
(UNSCEAR, 2000). As mentioned before, Radon (**Rn) decays to form

very small solid radioactive particles, including (**Po, ***Po), that become
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attached to natural aerosol and dust particles. These may remain suspended
in the air or settle on the surfaces. When these particles are inhaled, they
irradiate the bronchial epithelial cells of the lung with alpha particles, and
this may increase the risk of developing lung cancer. Apart from lung
cancer, there is no epidemiological proof of radon causing any other type of
cancer (Appleton, 2007). So, living in an elevated level of radon
concentration for a long period of time means that the probability of

inducing lung cancer increases (Abumurad and Al-Omari, 2008).

There is direct evidence from human studies of a link between
exposure to radon and lung cancer. For this reason radon has been
classified by the International Agency for Research on Cancer, a part of the
WHO, as a Group 1 carcinogen. This places radon in the same group of
carcinogens as asbestos and tobacco smoke as a cause of lung cancer
(WHO, 2009). Radon is much more likely to cause lung cancer in people
who smoke, or who have smoked in the past, than in lifelong non-smokers.
However, it is the primary cause of lung cancer among people who have
never smoked. The proportion of all lung cancers linked to radon is
estimated to lie between 3% and 14%, depending on the average radon
concentration in the country and on the method of calculation (ICRP, 2010;

WHO, 2009; EPA, 1993).

Not everyone who breathes radon decay products will develop lung
cancer. An individual's risk of getting lung cancer from radon depends

mostly on three factors (Al-Mosa, 2007):
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1- The level of radon.
2- The duration of exposure.
3- The individuals smoking habits.

The report of the International Commission on Radiological
Protection (ICRP) publication 115 used the lifetime excess absolute risk
(LEAR) to estimate the lifetime risk, which is associated to a chronic
exposure scenario, expressed in number of death 10 per working level per
month (WLM) (ICRP, 2010). The calculation of LEAR will be discussed

in chapter four.
2.6 Radon concentration units

The concentration of radon in the air is measured in units of
picocuries per liter (pCi/L) or Becquerel’s per cubic meter (Bg/m?). One Bq
Is corresponds to one decay per second. One pCi/L is equivalent to 37
Bg/m®. The concentration of radon daughters is measured in units of
working level (WL) which is a measure of the potential alpha particles
energy per liter of air (Niren, 1994). Occupational exposure to radon
daughters is expressed in working level months (WLM) and a working
level month is equivalent to the exposure at an average concentration of 1
WL for 170 working hours (Wilkening, 1990). Measurement data are

reported in either of the above units.
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The Environment Protection Agency (EPA) recommends reducing
the concentration of radon in the air within a school building to below
EPA's radon action level of 4 pCi/L that is equivalent to 0.016 WL and 148
Bq /m® (EPA, 1993; Al-Mosa, 2007).

2.7 Radon measurement devices

The environmental radon concentration is a function of time and
climatic conditions. To monitor radon, both active and passive techniques
have been developed. Active methods are usually used for short-term
measurements of radon. Passive methods are more suitable for the
assessment of radon exposure over long time scales and can be used for
large-scale surveys at a low cost. The terms active and passive are also
used to designate radiation detectors which operate with and without power

supply, respectively.

Table 2.1 contains the most popular radon measuring devices used
by countries surveyed within the WHO International Radon Project (WHO,
2009).
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Table (2.1): Radon gas measurement devices and their characteristics

(WHO, 2009).

. Typical Typical

Detector Type Passive/ Uncertainty” Sampling Cost

(Abbreviation) Active [%)] Period
Alpha-track Detector i
(ATD) Passive 10 - 25 1-12 months Low
Activated  Charcoal
Detector Passive 10 - 30 2 - 7 days Low
(ACD)
(Eé?ét)ret lon Chamber Passive 8-15 5days - 1 year | Medium
Electronic Integrating . _ .
Device (EID) Active 25 2 days - year(s) | Medium
Continuous Radon . .
Monitor (CRM) Active 10 1 hour - year(s) High

*Uncertainty expressed for optimal exposure durations and for exposures ~ 200 Bg/m®.
SSNTDs are low-cost, small-sized devices which are used for large-
scale studies in which radon concentration in dwellings and workplaces as

well as schools can very easily be measured (UNSCEAR, 2000).
2.7.1 Solid State Nuclear Track Detectors (SSNTDs)

The most widely used method for long radon monitoring periods is
based on materials known as SSNTDs or etched-track detectors. The
technique is simple to use and relatively inexpensive. Several detector
materials have been developed. Operation of the SSNTDs is based on the
fact that a heavy charged particle will cause extensive ionization of the
material when it passes through a medium (Law et al., 2008). An alpha
particle ionizes almost all molecules close to its path. This primary ionizing
process triggers a series of new chemical processes that result in the

creation of free chemical radicals and other chemical species which then
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created by etching process. This damaged zone is called a latent track

(Nikezic and Yu, 2004).

The most popular member of the SSNTDs family is commercially
known CR-39. It is made of polyallyl diglycol carbonate (PADC) with the
chemical formula C1,H;30; (also known as Tastrak) which was synthesized
in 1978 (Al-Mosa, 2007). The working principle of this technique will be

dealt with in chapter four.
2.7.2 Continuous Radon Monitor (CRM)

There are several types of continuous radon monitors in the market.
Nearly all of these are designed to detect alpha radiation. Three types of
alpha particle detectors are presently used in electronic radon monitors

(Bodansky et al., 1989):

1. Scintillation cells or "Lucas cells"
2. lon chambers

3. Solid state alpha detectors.

The Durridge RAD7 (figure 2.2) is one type of continuous radon
monitors which uses a solid state alpha detector. The detector converts
alpha radiation directly to an electric signal and has the possibility of
determining electronically the energy of each particle, which allows the

identification of the isotopes (***Po, ?*Po) produced by radiation, so it is
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possible to instantaneously distinguish between old and new radon, radon

from thoron, and signal from noise (Forkapi¢ et al,2006).

With a continuous monitor, there is an ability to observe the
variation of radon level during the period of the measurement. This can
sometimes show big swings in radon concentration and may allow inferring
the presence of processes influencing the level. For good data, it is
important that there be sufficient counts to provide statistically precise

readings (Durridge Co., 2012).

Figure (2.2): The Durridge RAD7 electronic continuous radon monitor with a HP
printer mounted for immediate printing of results (Durridge Co., 2012).
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2.8 Summary

This Chapter describes “?Rn and its decay products found indoor
including schools. Radon is an alpha emitter and can decay to its daughter
after or before inhalation. After being inhaled ?Rn decays to its four
radionuclide daughters having half lives of less than 30 minutes, which
causes ill health effects in the body. Radon decay product before being
inhaled is removed from air not only by radioactive decay but also by
ventilation, which is driven by airflow caused by pressure differences.
There will be an increase in lung cancer in people who breathe in air with
large concentrations of radon for a long period of time. The fractions of
unattached radon daughters are considered to be an important parameter
used to estimate the dose rate to human respiratory organs through
inhalation of radon daughters. To monitor radon, both active (continuous

radon monitors) and passive (SSNTDs) techniques have been developed.
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Chapter Three
Literature Review
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3.1 International average indoor radon concentration

The problem of health risks from radon in dwellings and workplaces
has been of serious concern to international organizations and commissions
such as ICRP, WHO, United Nations Scientific Committee on the Effects
of Atomic Radiation (UNSCEAR) and other. The ICRP (1993)
recommends that all the countries of the world should carryout radon

survey to find radon prone areas (Nasir and Shah, 2012).

There is a large variability in indoor radon concentration levels
between different countries, even between areas of the same country,
because of differences in the geology of the subsoil, in the climatic
parameters and in the building characteristics (Papaefthymiou, 2003).
Also, Radon exposure patterns in large buildings such as schools,
commercial buildings and multiunit residential structures may differ from
exposure in detached houses due to differences in building structure,
occupancy and heating, ventilation and air conditioning operation (WHO,

2009).

Radon concentrations in outdoor air are generally low (4-8 Bg/m?®),
whereas radon in indoor air ranges from less that 20 Bg/m®, to about
110000 Bg/m® with a population weighted world average of 39 Bg/m®
(UNSCEAR, 2000; WHO, 2009). Country averages range from 9 Bg/m® in
Egypt, 20 Bg/m® in the UK, 46 Bg/m® in the US, 108 Bg/m® in Sweden,
and 140 Bq/m3 in the Czech Republic (Appleton, 2007).
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3.2 Comparison between various countries in the regulations and

action levels of radon

The European Union (EU) accepts the recommended action levels

included in the ICRP publication 65 which are between 500 and 1500
Bg/m® (Espinosa et al., 2009). The USA uses a reference level of 148

Bg/m® for dwellings and schools and a level of 400 Bg/m® for other
workplaces (EPA, 1993). In the UK the Health and Safety Executive
(HSE), has adopted a radon action level of 400 Bq/m3 for workplaces.

While the action level for workplaces in Hungary is 1000 Bq/m3 (Espinosa

G et al., 2009).

Israel uses a mandatory reference level of 150 Bg/m® for existing

schools (Richter et al., 1997). There are no specific regulations or safe limit
value in Palestine relating to indoor radon levels in either homes or

workplaces. So that, in this thesis the reference level of EPA and Israel of
148 Bg/m® have been adapted.

3.3 Worldwide radon studies in the schools

Fifty-nine schools were surveyed in New York State in USA. Thirty-
four of the schools were found to have one or more rooms with long-term
radon levels exceeding EPA guidelines of 148 Bg/m® (Condon et al., 1995).
Another large survey was occurred in Slovenia; 730 kindergartens with
65000 children and 890 schools with 280000 pupils, radon concentration

was measured with alpha scintillation cells. In 46 kindergartens and 77
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schools the national radon limit for dwellings of 400 Bg/m® was exceeded

(Vaupotic , 2010).

One hundred and eight measurements of indoor radon concentrations
were performed in 49 kindergartens and play-schools located in 26 towns
of the Italian province of Parma. The method used was that involving

Solid-State Nuclear Track Detectors (SSNTDs). The indoor radon levels

resulted to be generally low, ranging from 10-108 Bq/m3, with a

meanzxstandard deviation (SD) activity concentration of 30+£19 Bq/m3. The

mean annual radon effective dose equivalent was assessed to be 0.5mSv
(Malanca et al., 1998). Also, Indoor radon concentrations were measured in

77 schools of the prefecture of Xanthi in northern Greece. The arithmetic

mean radon concentration was 231 Bg/m® with a range between 45 and 958

Bg/m® (Clouvas et al., 2009).

While in Nigeria, about seventy CR-39 detectors were distributed in
35 schools of the Oke-Ogun area. The overall meantstandard deviation of
radon concentration in the surveyed area was 45+27 Bg/m® (Obed et al.,

2011).
3.4 Middle East radon studies in the schools

Indoor radon measurements were carried out in 30 elementary
schools in Tunis, the capital city of Tunisia, during the winter months of
December 2008 to early March 2009. Two classrooms, one each from

ground floor and first floor were chosen from each school making a total of
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60 classrooms. Nuclear track detectors types LR-115 (Kodalpha film type
LR-115 is a nuclear track film produced by Kodak Company) were used
for the measurements. The results show that the radon concentration levels

are low in the range of 6-169 Bg/m® with a mean value of 26.9 Bg/m°

(Labidi et al., 2010).

In another study in Egypt, one hundred CR-39 radon detectors were
distributed in 10 classrooms in 5 levels chosen randomly in elementary
school in Cairo. Where the meantstandard deviation of radon
concentrations were found to be 57.6 + 3.33, 48.5+£3.10, 34.5+1.71,29.7 +
1.33 and 25.3 + 1.88 Bg/m® for first, second, third, fourth and fifth floors
with good ventilation, respectively; and 78 + 3.23, 66.9 + 2.84, 40.3 £ 1.70,
344 + 1.42 and 28.8 + 1.75 Bg/m® for classes with poor ventilation
respectively (Abel-Ghany, 2008).

Also, indoor radon measurements were carried out during summer
season inside different kindergartens in three main regions (Erbil, Duhok
and Sullimaniye) in lragi Kurdistan. The meanzstandard deviation of radon

concentration was 96.815+26.94 Bg/m® (Ismail, 2006).

In Jordan, a neighboring country to Palestine, a study was performed
to measure the indoor radon concentration levels for 74 kindergartens in
Amman. Using CR-39 detectors, they found that the radon concentrations
inside the classrooms of these schools range from 40.7 to 193.5 Bg/m *

with an average of 76.8 Bg/m>. They also found that the average value was
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twice that of Amman's dwellings (mostly residential houses) (Kullab et al.,

1997).
3.5 General radon studies in Palestine

In 1996, the first study of radon in Palestine had been conducted to
measure indoor radon concentrations at the campus of Hebron University.
Fifty- four radon detectors were mounted in the four university buildings.
The average radon concentration in the four buildings was found to be 29.8
Bg/m® with an average effective dose equivalent of 1.49 mSv/y (Hasan,
1996). Another indoor radon measurement in Southern part of West Bank,
at Yatta city in Hebron district, was conducted during the summer season
of year 2000. The overall meantstandard deviation of radon concentrations
in the monitored zones were found to be 111 + 63 Bg/m® and the average
effective doses in dwellings of Yatta city is estimated to be 5.6 mSvly
(Abu-Samreh, 2005). While in Dura city, the radon concentration levels
were found to vary from 21.9 to 134.0 Bg/m®, with annual effective dose

equivalent from 0.38 to 2.30 mSv/y (Dabayneh and Awawdeh, 2007).

Also, a study reported the seasonal variations of indoor radon levels
in dwellings located in the Ramallah province and East Jerusalem suburbs,
the study found that the radon concentration levels in summer varied from
43 to 192 Bg/m® for buildings in the Ramallah province and from 30 to 655
Bg/m? for East Jerusalem suburbs. In winter, the radon concentration levels

are found to vary from 38 to 375 Bg/m® in the Ramallah buildings and from
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35 to 984 Bg/m® in East Jerusalem suburbs. (Ismail and Abu-Samreh,

2008).

Indoor radon level was monitored also throughout Gaza Strip. Five
hundred CR-39 dosimeters were distributed over six locations in the middle
region of Gaza Strip. The results suggested that Radon concentrations
ranged from 13 to 84 Bg/m® and the average Radon concentrations was 38

Bg/m? with standard deviation of 11.23 (Rasas et al., 2005).

In Nablus city, however, the total average of indoor radon
concentration in the homes in the old city was found to be 98.8 Bg/m®
(Daragmeh, 2001). Another study of indoor radon was made in four
hospitals and two health centers in Nablus city also. It showed that the
averages of indoor radon were within the global mean of 39 Bg/m® except
for AL- Ethad and AL- Enjeli hospitals were higher than the global mean
(Dwaikat, 2001).

Recently, two studies performed in Nablus city one of them studied
radon in drinking water supplies and the other studied radon in building
materials. The first study had revealed that radon concentration in wells
and spring was below the U.S.EPA maximum contaminated level, except

for Badan well (Al Zabadi et al., 2012).

The second study showed that the radon exhalation rate from
building material that are usually used in Palestine was low and under the

global value except for granite, marble and some cement samples
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(Shogwara, 2012). However, building materials were also studied in
previous work. The maximum radon concentration was found in granite
(Dabayneh, 2008). Furthermore, the radon exhalation rate in granite
samples used in Palestinian buildings were recently measured and ranged

between 3.9 and 30.6 Bqm™day™ (Dabayneh, 2013).
3.6 Radon studies in the Palestinian schools

In Palestine, just a few schools tested for radon mainly a study
performed in four governmental girls’ schools in Tarqumia town that is
located in the North Western part of Hebron city. The radon dosimeters
type TASTRAK (CR-39) had been stayed for 70 days between february
2006 and April 2006. The results showed that the radon concentration were
varied from 12 to 232.5 Bg/m® with an average of 34.1 Bg/m® and the
annual effective dose were varied from 0.62 to 12.0 mSv/y with an average

of 1.76 mSvl/y, respectively (Dabayneh, 2006).

In Jerusalem, ambient radon levels exceeding 10,000 Bg/m® has been
detected and measured in a basement shelter workroom of a multilevel
public elementary school. The measurements were taken after diagnosis of
certain cancers (breast and multiple myeloma) in two workers who spent

their workdays in basement rooms (Richter et al., 1997).
3.7 Summary

Several countries have conducted national programs of indoor radon

concentration measurements in schools. This chapter summarized some
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previous studies of indoor radon that carried out in different schools at
international and national level. It focused also on the regulations and the

action levels of indoor radon.
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Chapter Four
Methodology
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4.1 Introduction

Two different methods to measure the indoor radon concentration in
the elementary schools in Tulkarem province had been used. The first
measurement technique was by means of integrative passive radon
sampling while the second method was by means of continuous active
radon sampling. The first method is considered passive, and requires no
electrical power as in the case of the continuous radon monitor. The passive
integrative radon detector used in this work, uses technique that give the
average radon concentration during the measurement period. The second
device is a continuous radon monitor, which can be used to make multiple

readings over a given period.

The choice of these techniques was based on the time over which an
instrument can be devoted to measurements at a single location, the kind of
the information required and the desired accuracy with which
measurements can be related to an estimate of the risk. The two techniques
differ considerably and were used to complete different tasks in measuring

the factors that affect radon concentrations and to get reliable data.

The passive SSNTD is constructed in such a way that a thin piece of
plastic or film is mounted on the inside of the chamber (plastic cup). The
chamber allows for radon to diffuse into the detector via a filtered covered
opening. The purpose of the filter is to keep dust and radon decay products

out.
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4.2 Study area and characteristics

Tulkarem province is located in the central part of Palestine and in
the extreme northwest of the West Bank, and nearly 15km east of the
Mediterranean Sea with an area of 246 km? (PCBS, 2011). It is bounded by
Jenin and Nablus province in the north, east and south and by the 1948
cease-fire line in the west as shown in figure 4.1. The district of Tulkarem
lies between 40 to 500 m above sea level and is entirely within a fertile
zone (ARI, 1995). The population density in the Tulkarem district is about
682 person/km2. The population of the Tulkarem province is estimated to
be 168,973 people in the middle of 2011 (PCBS, 2011) including the two
refugee camps (Tulkarem and Nur Shams), representing about 7% of the

total West Bank population.

The climate of Tulkarem province is subtropical, with rainfall
limited to the winter. The average temperature in the winter ranges from 8
to 16 °C, while the average temperature in the summer ranges from 17 to
30 °C. The average temperature is 27 °C in August, while February's
average temperature doesn’t fall below 13.5 °C. Humidity is moderate in
summer, estimated about 40-70%, though it rises in winter to be between
70-85%.Tulkarem receives in excess of 550 millimeters of rain yearly,
which is a dispersed and intermittent characteristic of the Mediterranean

Basin (HWE, 2008).

The district is mainly covered by sedimentary carbonate rocks such

as limestone, dolomite, marl and chalk (HWE, 2008).
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Figure (4.1): Tulkarem province location map

4.3 Study targets

The study targets were the host of the Palestinian elementary schools
that located in Tulkarem province area. According to the Palestinian
Central Bureau of Statistics (PCBS, 2011), there are 88 elementary schools
in Tulkarem: 75 governmental schools host 35045 pupils, 6 UNRWA
schools host 3850 pupils and 7 Private schools host 685 pupils . Overall,
the schools host 39580 children whose age ranged from 6-16 years and
about 1940 teachers, where they stay for at least six hours/day and five

days a week. Table 4.1 below shows the Tulkarem elementary schools and
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table 4.2 shows the students of these schools (both tables by location and
supervising authority).

Table (4.1): Number of elementary schools in Tulkarem province by
location and supervising authority (PCBS, 2011).

Location Government | UNRWA | Private | Total
Tulkarem city 19 0 2 21
Villages 56 0 5 61
Refugee camps 0 6 0 6

Total 75 6 7 88

Table (4.2): Number of students in the elementary schools in Tulkarem

province by location and supervising authority (PCBS, 2011).

Location Government | UNRWA | Private Total
Tulkarem city 7422 0 305 7727
Villages 27623 0 380 28003
Refugee camps 0 3850 0 3850

Total 35045 3850 685 39580

4.4 Sample size and settings

The study was conducted at elementary schools in Tulkarem
province area which consists of Tulkarem city, two refugee camps and
about 42 villages distributed around the city (PCBS, 2011). A stratified
random sampling technique was used to select a sample from the all 88
elementary schools in Tulkarem province. The directorate of Education in
Tulkarem province classification and distribution of schools was used in
the selection process as they are the most accurate. We have selected for
the study 20 schools from all the elementary schools of Tulkarem province
(n=88). This was done as follows; (A) schools were stratified by location

into three subgroups (city schools, village’s schools and refugee’s camps
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schools), (B) depending on the number of schools in each stratum and by
authority, a proportional random samples were taken from each stratum.
The proportional sampling was nearly one school to be selected per 5-7
schools. However, because the UNRWA schools are little and have a
special building characterization and international standards design differed
from both the governmental and private schools, all of these schools were
selected (n=6). In order to compare the radon concentration between
UNRWA and government schools. While physical characteristics of a
building (ventilation, painting and building materials) can play an
important role in the radon levels throughout the building. The study
selected schools stratified by authorities, locations are shown in table 4.3.

Annex (G) contains a map of the selected schools in Tulkarem province.

Table (4.3): The study selected schools stratified by authorities,
locations.

Location Government UNRWA Private | Total
schools schools
Tulkarem city 3 0 1 4
Villages 10 0 0 10
Refugee camps 0 6 0 6
Total 13 6 1 20

4.5 Ethical and administrative considerations

The research project was approved by the Institutional Review Board
(IRB) (Annex C) and the scientific research committee of the Public Health
Department as well as the faculty of graduate studies scientific research

board at An-Najah National University. A permission to conduct the study
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in the elementary schools was obtained from the Palestinian Ministry of
Education (MoE) (Annex D and Annex E) for the governmental schools
and private school and from UNRWA Education Office for UNRWA
schools. We explained to the Head-Master and teachers about the
importance of the study and they were asked to take care, protect and keep

safe the study instruments from the employee and pupils.
4.6 Data collection

In this study, radon was monitored in schools. Therefore, it is
interesting to find out a correlation between short-term measurements and
long-term measurements for quality assurance and quality control purposes
which reflect a better average radon concentration of our measurements.
Also, to determine if the short term method can be reliable indicator of
average indoor radon concentration and can be used as substitute of long
term method in future works. For that, two technical methods were used,
passive long term method (doesn’t need electrical supply) by CR-39
detectors and active short term method (need electrical supply to operate)

by RAD7 detector.
4.6.1 Short-term measurements by active system

A calibrated portable continuous radon monitor type RAD7
(Durridge Company, USA) was used in this study, the same monitor was
recently used in previous work (Al Zabadi et al., 2012). The measuring gas

gets in diffusion mode via a large surface glass filter into an ionization
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chamber. Only the gaseous Rn may pass, while the radon progeny
products are prevented to enter the ionization chamber. At the same time
the filter protects the interior of the chamber from contamination of aerosol
particles. This radon measuring system can be operated either on battery or

online electrical circuitry.

The system also registers air temperature, parametric pressure and
relative humidity. A personal computer (PC) Software support named
(CAPTURE) allows a graphic presentation and calculation of the average
concentration in the measured period. The measurements were carried out
in a total of 20 classrooms from 5 schools out of the 20 selected elementary
schools. The five schools were chosen from the main 20 schools sample on
the basis that they were easy to be accessed while handling the instrument

every day during the measurement period.

For all runs, the RAD7 was put on a table in the center of the
classroom as shown in figure 4.3. This classroom was closed one day

before the start of measurement and was kept close during the run period.
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Figure (4.2): Measurement apparatus RAD7

The radon concentration was measured in 1-hr cycles for an average
time of 48 hrs in each classroom in parallel of the measurements period
with the CR-39 dosimeters which lasted three months. The average radon
concentration was calculated by the system in RAD7. And every cycle
(hour) the printer printed out the outputs (Annex B contains run # 1 printer

output). Down is just an example of a sample output:
0103 97.2 + 40.0 b Sniff

SUN 03-JUN-12 11:47

26.4°C RH: 6.00% B: 7.03V

Where 0103 are the run (01) and cycle (03) numbers, 97.2 is the

measured radon concentration, 40.0 is the statistical uncertainty, b indicates
the units (in this case Bg/m®), and Sniff shows that, for this reading, only
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the Po-218 decays are being counted (after three hours, the mode changes
automatically to normal). The second line is clearly the date and time,
while the third shows the temperature and humidity inside the measurement

chamber, and the battery voltage.

To bring the humidity in the instrument down we purged the
instrument in each run. Also the active desiccant and the inlet filter place

were checked in each run.
4.6.2 Long-term measurements by passive radon dosimeter

As mentioned in chapter two, CR-39 detector is the most popular
member of the SSNTDs family. It was selected because of its good
sensitivity, stability against various environmental factors, and high degree

of optical clarity (Ahn and Lee, 2005).

Large sheet of CR-39 were supplied by Intercast Co, Parma-Italy
(http://www.df.unibo.it/macro/intercast). The sheet was of 1.0 mm in
thickness and there was a mark on front better surface to avoid the
possibility of tracks on the back surface by correctly handled and

positioned the detectors.
4.6.2.1 Dosimeters preparation

The CR-39 sheet was cut into square shapes sized 1.5 x 1.5 cm by a
special hand cutter and a serial number was engraved on each detector in

Arabic numerals for ease of identification. Then the detector was inserted


http://www.df.unibo.it/macro/intercast
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flat into the bottom of a conical plastic cup held in place by a small piece of
blu-tac to reduce any error that might be caused by its movement. The
mouth of the pot was completely covered with a single layer of cling film
that was held by an elastic band. This film was used as a permeable
membrane to discriminate short-lived thoron by delaying the entry of gases
into the chamber, limits access of moisture, and blocks the entry of radon
progeny and dust present in the ambient air (Hasan, 1996; Dwaikat, 2001,
Obed et al., 2011).

This means that the radon concentration inside the detector chamber
quickly approaches that outside. It can be shown that the long-term average
radon concentration inside the detector chamber is the same as that outside,
despite any variations in the outside concentration (Ahn and Lee, 2005).

The radon dosimeter developed in this study is shown in figure 4.4.

On the bottom of the dosimeter (from outside) some instructions

were written, to protect the dosimeter and to keep it close.

Cling Film \4— 60cm —»
Elastic 4—‘— ’

Plastic Cup ]

CR-39 l
Blu-tac D @

<« 48cm —»

A

«— uweg/—»

Figure (4.3): Schematic diagram of the radon dosimeter.
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4.6.2.2 Dosimeters distribution

Two hundred and thirty dosimeters were prepared and distributed in
the selected schools at the frequently occupied classrooms. About 10
classrooms from all floor levels were randomly selected in each school.
The dosimeters were hanged on the wall at least 1.5 m above the floor and
at least 10 cm from any objects. About thirty three dosimeters were used
for quality assurance purposes to ensure that measurement results are
reliable. They were left in place for long period of time three months (91
days) from May to August 2012 during the summer school holidays, in
demi-close conditions; At least 60 days under close conditions during the
summer holiday, and the rest 30 days under normal operating conditions of
schools (the schools were some time opened for Al Tawjehi exams and for
the summer camps). These demi-close conditions may be the same
conditions of normal operation in winter season as windows and doors are
kept close for children's safety and conservation of heating energy. Because

all monitored schools didn’t had heating systems or heating supplies.

The dosimeter serial number and the classroom name and location
were written on the external side of each dosimeter and in a notebook.
Information about every school was recorded in the notebook, as shown in

(annex F).
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4.6.2.3 Dosimeters collection

After three months of exposure, 207 dosimeters were collected back
at the end of August 2012 before the new schools year started. 10% of the
dosimeters were lost. And three detectors were damaged during etching
process. Table 4.6 represents the number and the date of the distributed and

the collected dosimeters in each school.



45

Table (4.4): Dosimeters distribution and collection in the elementary schools of Tulkarem province.

School Distributions Collection
School name Number of Number of Lost Damage Measured
No. Date Date
detectors detectors

1 Al Isra’ Ideal Girls 27/5/2012 9 26/8/2012 9 0 0 9
2 Mahmoud Hamshary Basic Girls | 27/5/2012 11 26/8/2012 8 3 0 8
3 Helmi Hannon Basic Boys 27/5/2012 10 26/8/2012 4 6 0 4
4 Hasan Al Qaisy Basic 27/5/2012 10 26/8/2012 10 0 0 10
5 Tulkarem Basic Girls No.1 29/5/2012 10 28/8/2012 9 1 0 9
6 Tulkarem Basic Girls No.2 29/5/2012 5 28/8/2012 5 0 0 5
7 Tulkarem Basic Boys No.1 29/5/2012 10 28/8/2012 10 0 0 10
8 Tulkarem Basic Boys No.2 29/5/2012 11 28/8/2012 10 1 0 10
9 Nur shams Basic Boys 28/5/2012 13 27/8/2012 9 4 0 9
10 Nur shams Basic Girls 28/5/2012 13 27/8/2012 12 1 0 12
11 Shuwaika Basic Girls 30/5/2012 11 29/8/2012 10 1 0 10
12 Zieta Basic Girls 30/5/2012 11 29/8/2012 11 0 0 11
13 Illar Basic Boys 30/5/2012 13 29/8/2012 13 0 0 13
14 Baga- Al Shargiah Basic Boys 30/5/2012 14 29/8/2012 13 1 2 11
15 Irtah Basic Girls 27/5/2012 9 26/8/2012 9 0 0 9
16 Kufor sur elementary 31/5/2012 11 30/8/2012 11 0 0 11
17 Shofah Basic Girls 31/5/2012 12 30/8/2012 10 2 0 8
18 Beit Leed Basic Boys 31/5/2012 10 30/8/2012 9 1 0 9
19 Anabta Basic Boys 31/5/2012 12 30/8/2012 11 1 0 11
20 Bala' High Basic Girls 31/5/2012 13 30/8/2012 12 1 0 12

Blank 12 12 0 1 11

Total 230 207 23 3 204
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4.6.2.4 Detectors etching

The CR-39 detectors were detached from the dosimeters and were
chemically etched in 6.25 N solution of sodium hydroxide (NaOH; serial
No. 2355535200067, Frutarom company, Israel) at a temperature of 75 C
for 6 hours in a constant temperature water bath to enlarge the latent tracks

produced by alpha particles from the decay of radon.

In the etching process the magnetic stirrer was used to avoid the
accumulation of the solution. Also, the condenser was used to keep the
concentration of NaOH solution constant as well as the thermometer to
keep the temperature under control. This process performed at the
chemistry laboratories at An-Najah National University using the setup

shown in figure 4.5.

Heater with
Thermometer
Flask contains
NaOH & Detectors

Water Bath

Magnetic
Stirrer

Figure (4.4): Etching process experimental set up.
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The detectors were etched in groups of fifteen detectors. Once each
group of detectors is etched, the detectors were removed from the holder
and washed for 30 minutes with running cold water, then with distilled
water and finally with a 50% water/alcohol solution. After a few minutes of
drying in air, the detectors were carefully isolated from the dust inside a

clean cup with cover for track counting.
4.6.2.5 Detectors scanning

For measuring radon concentration that is dependent on the track
density, a digital optical microscope with built-in camera (Optika company,
Italy) at biology laboratories at An-Najah National University ( see figure.
4.6) was used with 400 times magnification power. Since the field of view
is a circle, the size of the field of view is its area. For that, the microscope
fixed at the lowest powered. Then the diameter of the field of view was
found, wusing a transparent ruler and micrometer. The diameter
measurement divided by 2 to get the radius. After that the formula for the

area of a circle, Area = mr® was used. Finally the area of the field of view at

our magnification 400 x found to be (53.1x10™ cm?).

The counting microscope is ready now for counting a-tracks. During
the scanning process, the sample must be carried carefully from its corner

and it should not be touched by bare hands.



Figure (4.5): Tracks counting system.

In counting process of the tracks care must be taken to distinguish
between the a- tracks and dust particles; a- tracks appear as black holes
with different volumes and shapes ( Dwaikat, 2001). The average diameter
of the tracks left on the surface of the plastic will depend on the incident
mean energy of the particles as well as how the CR-39 is processed
(Mosier-Boss et al., 2009). The shape of the track depends on the angle of
incidence of the a- particles as shown in figure 4.7; circle faces of the
tracks result from vertical incidence while elliptical tracks that have entered
the CR-39 detector in an oblique angle (Mosier-Boss et al., 2009; Dwaikat,
2001).



Figure (4.6): Images of alpha tracks in two field views of CR-39 detector. In (a) and (b)
images ; Number 1 represents a circle face of the track results from vertical incidence of
alpha particle while in number 2 an elliptical track that has entered the CR-39 detector
in an oblique angle. But number 3 of image (b) shows a dirt particle.

To produce an unbiased and accurate estimate we reject the field of

view that contains overlap tracks.

15 fields of view were counted and the numbers of the tracks were
registered in a table (annex A), and the average number of the tracks of

each detector was calculated as follow:
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Average number of the tracks =

Total number of tracks counted in all fields of view (4 1)

MNumber of fields of View

The average number of the tracks was used to calculate the Tracks

density (Track/cm?) as follow:

. Av b f the track
Tracks denSIty: verage number of the tracks (42)

area of one field of view

The error in the present study measurements as well as the Track

density was the standard error of the mean and calculated as:

T

Error == (4.3)

-

Where o,.1: 1S the standard deviation and n: is the number of fields of

view.
4.7 Measurement of radon concentration in unit of Bg/m®
The calculated track densities (Tp) after background subtraction (see

section 4.11.2) were converted into radon concentrations (Cg,) in Bq /m°®

using the calibration factor (F) supplied by the manufacturer, where every

track per cm” per day on the CR-39 detectors corresponds to an exposure of

12.3 Bq /m°® of radon concentration, divided by the exposure time (At) in

day (91 days for all detectors). That is: (Obed et al., 2011).

Crn=F X % (4.4)
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4.8 Estimation of the effective dose

It is a common practice in radon surveys to convert the radon
concentration to dose, and in case of schools to calculate the annual
effective dose for the students and the teachers. Together, the selected

schools host about 8140 students and 455 teachers. It was found that *’Rn

and its short-lived decay products account for around 1.3 mSv /y out of the

total effective dose (2.4 mSv/y) from the natural sources (UNSCEAR,

2000). The problem is that the mean radon concentration takes also into
account the radon concentration when the school is closed. For this, the
estimated effective doses may be a little overestimated as the classrooms
are closed during nights, weekends and holidays. (Clouvas et al., 2011;

Clouvas et al., 2009).

The effective dose in mSv/y at any location depends upon the
occupancy factor. The occupancy factor for the students and the teachers of

Tulkarem elementary school was calculated using the following equation:
30 h /wk x37 wk /yr = 1110 h /yr (4.5)

So the school occupancy factor (H) = 1110h / 8760h = 13%.

The expected annual effective doses received by the students and the
teachers of the surveyed area were calculated using equation 4.6, the

UNSCEAR model (2000, 2009) (Nasir and Shah, 2012).

E=Crn XHXFXDXT (4.6)

Where Cg,: is the radon concentration (Bg/m°)
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H: is the occupancy factor (0.13)
F: is the equilibrium factor (0.4)

T: is hours in a year (8760)

D: is the dose conversion factor (9x10° m Sv/h per Bg/ m®).

4.9 Estimation of the lung cancer risk

In order to estimate the lifetime risk associated to a chronic exposure
to indoor radon we calculated the radon exposure in WLM per year for the

teacher by the following equitation (ICRP, 2010):

1 Bg/m’of radon during 1 year = 1.26x10° WLM per year at work  (4.7)

Assuming 2000 hours per year at work (While the occupancy factor
is approximately 1110h/year in Tulkarem schools, the 2000 h/year indoor
occupancy can be applied at the case of schools), and an equilibrium factor
of 0.4. Also assuming that the teachers start their work at the age of 23
years and retire at the age of 60 years then the WLM per life are given

below: (Dwaikat, 2001).

WLM/life = WLM/year x 37 (working year per life) (4.8)

The estimate of lifetime risk used in the ICRP Publication 115
(ICRP, 2010) was the lifetime excess absolute risk (LEAR) associated to a
chronic exposure scenario, expressed in number of death 10™ per WLM.

The ICRP concluded that a LEAR of 5x10™* per WLM, should now be used
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as the nominal probability coefficient for radon and radon progeny induced
lung cancer, replacing the ICRP Publication 65 value of 2.8x10™ per WLM
(ICRP, 2010).

LEAR = WLM/life x 5 *10™* (4.9)

4.10 Quality assurance

The EPA guidance (EPA, 1998) for quality assurance has been
adopted to make sure that the results of the present study are reliable,
accurate and precise. Quality assurance includes activities consist of using
duplicate and blank measurement. Duplicate measurements to evaluate
precision and blank measurements help to evaluate accuracy. About thirty

three detectors were used for these purposes.
4.10.1 Duplicate measurements

The purpose of duplicate measurements is to assess how well two
side by side measurements with the same type of detector agree with each
other (precision). Each detector measures the same indoor air environment

and, therefore, they should give similar test results.

In this study 21 pairs of detectors were distributed in different
classrooms, one of them were lost. Thus, approximately one pair duplicated
detectors in each school as shown in table 4.7. As recommended by EPA
duplicate measurements should be representing 10% of all the detectors
deployed (Condon et al., 1995). The pairs were kept together during and

after the measurement (pairs stored and shipped back in the same box).
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Table (4.5): The collected duplicate detectors.

Sample No.
School name D1 D2
Anabta Basic Boys 201 212
Beit Leed Basic Boys 176 200
Shuwaika Basic Girls 108 109
: . 124 132
Zieta Basic Girls 175 139
Baga- Al Shargiah Basic Boys 154 155
Illar Basic Boys 143 144
Irtah Basic Girls 11 17
Kufor sur elementary 177 186
Shofah Basic Girls 188 198
Helmi Hannon Basic Boys 36 37
Mahmoud Hamshary Basic Girls | 20 30
Al Isra’ Ideal Girls 1 6
: 81 82
Nur shams Basic Boys 77 -3
. 97 98
Nur shams Basic Girls o1 )
Tulkarem Basic Boys No.1 101 105
Tulkarem Basic Boys No.2 69 70
Tulkarem Basic Girls No.1 65 67

To analyze the duplicates measurement the average relative percent
difference (ARPD) for each duplicate pair that exceeds 148 Bg/m® (4.0
pCi/L) was calculated. A relative percent difference (RPD) is a measure of
precision (RPD; difference divided by the mean) (EPA, 1998). If the ARPD
for all duplicate pairs exceeds 25%, then the quality of the measurements is

questionable (EPA, 1998; EPA, 1993).
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If the average of the pair was less than 148 Bg/m°®, then the
difference in readings should be less than 18.5 Bq/m3 (0.5 pCi/L) (Condon

et al, 1995).
4.10.2 Blank Measurements

Blank measurements are unexposed control detectors made to
determine the background contamination leaked into the detectors during
shipment or storage or from detector material itself. The number of blank
measurements should be equal to 5% of all testing locations. Field blanks
(blanks deployed at the testing location) are not required. However,
allocating 3% field blanks and 2% office/laboratory blanks is

recommended (EPA, 1998).

For this purpose, 12 detectors were used. About 5 of them stored in a
closed bottle (one detector was damaged during the etching process) and
the other 7 detectors used with each shipments or trip to the schools to
assess the transit exposure. If any of the blank measurements is equal to or

greater than 37 Bg/m® (1.0 pCi/L), then the accuracy is questionable (EPA,

1998). But in the present study the maximum result of background
radiation was 6.79 Bg/m®. And the average number of track was 0.13 (track
per field of view) which is subtracted from the average number of tracks
for each detector to eliminate the effective background radiation from

radon concentration measurements.
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4.11 Data analysis

The data collected in this study were analyzed using an Excel
spreadsheet. Excel is used to calculate radon concentration, to estimate the
effective dose of both students and teachers and the lifetime risk for the
teachers. The data analysis is also based on the different parameters that
may affect indoor radon concentration levels mainly: geographic location,
school building age, floor level and school authorities as well as their
building style. The statistical t-test (unpaired t-test, two-tailed) was used to
investigate if the mean radon concentrations of these study parameters are
significantly different from each other. P-value less than 0.05 was always
considered significant. Correlation analysis was also used between short-
term measurements (RAD7) and long term measurements (CR-39). The

results of this study are presented in Chapter 5 using tables and figures.
4.12 Summary

Two hundred and thirty SSNTDs type CR-39 were distributed in the
classrooms of twenty elementary schools located in Tulkarem province
using stratified random sampling method of public, private and United
Nations schools. About thirty of them were used for quality assurance
purpose (10% duplicate detectors and 5% blank detectors). The CR-39
detectors were exposed in the schools for three months during the school
summer holyday from May 2012 to August 2012 and then collected and
etched in Sodium hydroxide 6.25 N solution at 75 'C for 6 h. The tracks

were counted manually at the digital microscope. In parallel, twenty active
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measurements performed by RAD7 monitor (Durridge Company) were
carried out in the same twenty classrooms for quality assurance and
correlation analysis between the two types of measurements (passive and

active).
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Chapter Five
Results
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5.1 Introduction

A passive diffusion radon dosimeter containing CR-39 solid state
nuclear track detectors (SSNTDs) and an active continuous radon monitor
type RAD7 were used in this survey to measure indoor radon concentration
in the elementary schools of Tulkarem for the first time. Two hundred and
thirty CR-39 dosimeters were randomly distributed in 20 elementary
schools in different classroom locations in Tulkarem province. After 91
days they were collected. 23 (10%) of them were lost, three detectors were
damaged and eleven detectors used for blank purpose. The rest one
hundred and ninety three detectors were analyzed and radon concentrations

were measured as shown in (Annex A).

The results of this chapter divided in two sections: The first section
is the results of CR-39 detectors which tabulated from table 5.1to table
5.20.

The second section represents the results of 20 indoor radon
concentration measurements in five schools by continuous radon monitor

type RAD7. This is tabulated in table 5.27and table 5.28.

5.2 Indoor radon concentration in the 20 elementary schools of

Tulkarem province by using CR-39

Results from CR-39 measurements in the 20 elementary schools are
presented in 20 tables (from table 5.1 to table 5.20). Each table contains the
results of indoor radon concentration, effective dose and LEAR for the

tested classrooms in one school. Also contains information’s about the
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dosimeters sample No., school name, school authority, school geographic

location, school building age, classroom name and floor level.

The numbers in the classroom name column indicate the grade of the
classroom, i.e. (1A) represent A first grade, (2C) represent C second grade,

etc.

The abbreviation (GF) in the floor level column indicates the ground

floor, (F1) the first floor and (F2) the second floor.

The error in the following tables is the standard error of the mean as

we mentioned in the previous chapter.

The indoor radon concentration, effective dose and LEAR in
Tulkarem city schools are presented in four tables (from table 5.1 to table

5.4).
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Table (5.1): Indoor radon concentrations, doses and lifetime risks of radon induced lung cancer of school No.1.

School Name: Al Isra' Ideal Girls,

Geographic Location: Tulkarem City,

Authority: Private.

Detector Type: CR-39, Building Age: 13 Years,  Serial No.:1,  School Classification No.: 41.
. - —~ <
2| e s : S |3 . L | §
@ = = = N o < Q = L
.| 2 < T s © S a @ = X 7 b
c| g | 2 > c = =~ ) > - X foz o
Z < [H) ) — c — [<B) = — . - w —
- &6 | E | - 2 o @ o 8 5 o @ L x o ¥
© ) o c + = o + = © + = o Q £ + —
= | = | o 5 S 0 c 0] Q & o 2 = o
s | & | 5 | 8 O 3 © = p= p= £ 2 =
[92]

N © ! = put o = L _ = = = w

El & " S > 8 o S | 2| 2 -

2 | O 3 < £ | < - S

& o L <
1 |1D| 1D | GF | 3572 + 856 0.15 0.05 | 1.67 | 833
2 | 2 | 9A | F1 | 1705 + 5,09 0.07 0.02 | 0.80 | 3.98
3] 3 | 8A | F1 | 857 + 421 0.04 0.01 | 0.40 | 2.00
4| 4 | SA | F1 | 687 + 333 0.03 0.01 | 032 | 1.60
5| 5 | 2A | GF | 1875 + 651 | 2403 + 469 | 008 | 010 + 0.2 0.02 | 0.87 | 437 | 560 + 1.09
6 | 6D | 1D | GF | 3233 + 8.89 0.13 0.04 | 151 | 7.54
7| 7 | 1IC | GF | 1875 + 548 0.08 0.02 | 0.87 | 437
8 | 8 | 1B | GF | 2724 + 793 0.11 0.03 | 1.27 | 6.35
9 | 9 | 1A | GF | 5099 =+ 651 0.21 0.06 | 2.38 | 11.89




62

Table (5.2): Indoor radon concentrations, doses and lifetime risks of radon induced lung cancer of school No.2.

School Name: Mah. Hamshary Basic Girls, Geographic Location: Tulkarem City, Authority: Government.
Detector Type: CR-39, Building Age: 58 Years,  Serial No.: 2,  School Classification No.: 42.
o c xR b
zZ =) = S 3
@ GE) IS '8 & ") S 2 = f‘:
= A = © E | 8 o | 5 ¥ © i
§ % < 5 QC, - b= - Iob) (@] - >; o % [0 d 8
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) 3 = o o o £ © =
n © a T c O > > — e~ = = L
S S S o b < 2 = 2 -
R 3 2 2 3 o
a x L 3:
1 20D | 4A | GF | 23.84 + 581 0.10 0.03 | 1.11 5.56
2 21 5B F1 | 2045 = 525 0.08 0.03 | 0.95 4.77
3 23 7C GF | 39.12 + 10.73 0.16 0.05 | 1.82 9.12
4 24 B GF | 1536 + 581 0.06 0.02 | 0.72 3.58
5 o5 ZA | GE | 1705 + 566 3402 £ 7.60 0.07 0.14 £ 0.03 0.02 | 0.80 3.98 7.93 + 1.77
6 26 8A | GF | 5099 + 7.80 0.21 0.06 | 2.38 | 11.89
7 29 5C GF | 7815 + 12.96 0.32 0.10 | 3.64 | 18.22
8 30D | 4A | GF | 27.24 = 5.09 0.11 0.03 | 1.27 6.35
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Table (5.3): Indoor radon concentrations, doses and lifetime risks of radon induced lung cancer of school No.3.

School Name: Helmi Hannon Basic Boys, Geographic Location: Tulkarem City, Authority: Government.
Detector Type: CR-39, Building Age: 9 Years,  Serial No.: 3, School Classification No.: 43.
2 | o S = S _ L | 7
2 S — © = g o @ 2 — «
s | g| 2|8 £ = s |8 I N 2
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1 36D | 9A | GF [ 5948 + 9.90 0.24 0.07 | 2.77 | 13.86
2 37D | 9A | GF | 91.72 + 10.68 0.38 0.12 | 4.28 | 21.38
52.27 + 15.06 021 + 0.06 1218 + 351
3 38 [10C | GF | 3233 + 5098 0.13 0.04 | 151 | 7.54
4 39 [10B | GF | 2554 + 6.02 0.10 0.03 | 1.19 | 5.95
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Table (5.4): Indoor radon concentrations, doses and lifetime risks of radon induced lung cancer of school No.4.

School Name: Hasan Al Qaisy Basic, Geographic Location: Tulkarem City, Authority: Government.
Detector Type: CR-39, Building Age: 11 Years,  Serial No.: 4,  School Classification No.: 44.
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gz | O 3 z 2 5 o

Q e L 32
1 | 41 | 4B | F1 | 5439 =+ 10.08 0.22 007 | 254 | 12.68
2 | 42 | 3A | F1 | 1875 =+ 548 0.08 0.02 | 087 | 437
3 | 43 | 3B | F1 | 5099 * 1239 0.21 0.06 | 2.38 | 11.89
4 | 44 | 2B | F1 | 3742 + 778 0.15 005 | 1.74 | 8.72
5 | 45 | 2A | F1 | 3063 * 501 0.13 004 | 143 | 7.14
6 | 46 | 4A | FL | 28938 = 679 | >4/ * 1528 7o 022 £ 006 Moo as eg | 1276 355
7 1 47 | 5A | GF | 6118 + 1214 0.25 0.08 | 2.85 | 14.26
8 | 48 | 1B | GF | 4421 =+ 651 0.18 0.06 | 2.06 | 10.30
9 | 49 | 10A | GF | 3402 =+ 548 0.14 0.04 | 1.59 | 7.93
10 | 50 | 1A | GF | 186.75 * 11.62 0.77 024 | 8.71 | 4353
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Table 5.5 to 5.10 summarizes the results of indoor radon concentration,

effective  dose and LEAR in  Tulkarem camps  schools.
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Table (5.5): Indoor radon concentrations, doses and lifetime risks of radon induced lung cancer of school No.5.

School Name: Tulkarem Basic Girls No.1, Geographic Location: Tulkarem Camps, Authority: UNRWA.
Detector Type: CR-39, Building Age: 10 Years,  Serial No.: 5,  School Classification No.: 51 .
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1 59 8A F1 4081 = 7.23 0.17 0.05 | 1.90 | 951
2 61 5B F1 | 1536 = 3.90 0.06 0.02 | 0.72 | 3.58
3 62 9A GF |2384 + 581 0.10 0.03 | 1.11 | 5.56
4 63 9C GF | 3063 £+ 4.06 0.13 0.04 | 143 | 7.14
5 64 9B GF |[2215 £+ 7.03 [4308 = 811 | 009 | 018 + 0.03 | 0.03 | 1.03 | 5.16 | 10.04 + 1.89
6 65D TA GF | 7475 £+ 9.45 0.31 0.09 | 3.48 | 17.42
7 66 B GF |5269 + 11.16 0.22 0.07 | 2.46 | 12.28
8 67D TA GF | 8663 £+ 958 0.36 0.11 | 4.04 | 20.19
9 68 7C GF |4081 + 841 0.17 0.05 | 1.90 | 9.51
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Table (5.6): Indoor radon concentrations, doses and lifetime risks of radon induced lung cancer of school No.6.

School Name: Tulkarem Basic Girls No.2,

Geographic Location: Tulkarem Camps,

Authority: UNRWA.

Detector Type: CR-39, Building Age: 10 Years,  Serial No.: 6,  School Classification No.: 52.

o c = o

zZ =) c S b —

@ g © 'g 7 © S & = L
: o < o) = o E 3 o T * 2 P
S EIZ/3|58 s|E s §/8 s|Zl3l3lz 3
— E -] (&) o FoT) o wn . o S o . — o X
s | @ S . c + £ S = £ | /| ¥ £ £ s | & | & e o+ =
S| 5| S8 @5 4% |Y T ad|s|s g5 8
» | @ A | o c O = S J | | 5 | £ m

= o S o 5 < 2 = o 4

o < < = - %

&) o LLJ >3
1 54 | 1B | F2 | 6.87 + 4.16 0.03 0.01 | 0.32 | 1.60
2 5 | 2B | F2 | 857 + 3.39 0.04 0.01 | 0.40 | 2.00 0.1
3 56 | 2A | F2 | 518 + 321|721 = 063|002 |0.03 + 0.00|0.01|024|121|168 = 5
4 57 | 4A | F2 | 6.87 £+ 3.33 0.03 0.01 | 0.32 | 1.60
5 58 | 3C | F2 | 857 + 3.39 0.04 0.01 | 0.40 | 2.00
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Table (5.7): Indoor radon concentrations, doses and lifetime risks of radon induced lung cancer of school No.7.

School Name: Tulkarem Basic Boys No.1, Geographic Location: Tulkarem Camps, Authority: UNRWA.
Detector Type: CR-39, Building Age: 4 Years,  Serial No.: 7,  School Classification No.: 53.

e S - 2 -
@ £ T S 7 @ S | 2 = o
o ] ) j- I E [%2] Pe3) - — X 7] <
o S | 2| > = s = | 8 $ |3 ¥ % L
Z S o © = c = = . = 2 o e
= | 0 £ e o o o S | & o @ a8 o @ X
© Q — S + = Q T o I = * = o Q c + o
5 8 [£]8] 8 L S TTI el e w s || g | & 2
n| TS c O > S - | = = LI
E | = S o 5 | < =S| 2| & | 5
3 | © 3 < 2 41 g
Q ad L Z
1 101D |6C | F1 | 1875 + 5.48 0.08 0.02|0.87 | 4.37
2 105D | 6C | F1 | 27.24 + 7.53 0.11 0.03]1.27 | 6.35
3 | 114 |6B | F1 | 8493 + 1311 0.35 0.11 ] 3.96 | 19.80
4 | 115 |8C | F1 | 2554 + 7.40 0.10 0.03]1.19| 5.95
5| 116 |6A|F1 | 3233 + 7.78 0.13 0.04 151 | 7.54
6 118 [8B | F1 | 6796 < 936 5541 + 14.01 0.28 0.23 + 0.06 0.09 3171584 1292 + 3.27
7 | 120 |8A | F1 | 59.48 + 10.50 0.24 0.07 | 2.77 | 13.86
8 | 126 | 7C | F1| 1705 * 6.67 0.07 0.02 10.80 | 3.98
9 | 129 |9A | GF | 163.00 + 20.01 0.67 0.21|7.60 | 37.99
10 | 130 |9B | F1 | 57.78 + 9.87 0.24 0.07 | 2.69 | 13.47
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Table (5.8): Indoor radon concentrations, doses and lifetime risks of radon induced lung cancer of school No.8.
School Name: Tulkarem Basic Boys No.2,  Geographic Location: Tulkarem Camps, Authority: UNRWA.
Detector Type: CR-39, Building Age: 56 Years,  Serial No.: 8,  School Classification No.: 54.

g 5 - 2 -
z = o 2 o X
sl glz|3%| E = =~ | 8 > | 4| x | 2 o
Zl s | e |3 8 5 | € 5 | 2|2 5| 5| 2 | & 5
= | D s | = c + = 8 + = 8 =+ = S o o qE) e
Sl s 218| 8 I S I L I = L |5 o
(<0} - b o o o p= £ <) —
w2 | 3| c O = | > J | d | 5 | £ Ll
£1G 3 S g | < 2| 3|2 |2
o © < = - %
&) o L 53
1 (69D 4B | F1]| 13.66 + 4.06 0.06 0.020.64| 3.18
2 |[70D[4B | F1| 1196 = 4.16 0.05 0.02 /056 2.79
3|71 [3C|F1]|2045 + 6.32 0.08 0.03/0.95| 4.77
4| 72 [3B|F1| 4251 + 10.88 0.17 0.051.98] 9.91
5| 73 [3A|F1| 518 =+ 4.06 0.02 0.01/024| 1.21
6 | 75 2B | F1 | 1027 + 488 |°>>72 * 1010756,710.15 + 004155716487 239 (833 £ 2.3
7 [ 117 [ 1C |GF [112.09 + 8.1 0.46 0.14 | 5.23|26.13
8 | 119 | 1B [GF | 4421 =+ 10.79 0.18 0.06 | 2.06 | 10.30
9 [127 [ 1A |GF | 5269 =+ 9.36 0.22 0.07 | 2.46 | 12.28
10 | 128 [2A | F1 | 4421 + 958 0.18 0.06 | 2.06 | 10.30
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Table (5.9): Indoor radon concentrations, doses and lifetime risks of radon induced lung cancer of school No.9.
School Name: Nur shams Basic Boys, = Geographic Location: Tulkarem Camps, Authority: UNRWA.
Detector Type: CR-39, Building Age: 8 Years,  Serial No.: 9,  School Classification No.: 55.

S = = °

z = c S N —

2 g s 'g U>) D = 2 = ¥

- ac > e o = n O — * % <
> S zZ > c = ~ a > — X = o
pzd < @ @ = c = L = — - L2 o P
= n £ ~ e + o Q + o 3 = + et © @ 104 ) *
1] o - = T = Q T e Qa =z e o o = t —
s| 8| £ | 8|6 TR W | o | s | s | g | 5 o
n @ ) o c O > S _| ~ = £ |

£ < S o = < 2 < 2 -

‘D O ° > 8 =

o © < = - 2

[m) ad L 4
1 52 5B F1 | 1027 = 421 0.04 0.01 | 0.48 | 2.39
2 53 5C F1 | 1196 + 3.33 0.05 0.02 | 056 | 2.79
3 77D 4C F1 6.87 + 3.33 0.03 0.01 | 0.32 | 160
4 78D 4C F1 857 + 421 0.04 0.01 | 0.40 | 2.00
5 80 2C GF |5099 + 1162|2743 = 656 | 021 | 011 + 003 | 0.06 | 238 | 1189 | 6.39 <+ 153
6 81D 2B GF 2893 = 7.23 0.12 0.04 | 1.35 | 6.74
7 82D 2B GF | 3572 += 10.79 0.15 0.05 | 1.67 | 8.33
8 83 1A GF |3233 + 7.37 0.13 004 | 151 | 7.54
9 85 1C GF [61.18 + 11.88 0.25 0.08 | 2.85 | 14.26
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Table (5.10): Indoor radon concentrations, doses and lifetime risks of radon induced lung cancer of school No.10.

School Name: Nur shams Basic Girls, = Geographic Location: Tulkarem Camps,  Authority: UNRWA.
Detector Type: CR-39, Building Age: 12 Years,  Serial No.: 10, School Classification No.: 56.

o c x <,ro
S | S s 2 L | §
) £ © = 2, ") P o —
2 | 8| 5 | S g E | g o | 5 | x g P
§ % < > S - b= - @ (@] - >; - % o S
—_ e | o o Fer} o [22] - o <) = X
< wn S c + pu b + pu O = + pu s o [0 d Q + O
= = o S o ~ 5 c - = o wm - = ° E - &
5 e = 3 O L S L ® > L S = e = =
n @ A o c O = > — < = 2 Ll
E | 2 S o 5 | < = | =2 | &8 | 3
@ O g 5: e 4 <
o o L Z
1 | 86 | 4B | FL | 3063 + 688 0.13 004 | 143 | 7.14
2 | 88 | 4A | Fl | 3233 = 544 0.13 004 | 151 | 7.54
3 | 89 | 3C | FL | 3402 + 801 0.14 0.04 | 150 | 7.03
4 | 90 | 3B | FL | 4421 + 697 0.18 0.06 | 2.06 | 10.30
5 | 91D | 3A | GF |3233 = 10.77 0.13 0.04 | 151 | 754
6 | 92D | 3A | GF | 4081 * 3.0 0.17 0.05 | 1.90 | 951
71 93 | 2C | GF | 857 = 4g1 | 2898 * 292 5 012 £ 001 =06 040 200 | 874 * 068
8 | 95 | 2B | GF | 3063 * 501 0.13 004 | 143 | 7.14
9 | 96 | 2A | GF | 2215 + 6.08 0.09 0.03 | 1.03 | 5.16
10 | 97D | 1C | GF | 2045 = 6232 0.08 0.03 | 0.95 | 4.77
11 | 98D | 1C | GF | 3402 + 958 0.14 0.04 | 1590 | 7.03
12 | 100 | 1A | GF | 1705 = 711 0.07 0.02 | 0.80 | 3.98
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The results of indoor radon concentration, effective dose and LEAR in

Al Shaarawiah villages schools are given in tables 5.11 to 5.14.



73

Table (5.11): Indoor radon concentrations, doses and lifetime risks of radon induced lung cancer of school No.11.

School Name: Shuwaika Basic Girls,

Geographic Location: Al Shaarawiah villages,

Authority: Government.

Detector Type: CR-39, Building Age: 12 Years,  Serial No.: 11, School Classification No.: 21.

o c = 5

2 2 c s S —

2 g s g U>) D & 2 = ¥
.| 2| 8 | B = © £ 8 S X & ¥
o £ z > c = ~ a > - X = o
=2 ] H @ 5 c 5 9 . 5 - = w o o
= o £ - e + £ 8 + £ < ¥ + £ 8 s @ I
| &| | 8|8 G| 5 oo Q| Y i s | s | g| £ S
n D 7 o c O = S - < = = i

£ < S o = < 2 < 2 -

7 O ie] > D =

o < < = - 2

a) o L <
1 102 | 3C F1 | 3742 + 544 0.15 0.05 | 1.74 | 8.72
2 103 | 3B F1 |2893 + 10.96 0.12 0.04 | 1.35 | 6.74
3 106 | 4B F1 |5269 + 9.03 0.22 0.07 | 246 | 12.28
4 107 | 2B F1 | 4421 + 7.40 0.18 0.06 | 2.06 | 10.30
5 |108D| 2A | F1 |4081 * 912 0.17 0.05 | 1.90 | 9.51

+ + +

6 | 109D | 2A | F1 |5260 = sa1 | 047 * 598 g 020 £ 002 moo e T1228 | M2 10
7 110 | 1B | GF |7136 + 10.68 0.29 0.09 | 3.33 | 16.63
8 111 | 2C | GF |86.63 = 1050 0.36 0.11 | 4.04 | 20.19
9 112 | 1C | GF |[34.02 + 6.97 0.14 0.04 | 1.59 | 7.93
10 | 113 | 1A | GF [4590 +* 1254 0.19 0.06 | 2.14 | 10.70
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Table (5.12): Indoor radon concentrations, doses and lifetime risks of radon induced lung cancer of school No.12.
School Name: Zieta Basic Girls, = Geographic Location: Al Shaarawiah villages,  Authority: Government.
Detector Type: CR-39, Building Age: 56 Years,  Serial No.: 12,  School Classification No.: 22.

S S - 2 . | §

@ £ & 2 % ® = @ S ¥

o © © = @ e 8 3} 5 X = <
= c Z > c = ~ Qa > X D_: o
< < c 3 8 S c S 3 S = 5 2 X
T N S - c + £ 8 + £ 8 = + £ 8 o 14 g £ o
5| & | 5| 8|8 w5 T o o | s | s | g|3 o
n @ a o c O = =4 I e~ = e \T]

£ < S o B < 2 < L -

‘O O © > D =

o © < = — %

(@) o L P

139.2

1 124D 2B GF 4 + 1547 0.57 0.18 6.49 | 32.46
2 125D 1A GF 5439 + 14.79 0.22 0.07 254 | 12.68
3 131 3B GF 2045 + 6.32 0.08 0.03 0.95 | 4.77
4 |132D| 2B | GF 163'3 + 19.06 0.66 020 | 752 | 37.60
5 133 6A GF 163'0 + 1729|7198 + 17.07 | 0.69 030 + 0.07 0.21 7.84 |39.18 | 16.78 + 3.98
6 134 5A GF 22.15 += 6.57 0.09 0.03 1.03 5.16
7 135 4A GF 2384 + 581 0.10 0.03 1.11 5.56
8 136 3A GF 69.66 + 19.38 0.29 0.09 | 3.25 | 16.24
9 137 2A GF 372 + 8.19 0.15 0.05 1.67 8.33
10 138 1B GF 56.09 + 10.14 0.23 0.07 2.61 | 13.07
11 139D 1A GF 4081 + 5.81 0.17 0.05 1.90 9.51
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Table (5.13): Indoor radon concentrations, doses and lifetime risks of radon induced lung cancer of school No.13.

School Name: Illar Basic Boys,

Geographic Location: Al Shaarawiah villages,

Authority: Government.

Detector Type: CR-39, Building Age: 62 Years, Serial No.: 13, School Classification No.: 23.
o [ 9 #C)
2 9 [ < <
@ GEJ © = B @ < & = f‘:
: S | 8|3 | 5 < E | 8 e | 3] X 2 %
o c zZ > c = ~ Qa > X o o
Z ] @ <) S c S 8 . 5 . = v o
T n £ e + £ 8 + £ 8 t o+ = Q 8 o e+ =
5 s [ S8 8 T e | S 0| s|s| g |35 o
n @ A | o c O = S _| ~ = 2 i
e ] o o 3 < 2 = @ -
g | O 2 g &£ - 2
& o i Z

1 140 | 6B | GF | 9851 + 14.48 0.40 0.12 | 459 | 22.96

2 141 | 1A | GF | 6796 = 831 0.28 0.09 | 3.17 | 15.84

3 142 | 2A | GF | 9342 + 16.52 0.38 0.12 | 4.36 | 21.78

4 143D | 2B | GF | 23.84 + 8.04 0.10 0.03 | 1.11 | 556

5 144D | 2B | GF | 40.81 + 7.64 0.17 0.05 | 1.90 | 951

6 145 | 4A | GF | 11.96 = 4.16 0.05 0.02 | 056 | 2.79

7 146 | 6A | GF | 10.27 + 3.39 | 3859 + 829 |0.04|016 + 003 |001|048| 239 |9.00 = 193

8 147 | 5B | GF | 27.24 + 5.66 0.11 0.03 | 1.27 | 6.35

9 148 4B | GF | 22.15 £ 6.57 0.09 0.03 | 1.03 | 5.16

10 149 | 5A | GF | 11.96 + 4.84 0.05 0.02 | 056 | 2.79

11 150 |[3A | F1 | 1875 = 421 0.08 0.02 | 0.87 | 4.37

12 151 | 1B | GF | 40.81 + 841 0.17 0.05 | 1.90 | 951

13 152 | 3B | F1 | 34.02 + 5.48 0.14 0.04 | 159 | 7.93
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Table (5.14): Indoor radon concentrations, doses and lifetime risks of radon induced lung cancer of school No.14.

School Name: Baga Al Sh. Basic Boys,

Geographic Location: Al Shaarawiah villages,

Authority: Government.

Detector Type: CR-39, Building Age: 70 Years, Serial No.: 14, School Classification No.: 24.
s | . S S < . L |7
s | E| g |E 2 ¢ | ¢ - NI T
s | g | 2 2 £ 5 = | 8 > - X 2 o
=2 c @ @ S5 c 5 9 . 5 . = w o T
[ @ g . 2 + £ 8 + £ 8 £ + £ g Q i2 g =+
s| 5| 2| 8|8 G| g bo|g |y O s | s | g| < S
n D 7 0o c O = S - < = 2 i
£ = S 2 8 < = = 2 3
g | © 3 < £ 41 2
a a L g
1 | 154D | 3B F1 |2045 * 463 0.08 0.03 | 0.95 | 4.77
2 | 155D | 3B F1 [34.02 + 7.40 0.14 0.04 | 159 | 7.93
3 | 156 | 3A F1 |23.84 + 912 0.10 0.03 | 1.11 | 556
4 | 157 | 4A F1 |3233 + 6.48 0.13 0.04 | 151 | 7.54
5 | 158 | 2A F1 |3742 + 853 0.15 0.05 | 1.74 | 8.72
6 | 161 | 1B F1 | 4760 + 1054|3726 + 357 | 020 | 015 + 0.01 | 0.06 | 2.22 |11.10 | 869 =+ 0.83
7 | 162 | 1A F1 |3742 + 6.94 0.15 0.05 | 1.74 | 8.72
8 | 163 | 6B | GF |4251 = 9.3 0.17 0.05 | 1.98 | 9.91
9 | 164 | 6A | GF |3233 + 853 0.13 0.04 | 1.51 | 7.54
10 | 166 | 5B | GF |3742 = 6.94 0.15 0.05 | 1.74 | 8.72
11 | 167 | 5A | GF |6457 + 9.18 0.26 0.08 | 3.01 | 15.05
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For Al Kafriat villages schools the indoor radon concentration,

effective dose and LEAR are presented in tables 5.15, 5.16 and 5.17.
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Table (5.15): Indoor radon concentrations, doses and lifetime risks of radon induced lung cancer of school No.15.
School Name: Irtah Basic Girls,

Geographic Location: Al Kafriat villages,

Authority: Government.

Detector Type: CR-39, Building Age: 7 Years,  Serial No.: 15,  School Classification No.: 31.
o c x %
= | e = 5 > T | F
s 2| 2T £ : £18 - 2138 &
pz % D o - € - @ - - _ = > n4 =
S Q — S = - Q x c Q 4= x b o Q = * —
5 S 2 S S L] S L] W L] s o = S
@ I o @ o P S k) =
n @ A o c O 2 > - < = = L
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%) @) =] = I<5) =
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1 | 11D | 3A | F1 |2893 * 764 0.12 0.04 | 1.35 | 6.74
2 12 4B F2 | 857 + 421 0.04 0.01 | 0.40 | 2.00
3 13 | 4A | F2 | 687 + 544 0.03 0.01 | 0.32 | 1.60
4 14 5A | F2 | 857 + 421 0.04 0.01 | 0.40 | 2.00
5 15 6A | F2 |2384 + 841 |1875 + 335 | 0.10 | 008 + 0.01 | 0.03 | 1.11 | 556 | 437 =+ 0.78
6 16 3B F1 3402 + 7.80 0.14 0.04 | 159 | 7.93
7 | 17D | 3A | F1 |2724 = 509 0.11 0.03 | 1.27 | 6.35
8 18 2A | F1 |1536 * 6.79 0.06 0.02 | 0.72 | 3.58
9 19 1A GF | 1536 + 6.79 0.06 0.02 | 0.72 | 3.58
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Table (5.16): Indoor radon concentrations, doses and lifetime risks of radon induced lung cancer of school No.16.
School Name: Kufor sur elementary, = Geographic Location: Al Kafriat villages, Authority: Government.
Detector Type: CR-39, Building Age: 52 Years,  Serial No.: 16,  School Classification No.: 32.

Z | o 5 S < L |3
@ S _ m = ) @ = 2 = |V
s| 2| S o = o E S $ 3 % ez 5
z2 | g 3 3 S < S 2 - 5 . - 0 o o
= | @ £ - e + £ 8 =+ 8 £ o+ £ 8 o x g * =
5 < o S 3 e & L o p w S > e = o
N D 3 0 s O > 3 5 - = 2 0
£ < S > 5 < = = 2 3
g | O g I £ - |2
a) 14 w z
1 169 8A F2 1875 + 7.80 0.08 0.02 | 0.87 | 4.37
2 | 177D | 2A GF |19354 + 17.99 0.79 0.24 | 9.02 | 45.11
3 178 9A F2 39.12 + 8.11 0.16 005 | 1.82 | 9.12
4 180 4A F1 3233 + 11.86 0.13 004 | 151 | 7.54
5 181 TA F2 73.06 *+ 13.38 0.30 0.09 | 3.41 | 17.03
6 182 5A F1 2045 + 804 (8000 £+ 2159| 008 | 0.33 + 0.09 | 0.03 | 095 | 4.77 | 1865 =+ 5.03
7 183 1A F1 3402 += 740 0.14 004 | 159 | 7.93
8 184 6A F1 28.93 + 6.79 0.12 0.04 | 1.35 | 6.74
9 185 3A GF 76.45 + 16.64 0.31 0.10 | 3.56 | 17.82
10 | 186D | 2A GF |210.51 = 20.30 0.86 0.27 | 9.81 | 49.07
11 187 1B GF |152.81 *= 16.07 0.63 0.19 | 7.12 | 35.62
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Table (5.17): Indoor radon concentrations, doses and lifetime risks of radon induced lung cancer of school No.17.

School Name: Shofah Basic Girls,

Geographic Location: Al Kafriat villages,

Authority: Government.

Detector Type: CR-39, Building Age: 50 Years,  Serial No.: 17,  School Classification No.: 33.
o c = 5
Z S = S 3 =
5y E b g U>) ® S @ S *

.| 2 | 8 | B 5 © E 8 S | 3 X % ¥
> E Z = o= = ~ Qa > - X = o
pd c @ @ 5 c s L _ 5 o = w o o
s | © S | - e + £ 8 + = | 8 | £  E g | & | & 2 o+ L
s S o S S I S L] - L L s s 2 = o
n D % o c O = S - < = 2 i

£ < S o B < 2 < 2 -
‘O O © > D —
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1 | 188D | 2A | GF | 86.63 =+ 8.19 0.36 0.11 | 4.04 | 20.19
2 | 189 | 1B | GF | 5099 + 8.9 0.21 0.06 | 2.38 | 11.89
3 | 191 | 9A | F1 | 2893 + 6.32 0.12 0.04 | 1.35 | 6.74
4 | 193 | 7A | F1 | 2554 + 6.97 0.10 0.03 | 1.19 | 595
5 | 194 | 6A | F1 | 3912 + 9.83 0.16 0.05 | 1.82 | 9.12
6 | 195 | 3A | GF | 5269 + 1116|5133 + 7.61 | 022 | 021 + 0.03 | 0.07 | 2.46 |12.28 | 11.97 = 1.77
7 | 196 | 4A | GF | 3912 + 731 0.16 0.05 | 1.82 | 9.12
8 | 197 | 5A | GF | 4930 + 6.79 0.20 0.06 | 2.30 | 11.49
9 |198D| 2A | GF 10?'2 + 7.23 0.41 0.13 | 4.67 | 23.36
10 | 199 | 1A | GF | 4081 + 6.32 0.17 0.05 | 1.90 | 9.51
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The indoor radon concentration, effective dose and LEAR in Wad El

Shaeer Villages schools are presented in three tables (from table 5.18 to 5.20).
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Table (5.18): Indoor radon concentrations, doses and lifetime risks of radon induced lung cancer of school No.18.

School Name: Beit Leed Basic Boys,

Geographic Location: Wad El Shaeer Villages,

Authority: Government.

Detector Type: CR-39, Building Age: 70 Years, Serial No.: 18,  School Classification No.: 11.
g @ -§ g ? - TD -)<8
2 S _ o = 2 @ < 2 o ~
S = = T = o S 8 S 3 X © -
= 5 3 3 S < S 2 - 5 . = © o o
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o) 12 T, Z
1 168 | 3A | GF |3912 + 731 0.16 0.05 | 1.82 | 9.12
2 170 | 4B | GF |2554 + 548 0.10 0.03 | 1.19 | 5.95
3 172 | 6B | GF |2045 + 8.77 0.08 0.03 | 0.95 | 4.77
4 173 | 7A | GF [2215 + 6.57 0.09 0.03 | 1.03 | 5.16
5 174 | 5B | GF |3572 + 925 2252 + 351 | 015 | 009 + 001 | 0.05 | 167 | 833 | 525 + 0.82
6 175 | 5A | GF |2045 + 841 0.08 0.03 | 0.95 | 4.77
7 |176D| 4A | GF | 1536 * 525 0.06 0.02 | 0.72 | 3.58
8 179 | 4C | GF | 348 + 301 0.01 0.00 | 0.16 | 0.81
9 |200D| 4A | GF |2045 + 581 0.08 0.03 | 0.95 | 4.77
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Table (5.19): Indoor radon concentrations, doses and lifetime risks of radon induced lung cancer of school No.19.

School Name: Anabta Basic Boys, = Geographic Location: Wad EI Shaeer Villages, Authority: Government.
Detector Type: CR-39, Building Age: 79 Years,  Serial No.: 19,  School Classification No.: 12.

S : c = -
2 |E|_| B = 2| g 5l e 7 | X
s| 2|28 £ = £l 8 SO X = IS
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E | = S o 5| < = | 2| £ 3
2 | © 3 < 2 I
a) 14 L0 Z
1 201D | 7/A | GF [32.33 *+ 5.98 0.13 0.04 151 | 754
2 | 202 | /B |GF |39.12 + 731 0.16 0.05/1.82| 9.12
3 | 203 |5A | GF |27.24 + 3.68 0.11 0.03|1.27| 6.35
4 | 204 | 5B | GF |32.33 + 7.78 0.13 0.04 151 | 754
5 | 205 | 6A | GF 4590 *+ 4.63 0.19 0.06|2.14 | 10.70
6 | 206 | 6B | GF|30.63 + 4.76|3233 + 239|0.13|/0.13 + 0.01|0.04|143| 714 | 754 =+ 056
/7 | 207 |8A | GF 2893 + 7.23 0.12 0.04/135| 6.74
8 | 208 | 8B | GF | 2045 + 4.63 0.08 0.03/0.95| 4.77
9 | 209 | 7/C | GF 4421 + 5.48 0.18 0.06 | 2.06 | 10.30
10 | 211 | 4B | GF | 23.84 *+ 4.63 0.10 0.03|1.11| 556
11 | 212 | /A | GF |30.63 *+ 6.41 0.13 0.041143| 7.14
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Table (5.20): Indoor radon concentrations, doses and lifetime risks of radon induced lung cancer of school No.20.

School Name: Bala'a High Basic Girls,

Geographic Location: Wad El Shaeer Villages, Authority: Government.

Detector Type: CR-39, Building Age: 13 Years,  Serial No.: 20, School Classification No.: 11.
s 5 . S + |5
2L GE) B -8 cé ® = & -)<S'> L
. o © o) _: E £ (72} O — 5 <
§ % < > S — e — @ 8 — >; :I %5 @ S
— wn S — Q + o Q + o 3 = + o D 3 Y <) *
s S = S - — 2 - — T = . o 2 = . -
= - o o o w c L 0O L L S <) — o
n @ A o c O 2 > - < = = L
£ < S o 3 < 2 = 2 _
7 QO e > @D =
o © < = — 2
o) x i Z
1 | 213 | 5BA | F1 |2045 + 463 0.08 0.03 | 0.95 | 4.77
2 | 214 | 5B F1 [1536 + 4.63 0.06 0.02 | 0.72 | 3.58
3 | 215 | 5C F1 | 857 + 3.39 0.04 0.01 | 0.40 | 2.00
4 | 216 | 5D F1 [3402 + 4.88 0.14 0.04 | 159 | 7.93
5 | 217 | 8A | F1 |1027 * 3.39 0.04 0.01 | 0.48 | 2.39
6 | 218 | 8B F1 | 1875 + 548 0.08 0.02 | 0.87 | 4.37
7 | 219 | 8C | FL | 3063 + 1014|008 = 420 a3 011 2 002 Moo as T7as | 20 099
8 | 220 | 7C F1 |10.27 + 421 0.04 0.01 | 0.48 | 2.39
9 | 221 | 7B F1 |3233 + 737 0.13 0.04 | 1.51 | 7.54
10 | 222 | 7A | F1 |5439 + 1177 0.22 0.07 | 2.54 | 12.68
11 | 223 | 6B F2 4760 + 7.86 0.20 0.06 | 2.22 | 11.10
12 | 225D | 6A | F2 |[2554 + 6.51 0.10 0.03 | 1.19 | 5.95
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Table (5.21): Summary analysis of the average radon concentration,
average effective dose and average life time risk over different
classifications.

wn
H .
o Radon . e L. )
e . @ . Effective Dose Lifetime Risk
Classification | w5 £ | Concentration %1 (4
= 3 (mSvly) 10
s 3 Bg/m
Z 0
Tulkarem 193 | 4042 + 249 | 017 + 001 | 942 + 058
Province
Tulkarem City 31 | 4016 + 6.02 0.16 + 002 | 936 + 140
Tulkarem 55 | 3507 + 391 | 014 + 002 | 818 + 091
Camps
Al Shaarawih V. | 45 | 4884 + 530 0.20 + 002 | 1139 + 124
Al Kafriaat V. 30 | 5207 + 934 0.21 + 004 | 12214 + 218
Wad A\'/Shaeer 32 | 2708 + 211 | 011 + 001 | 631 + 049
Government 129 | 4384 + 3.28 0.18 + 001 | 1022 + 0.76
UNRWA 55 | 3507 + 3.91 0.14 + 002 | 818 + 091
Private 9 2403 + 469 0.10 + 0.02 5.60 + 1.09
Ground Floor 107 | 5020 + 4.01 0.21 + 002 | 1170 + 093
First Floor 72 | 2973 + 1.88 0.12 + 001 | 693 + 044
Second Floor 14 2057 + 537 0.08 + 0.02 4.79 + 1.25
New Building 99 | 3552 + 2.85 0.15 + 001 | 828 + 067
Old Building 94 | 4558 + 4.08 0.19 + 002 | 1062 + 095

5.2.1 Average radon concentration in Tulkarem province

The indoor radon concentration in Tulkarem province elementary
schools was varied from 3.48 to 210.51 with mean of 40.42 + 2.49 Bg/m°
as shown in tables 5.21, 5.22.

Table (5.22): The minimum, mean, standard deviation, standard error
of the mean and the maximum values of radon concentrations in
Tulkarem Province.

Min Max mean |SD SE
3.48 210.51 |40.42 |3458 |2.49
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The general observation in figure 5.1 is that 85% of the detectors
have radon concentration less than 60 Bg/m®. On the other hand, about 4%

of the detectors have concentration above 150 Bg/m?®,

90 - 84 81

30 Tulkarem Province
v
g 70 -
%
S 60 -
= _
5 50
= 40 -
< 30 -
S
Z, 20 - 15

_ 5
10 I ) 4 ) 1
0 - , , . . .
Taoe T 4.2 FYc8) 122 T) BACI2) ThaodAY T2
Radon Concentration Bg/m?

Figure (5.1): Radon concentration distribution in Tulkarem province area.

The effective dose due to indoor radon that the students and the
teachers of the elementary schools of Tulkarem province exposed to was

found to be 0.17 £ 0.01 mSv/y (See table 5.21).

The LEAR which estimates the lifetime risk factor for radon induced

lung cancer for teachers in Tulkarem province elementary schools was

worked out to be about (9.42+ 0.58) x10™. (Table 5.21)

5.2.2 Average radon concentration and geographic location

dependence

In this survey, the area of Tulkarem province was divided into five
regions in order to evaluate the effects of geographic location in indoor

radon concentration and for the purpose of statistical evaluation we
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considered the administrative divisions of Tulkarem municipality;
Tulkarem city in the west region of the province, Tulkarem camps in the
middle, Al Shaarawih Villages in the north region, Al Kafriaat Villages in
the south and Wad Al Shaeer Villages in the east region as shown in Figure

5.2.

The average radon concentrations for each region of the five regions
respectively are: 40.16 Bg/m®, 35.07 Bg/m?®, 48.84 Bg/m®, 52.07 Bg/m® and
27.08 Bg/m®, and the minimum concentrations were 6.87 Bg/m® 5.18
Bg/m®, 10.27 Bg/m®, 6.87 Bg/m® and 3.48 Bg/m®, also the maximum
concentrations were: 186.75 Bg/m®, 163.00 Bg/m®, 168.09 Bg/m®, 210.51
Bg/m?® and 54.39 Bg/m*® (as shown in Table 5.23).

The corresponding effective dose and lifetime risk of radon induced

lung cancer respectively was found to be 0.16 + 0.02 mSv/y and (9.36 +
1.40) x 10 in Tulkarem city, 0.14 + 0.02 mSv/y and (8.18 £ 0.91) x 10
in Tulkarem camps, 0.20 + 0.02 mSv/y and (11.39 + 1.24) x 10 in Al
Shaarawih Villages, 0.21 + 0.04 mSv/y and (12.14 + 2.18) x 10 in Al
Kafriaat Villages and 0.11 + 0.01 mSv/y and (6.31+ 0.49) x 10 in Wad

Al Shaeer Villages (as shown in Table 5.21).
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‘ Greopoliticzl Map of Tukamm Governorate, 2009
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Figure (5.2): The surveyed schools in the five regions shown in Tulkarem province
map.

Key for Figure 5.2:

Region # 1= Tulkarem city

Region # 2= Tulkarem camps

Region # 3= Al Shaarawih Villages

Region # 4= Al Kafriaat Villages

Region # 5= Wad Al Shaeer Villages

Table (5.23): The minimum, mean, standard deviation, standard error

of the mean and the maximum values of radon concentrations in the
five regions.

Region Min Max | Mean SD SE
City 6.87 | 186.75 | 40.16 | 33.54 6.02
Camps 5.18 | 163.00 | 35.07 | 28.99 3.91
Al Shaarawih Villages | 10.27 | 168.09 | 48.84 | 35.58 5.30
Al Kafriaat Villages 6.87 | 210.51 | 52.07 | 51.14 9.34
Wad Al Shaeer Villages | 3.48 | 54.39 | 27.08 | 11.94 2.11
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Figure 5.3 shows radon concentration distribution in Tulkarem city
(regionl). It can be seen that 87 % of the detectors have concentration less
than 60 Bg/m®. And just one detector out of 31 detectors has concentration

exceed the permissible level of 150 Bg/m®.

Tulkarem City
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Figure (5.3): Radon concentration distribution in Tulkarem City.

While figure 5.4 shows the concentration levels for Tulkarem camps
(region 2). Nearly 87 % of the detectors have concentration less than 60

Bg/m°. This is exactly the same percentage of region 1.
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Figure (5.4): Radon concentration distribution in Tulkarem Camps.
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Figure (5.5): Radon concentration distribution in Al Shaarawih Villages.

Figure 5.5 represents the concentration level in Al Shaarawih

Villages (region 3). It can be seen that 49 % of the detectors have

concentration interval between 30 Bg/m® and 60 Bg/m®. And In figure 5.6

the concentration level of Al Kafriaat Villages (region 4) is presented. It

shows that 10% of the detectors have concentration more than 150 Bg/m?®.
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Figure (5.6): Radon concentration distribution in Al Kafriaat Villages.
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Figure 5.7 below shows the concentration levels in Wad Al Shaeer
Villages (region 5). All of the detectors have concentration less than 60

Bg/m°.

Wad Al Shaeer Villages
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Figure (5.7): Radon concentration distribution in Wad Al Shaeer Villages.
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Figure (5.8): The average indoor radon distribution due to geographic location.

A statistical T-test was used to investigate if regions in figure 5.8 are
significantly different from each other. The groups are considered different

if the 95% confidence interval of their average overlap, i.e. T-test with p <
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0.05 is considered different. If the results of pairs of regions are compared

and the T-test value is calculated then:

For the five regions, region 1 was compared with regions 2, 3, 4 and 5.
Region 1 with region 2: p= 0.482

Region 1 with region 3: p=0. 283

Region 1 with region 4: p=0.289

Region 1 with region 5: p=0.048

From the previous T-test results none of them were significantly
different from each other except region 1 with region 5 which represent

Tulkarem city with Wad Al Shaeer villages respectively.
For region 2 with regions 1, 3, 4 and 5 we get:

Region 2 with region 1: p= 0.482

Region 2 with region 3: p=0.04

Region 2 with region 4: p=0.101

Region 2 with region 5: p= 0.076

The T-test results show that region 2 with region 3 is significantly
different, while there was no statistically significant difference when region

2 was compared with region 1, 4 and region 5.

For region 3 with regions 1, 2, 4 and 5 we get:
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Region 3 with region 1: p=0. 283
Region 3 with region 2: p= 0.04

Region 3 with region 4: p=0.765
Region 3 with region 5: p= 0.000

From the above results we can notice that region 3 was highly
significant with region 2 and region 5, where when compared with others

was not significantly different.

For region 4 with regions 1, 2, 3 and 5 we get:
Region 4 with region 1: p= 0.289

Region 4 with region 2: p=0.101

Region 4 with region 3: p=0.765

Region 4 with region 5: p=0.014

Region 4 is highly significantly different with region 5, whereas not
significantly different with region 1, 3 and region 4.For region 5 with

regions 1, 2, 3 and 4 we get:
Region 5 with region 1: p= 0.048
Region 5 with region 2: p= 0.076

Region 5 with region 3: p= 0.0003
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Region 5 with region 4: p=0.014

Region 5 is highly significant with region 1, 3 and region 4, whereas

it different but not significant with region 2.
5.2.3 Average radon concentration and school authority dependence

The elementary schools of Tulkarem province authorized by
government or UNRWA or private schools. However they have different
building style; building material, number of windows in each classroom,
painting, maintenance of cracks in the buildings, etc. Also some of them
have international building standard as UNRWA schools. This may affects

indoor radon concentration level.

As seen in table 5.24 the average radon concentration in government,
UNRWA and private schools were 43.84 Bg/m®, 35.07 Bg/m®, and 24.03

Bg/m°® respectively. And the minimum concentrations were 3.48 Bg/m°,
5.18 Bg/m°, and 6.87 Bg/m® respectively. Also the maximum
concentrations were 210.51 Bg/m®, 163.00 Bg/m® and 50.99 Bg/m®

respectively.

Table (5.24): The minimum, mean, standard deviation, standard error
of the mean and the maximum values of radon concentrations in
different schools authorities.

Authority Min Max | Mean SD SE
Government| 3.48 | 21051 | 43.84 | 37.21 3.28
UNRWA 5.18 | 163.00 | 35.07 | 28.99 3.91
Private 6.87 50.99 | 24.03 | 14.06 4.69




Figure 5.9 shows radon concentration distribution in governmental

schools. It can be seen that nearly 84% of the detectors have concentration
less than 60 Bg/m®. On the other hand 87% of the detectors had radon

levels of less than 60 Bg/m® in UNRWA schools as seen in figure 5.10.
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Figure (5.9): Radon concentration distribution in governmental schools.
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Figure (5.10): Radon concentration distribution in UNRWA schools.

Private schools samples are few (only 9 samples), as shown in Figure

5.11, therefore one cannot draw any conclusion from such few data.
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Figure (5.11): Radon concentration distribution in private schools.

Figure 5.12 shows that average radon concentration in the

governmental schools was slightly higher than UNRWA and private

schools with average concentration of 43.84 Bg/m®, 35.07 Bg/m’and 24.03

Bg/m?® respectively.
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Figure (5.12): The average indoor radon distribution due to school authority.

If t-test is applied on governmental and UNRWA schools

distribution then the result would be with a p value of 0.088, which
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indicates that government and UNRWA schools have different radon

concentration but not significantly different.
5.2.4 Average radon concentration and school building age dependence

The probable effects of the age of the school buildings were studied.
For this purpose, we classified the schools into two groups: less than 15
years old and greater than 50 years old. The age range for the schools
monitored is 4-79 years. 11 schools were less than 15 years old and about
51% of the detectors were distributed in it with an average radon

concentration of 35.52 + 2.85 Bg/m® while 9 schools were found to be

greater than 50 years old and about 49% of the detectors were distributed in

it with an average concentration of 45.58 + 4.08 Bq/m3 (see table 5.21 and

table 5.25).

Table (5.25): The minimum, mean, standard deviation, standard error
of the mean and the maximum values of radon concentrations in new
and old school buildings.

Building Age | Min Max | Mean SD SE
New 5.18 | 186.75 | 35.52 | 28.40 2.85

Oold 3.48 | 210.51 | 4558 | 3959 | 4.08

From figures 5.13 and 5.14 one can notice that in new school

buildings just 3% of the detectors have concentration level more than 90

Bg/m° but in old school buildings there are about 11% of the detectors have

concentration more than 90 Bg/m®.
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Figure (5.13): Radon concentration distribution in new buildings.
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Figure (5.14): Radon concentration distribution in old buildings.

Figure 5.15 shows the average radon concentration distribution in
new and old building age. It is clear that radon concentration is higher in

old building than new ones.
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Figure (5.15): The average indoor radon distribution due to building age.

The variation of the age of the schools building with radon
concentration levels is considered statistically significant at 95%

confidence level (t-test P value = 0.045).
5.2.5 Average radon concentration and floor level dependence

The variation of radon concentration with floor levels was also
investigated and this is shown in table 5.26. The average radon

concentrations in the ground, first and second floors are: 50.20 + 4.01
Bg/m®, 29.73 + 1.88 Bg/m®and 20.57 + 5.37 Bg/m”, respectively. And the

maximum values are 210.51, 84.93 and 73.06, respectively.

Table (5.26): The minimum, mean, standard deviation, standard error
of the mean and the maximum values of radon concentrations in
different floor levels.

Floor Level Min Max Mean SD SE
GF 3.48 | 21051 | 50.20 | 41.48 4.01
F1 5.18 8493 | 29.73 | 15.95 1.88
F2 5.18 73.06 | 20.57 | 20.08 5.37
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From figures 5.16, 5.17 and 5.18 one can notice that all detectors

with radon concentration level more than 90 Bg/m® were founded in the
ground floors. Neither first floors nor second floors have radon
concentration more than 90 Bg/m°. Also nearly 34% of the detectors have
concentration less than 30 Bg/m® in the ground floors, while in first floors
51% of the detectors have concentration less than 30 Bg/m?®, but 79% of the

detectors have concentration less than 30 Bg/m?® in the second floors.
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Figure (5.16): Radon concentration distribution in ground floor.
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Figure (5.17): Radon concentration distribution in first floor.
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Figure (5.18): Radon concentration distribution in second floor.

Differences in radon concentration levels between the ground floors
and first floors (see figure 5.19) were not statistically significant at 95%
confidence level but between the ground floors and the second floors were
highly statistically significant (t-test, P-value = 0.000).However, there was

no significant difference between the first and the second floors.
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Figure (5.19): The average indoor radon distribution due to floor level.
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5.2.6 Result of duplicate and blank CR-39 measurements

In order to analyze the duplicate measurements, the average relative
percent difference (ARPD) for each duplicate pair that exceeds 148 Bq/m3
(4.0 pCi/L) was calculated in table 45.27 and founds to be 11.54% which is
far from the limit of EPA (EPA: if the ARPD exceeds 25% then the result

IS questionable; see section 4.11.1). Also for those with an average pair of

less than 148 Bg/m°, the difference in readings seems to be less than 18.5
Bg/m® (0.5 pCi/L) for all pairs, just in one pair the difference exceeds the

permissible level of 18.5 Bg/m®.

In the present study the maximum result of blank measurements was

6.79 Bq/m3. Therefore, the background radiation was very low. On the

contrary, if any of the blank measurements is equal to or greater than 37
Bg/m® (1.0 pCi/L), then the accuracy is questionable (EPA, 1998).
However, the average number of track was 0.13 (track per field of view)
which is subtracted from the average number of tracks for each detector to
eliminate any effective background radiation from radon concentration

measurements.



103

Table (5.27): Result of duplicate measurements.

D, D, Difference | Mean |[M > 148 | RPD-%
32.33 | 30.63 1.70 31.48
15.36 | 20.45 5.09 17.91
40.81 | 52.69 11.88 46.75
139.24 | 161.30 22.06 150.27 X 14.68
54.39 | 40.81 13.58 47.60
20.45 | 34.02 13.58 27.24
23.84 | 40.81 16.97 32.33
28.93 | 27.24 1.70 28.09
193.54 | 210.51 16.97 202.03 X 8.40
86.63 | 100.21 13.58 93.42
59.48 | 91.72 32.24 75.60
23.84 | 27.24 3.39 25.54
35.72 | 32.33 3.39 34.02
28.93 | 35.72 6.79 32.33
6.87 8.57 1.70 7.72
20.45 | 34.02 13.58 27.24
32.33 | 40.81 8.48 36.57
18.75 | 27.24 8.48 22.99
13.66 | 11.96 1.70 12.81
7475 | 86.63 11.88 80.69

N=2 23.08
ARPD= TRPD/N
ARPD=23.08 /2 =11.54 %

5.3 Average radon concentration in the elementary schools in

Tulkarem province by using RAD7 detector.

Five of the twenty elementary schools have successfully completed
measurements of indoor radon in four classrooms in each school by using
RAD7 continuous monitor (Durridge Company, USA) (see section 4.7.1).
All the results which transmitted from RAD7 apparatus by CAPTURE

software program were listed in table 5.29 with displayed graph windows
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shown in figures 5.21, 522 and 5.23 and the data summary was
summarized in table 5.28. It shows that the average radon concentration in
the 20 runs (960 cycles) from 48 hours exposure is 53.0 + 0.6 Bg/m®. The
uncertainty values calculated and reported by the RAD7 are estimates of
precision based on counting statistics alone, and are two-sigma values (or

95% confidence interval) (Durridge Co., 2012).

Table (5.28):RAD7 Data summary

NORMAL' Sensitivity:

0.0130 cpm/(Bg/m°)

'SNIFF" Sensitivity:

0.00624 cpm/(Bag/m”)

Num. Data Pts:

960 (Tests 1 to 960)

Time Duration:

2 Months, 4 Days, 21 Hrs., 30 Min.

Avg. Radon: 53.0 +/- 0.6 Bg/m®
Avg. RH: 4.68%
Avg. Temp: 30.1°C




Table (5.29):RAD7 Run Summaries.
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Run # School Name Classroom name | # of Cycles Run Start Run Stop Avg. Radon Bq/m3
1 Hasan Al Qaisy Basic 1A 48 3/6/2012 8:47 5/6/2012 8:47 195 + 5.0
2 Hasan Al Qaisy Basic 1B 48 5/6/2012 9:43 7/6/2012 9:43 53.1 + 2.5
3 Hasan Al Qaisy Basic 10A 48 7/6/2012 10:57 9/6/2012 10:57 48.9 + 2.4
4 Hasan Al Qaisy Basic 5A 48 10/6/2012 9:37 12/6/2012 9:38 76.9 + 3.0
5 Nur shams Basic Girls 3A 48 12/6/2012 10:55 | 14/06/12 10:56 44.8 + 2.3
6 Nur shams Basic Girls 1A 48 17/06/12 11:02 19/06/12 11:02 26.6 + 1.8
7 Nur shams Basic Girls 1B 48 19/06/12 11:14 21/06/12 11:14 23.0 + 1.7
8 Nur shams Basic Girls 1C 48 21/06/12 11:22 23/06/12 11:22 20.8 + 1.6
9 Tulkarem B. Boys No.2 1C 48 24/06/12 10:17 26/06/12 10:18 124 + 4.0
10 | Tulkarem B. Boys No.2 1A 48 26/06/12 11:53 28/06/12 11:53 63.7 + 2.7
11 | Tulkarem B. Boys No.2 1B 48 28/06/12 12:31 30/06/12 12:31 54.0 + 2.5
12 | Tulkarem B. Boys No.2 1B 48 1/7/2012 10:22 3/7/2012 10:22 49.3 + 2.4
13 | Tulkarem B. Girls No.1 7B 48 5/7/2012 13:03 7/7/2012 13:04 50.1 + 2.4
14 Tulkarem B. Girls No.1 7C 48 8/7/2012 10:51 10/7/2012 10:51 37.2 + 2.1
15 | Tulkarem B. Girls No.1 7A 48 10/7/2012 11:26 | 12/7/2012 11:26 69.9 + 2.9
16 Tulkarem B. Girls No.1 9A 48 15/07/12 10:52 17/07/12 10:52 32.6 + 2.0
17 | Mah. Hamshary B. Girls 8B 48 18/07/12 10:42 20/07/12 10:43 24.3 + 1.7
18 | Mah. Hamshary B. Girls 8C 48 24/07/12 10:28 26/07/12 10:28 24.0 + 1.7
19 Mah. Hamshary B. Girls 7B 48 26/07/12 11:36 28/07/12 11:37 19.8 + 1.6
20 | Mah. Hamshary B. Girls 4A 48 2/8/2012 9:59 4/8/2012 10:00 27.7 + 1.8
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Figure (5.20): RAD?7 data displayed in the CAPTURE Graph Window.
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Figure (5.21): RAD7 data with air temperature (T °C) and relative humidity (RH %) displayed in the CAPTURE Graph Window.
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Figure (5.22): RADY7 data of run # 1 displayed in the CAPTURE Graph Window.
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The main graph in figure 5.20 displays all data points of the 20 runs
it consists of short measurement runs of 48 hours separated by long
intervals. Time axis is a black and white line. It is black during morning
hours, from midnight to noon and white during afternoon hours from noon
to midnight. This can be clearly seen in one run graph as in figure 5.22.
The vertical axis scales refer to the radon concentration. Good radon data
gives a black line as can be seen in figure 5.21.just in one run the line
converts to red because the relative humidity in the measurement chamber

rises above 14% then the line color for radon data changes to red.

5.4 Comparison between CR-39 and RAD7 measurements of radon

concentration

As can be seen from the data plotted in figure 5.24, a highly linear
correlation (R® = 0.97) between long term passive detectors by CR-39 and
short term active detector by RAD7 for measurements indoor radon
concentration. The slope of the linear relation between long and short
measurements is 0.96. For CR-39 the measurements were for 3 months,

and for RAD7 the measurement was for 48 hours.

The average radon concentrations obtained by CR-39 and RAD7 are
illustrated in table 5.30 and they are close to unity which reflect a better

average radon concentration of individual measurement.
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Table (5.30): Correlation between the radon concentration of RAD7 monitor and the corresponding concentration
of CR-39 detectors.

Measurement Place Run # Sample # Radon Concentration Bg/m®
School Name Classroom name | RAD7 CR-39 RAD7 CR-39

Hasan Al Qaisy Basic 1A 1 50 195.0 + 5.0 186.8 + 11.6
Hasan Al Qaisy Basic 1B 2 48 53.1 + 2.5 44.2 + 6.5
Hasan Al Qaisy Basic 10A 3 49 48.9 + 2.4 34.0 + 55
Hasan Al Qaisy Basic 5A 4 47 76.9 + 3.0 61.2 + 12.1
Nur shams Basic Girls 3A 5 91 & 92 44.8 + 2.3 36.6 + 4.2
Nur shams Basic Girls 1A 6 100 26.6 + 1.8 17.1 + 7.1
Nur shams Basic Girls 1B 7 99 23.0 + 1.7 Lost
Nur shams Basic Girls 1C 8 97 & 98 20.8 + 1.6 27.2 + 6.8
Tulkarem B. Boys No.2 1C 9 117 124 + 4.0 112.1 + 8.9
Tulkarem B. Boys No.2 1A 10 127 63.7 + 2.7 52.7 + 94
Tulkarem B. Boys No.2 1B 11* 119 54.0 + 2.5 44.2 + 10.8
Tulkarem B. Boys No.2 1B 12* 119 49.3 + 2.4 44.2 + 10.8
Tulkarem B. Girls No.1 7B 13 66 50.1 + 2.4 52.7 + 11.2
Tulkarem B. Girls No.1 7C 14 68 37.2 + 2.1 40.8 + 8.4
Tulkarem B. Girls No.1 7A 15 65&67 69.9 + 2.9 80.7 + 5.9
Tulkarem B. Girls No.1 9A 16 62 32.6 + 2.0 23.8 + 5.8
Mah. Hamshary B. Girls 8B 17 27 24.3 + 1.7 Lost
Mah. Hamshary B. Girls 8C 18 28 24.0 + 1.7 Lost
Mah. Hamshary B. Girls 7B 19 24 19.8 + 1.6 15.4 + 5.8
Mah. Hamshary B. Girls 4A 20 20 & 30 21.7 + 1.8 25.5 + 1.7

* Replicate measurement in the same classroom.
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Figure (5.23): Comparison of RAD7 and CR-39 results.




112

200
y = 0.96x - 3.05

180 - R*=0.97
160 -
140 -
120 -
100 -
80 -
60 -

40 -

Radon Concentration Bg/m® of CR-39

0 T T T T T T T T T T 1
0] 20 40 60 80 100 120 140 160 180 200 220

Radon Concentration Bg/m® of RAD7

Figure (5.24): Correlation between CR-39 and RAD7 measurements of indoor radon
concentration.



113

Chapter Six
Discussion
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6.1 Main study results

The following sections provide the main study outcomes. However,
in order to provide further light on the results of this study, table 5.21
which presents most of our data arranged in 5 different subsets could be

reviewed.

6.1.1 Average indoor radon concentration, effective dose and lifetime

risk

The results obtained from the 193 CR-39 detectors that had been
measured show that, the radon concentration in Tulkarem province
elementary schools varied from 3.48 to 210.51 with a verage of 40.42 +
2.49 Bg/m®, which is within the worldwide average indoor radon
concentration of 39 Bq/m3 and within the level reported in previous studies
in other parts of Palestine that carried out in dwellings and work places
(Hasan, 1996; Dwaikat, 2001; Daragmeh, 2001; Rasas et al., 2005;
Dabayneh, 2006). However, this result is still within normal limits and
below the action level of schools set by the international environment

organizations 148 Bg/m® (EPA, 1993).

The average radon concentration obtained in this study was
compared with other similar studies in literature and this is presented in
table 6.1. The results vary because different factors determine indoor radon
concentrations and one important factor is the geology. Indeed, the present

study is the first attempt to evaluate the risk related to radon presence in



Tulkarem schools. The total number of locations measured should be

extended in the future.

Table (6.1): Comparison of the present study results in the schools with

previous studies.
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: Radon concentration
Country (region) Reference (Ba/m?)
Palestine (Tulkarem) Present study 404+ 2.5
Palestine (Hebron) (Dabayneh, 2006) 34.1
Jordan (Amman) (Kullab et al., 1997) 76.8
Iraq (Iraqi Kurdistan) (Ismail, 2006) 9727
Saudi Arabia (Zulfi) (Al-Mosa, 2007) 74.7 £3.0
Tunisia (Tunis) (Labidi et al., 2010) 26.9
Nigeria (Oke-Ogun) (Obed et al., 2011) 45127
Italy (Parma) (Malanca et al., 1998) 3019
Greece (Xanthi) (Clouvas et al., 2009) 231

Obviously, the radon concentrations in the present study were
obtained in the summer time period, in demi-close conditions. At least 60
days under close conditions during the summer holiday, and the rest 30
days under normal operating conditions of schools. These demi-close
conditions may be the same conditions of normal operation in winter
season as windows and doors are kept close for children's safety and

conservation of heating energy (see chapter four).

However, there are some high radon sites (4%) which had
concentrations above 148 Bg/m®. This high radon sites may be due to radon
gas diffusion from the earth through the noticeable cracks in the floors and
the walls of the classrooms, since all these classrooms were located in the

ground floor level. While it is known that cracks through the building shell,
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caused by shrinkage or by ground packing, represent important routes of

radon gas entry (Malanca et al., 1998).

The effective dose value of 0.17 £ 0.01 mSv/y is indeed low
compared to the global limit of 1.3 mSv/y (UNSCEAR, 2000). We think
that this low value of the effective dose is related to the very low
occupancy rate as the students and the teachers spend just 13% of the year
in the schools, while in other studies the occupancy factor of the students
was 14% (Clouvas et al., 2011), 18% (Clouvas et al., 2009) and was
overestimated 80% (Abel-Ghany, 2008). On the other hand, one must
remember that the students < 12 years old may receive the same dose

multiplied by a factor of 1.5 (Abumurad and Al-Omari, 2008).

The teachers of the elementary schools in Tulkarem province are
subjected on the average to a lifetime lung cancer risk of about 0.09%
associated to a chronic exposure to indoor radon. While in another study in
Palestine in Nablus city the lifetime lung cancer risk was vary from 0.02%

to 0.09% (Dwaikat, 2001).

6.1.2 Effects of geographic location, school authority, building age and

floor level

Radon concentration measured in the five regions (see figure 5.8)
show small differences between regions. This may be due to similar soil
and rock formation except in Wad Al Shaeer Villages region which
recorded the significantly lower radon concentration value than other

regions and all sites in this region have radon concentration less than 60
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Bg/m®. The variation of radon concentrations between Wad Al Shaeer
Villages region and other regions can be attributed to the geological
structure of the sites. However, the higher average radon concentration was
founded in Al Kafriaat villages region. 10% of the detectors distributed in
this region have concentration more than 150 Bg/m°. This may due to

cracks and poor painting of the classrooms building.

Another factor, the school authority was studied. We found that
government and UNRWA schools have different radon concentration

(43.84 vs. 35.07 Bg/m®) but not significantly different. So, the building

style of UNRWA schools didn’t affect the results of radon concentrations.

The probable effects of the age of the school buildings were studied
and the variation of the age of the schools with radon concentration levels
was considered statistically significant. This variation may be due to
noticeable cracks in the floors and the walls of the old buildings schools
and that it could be related to poor painting. It is reasonable to expect that
old buildings are likely to present larger and more numerous cracks than
modern ones (Malanca et al., 1998). Another factor explaining the high
level of radon in the old building is that before five decades different
building materials had been used. The various types of building materials
used for the construction of the schools may influence the indoor radon

concentration (Kullab et al., 1997).

Differences in radon concentration levels between the ground floors

and the second floors were highly statistically significant (t-test, P-value =
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0.000). This difference could be due to the different air exchange rate with
the outdoor environment in the different floors (Obed et al., 2011) which
confirmed the influence of soil as main source of indoor radon (Abd El-

Zaher and Fahmi, 2008).
6.1.3 Quality assurance

This is the first study in Palestine that take the duplicate
measurements into account and described the quality assurance in details,
which is an essential part of any radon measurements according to the EPA

(EPA, 1998; EPA, 1993).

The duplicate measurements indicated that the present data is highly
precise. Just in one pair of the duplicate measurements (less than 148
Bg/m°) the difference exceeds the permissible level of 18.5 Bg/m® (Condon
et al, 1995). This may be refereed to that one dosimeter of that pair was

moved from their location.

The maximum result of blank measurements was 6.79 Bg/m”.

Therefore, the background radiation was very low and it was already

eliminated from radon concentration measurements.

6.1.4 The correlation between the active method and the passive

method

The results of the present work indicate that the schools under
investigation have comparable radon concentrations in the five schools

tested form both methods (as shown in figure 5.23). A highly significant
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correlation (R? = 0.97) between the results of the passive method and active
method for measure radon concentration in the selected schools. This may
indicate that the radon concentrations in case of schools can be estimated
either from long measurements using CR-39 or from short measurements
using RAD7. As the risk of lung cancer increases with increasing radon
exposure, the preferred measure of this risk is the long term average radon

level.

The correlation between passive method and active method was
calculated in previous works (Ismail and Jaafar, 2010), (Condon et al.,
1995) and (Al-Jarallah et al., 2008) and found to be R? = 0.78, 0.65 and

0.38 respectively.
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6.2 Conclusions
On the basis of this study the following conclusions were drawn:

1. This study is the first indoor radon concentration measurement that is
performed in the area of Tulkarem province (West Bank- Palestine).
Therefore it provides preliminary data about indoor radon levels in
Tulkarem province elementary schools as a baseline study for a wider

future national survey in the whole West Bank schools.

2. The overall average indoor radon concentration of the twenty schools
monitored using the SSNTDs technique was 40.42 + 2.49 Bg/m?®. This
is much lower than the USA intervention radon level of 150 Bg/m?®.
Hence there are no high potential hazards in the schools investigated

in this study.

3. The radon concentrations measured in this study are nearly close to
the concentration level reported in previous works in Palestine
(Dabayneh, 2006; Rasas et al., 2005; Hasan, 1996). But they are lower
than those reported in other studies (Abu-Samreh, 2005) and
(Daragmeh, 2001). The higher radon concentration may be attributed
to the geographical location and to the ventilation as well as the

climate condition.

4. The average annual effective dose that students and teachers exposed
to was found to be 0.17 + 0.01 mSv/y which is lower than the global

limit of 1.3 mSv/y. This dose corresponds to an excess lifetime lung

cancer risk of about 0.09%.
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In exception of Wad Al Shaeer region there was no strong correlation
between radon concentrations and geographic location of the schools.
This may due to little differences in the geological formation of the

selected locations.

No relation is observed between radon concentrations and schools

authorities as well as building style of the schools.

Old buildings schools have significantly higher radon concentrations

than new ones.

The variation of radon concentration levels with the floors confirmed

the influence of soil as main source of indoor radon.

The results of indoor radon passive detectors are in agreement with

the indoor radon active monitor.

Average radon concentrations, obtained by three-month exposures of
some distributed etched track detectors type CR-39 were correlated
with average radon concentrations obtained from twenty runs by two
day continuous measurements performed by RAD7 apparatus. The
correlation between the two measurements was highly significant

showing a linear correlation coefficient of 0.97.

Quality assurance measurements indicated that the data obtained are

of the required precision and accuracy.
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6.3 Recommendations

1.

Long-term (CR-39) measurements is the most reliable method for
measuring long-term average radon levels in schools, and should be

used in deciding the need for mitigation.

Short-term (RAD7) measurements are useful in identifying areas
within a school with elevated radon levels, but may not always

accurately estimate the long-term average radon level.

The relatively high concentrations in some classrooms can be reduced
by increasing the natural ventilation by opening the windows and

doors or by supplying these classrooms with suction fans.

A summary of this study should be made available to the schools

authorities for reference.

Continue radon studies in Tulkarem province especially in dwellings
to determine the extent and severity of radon problems in this

province.

There are some districts in West Bank that have not been yet tested for
radon, i.e. Jenin , Jericho, and Qalqgilia. Therefore, it is recommended

that those areas should be studied.

Quality assurance tests (duplicate and blank detectors) must be an
integral part of any radon measurements study in the future to insure

the reliability of the results.
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8. In estimation of the effective dose in case of schools the occupancy

factor must be correctly calculated to avoid overestimation of the

effective dose.

9. The RAD7 manual must be read carefully before using the RAD7
apparatus in order to get reliable data, to avoid measurements

repeating and to improve the machine.
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Annexes
Annex A: Tracks density of CR-39 detectors.
Tracks Density (FoV) A'\I'\:'Zrcal?se Average Tracks Density Con?ﬁr?t?gtion
Number of Field of View Tracks / FoV
. @ —

T | o |1|2]3|4|5/6|7|8|9/10|11|12|13|14|15| &5 5 z S = £ S Bg/m? | + | Error
% E Z + g - = E E/

1 1 1(2(2|0(3|10(212 (20| 3|2|4|3]O0 1.53 0.34 | 140 | 264.28 63.31 2.90 0.70 35.72 + 8.56
2 2 |0f0O|Of2|2|1(2|0|1 22|01 ]0]1 0.80 0.20 | 0.67 | 126.18 37.66 1.39 0.41 17.05 + 5.09
3 3 |0fojof0{0|j2f0}j0|02|2(2(0}1 )1 0.47 0.17 | 0.34 63.40 31.12 0.70 0.34 8.57 + 4.21
4 4 |0j1|0f{2|{0f2j0|1j0Of2(0]0|0]|1]|O0]| 040 0.13 | 0.27 50.85 24.66 0.56 0.27 6.87 + 3.33
5 5 1/0{2|0(2|{0j0|0|3]0]|2|0|1|1]|2 0.87 0.26 | 0.74 | 138.73 48.16 1.52 0.53 18.75 + 6.51
6 6 |(0(1|{2/0{3|0f2 |1 |0/ 2|3 |2 |4)]0]3 1.40 0.35 | 1.27 | 239.17 65.75 2.63 0.72 32.33 + 8.89
7 7 1(1y1|1(2|{1y0(0j2j1|0|212|0|O0]3 0.87 0.22 | 0.74 | 138.73 40.54 1.52 0.45 18.75 + 5.48
8 8 3(3{0(3|0|1(2|0|0|lO0O|2|21|2]|1]|0 1.20 0.31 | 1.07 | 20151 58.70 221 0.65 27.24 + 7.93
9 9 2(2|2(1(2|2(1}3 |25 |2 |1|2]2]3 2.13 0.26 | 2.00 | 377.28 48.16 4.15 0.53 50.99 + 6.51
10 (10Bj0O|0|0f0O|0OjO| 2|1 |0OlO|0O]O0O|O0O|O0]|O0]| 013 0.09 | 0.13 25.11 17.11 0.28 0.19 3.39 + 231
11 11 |(0|1(2{0|1(3|]0 |0 |22 |21 |1 |1]|4]2 1.27 0.30 | 1.14 | 214.06 56.55 2.35 0.62 28.93 + 7.64
12 2 |0|0|2}{2|1f2{0|0}|12{2}j0|0|0]| 0] O0]| 047 0.17 | 0.34 63.40 31.12 0.70 0.34 8.57 + 421
13 13 |0|0j0j2|j0f0O]O0O| 30|02 |0|0]|1]O0]| 040 0.21 | 0.27 50.85 40.27 0.56 0.44 6.87 + 5.44
14 14 |(0|1/0(0|0f0Oj 1|2 |02 ]1]|]0]0]0]1 0.47 0.17 | 0.34 63.40 31.12 0.70 0.34 8.57 + 4.21
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. Average
Tracks Den'SIty (FO\_/) Tracl?s Average Tracks Density Con?ﬁr?t?gtion
Number of Field of View Tracks / FoV

. o —
o o |1|12|3|4|5|6|7 |8 (910111213 | 14|15 s T 3 S = g S Bg/m? | = | Error
3 % Z + = - vt E =
n %] 2 +
15 15 |1|3/0j0|0f3]1|0|0O|2 |21 |1|4]|1]|O0]| 107 0.33 | 094 | 176.40 62.23 1.94 0.68 23.84 + 8.41
16 16 |(0|0|2{0|2(3|1|2 |4]1 2|1 1]3]|1 1.47 031 | 1.34 | 251.73 57.73 2.77 0.63 34.02 + 7.80
17 17 j1|0|2|1|242(0 | 2|22 |1 |12 |1]|0] 120 0.20 | 1.07 | 20151 37.66 221 0.41 27.24 + 5.09
18 | 18 |0|0O|0O|0|0O|2|2|2|0|0O0|2|3|0|0]|1]| 073 | 027 |060| 11362 50.22 | 125 | 055 | 1536 | + | 6.79
19 | 19 |0|j0f0O|1|0|{3|3|0|0|212|212|0|0|1|1] 073 | 027 |060]| 11362 5022 | 125 | 055 | 1536 | + | 6.79
20 20 (0|1(2|1|2|0|2 |2 (0|1 ]|2]|]0|0|1]|2 1.07 0.23 | 094 | 176.40 42.97 1.94 0.47 23.84 + 581
21 21 (0|0O(2|0f2fj2)j1 201|210 |2|1]| 093 0.21 | 0.80 | 151.29 38.84 1.66 0.43 20.45 + 5.25
22 23 |6(2|1(0f(0j2}2 1|32 |1 |3|0|3]|0] 167 042 | 154 | 289.39 79.40 3.18 0.87 39.12 + | 10.73
23 24 |0(0O|Of2(0j2j0|1|3]0}|2 10|11 073 0.23 | 0.60 | 113.62 42.97 1.25 0.47 15.36 + 5.81
24 25 (1)0(2|0f2{2j1,0(2{0|0|1|3|0|1]| 080 0.22 | 0.67 | 126.18 41.91 1.39 0.46 17.05 + 5.66
25 26 (3|2(0{1(3{2|2 |5 (3|2 |2 |3|2|1|1]| 213 0.31 | 2.00 | 377.28 57.73 4.15 0.63 50.99 + 7.80
26 29 (0|5(3|4|4]5|/6 |6 (4] 2 |0]|1]|2|2|4]| 32 0.51 | 3.07 | 578.15 95.85 6.35 1.05 78.15 + | 12.96
27 30 |2(0f2|2(2j1}{2 0|12 |1 |1|0|1]|2 1.20 0.20 | 1.07 | 20151 37.66 221 0.41 27.24 + 5.09
28 36 |2(23(6(3|3]|1 1|03 |4 |2 |1|2]|4) 247 0.39 | 2.34 | 440.05 73.21 4.84 0.80 59.48 + 9.90
29 37 [3|4(5{1(3{3|3 |2 |27 |3|5|4|5]|6]| 373 0.42 | 3.60 | 678.59 78.98 7.46 0.87 91.72 + | 10.68
30 38 (2|0(2|0f21|2|1 |3 (2|2 |2|1]|0|2]|1 1.40 0.24 | 127 | 239.17 44.26 2.63 0.49 32.33 + 5.98
31 39 (1|1(2|1|2{2|1|3(|1{0|0]|0]|0|1]|2 1.13 0.24 | 1.00 | 188.95 44.52 2.08 0.49 25.54 + 6.02
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. Average
Tracks Den'SIty (FO\_/) Tracl?s Average Tracks Density Con?ﬁr?t?gtion
Number of Field of View Tracks / FoV

. o —
o o |1|12|3|4|5|6|7 |8 (910111213 | 14|15 s T 3 S = g S Bg/m? | = | Error
3 % Z + = - vt E =
n %] 2 +
32 41 |2|0|1|4(2|6|2 |1 11|44 |2 |2 |3 ]3] 227 040 | 214 | 402.39 74.58 4.42 0.82 54.39 + | 10.08
33 42 |1(0(2|2(2|0/2 1 |0j0O|1|0|1}|2] 0] 087 0.22 | 0.74 | 138.73 40.54 1.52 0.45 18.75 + 5.48
34 43 |(3}2|7/1|0{3|1 |1 (12|52 ]|0]|1]|3] 213 049 | 2.00 | 377.28 91.65 4.15 1.01 50.99 + | 12.39
35 44 |210(3|3|2|{2|{0|2 (10|31 |3|2]|0] 160 031 | 147 | 276.84 57.53 3.04 0.63 37.42 + 7.78
36 45 (1(0(2(2|1|0|{3 |2 (20|12 |1]|2]|2]|1 1.33 023 | 1.20 | 226.62 43.75 2.49 0.48 30.63 + 5.91
37 46 |1(1;3|1{2|0/0|2 |22 0|12 |O0] 3] 2 1.27 0.27 | 1.14 | 214.06 50.22 2.35 0.55 28.93 + 6.79
38 47 |3(2|1|3(3|2|5|1|0,4|6|0|1}|2]|5] 253 0.48 | 240 | 452.61 89.79 4.97 0.99 61.18 + | 12.14
39 48 (2(0(2(3|1|4|2 |1 (1|2 |2 |1]|3]|2]|°?2 1.87 0.26 | 1.74 | 327.06 48.16 3.59 0.53 4421 + 6.51
40 49 |(1(2(2(3|2|2|1|1(2({0|2|0|1]|1]|2 1.47 022 | 134 | 251.73 40.54 2.77 0.45 34.02 + 5.48
41 50 (7|/8(6{9/6[{9|6 |5{10|11| 7 |7 |6 |9 |6 | 747 0.46 | 7.34 | 1381.67 8594 | 15.18 | 094 | 186.75 | £ | 11.62
42 52 (1)0(0|0f2{0|j1 |20 2|1|0]|0|1|0]| 053 0.17 | 0.40 75.96 31.12 0.83 0.34 10.27 + 421
43 53 (0|1f1|0f2j2jy1,0(0j1}1|0|1 01| 060 0.13 | 0.47 88.51 24.66 0.97 0.27 11.96 + 3.33
44 | 54 |0|0|0|12/0l2/0|0O|2j0O|1]|0|0]1]| 0| 040 | 016 |0.27 | 50.85 30.75 | 056 | 0.34 6.87 + | 416
45 5 |0(1f/0f0f0Oj2j2|1|0|JO0O]O| 1|21 |0]| 1] 047 0.13 | 0.34 63.40 25.11 0.70 0.28 8.57 + 3.39
46 5% (0|j0(0|1/0{0jO0O|2 (21 |0|O0]|1|0]|O0]| 033 0.13 | 0.20 38.29 23.73 0.42 0.26 5.18 + 3.21
47 57 (0|1(0{1f2{0j0| 201 |1|0]|0|0]|O0]| 040 0.13 | 0.27 50.85 24.66 0.56 0.27 6.87 + 3.33
48 58 (0|1(0|0(0Oj2j1 001|010 |1 |1/ 047 0.13 | 0.34 63.40 25.11 0.70 0.28 8.57 + 3.39
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Tracks Density (FoV) A_I\_\:gca‘?se Average Tracks Density Con?:‘r?tigtion
Number of Field of View Tracks / FoV
. @ =

o o |1|12|3|4|5|6|7 |8 (910111213 | 14|15 s T 3 S = g S Bg/m? | = | Error
g § Z +H g - g E ':_Iz

49 59 |3(4|2(3|1j2{2 2|02 |1 |2|1|0)|2]| 173 | 028 |1.60| 301.95 53.48 3.32 0.59 4081 | * 7.23
50 61 |1(1f1(1/0j2{0(0}|1y2}1|0|0|1|1]| 073 | 015 |0.60| 113.62 28.86 1.25 0.32 1536 | + 3.90
51 62 (0j0O|2|1|1{1f0| 3|02 |1|1)|2|1|1] 107 | 023 [094]| 176.40 42.97 1.94 0.47 2384 | £ 5.81
52 63 (1(1(2|2|1j1f10 |2} 1|2|1)|2|2|2]| 133 | 016 |1.20| 226.62 30.01 2.49 0.33 30.63 | % 4.06
53 64 (1/0(4|0|2j0f20|21|1|2)0|1|1] 100 | 028 |087| 163.84 51.98 1.80 0.57 2215 | £ 7.03
54 65 |6(3|5(4|5(2|2 1|23 |2 |3 |4]|2 | 2| 307 | 037 |294| 553.04 69.90 6.08 0.77 7475 | £ 9.45
55 66 |3(4|4(0j1j0| 51 |3|1|2|5|2|1|1]| 220 | 044 |207| 389.83 82.60 4.28 0.91 5269 | £ | 11.16
56 | 67 (4|4|3|5|2(7|2|2 |42 |2 |5 |4 |3 |4 ]| 353 | 038|340 640093 7086 | 7.04 | 0.78 | 86.63 | + | 9.58
57 68 |(2(4|1|1|2{0/3 |2 |01 |0|4)|2|2|2]| 173 | 033 |1.60]| 301.95 62.23 3.32 0.68 4081 | * 8.41
58 69 |1/0f2(21j0j2j12 (0|0 O0O}O0O|2]|212|1|1]| 067 | 016 |0.54 | 101.07 30.01 111 0.33 13.66 | + 4.06
59 7 |o0f0Of2(0f2j2j212(1)0/1}1|0|1|0|0]| 060 | 016 |047 88.51 30.75 0.97 0.34 1196 | + 4.16
60 71 |3(0f21(0j21j2{1(0|1y1}2|0|0}|2|0]| 093 | 025 |0.80| 151.29 46.74 1.66 0.51 2045 | £ 6.32
61 72 {3(0(0|0|1{2|/4| 2|2 0| 4|44 |0 1] 180 | 043 |1.67| 31450 80.53 3.46 0.88 4251 | = | 10.88
62 | 73 |0|0O|O|O|1{0O|j1|O|O]|2|0O|O|2|0|0]| 033 | 016 {020 38.29 3001 | 042 | 0.33 5.18 + | 4.06
63 7% |1/0(0({0j2|0]j2|0|2/0|212|0]212]0|0]| 053 | 019 |040 75.96 36.14 0.83 0.40 10.27 | + 4.88
64 77 |ofo0f0f2y0j2j0(1|1y12}0|0|0|0|1]| 04 | 013 |0.27 50.85 24.66 0.56 0.27 6.87 * 3.33
65 78 |2(0(0(0Of2j2j0(0O0O|0OJO0O|212|1]|]0}]1|0]| 047 | 027 |0.34 63.40 31.12 0.70 0.34 8.57 * 4.21
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Tracks Density (FoV) A_I\_\:gca‘?se Average Tracks Density Con?:‘r?tigtion
Number of Field of View Tracks / FoV

. @ =
o o |1|12|3|4|5|6|7 |8 (910111213 | 14|15 s T 3 S = g S Bg/m? | = | Error
3 % Z + = - vt E =
N n zZ +
66 80 |4(5(3(0(0(3]2|2]|0]0|2 |3 |0|4]| 4] 213 0.46 | 2.00 | 377.28 85.94 4.15 0.94 50.99 + | 11.62
67 81 |1(21(0(0j2}2 |1 |02 |1 0|2 |1]|4]) 127 0.28 | 1.14 | 214.06 53.48 2.35 0.59 28.93 * 7.23
68 | 82 |(0|0|1|0|2(0| 1|2 |2]|3 |1 |6 |0|2 |3 ]| 153 | 042 |140| 26428 79.83 | 290 | 0.88 | 3572 | + | 10.79
69 83 |3(0|2(1(3j0j1|2]|0|1]|0|2|2|3]|1] 140 029 | 127 | 239.17 54.52 2.63 0.60 32.33 + 7.37
70 8 | 2|2|2|5(2(1| 7|1 |12 |0 |4 |3 |2]|4]| 253 047 | 240 | 452.61 87.88 4.97 0.97 61.18 + | 11.88
71 86 |1(0(2(0(2(2]|3 1|00 2|1 |3 |1]|2] 133 0.27 | 1.20 | 226.62 50.89 249 0.56 30.63 * 6.88
72 |8/B|0Oj0O|O|2|0|0O|O|O|OfO|O]O0O]|1]|10] 020 0.11 | 0.20 37.66 20.13 0.41 0.22 5.09 * 2.72
73 88 |3(1|2(1(2y1}j1 1|12 |1 1|13 ]|0] 140 021 | 127 | 239.17 40.27 2.63 0.44 32.33 * 5.44
74 89 |3|0|0f0Of2j1|1 |2 |21 |2 |12 ]|0]|5]| 147 035 | 134 | 251.73 65.92 2.77 0.72 34.02 + 8.91
75 0 |4(1(1|2(2j1j1|2|3|]1]|2 |4 |1|2]|1 1.87 0.27 | 1.74 | 327.06 51.55 3.59 0.57 4421 * 6.97
76 91 |0(0O|1(0|3|4] 4|1 |04 ]2 |0|0|2]|0] 140 042 | 127 | 239.17 79.69 2.63 0.88 32.33 + | 10.77
77 92 |2(1|2(2(3j1}2 |2 |1|1}|2 2|2 |2]|1] 173 0.15 | 1.60 | 301.95 28.86 3.32 0.32 40.81 * 3.90
78 93 |o0fj0O|lOfOfjOj2jO0O|O0O |11 |1 2|1 |0]|O0]| 047 0.17 | 0.34 63.40 31.12 0.70 0.34 8.57 + 4.21
79 (9B |0/2|0|/0({0/{0/0 |0 0[O |21|0|0|0|0]|O020 | 014 |020| 37.66 27.26 | 041 | 0.30 5.09 + | 3.68
80 9% |2(1|0(2(1j2{2 0|22 |1 |01 |1]|3] 133 0.23 | 1.20 | 226.62 43.75 2.49 0.48 30.63 + 5.91
81 % |0(0|2|0f21j0j1 2|12 |3 |1|0(|1]|1] 100 0.24 | 0.87 | 163.84 45.02 1.80 0.49 22.15 * 6.08
82 97 |0(0O|3|21(0j0j21 (0|11 |0 |2 |1 }|2]|2] 093 0.25 | 0.80 | 151.29 46.74 1.66 0.51 20.45 * 6.32
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. Average
Tracks Den'SIty (FO\_/) Tracl?s Average Tracks Density Con?ﬁr?t?gtion
Number of Field of View Tracks / FoV
. o =

o o |1|12|3|4|5|6|7 |8 (910111213 | 14|15 s T 3 S = g S Bg/m? | = | Error
g § Z +H g - g E ':_Iz

83 98 |1(1|1|6(1j2{0 |2 |10 |2 |1 |2 ]|0]| 2] 147 038 | 134 | 251.73 70.86 2.77 0.78 34.02 * 9.58
8 | 100 |0f1j0{3j0j2j2}1 (040|200 ]| 3|0 080 0.28 | 0.67 | 126.18 52.63 1.39 0.58 17.05 * 7.11
8 | 101 |0f0f2{2|1|j2j0}2|0/0|O0O|2|1]|2]|1] 087 022 | 0.74 | 138.73 40.54 1.52 0.45 18.75 + 5.48
86 | 102 |1({0f(2(2|2|1|3 |1 |22 |1 |1]|1]|3]|2] 160 021 | 147 | 276.84 40.27 3.04 0.44 37.42 + 5.44
87 | 103 |0(0|4|0|2|O)/5|0|0O/ 212|212 |0|1 |3 |3 ]| 127 | 043 |114| 21406 81.09 | 235 | 0.89 | 2893 | + | 10.96
88 | 105 |1(3(1/0/2j0| 3|2 (|1/0|2|3|0|1|0] 120 0.30 | 1.07 | 20151 55.74 221 0.61 27.24 * 7.53
89 | 106 |1({0(3{3|1|3|1 |4 3|1 |1 |1]|4]|3|4] 22 0.35 | 2.07 | 389.83 66.77 4.28 0.73 52.69 * 9.03
90 | 107 |2(3(0(21(3|1|{3 |1 |1|/1|2 2|3 |41 187 029 | 1.74| 327.06 54.73 3.59 0.60 4421 + 7.40
91 | 108 |1(2(3}|2|1|{0{2 |1 |1/0|2|5|2|1|4] 173 0.36 | 1.60 | 301.95 67.44 3.32 0.74 40.81 + 9.12
92 1109 |3(1(3(1(2|3|]2 |1 |13 |1 |5|1]|4|2]| 22 0.33 | 2.07 | 389.83 61.51 4.28 0.68 52.69 * 8.31
93 |110|1(4j1{6/4|3|1 |2 |33 |1|2]|3]|5]|5] 293 042 | 280 | 527.93 78.98 5.80 0.87 71.36 + | 10.68
94 | 111 |3|4(4/6]1|3|3 |2 |5/ 2|4 6|5 |1|4] 353 041 | 340 | 640.93 77.68 7.04 0.85 86.63 + | 10.50
95 | 112 |0(2}2}(2|1|{0| 12 | 3 |12 |1 |1]|1]|4]|1 1.47 0.27 | 134 | 251.73 51.55 2.77 0.57 34.02 * 6.97
9% | 113 |0(0|1|2|0|6/2| 0|2/ 3|0 |5|4 |2 | 2] 193 | 049 |180| 339.61 9275 | 3.73 | 1.02 | 4590 | + | 1254
97 | 114 |5(1(4|6|4|4|2 |1 |4/ 5|1 1|2 | 7|5 347 052 |3.34 | 628.37 97.02 6.91 1.07 84.93 + | 1311
9 |115|0f0Of1j1j21j0j 2|1 3/0|3 32|10 113 0.29 | 1.00 | 188.95 54.73 2.08 0.60 25.54 * 7.40
99 | 116 |2|1(1{0|0|4|2 |1 |0 2|2 |0]|1]|2]|3]| 140 031 | 127 | 239.17 57.53 2.63 0.63 32.33 * 7.78
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Tracks Density (FoV) A_I\_\:gca‘?se Average Tracks Density Con?:‘r?tigtion
Number of Field of View Tracks / FoV
. ® —_

o o |1|12|3|4|5|6|7 |8 (910111213 | 14|15 s T 3 S = g S Bg/m? | = | Error
g § Z +H g - g E ':_Iz

100 | 117 |(4|6|7|6|4|4| 4 | 6 |5 3| 2|43 |5]|5 4.53 0.35 | 440 | 829.25 65.92 9.11 0.72 112.09 | = 8.91
101 | 118 (1|1|3|4|3|0|4 |5 (3] 2|2 |33 |3]|5 2.80 0.37 | 2.67 502.82 69.26 5.53 0.76 67.96 + 9.36
102 | 119 | 2|1|1(5|6|2| 3|2 |0|1 1 1 1 1 1 1.87 042 | 174 | 327.06 79.83 3.59 0.88 44.21 + | 10.79
103 | 120 | 2|4|5(2(4|2] 1|0 |1| 3 1 114 |5 |2 2.47 0.41 | 234 | 440.05 77.68 4.84 0.85 59.48 + | 10.50
104 | 2t lofolo|ofofojofo |0z |0 0|0 0|0 007 007 |007| 1255 | 1255 | 014 | 014 | 170 | % | 170
105 léZ ojoj0(0/0/j0|O0O|O0O|OjO|O0O]O0O[O0O]|O0]| 0/ 000 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 * 0.00
106 lé3 ojoj0f0/0/j0jO0Of2|2,0|0]0|0|0]| 0] 013 0.09 | 0.13 25.11 17.11 0.28 0.19 3.39 + 2.31
107 | 124 |4|13|6[ 4|8 é 514147 8 2 9 6 4 5.60 0.61 | 5.47 | 1030.13 11448 | 11.32 | 1.26 139.24 | + | 1547
108 | 125 |1|4|3(8|5|3| 1|4 |10 1|0O0 110 2 1 2.27 0.58 | 214 | 402.39 109.45 | 4.42 1.20 54.39 + | 14.79
109 | 126 (0| 1|0|0|0|0O| O | 2 1] 0| 2 1 2101 3 0.80 0.26 | 0.67 126.18 49.31 1.39 0.54 17.05 + 6.67
110 | 127 |5(0(1(4|0|2| 2 | 2 (3] 3 | 4| 2 2 2 1 2.20 0.37 | 2.07 389.83 69.26 4.28 0.76 52.69 + 9.36
111 | 128 | 2|0 4(3|1|5] 2|2 |0| 2 1101 2 1] 3 1.87 0.38 | 1.74 | 327.06 70.86 3.59 0.78 44.21 + 9.58
112 {129 | 7128|5897 (13|78 | 1|5 |9 |3 |6 6.53 0.79 |6.40 | 120590 | 148.02 | 13.25 | 1.63 | 163.00 | = | 20.01
113 1130 |2|0|1}(2|3|2| 2|2 |53 |0]|3 2 | 5] 4 2.40 0.39 | 2.27 427.50 73.05 4.70 0.80 57.78 + 9.87
114 | 131 (1|2|2|0|21|3|]0 |0 (1|1 |0]|O0]2]|0 1 0.93 0.25 | 0.80 151.29 46.74 1.66 0.51 20.45 + 6.32
115 | 132 |6|7|7|4|1|8|13| 8 (6] 3|9 ]| 8] 3 707 6.47 0.75 | 6.34 | 119335 | 141.01 | 13.11 | 155 161.30 | + | 19.06
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Tracks Density (FoV) A_I\_\:gca‘?se Average Tracks Density Con?:‘r?tigtion
Number of Field of View Tracks / FoV
. @ =
o o |1|12|3|4|5|6|7 |8 (910111213 | 14|15 s T 3 S = g S Bg/m? | = | Error
3| 5 < | w8 5 | 5 lE|E
116 | 133 4| 6| 7|4|3|5/9|11|6| 8 |7 |12 5|9 | 5| 673 | 068 |6.60 | 124357 | 12795 | 13.67 | 1.41 | 168.09 | + | 17.29
117 | 134 |0|3|0|2|2|22 |10, 2|1 |212}0 0| 0| 100 | 026 |0.87 | 163.84 48.63 1.80 0.53 2215 | % 6.57
118 | 135 171(1|0{2{0| 1|11 2 0|3 ]|2] 107 | 023 |094 | 176.40 42.97 1.94 0.47 2384 | £ 5.81
119 | 136 |6 2|3|0| 1|3 i 6 (3]0 | 1|4 |1 |1|1]| 287 | 076 |274| 51538 143.38 | 5.66 1.58 69.66 | + | 19.38
120 | 137 | 4]0|0| 2|22 2|0 |32 |3 |01 |1 1] 153 | 032 |140]| 264.28 60.58 2.90 0.67 3572 | £ 8.19
121 | 138 {0(1|3|3|1|2(2 |0 |34 |5 |2 |1 |4 |4 | 233 | 040 |220| 41494 75.03 4.56 0.82 56.09 | £ | 10.14
122 | 139 |1|2|1|2|1(2(4 |1 13|22 |1 |1]|2]| 173 | 023 |160| 30195 42.97 3.32 0.47 4081 | * 5.81
123 | 140 |4|7|6|4|13|3|2 |1 3|3 |6 |22 |9]|5]| 400 | 057 |387| 72881 107.16 | 8.01 1.18 9851 | = | 14.48
124 | 141 | 3|2|3|4|5|4|2 |1 |3|1 4|4 |1 |3 |2 ]| 280 | 033 |267]| 50282 61.51 5.53 0.68 67.96 | % 8.31
125 | 142 | 3|3|0|5/2|{0(2 |8 |3/ 5|5 |9 |4 |5|3]| 38 | 065 |367| 69115 | 12219 | 760 | 1.34 | 9342 | + | 16.52
126 | 143 |2|0|0[1(3|0(1 |3 |0/ 0|3 |00 |2|1] 107 | 032 |094| 176.40 59.46 | 194 | 065 | 2384 | + | 8.04
127 | 144 | 1|1|0|2|1|2|4 |2 2|1 |2 |02 |2]|4]| 173 | 030 |160| 30195 56.55 3.32 0.62 4081 | * 7.64
128 | 145 |1|0|0|2|2y212/0}| 1021|2120 0]| 0| 060 | 016 |0.47 88.51 30.75 0.97 0.34 1196 | + 4.16
129 | 146 |1|1|0|0O|O{1fO |1 |21 |1 |0|0|1|O0]| 053 | 013 |040| 7596 2511 | 083 | 028 | 1027 | + | 3.39
130 | 147 | 2}0|1|2|0fj21f1 |2 |12 3|11 |0|1] 120 | 022 |1.07| 20151 41.91 221 0.46 27124 | £ 5.66
131 | 148 |0} 2|0|1|0j1f2|0|2]|1|1|2)|0|0| 3] 100 | 026 |087| 163.84 48.63 1.80 0.53 2215 | % 6.57
132 | 149 |1|1|0|2|1/0f 0O} 1|20 |0O]|JO]O|2]| 0] 060 | 019 |047 88.51 35.83 0.97 0.39 1196 | + 4.84
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. Average
Tracks Den'SIty (FO\_/) Tracl?s Average Tracks Density Con?ﬁr?t?gtion
Number of Field of View Tracks / FoV
. o =
o o |1|12|3|4|5|6|7 |8 (910111213 | 14|15 s T 3 S = g S Bg/m? | = | Error
g § Z +H g - g E ':_Iz
133 | 150 1| 0O|1|0|21|y2y21|0O0O (201|211 |2]|1]| 087 0.17 | 0.74 | 138.73 31.12 1.52 0.34 18.75 * 4.21
134 | 151 |1|0|1|2|2|1/0 |3 |23 |1 |4 1|4 |1 173 0.33 | 1.60 | 301.95 62.23 3.32 0.68 40.81 * 8.41
135 | 152 |1|1|3|2|2|141|2 (11|13 |2 |0]|1 1.47 022 | 134 | 251.73 40.54 2.77 0.45 34.02 * 5.48
136 | 154 (0| O|1|1|0j2f0 |2 |22 |11 (1 |1]|2]| 093 0.18 | 0.80 | 151.29 34.22 1.66 0.38 20.45 + 4.63
137 | 155 | 3| 2|2|1|3|2,0| 1|02 0|2 |2 )|0]| 3| 147 029 | 134 | 251.73 54.73 2.77 0.60 34.02 + 7.40
138 | 156 (0| O|1|1|1/0/ 0|3 |51 0|21 )|0]|1]| 107 0.36 | 0.94 | 176.40 67.44 1.94 0.74 23.84 * 9.12
139 | 157 | 1| 2|2|3|3|2|2 |2 (101|011 |1)|O0]| 140 025 | 127 | 239.17 47.93 2.63 0.53 32.33 * 6.48
140 | 158 {1|0|3|0|0|2|1 |2 |02 |4 |2 |3 |2]| 3| 160 034 | 147 | 276.84 63.13 3.04 0.69 37.42 + 8.53
141 | 161 | 1| 1|5|5|2|1,2 |3 |02 |1|1|2)|4]|0]| 200 041 | 187 | 35217 77.97 3.87 0.86 47.60 + | 10.54
142 | 162 (2| 1|2|1|113/4 |1 (211|103 ]|1]| 160 0.27 | 147 | 276.84 51.33 3.04 0.56 37.42 * 6.94
143 | 163 | 3|0|2|1|213/0| 0 (2|1 |2 |51 |3 ]| 2| 180 035 | 1.67 | 314.50 66.77 3.46 0.73 42.51 * 9.03
144 | 164 | 1|0|0| 4|03 2|2 (10| 0|2 |1 |3 ]| 2| 140 034 | 127 | 239.17 63.13 2.63 0.69 32.33 * 8.53
145 | 166 (1| 1|1|2|2|2/1|2 |20 |3 |41 |2]|0]| 160 0.27 | 147 | 276.84 51.33 3.04 0.56 37.42 + 6.94
146 | 167 | 2| 2|2|2|0|12| 2| 2 |53 |3 |3 |5 | 2|5/ 267 0.36 | 2.54 | 477.72 67.94 5.25 0.75 64.57 + 9.18
147 | 168 | 3|1|1|1|2|1/1|2 |04 |0|2 |3 |2]|2]| 167 029 | 154 | 289.39 54.10 3.18 0.59 39.12 * 7.31
148 | 169 |O|0O|O|1|1/0/ 0|1 |4 0|21 |2 0|3 ]|1]| 087 031 | 0.74 | 138.73 57.73 1.52 0.63 18.75 * 7.80
149 | 170 |O|O|1|1|0|2 2|1 |11 1|31 |1]|2]| 113 0.22 | 1.00 | 188.95 40.54 2.08 0.45 25.54 * 5.48
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Tracks Density (FoV) A'\I'\:'Zrcal?se Average Tracks Density Con?ﬁr?t?gtion
Number of Field of View Tracks / FoV
. o —

© = |1(2|3(4|5|/6]7 |8 |910|11 1213|1415 5 T 3 S = g O Bg/m? | + | Error
g § Z +H g - g E ':_Iz

150 | 172 | 5(0|1/0fj2j0f2 |0 |10 |O0O|2 0|1 2] 093 0.34 | 080 | 151.29 64.89 1.66 0.71 20.45 + 8.77
151 | 173 |2(1|2|1(2|0f2 |0 |0 2|3 |01 ]0] 0] 100 0.26 | 0.87 | 163.84 48.63 1.80 0.53 22.15 + 6.57
152 | 174 |0 1|5(0(0|3|1 |2 |2/0 |2 |13 ]|1]2 1.53 036 | 140 | 264.28 68.44 2.90 0.75 35.72 + 9.25
153 | 175 (0| 0O|0O|O|Of1| 2|2 (0| O0O| 1|0 |3 |4|1]| 093 | 033|080 151.29 62.23 | 166 | 068 | 2045 | + | 841
154 | 176 |O|1|1/0(0|0|l2 |1 |20 2|01 ]0] 1] 073 0.21 | 0.60 | 113.62 38.84 1.25 0.43 15.36 + 5.25
155 | 177 | 6] 3 é ; 9/8/8|13|5/9 (7|6 |8)|8]| 4] 773 0.71 | 7.60 | 1431.89 | 133.12 | 15.74 | 1.46 | 19354 | + | 17.99
156 | 178 | 4(3|0|2|1|2(1 0|22 |3 |13 ]0]1 1.67 0.32 | 1.54 | 289.39 60.02 3.18 0.66 39.12 + 8.11
157 | 1v9 |0(0|0|0O|2|0Ofl2 |0 |0OjJO|O|2 |21 ]O0] 0] 027 0.12 | 0.14 25.74 22.26 0.28 0.24 3.48 + 3.01
158 | 180 (0|O0|O|1|1|3/1 |6 (3|1 |0|0|0]|4]|1 1.40 047 | 127 | 239.17 87.76 2.63 0.96 32.33 + | 11.86
159 | 181 (2|4|2|2|3(3|4 |3 |5/ 5|0|0|2|8]| 2| 300 | 053|287 540.49 98.97 | 594 | 1.09 | 73.06 | + | 13.38
160 | 182 |{0(1|0|2|1|4/3 |0 |02 |0|O0O|212]0] 1] 093 0.32 | 0.80 | 151.29 59.46 1.66 0.65 20.45 + 8.04
161 | 183 |1(4|1/2j1|j1f1 1|0, 20|12 3|31 1.47 0.29 | 134 | 25173 54.73 2.77 0.60 34.02 + 7.40
162 | 184 | 4(1|1/0(0|2(2 |2 |10 |2 |2|2]|2]|1 1.27 0.27 | 1.14 | 214.06 50.22 2.35 0.55 28.93 + 6.79
163 | 185 (4|3|2|2|3(0| 1|9 |5/ 1|1|8|3|2]| 3| 313 | 065 |3.00| 56560 | 12310 | 6.22 | 135 | 7645 | + | 16.64
164 | 186 | 7(6]9|8|2|9| 6 | 14 é 519 13|11 7 |10| 840 0.80 | 8.27 | 1557.44 | 150.21 | 17.11 | 1.65 | 21051 | £ | 20.30
165 | 187 |5|6|5|2|2|6| 5 |10 1 71857 |6]|7] 613 0.63 | 6.00 | 1130.57 | 118,92 | 1242 | 1.31 | 15281 | + | 16.07
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. Average
Tracks Den'SIty (FO\_/) Tracl?s Average Tracks Density Con?ﬁr?t?gtion
Number of Field of View Tracks / FoV
. o =
o o |1|12|3|4|5|6|7 |8 (910111213 | 14|15 s T 3 S = g S Bg/m? | = | Error
g § Z +H g - g E ':_Iz
166 | 188 [ 2|2|5|3|4|5/ 3|4 |43 |1|4|5|5]| 3| 353 0.32 | 3.40 | 640.93 60.58 7.04 0.67 86.63 * 8.19
167 | 189 1| 2|4|3|2|21 |1 |12 |2 |4 |4 |3 |0 213 0.32 | 2.00 | 377.28 60.58 4.15 0.67 50.99 * 8.19
168 | 191 (O 1|1|1|4)2/ 0|2 (2|2 | 2|2 1|21 1.27 025 | 1.14 | 214.06 46.74 2.35 0.51 28.93 * 6.32
169 | 193 [3|1|1|1|2|3,2|0 (10| 2|00 | 1|0 113 0.27 | 1.00 | 188.95 51.55 2.08 0.57 25.54 + 6.97
170 | 194 | 1|0|3|2|1|13|2 | 1|61 |2 |1 |0 |1]|1]| 167 0.39 | 154 | 289.39 72.74 3.18 0.80 39.12 + 9.83
171 (195 | 2|1|6|1|1|1/1 |2 |14 5|14 |1]|2| 220 0.44 | 2.07 | 389.83 82.60 4.28 0.91 52.69 + | 11.16
172 1 196 [ 1|1|2|1|2|1,2 |0 |1 5|2 |2 |1 )|2]| 2| 167 029 | 154 | 289.39 54.10 3.18 0.59 39.12 * 7.31
173 | 197 2| 1|1|4|2|2|3 |2 (3|2 |0|2|1)|3]|3]| 207 0.27 | 194 | 364.72 50.22 4.01 0.55 49.30 + 6.79
174 | 198 | 3|6|4|2|6|3|4 | 5|54 |4 |4 |3 |4 4| 407 0.28 | 3.94 | 741.37 53.48 8.15 059 | 100.21 | = 7.23
175 1199 (1| 1|1|2|2|2,2 |2 |01 |2 |43 |2]|1]| 173 0.25 | 1.60 | 301.95 46.74 3.32 0.51 40.81 * 6.32
176 | 200 {1|0|1|1|j1/1/0| 12|02 |3|0|2|0]|1]| 093 0.23 | 0.80 | 151.29 42.97 1.66 0.47 20.45 * 5.81
177 | 201 (O] 1|1|1|2|0/3 |1 |22 |2 |1 |1 )|1]| 3| 140 024 | 127 | 239.17 44.26 2.63 0.49 32.33 + 5.98
178 | 202 (0| 3|1|3|1|21 |3 (3|1 0|2 |3 |1]|1]| 167 029 | 154 | 289.39 54.10 3.18 0.59 39.12 * 7.31
179 | 203 1| 2|1|1|012)2 |2 (11121 |1|1]| 120 0.14 | 1.07 | 20151 27.26 221 0.30 27.24 * 3.68
180 | 204 [ 4| 2|0|3|2|2/0| 1|21 0|01 |1]| 2| 140 031 | 127 | 239.17 57.53 2.63 0.63 32.33 * 7.78
181 | 205 (2| 1|2|2|2|13|1|2 (23|12 |2 |3]|1]| 193 0.18 | 1.80 | 339.61 34.22 3.73 0.38 45.90 + 4.63
182 | 206 (1|2|1|1|2|1,2|1|2{0 3|21 |1 |1|1]| 133 0.19 | 1.20 | 226.62 35.19 2.49 0.39 30.63 + 4.76
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. Average
Tracks Den'SIty (FO\_/) Tracl?s Average Tracks Density Con?ﬁr?t?gtion
Number of Field of View Tracks / FoV
. o —

© = |1(2|3(4|5|/6]7 |8 |910|11 1213|1415 5 T 3 S = g O Bg/m? | + | Error
g § Z +H g - g E ':_Iz

183 | 207 {1(1|1/0(2)1f2 |1 |3/0|2|2|4]0]1 1.27 0.28 | 1.14 | 214.06 53.48 2.35 0.59 28.93 + 7.23
184|208 {0(2|0|2|0|1f2 |1 |02 |2 |1 |1}|2]1] 093 0.18 | 0.80 | 151.29 34.22 1.66 0.38 20.45 + 4.63
185 | 209 [1|2|1|2|2|1,1 |1 (3|3 |1|32]|2]3 1.87 022 | 1.74 | 327.06 40.54 3.59 0.45 4421 + 5.48
186 | 211 |O|1|2|1|1j1/ 0|1 (12 |1|02]|2]|1 1.07 0.18 | 0.94 | 176.40 34.22 1.94 0.38 23.84 + 4.63
187 | 212 {1|2|0|1|3|0f2 | 1|22 |3|1|2|1)|0]| 133 025 | 1.20 | 226.62 47.45 2.49 0.52 30.63 + 6.41
188 | 213 |1(1|0|2|1|j0f2 |1 |20 0 |2 |2 |11 093 0.18 | 0.80 | 151.29 34.22 1.66 0.38 20.45 + 4.63
189 | 214 |0(0O|1|2|21|1f2 |1 |0/ 00|22 ]0]1] 073 0.18 | 0.60 | 113.62 34.22 1.25 0.38 15.36 + 4.63
190 | 215 {1|1|0|2|1j0jO0O|1|0Oj]O|O|O|21|1]| 0| 047 | 013 |0.34| 63.40 2511 | 0.70 | 0.28 8.57 + | 3.39
191 | 216 |2|1|2|2|1|1/1 |2 (11|01 2]|2]3 1.47 019 | 134 | 251.73 36.14 2.77 0.40 34.02 + 4.88
192 | 217 |1(0|0|2}j0|0Of2 |0 |02 |2 |2|0]1212)]1]) 053 0.13 | 0.40 75.96 25.11 0.83 0.28 10.27 + 3.39
193 | 218 |Of1|1|2f1|j1f0}| 212 |31 |2 |0|1]0] 0] 087 0.22 | 0.74 | 138.73 40.54 1.52 0.45 18.75 + 5.48
194 | 219 |2(0|0|21|2|0(2 |6 |20 |0 |2 1|22 1.33 040 | 1.20 | 226.62 75.03 2.49 0.82 30.63 + | 10.14
195 | 220 (0| 1|2|0|0j0OJO| 2 |22 0|2 |0)|0]| 1| 053 0.17 | 0.40 75.96 31.12 0.83 0.34 10.27 + 4.21
196 | 221 | 2|3|2|2|013/3|1 (1,2 |0|00]|1]1 1.40 029 | 1.27 | 239.17 54.52 2.63 0.60 32.33 + 7.37
197 | 222 |5(5|1|2(2|4/0 |0 |31 |5 |2 |2]|0]|2]| 227 046 | 214 | 402.39 87.11 4.42 0.96 54.39 + | 11.77
198 | 223 |3(3|3|1(2|2(1 |1 |41 |2 |1 |2]|0] 4] 200 0.31 | 1.87 | 352.17 58.12 3.87 0.64 47.60 + 7.86
199 | 225 |{3(2|0(2|0|1(12 |1 |2, 2|2 |0|0]O0]1 1.13 0.26 | 1.00 | 188.95 48.16 2.08 0.53 25.54 + 6.51
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. Average
Tracks Density (Fo
ty (Fov) Tracks Average Tracks Density Conlc?:r?tggtion
Number of Field of View Tracks / FoV
. [«b] —
; ] - 2 R S N
2|3 | e | S| T | E | % |¢%
< = |1]12|3|4|5|/6|7 |8 |9|10|11|12 |13 |14 |15 s 5 = S ﬁ g S Bg/m? | = | Error
o S Z + = = =~ E =
8| 3 < ko + Z o
226
200 | %2 015 |027| 5022 | 2886 | 055 | 032 | 679 | + | 3.90
201 2§7 011 |020| 3766 | 2013 | 041 | 022 | 509 |+ | 272
202 2§8 000 |000| 000 000 | 000 | 000 | 000 | % | 000
203 2;9 011 |020| 3766 | 2013 | 041 | 022 | 509 |+ | 272
204 | 230 007 |007| 1255 | 1255 | 044 | 014 | 170 | + | 1.70
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Annex B: RAD7 Run # 1 printer output.

0101 51.4+-30.6 b Sniff
SUN 03-JUN-12 09:47
26.8"C RH:9.00% B:7.09V

0102 85.7+-37.5 b Sniff
SUN 03-JUN-12 10:47
26.4°C RH:6.00% B:7.09V

0103 97.2+-40.0 b Sniff
SUN 03-JUN-12 11:47
26.4°C RH:6.00% B:7.03V

0104 80.7+-23.9 b Normal
SUN 03-JUN-12 12:47
26.4°C RH:5.00% B:7.12V

0105 83.4+-24.3 b Normal
SUN 03-JUN-12 13:47
26.4°C RH:5.00% B:7.03V

0106 111.+-27.7 b Normal
SUN 03-JUN-12 14:47
26.4°C RH:4.00% B:7.03V



0107 129.+-29.4 b Normal
SUN 03-JUN-12 15:47
26.8'C RH:4.00% B:7.03V

0108 123.+-29.1 b Normal
SUN 03-JUN-12 16:47
26.8°C RH:4.00% B:7.03V

0109 148.+-31.3 b Normal
SUN 03-JUN-12 17:47
27.1°C RH:4.00% B:7.06V

0110 165.+-32.9 b Normal
SUN 03-JUN-12 18:47
27.1°C RH:4.00% B:7.00V

0111 152.+-31.8 b Normal
SUN 03-JUN-12 19:47
26.8'C RH:4.00% B:7.03V

0112 178.+-34.0 b Normal
SUN 03-JUN-12 20:47
26.8'C RH:4.00% B:7.03V
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0113 208.+-36.7 b Normal
SUN 03-JUN-12 21:47
26.4°C RH:4.00% B:6.21V

0114 179.+-34.3 b Normal
SUN 03-JUN-12 22:47
25.8°C RH:4.00% B:6.24V

0115 175.+-34.0 b Normal
SUN 03-JUN-12 23:47
25.8'C RH:4.00% B:6.27V

0116 176.+-34.0 b Normal
MON 04-JUN-12 00:47
25.5°C RH:4.00% B:6.27V

0117 164.+-32.9 b Normal
MON 04-JUN-12 01:47
25.5°C RH:4.00% B:6.27V

0118 172.+-33.6 b Normal
MON 04-JUN-12 02:47
25.5°C RH:4.00% B:6.24V

148



0119 165.+-32.9 b Normal
MON 04-JUN-12 03:47
25.5°C RH:4.00% B:6.27V

0120 171.+-33.4 b Normal
MON 04-JUN-12 04:47
25.5°C RH:4.00% B:6.27V

0121 174.+-33.7 b Normal
MON 04-JUN-12 05:47
26.4°C RH:4.00% B:6.88V

0122 190.+-35.1 b Normal
MON 04-JUN-12 06:47
27.4°C RH:3.00% B:6.97V

0123 161.+-32.7 b Normal
MON 04-JUN-12 07:47
27.1°C RH:3.00% B:7.00V

0124 181.+-34.3 b Normal
MON 04-JUN-12 08:47
27.1 C RH:3.00% B:7.00V
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0125 196.+-35.6 b Normal
MON 04-JUN-12 09:47
27.1°C RH:3.00% B:7.00V

0126 193.+-35.7 b Normal
MON 04-JUN-12 10:47
27.1°C RH:3.00% B:7.00V

0127 167.+-33.1 b Normal
MON 04-JUN-12 11:47
27.1°C RH:3.00% B:7.03V

0128 123.+-28.8 b Normal
MON 04-JUN-12 12:47
27.1°C RH:3.00% B:7.03V

0129 161.+-32.6 b Normal
MON 04-JUN-12 13:47
27.1°C RH:3.00% B:7.03V

0130 157.+-32.2 b Normal
MON 04-JUN-12 14:47
27.1' C RH:3.00% B:7.03V
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0131 178.+-34.0 b Normal
MON 04-JUN-12 15:47
27.1°C RH:3.00% B:7.03V

0132 186.+-34.8 b Normal
MON 04-JUN-12 16:47
27.1°C RH:3.00% B:7.03V

0133 253.+-40.4 b Normal
MON 04-JUN-12 17:47
27.1°C RH:3.00% B:7.03V

0134 253.+-40.3 b Normal
MON 04-JUN-12 18:47
27.1°C RH:3.00% B:7.03V

0135 266.+-41.1 b Normal
MON 04-JUN-12 19:47
27.1°C RH:3.00% B:7.03V

0136 267.+-41.1 b Normal
MON 04-JUN-12 20:47
27.1' C RH:3.00% B:7.03V

151



0137 271.+-41.4 b Normal
MON 04-JUN-12 21:47
27.1°C RH:3.00% B:7.03V

0138 283.+-42.3 b Normal
MON 04-JUN-12 22:47
27.1°C RH:3.00% B:7.03V

0139 290.+-43.0 b Normal
MON 04-JUN-12 23:47
26.8'C RH:3.00% B:7.06V

0140 290.+-42.7 b Normal
TUE 05-JUN-12 00:47
26.8°'C RH:3.00% B:7.00V

0141 316.+-44.5 b Normal
TUE 05-JUN-12 01:47
26.8'C RH:3.00% B:7.06V

0142 307.+-44.0 b Normal
TUE 05-JUN-12 02:47
26.8'C RH:3.00% B:7.03V
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0143 275.+-41.9 b Normal
TUE 05-JUN-12 03:47
26.8'C RH:3.00% B:7.03V

0144 256.+-40.5 b Normal
TUE 05-JUN-12 04:47
26.4°C RH:3.00% B:7.03V

0145 300.+-43.4 b Normal
TUE 05-JUN-12 05:47
26.4°C RH:3.00% B:7.03V

0146 283.+-42.2 b Normal
TUE 05-JUN-12 06:47
26.4°'C RH:3.00% B:7.03V

0147 303.+-43.8 b Normal
TUE 05-JUN-12 07:47
26.1°C RH:3.00% B:7.03V

0148 283.+-42.4 b Normal
TUE 05-JUN-12 08:47
26.4°C RH:3.00% B:7.03V
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Annex C: The IRB Approval letter.

- An-Najah A B PRR
National University Py 9_“ {e il
Faculty of Medicine : ,& )

ubal) 4,15
IRB Approval letter
Study title: _ :
Indoor Radon levels Measurement in the Elementary Schools of Tulkarem Province
Palestine . :
Submitted by:
Khaled Mallah

Date Reviewed:
March 20, 2012

Date approved:
April 10, 2012

_ Indoor Radon levels Measurement in the Elementary Schools of

Your study titled=
" Was reviewed by An-Najah National University IRB

Tulkarem Province Palestine .
committee & approved on April 10,2012

Samar Musmar,MD, FAAFP .
=T IRB
- Committee Chairman,

An-Najah National University

(AVI)(+a) FFLAVIA diasistd ((AVT)( : '
B SQ)FFETAT/E/V/A/) §: GBAV VY 4 - ol
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Annex D: An-Najah National University letter to the MoE.
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Annex E: Minster of Education Approval letter.
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Annex F: Information form of each school.

"Indoor Radon Measurements in the Elementary Schools of Tulkarem
Province"

Plan Sheet
SECTION 1: SCHOOL AND OWNER INFORMATION

1- School Name:

2- School #:

3- School phone:

4- School Headmaster:

5- School Location:

6- School Address:

7- School Authority:

8- Name of Contact Person:

9- Phone # of Contact Person:
10- # of Student & # of Team:

SECTION 2: BUILDING INFORMATION

No. of stories:

No. of classrooms:

No of occupied classrooms:
No of floor levels:

Type of floor levels:
Building age:

Building type outside:
Cooling system:

9. Heating system:

10. School area:

11. Classroom area:

12. Average No. of students in each C.R.:
13. No of windows in the C.R.:

NG WNE

SECTION 3: DOSIMETERS INFORMATION

No. of required dosimeters:
Duplicate rooms:

RAD7 Device rooms:

Start test date, time:

End test date, time:

agrLdE
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Room # & | Location & | Start | Start Stop Stop

Serial # Name Floor Date | Time Date Time

Comments

=

©0 N0 WM

|
©

[HEN
[HEN

|
Nk

-
o

|
&
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Annex G: A map of the selected 20 elementary schools in
Tulkarem province.
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Key for the map:

a= Al Israa ldeal Girls School

b= Mahmoud Hamshary Basic Girls School
c= Helmi Hannon Higher Basic Boys School
d= Hasan Al Qaisy Basic School

e= Tulkarem Basic Girls School No.1

f= Tulkarem Basic Girls School No.2

g= Tulkarem Basic Boys School No.1

h= Tulkarem Basic Boys School No.2

i= Nur Shams Basic Boys School

J= Nur Shams Basic Girls School

k= Shuwaikah Basic Girls School

|= Zieta Basic Girls School

m= lllar Basic Boys School

n= Baga Al-Shargiah Basic Boys School

o= Irtah Basic Girls School

p= Kufor Sur Elementary School

g= Shofah Basic Girls School

r= Beit Leed Basic Boys School

s= Anabta Basic Boys School

t= Balaa High Basic Girls School
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