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ABSTRACT

Measurement of natural background radiation levels in the Kinta District was
carried out between 2003 and 2005. Gamma dose rates were measured from 1007
locations using a portable gamma-ray survey meter, Model 19 Micro R meter
manufactured by Ludlum. The measured dose rates ranged from 39 to 1039 nGy h™" and
have a mean dose rate of 222 + 191 nGy h™' (1.36 mSv y'). Two small areas of hot spots
around Kampung Sungai Durian with dose rates of 1039 nGy h™ were found. This is the
highest dose rate recorded in Perak to date. A total of 128 soil samples collected were
analyzed for the activities of the naturally occurring radionuclides, gross alpha and gross
beta activities. The activity concentrations of **U, ***Th and *’K were analyzed by
using a HPGe detector. The ranges are 12 — 426 Bq kg™ for **U, 19 — 1377 Bq kg™ for
2T and from less than 19 — 2204 Bq kg™ for *°’K. Based on the radioactivity levels
determined, the gamma absorbed dose rates in air at 1 meter above the ground were
calculated using the procedure applied by UNSCEAR 2000. The total calculated dose
rates and measured dose rates have shown good correlation coefficient of 0.94. The
calculated Radium Equivalent Activity (Ra.q) range from 0.14 to 6.01 mSv y'. The gross
alpha activity of the soil samples range from 15 to 9634 Bq kg with a mean value of
1558 + 121 Bq kg''. The gross beta activity range from 142 to 6173 Bq kg™ with a mean
value of 1112 + 32 Bq kg™'. The mean population weighted dose rate for the Kinta district
is 1.2 mSv y"'. Gamma isodose map for the Kinta District was plotted. The isodose map

1s the most recent and can be used as a reference.
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ABSTRAK

Pengukuran bagi aras sinaran latar belakang semulajadi di daerah Kinta telah
dijalankan antara tahun 2003 hingga 2005. Kadar dos telah diukur di 1007 lokasi dengan
menggunakan meter survei sinaran gama, Model 19 Micro R Meter buatan syarikat
Ludlum. Julat bagi kadar dos yang diukur ialah 39 hingga 1039 nGy h™' dan nilai min
kadar dos ialah 222 + 191 nGy h™ (1.36 mSv y ™). Sekitar Kampung Sungai Durian
terdapat dua kawasan kecil mempunyai kadar dos yang tinggi iaitu 1039 nGy h™",
Sehingga kini, kadar dos ini merupakan yang tertinggi di negeri Perak. Sebanyak 128
sampel tanah telah diambil dan dianalisis untuk menentukan keaktifan radionuklid
semulajadi, keaktifan alfa dan beta. Kepekatan ***U, ***Th dan *’K telah dianalisis
dengan menggunakan alat pengesan HPGe. Julat bagi ***U ialah 12 — 426 Bq kg™, 19 —
1377 Bq kg bagi ***Th dan kurang daripada 19 — 2204 Bq kg™ bagi *’K. Berdasarkan
kepada aras keaktifan yang dikira, kadar dos terserap sinaran gama di udara pada jarak 1
m dari atas tanah telah ditentukan menggunakan prosedur UNSCEAR 2000. Jumlah
kadar dos yang dikira dan kadar dos yang diukur menunjukkan pekali korelasi yang baik
iaitu 0.94. Aktiviti setara radium (Ra.q) yang dikira berada dalam julat 0.14 hinga 6.01
mSv setahun. Keaktifan alfa bagi sampel tanah didapati berada dalam julat 15 hingga
9634 Bq kg dan min dosnya ialah 1558 + 121 Bq kg™'. Keaktifan beta berada dalam
julat 142 hingga 6173 Bq kg dan min dosnya ialah 1112 + 32 Bq kg"'. Min kadar dos
pemberat populasi bagi daerah Kinta ialah 1.2 mSv setahun. Peta isodos sinar gama bagi
daerah Kinta telah diplotkan. Peta isodos ini adalah yang terkini dan boleh digunakan

sebagai rujukan.
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CHAPTERII

INTRODUCTION

1.1 Introduction

When the earth was formed four billion years ago, it contained many
radioactive isotopes (Wang et. al. 1975 and Foster, 1985). Since then, all the
shorter-lived isotopes have decayed. Only those isotopes with very long half-lives
(100 million years or more) remain, along with the isotopes formed from the decay
of the long-lived isotopes. These naturally occurring isotopes include uranium,
thorium and their decay products, such as radon. The presence of these
radionuclides in the ground leads to both external gamma ray exposure and internal

exposure from radon and its progeny.

Everyone is inevitably exposed to background radiation, which varies from
place to place and from time to time in both amount and type. Some of this exposure is
caused by external radiations that come from both cosmic rays and radioactive
materials in the ground. Cosmic radiation of concern is principally a result of protons
and the products of their interaction with various nuclei. Exposure resulting from such
radiation depends on the latitude and the altitude. The dose rate of radiation from
cosmic rays ordinarily measures 0.28 mGy y™' when tested at 70°, sea level; appropriate

corrections may be made for other latitudes and altitudes (Henry, 1969).



Environmental gamma activities result from potassium, uranium, thorium,
and their daughters in various rocks and soils; estimates of such activities at a
height of about 1 m over granite areas are typically in the order of 1.5 mGy y™ and
over limestone in the order of 0.2 mGy y"' (Henry, 1969). Obviously, the actual
level of radiation caused by the radioisotopes content of rocks and soil varies
widely from place to place, and the actual background at a given location can be
determined only by measurement. Thus the dose rate depends on the geological
location (Martin and Harbison, 1972). In order to predict the environment quality,
monitor continuously the air gamma radiation level for 24 hours and detect the
abnormality, we need to know the natural background of gamma radiation (Tu Yu

and Jiang Dezhi, 1996).

Granite is the major igneous rock that is abundantly available in
Peninsular Malaysia. It is distributed in Western Belts and Eastern Belt, running
roughly north to south along the length of the Peninsula. The Western Belt consists
of the Main Range, the Kledang Range and other granite further west. The ages of
the granites range from Permain to Cretaceous, with the majority of Triassic age

(Bignell and Snelling, 1977).

The main sources of natural background radiation are as follows:
1. radioactive substances in the earth crust.

2. emanation of radioactive gas from the earth.

3. cosmic rays from outer space which bombarded the earth.

4

trace amounts of radioactivity in the body.

In addition to the natural background radiation, there are several other
sources of human exposure which are peculiar to the last few decades. These
sources are: diagnostic radiology, therapeutic radiology, use of isotopes in
medicine, radioactive waste, fall-out from nuclear tests, and occupational exposures

from nuclear reactors and accelerators.



1.2

Research Objectives

Research objectives are:

ii.

iil.

1v.

1.3

to establish a baseline data of natural background radiation levels in the

Kinta District.

to identify the hot spot areas.

to analyze the activity concentrations of the radionuclides of ***U, **Th
and *’K from the soil samples and compare the calculated total dose rates
with the measured dose rates.

to analyze the gross alpha and gross beta activities of the soil samples.

to plot the isodose contour map of gamma dose rate.

Importance of this Research

A need to establish a baseline data which can be used as reference
information to assess any changes in the natural background radiation
level due to human activities or any artificial influences due to fallout

(Goddard, 2000; Ibrahiem et. al., 1993; Quindos et. al., 1994).

A need to identify areas with high natural radiation (Erickson et. al., 1993)

or hot spot areas.



3. Identification of natural radioactive elements present in soil, geology,
and sediments in minor concentrations are of large interest because of

their detrimental effects on natural environment (Vertacnik et. al., 1977).

4. Radioactivity is present everywhere in nature and it is necessary to study
the radiation levels and to access the dose to the population, in order to

know the health risks.

1.4 Statement of Hypotheses.

1. Kinta District has many tin mining sites, and is expected to have high

background radiation from the minerals such as monazite and zircon.

2. Granite which forms the Main Range on the east and the Kledang Range
on the west of the Kinta District are expected to have high radiation level

than the limestone areas found in between them.

1.5 Scope of Study

This project covers the Kinta District, Perak. It is bounded on the north
and south by lines of latitude 4°45° N. and 4° 15’ N. respectively, on the east by
line of longitude 101° 15 E. and on the west by 101° 00’ E.



Kinta District has 12 major towns namely Batu Gajah, Chemor, Gopeng,
Ipoh, Kampar, Kellie’s Castle, Malim Nawar, Pusing, Simpang Pulai, Tambun,
Tanjung Rambutan, and Tanjung Tualang. It has an area of approximately 1958
km” and has a population of about 703493 (Population Census in 2000). Rainfall is
throughout the year with 193 days recorded with a total of 2990 mm of rain. The
temperature ranged from 23.9 to 32.9 °C (Shaari, 2003).

1.6 Research Methodology

A survey meter was used for the dose rate measurements in the Kinta
District. Areas are chosen with flat ground away from obstacles, outcrops and
buildings. At each location, the latitude and longitude were determined by using

global positioning system (GPS) with an accuracy of about 100 meters.

The activities of the naturally occurring radionuclides ***U, ***Th and *’K
in the soil samples were measured by using HPGe gamma-ray spectrometry.

Amang by-products were analyzed for >**U and ***Th.

Gross alpha and gross beta activities from the soil samples and amang by-
products were measured by using Low Background Counting System Canberra

Model LB5500.

Statistical data analysis was performed using SPSS and Excel programs.
Data was presented as mean, standard deviation, standard error and 95%
confidence intervals. Frequency histogram of the gamma dose rate was plotted. Box
plot was used to show the variability and the distribution of the gamma dose rate for

various parameters such as geological types, soil types and mukims. Excel program



was used in the correlation coefficient analysis of the data.

The isodose contour map for the dose rates was plotted using the Surfer

software version 6.

1.7 Thesis Outlines

This thesis consists of 5 chapters. The first chapter consists of
introduction, research objectives, importance of this research, and scope of study
and research methodology. Chapter two is the literature review. It covers the work
of relevant studies carried out. Chapter three explains the methods and equipment
used in the experimental work. Chapter four shows the data obtained from the field
measurements, statistical presentation of data using box plots, histograms, high
radiation areas, analysis of soil samples using direct method and neutron activation
analysis (NAA) method, correlation coefficient between dose rate and radionuclides
and gamma isodose contour plot. Finally chapter five presents the conclusions of

the project and the suggestions.
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