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ABSTRACT

Terrestrial gamma radiation (TGR) is one of the contributors for ionizing
radiation exposure to society. In this study, the baseline TGR dose rate measurement
and radiological health risk assessment of west Sarawak were made. The study area
covers 5 divisions; Kuching, Samarahan, Serian, Sri Aman and Betong, for a total
area of 20,259.2 km? using random sampling method as data point selection. The
outdoor measurements were performed at approximately 1 meter above ground level,
avoiding human infrastructures, using Ludlum 19 micro R meter Nal(TI) scintillation
detector. Twenty-nine soil samples were taken across the 5 divisions covering
combinations of 9 geological backgrounds and 7 soil types. A hyper-pure
Germanium spectrometer was then used to detect the samples’ 22U, *Th, and °K
radionuclides concentrations producing a correction factor C; = 0.544 from linear
fitting of y = 0.544x + 8.13. Excluding 2 outliers, a total of 239 data were corrected
with C; producing a mean of 47 + 1 nGy h™*, with a range between 5 nGy h™* — 103
nGy h™*. A multiple regression analysis was conducted between geologically-
respective mean dose and soil types-respective mean dose against TGR dose rate,
generating Dgs = 0.847Dy + 0.637Ds — 22.313 prediction model with a normalized
beta equation of Dgs = 0.605D4 + 0.395D;. The model showed 100% acceptance of
sign test null hypothesis when used against TGR dose rate readings. Calculations of
radiological health risk assessment produce annual effective dose equivalent of
AEDE = 0.058 mSv year”, radium equivalent dose Raeq = 140.52 Bq kg™ and
external hazard index Hex = 0.4. An isodose map was generated using kriging spatial

analysis in ArcGIS 10.3 software.
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ABSTRAK

Sinar gama daratan (SGD) merupakan salah satu penyumbang kepada
dedahan sinaran mengion terhadap masyarakat. Dalam kajian ini, pengukuran kadar
dos SGD asas dan pentaksiran risiko kesihatan radiologi di kawasan barat negeri
Sarawak telah dilakukan. Kawasan kajian meliputi 5 bahagian; Kuching, Samarahan,
Serian, Sri Aman, dan Betong, merangkumi keluasan 20,259.2 km* dengan
menggunakan kaedah persampelan rawak sebagai teknik pemilihan titik bacaan data.
Pengukuran bacaan data luar bangunan dilakukan pada kira-kira 1 meter di atas
permukaan tanah dan menjauhi infrastruktur binaan manusia menggunakan pengesan
sintilasi Ludlum 19 micro R meter Nal(Tl). Sebanyak 29 sampel tanah telah diambil
merentasi 5 bahagian merangkumi kombinasi 9 latar belakang geologi dan 7 jenis
tanah. Spektrometer Germanium hiper-tulen telah digunakan untuk mengukur
kepekatan radionuklid U, #**Th, dan “°K, menghasilkan faktor pembetulan C; =
0.544 daripada penyuaian linear y = 0.544x + 8.13. Dengan penyingkiran 2 data
terpencil, sebanyak 239 data telah diperbetulkan dengan Cf menghasilkan min 47 £ 1
nGy j*, dengan julat antara 5 nGy j*! — 103 nGy j*. Analisis regresi berganda
dilakukan antara min dos geologi dan min dos jenis tanah terhadap kadar dos SGD,
menghasilkan model jangkaan Dgs = 0.847Gy + 0.637D; — 22.313 yang mempunyai
Dgs = 0.605Dg4 + 0.395G; sebagai persamaan beta yang ternormal. Model ini
menunjukkan 100% penerimaan ujian tanda apabila digunakan terhadap bacaan
kadar dos SGD. Pengiraan risiko kesihatan radiologi pula menghasilkan nilai dos
efektif setara tahunan AEDE = 0.058 mSv tahun™, kadar dos radium setara Raeq =
140.52 Bq kg?, dan indeks hazad luar Hex = 0.4. Sebuah peta isodos telah dijana

menggunakan analisis ruangan kriging dalam perisian komputer ArcGIS 10.3.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

Studies show radiation exposure to society is contributed from multiple
sources. Although medical radiation exposure is one of the highest contributors, its
doses and effects are regulated and monitored throughout the world. Other sources of
radiation however are not as closely monitored, and the extent of the effects are
vaguely known for some of them (IAEA, 1989). Terrestrial gamma radiation is one

of these less apparent sources but requires attention, nonetheless.

For peninsular Malaysia, a proper baseline data for level of background
radiation is already available from old airborne survey data along with ground level
measurement studies made in recent years. Sarawak and Sabah states however lack
such complete data throughout the 2 states. As a study for Sabah state is currently
underway (Siti Fharhana et al., 2017), this natural radiological research focuses on

terrestrial gamma radiation for west of Sarawak state.

1.2 Problem Statement

Natural background radiation is part of annual radiation exposure to the
general population. Terrestrial gamma radiation (TGR), an external natural gamma
radiation source, contributes to the overall radiation exposure and a complete
baseline data of these background radiation dose is important for radiation safety
monitoring of the general population. As a continuous radiation and cancer risk
safety measures, a baseline data of the TGR dose rates is a critical reference for

establishment of radiation safety standards.



For peninsular Malaysia (West of Malaysia), such data are available in the
form of airborne dose survey by Agocs, and multiple terrestrial gamma radiation
dose studies in recent years by Ramli, Apriantoro, Muneer, Garba, Sanusi, and many
others (Apriantoro, 2011; Garba, 2016; Ahmad Termizi Ramli et al., 2005; Saleh et
al., 2014; Sanusi et al., 2014). Sarawak state, however, lacks similar comprehensive

studies of radiation safety.

This study focuses on TGR dose rate in west of Sarawak via in-situ gamma
dose rate measurements complemented with radionuclide concentration study
through gamma spectroscopy. A prediction model will also be constructed in respect
to geological and soil distribution of the study areas for prediction of TGR dose rates
in hard to reach areas of similar geological and soil components and an isodose map

of the study area will be constructed for radiological referencing.

1.3 Study Objectives

1. Measuring terrestrial gamma radiation dose rate in west Sarawak,

2. Studying U%®, Th*2, and K* radionuclides concentrations of soil samples
taken throughout the studied areas,

3. Calculating the combined contribution of geology and soil type to gamma
radiation dose rate for the study,

4. Formulating a prediction model of TGR dose rate in respect to geology and
soil types present in studied areas,

5. Constructing an isodose map of the studied areas.

1.4  Research Scope

This study covers 5 divisions of west Sarawak; Kuching, Samarahan, Serian,
Sri Aman, and Betong. Serian was formerly part of Samarahan division, formerly a
district status, elevated to division status on 11 April 2015. These 5 divisions are
located in between latitudes 0° 50 and 2° 6’ North, and 109° 32’ and 112° 15” East.



They cover a total of 20,259.2 km? and by 2010, Kuching division, where the capital
of Sarawak is situated, has a population of 705,546, while the other divisions have
populations of 159,023, 91,599, 94,774, and 108,225 for Samarahan, Serian, Sri
Aman, and Betong divisions respectively. From diversity of geological and soil types
point of view, these 5 divisions carry a more complex distribution of geology and
soil types compared to the rest of Sarawak, with 9 geological backgrounds and 7 soil

types.

The research focuses on natural terrestrial gamma radiation dose, mainly due
to geological and soil types. In-situ measurements using a scintillation detector were
collected at points determined by random sampling and ease of access throughout the
5 divisions. To determine geology and soil type contributions to the gamma radiation
dose rate, a prediction model of geo-soil pairing was constructed, and the results

were then compared statistically to the dose rate measurements.

Next, TGR dose rate measurements and ***U, *?Th, and “°K radionuclide
concentrations were used in radiological health risk calculations which are annual
effective dose equivalent (AEDE), cancer risk probability (G;), equivalent radium
activity (Raeg), and external hazard index (Hey). These data will be critical references
in preparation of radiological safety standards for the studied areas in the future as
baseline data to be compared in the case of radiation level changes due to human

activities.

Finally, an isodose map was constructed using ArcGIS 10.3 software and
geospatial interpolation Kriging was used to provide a spatial data analysis of

terrestrial gamma radiation dose rate of the studied areas.

15 Research Significance

Sarawak lacks a comprehensive terrestrial gamma radiation dose rate data. A
proper gamma radiation dose rate study is required to establish a baseline reference

in annual radiation exposure to the general population.



Other than that, this research constructs a prediction model of gamma
radiation dose rate in respect to geology and soil types composition relationship,
providing a method for estimation of TGR dose rate in hard to reach areas with
similar geology and soil compositions. Since the 5 divisions of interest comprises of
a more complex geology and soil composition compared to the rest of Sarawak, the
model should be able to estimate GDR data for most areas of the rest of Sarawak

with similar geo-soil pair profiles.

Finally, the study will produce an isodose map of the studied areas that can be
used in human infrastructure and activity planning in the future with public

radiological safety standards in mind.

1.6 Chapters Layout

This thesis is comprised of 5 chapters, Introduction, Literature Review,

Research Methodology, Data and Results, and Conclusion and Recommendations.

Chapter 1 of the thesis, Introduction, lays out the basis for the study to be
carried out. It explains about the background, problem statement, research scope, and

research significance of the study.

Chapter 2 of the thesis, Literature Review, lists out and briefly describe a few
related topics used in the study. Descriptions of some basic definitions are available
in this chapter, along with explanations of related lithologies of the study areas.
Similar previously conducted studies done locally and internationally are also

mentioned here.

Chapter 3 of the thesis, Research Methodology, describes the procedures used
in carrying out the study. The area of the study is included in this chapter, followed
by data measurement procedures, soil sampling procedures, statistical analysis,

spatial analysis, and health risk assessment equations.



Chapter 4 of the thesis, Results and Discussions, is comprised of data
obtained for the study and the corresponding possible explanations for them. The
chapter also includes result of statistical analysis, spatial analysis, and health risk

assessments calculated using the analayzed data.

Chapter 5 of the thesis, Conclusion and Recommendations, summarizes the
findings of the study and discusses a few recommendations for future similar or

related
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