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ABSTRACT 

 

 

Natural environmental radioactivity arises mainly from primordial 

radionuclides such as 40K and also from 238U and 232Th decay series and have  always  

been  present  in  a  variety  of concentrations in every part of the earth’s mantle  and 

in the tissue of every living being. Natural radioactivity can be found almost 

everywhere; in soil, public water supplies, oil and atmosphere. It poses a measurable 

exposure to human beings. The present study was aimed of providing the base line 

data of Terrestrial Gamma Radiation Dose rates (TGRD), natural radioactivity 

concentrations and the corresponding radiological health hazards in the environments 

of Kelantan and Terengganu states. TGRD were measured using a micro roentgen 

survey meter model 19 manufactured by Ludlum, from 150 and 145 locations at 

Kelantan and Terengganu states, respectively. A total of sixty (60) soil samples and 

ten (10) water samples from major rivers were collected with thirty six (36) soil and 

five (5) water samples collected from Kelantan and twenty four (24) soil and five (5) 

water samples collected from Terengganu, respectively. The soil samples were 

analyzed using a high purity germanium detector (HPGe) and Genie 2000 software, 

while the water samples were analyzed at Malaysian Nuclear Agency using atomic 

absorption spectrometry (AAS) for 40K and inductively coupled plasma mass 

spectrometer (ICP-MS) for U and Th concentrations. The measured TGRD mean 

values of 209 nGy h-1 and 150 nGy h-1 which are about three times the world and two 

times Malaysian averages of 59 nGy h-1 and 92 nGy h-1 respectively. The mean activity 

concentrations of 226Ra, 232Th, and 40K in the soil samples were found to be 82 Bq kg-

1, 123 Bq kg-1 and 643 Bq kg-1 for Kelantan, and 79 Bq kg-1, 84 Bq kg-1, and 545 Bq 

kg-1 for Terengganu. 226Ra and 232Th in Kelantan are three times and in Terengganu 

twice the world average values of 32 Bq kg-1 and 45 Bq kg-1, while 40K is slightly 

higher than the world average value of 420 Bq kg-1. For water samples, the mean 

concentrations of U and Th and activity concentration of 40K was found to be 13 mBq 

L-1, 4 mBq L-1 and 1119 mBq L-1 for Kelantan and 0.71 mBq L-1, 0.23 mBq L-1 and 56 

mBq L-1 for Terengganu, respectively. The health hazard impact of radium equivalent 

(Raeq), annual effective dose (AED), and external radiation hazard index (Hex) which 

are indicators of radiological health hazards were computed as 307 Bq kg-1, 1.28 mSv 

y-1 and 0.83 for Kelantan and 242 Bq kg-1, 0.92 mSv y-1 and 0.65 for Terengganu, 

respectively. Statistical relationships between TGRD with underlying geological 

formations and soil types were obtained. Isodose contour maps which shows the 

distribution pattern of TGRD for both states were produced. Radiological health due 

to TGRD and natural radioactivity are on the average higher than both the world 

average and Malaysian average but were still within the recommended values of 370 

Bq kg-1, 0.48 mSv y-1 and unity, thus should not pose any significant danger to the 

populations. 
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ABSTRAK 

 

 

 

Keradioaktifan alam sekitar semulajadi terbebas ke alam sekitar terutamanya 

daripada radionuklid purba seperti 40K dan daripada siri reputan 238U dan 232Th dan  

yang sentiasa wujud dengan pelbagai kepekatan di setiap lapisan mantel bumi dan tisu 

setiap hidupan. Keradioaktifan semulajadi boleh didapati hampir di mana-mana; di 

dalam tanah, bekalan air awam, minyak dan atmosfera. Ia menyebabkan pendedahan 

yang perlu dipertimbangkan kepada manusia. Kajian ini bertujuan untuk menyediakan 

data dasar kadar dos sinaran gama daratan (TGRD), kepekatan keradioaktifan 

semulajadi dan hazad kesihatan radiologi di negeri Kelantan dan Terengganu. TGRD 

diukur menggunakan meter survey mikro Roentgen model 19 yang dikeluarkan oleh 

Ludlum di 150 dan 145 lokasi masing-masing di negeri Kelantan dan Terengganu. 

Enam puluh (60) sampel sejumlah tanah dan sepuluh (10) sampel air dari sungai utama 

telah dikumpulkan, dengan tiga puluh enam (36) sampel tanah dan lima (5) sampel air 

diambil dari Kelantan, manakala dua puluh empat (24) tanah dan lima (5) sampel air 

diambil daripada Terengganu. Sampel tanah telah dianalisis menggunakan pengesan 

germanium ketulenan tinggi (HPGe) dan perisian Genie 2000, manakala sampel air 

dianalisis di Agensi Nuklear Malaysia menggunakan spektrometri serapan atom 

(AAS) untuk 40K dan spektrometer jisim plasma teraruh (ICP-MS) untuk kepekatan U 

dan Th. Purata TGRD yang diukur adalah 209 nGy j-1 dan 150 nGy j-1, kira-kira tiga 

kali ganda nilai purata dunia dan dua kali purata Malaysia iaitu masing-masing 59 nGy 

j-1 dan 92 nGy j-1. Purata kepekatan keaktifan 226Ra, 232Th dan 40K dalam sampel tanah 

didapati bernilai 82 Bq kg-1, 123 Bq kg-1 dan 643 Bq kg-1 untuk negeri Kelantan, dan 

79 Bq kg-1, 84 Bq kg-1, dan 545 Bq kg-1 bagi negeri Terengganu. 226Ra dan 232Th di 

Kelantan adalah tiga kali dan di Terengganu adalah dua kali ganda nilai purata dunia 

ia iatu 32 Bq kg-1 dan 45 Bq kg-1, manakala 40K adalah sedikit lebih tinggi daripada 

nilai purata dunia iaitu 420 Bq kg-1. Bagi sampel air, purata kepekatan keaktifan U, Th 

dan 40K didapati bernilai masing-masing 13 mBq L-1, 4 mBq L-1 dan 1119 mBq L-1 di 

negeri Kelantan, dan 0.71 MBq L-1, 0.23 MBq L-1 dan 56 mBq L-1 di negeri 

Terengganu. Hazad kesihatan setara radium (Raeq), dos berkesan tahunan (AED), dan 

indeks hazad sinaran luaran (Hex) yang merupakan petunjuk hazad kesihatan radiologi 

telah dikira, masing-masing bernilai 307 Bq kg-1, 1.28 mSv thn-1 dan 0.83 di negeri 

Kelantan dan 242 Bq kg-1, 0.92 mSv thn-1 dan 0.65 di Terengganu. Hubungan statistik 

antara TGRD dengan pembentukan geologi dan jenis tanah telah diperolehi. Peta 

kontur isodos yang menunjukkan corak taburan TGRD di kedua-dua negeri telah 

dihasilkan. Secara purata, kesan  kesihatan radiologi daripada TGRD dan 

keradioaktifan semula jadi didapati lebih tinggi daripada kedua-dua purata dunia dan 

Malaysia,  tetapi  masih  dalam  nilai  yang  dicadangkan  iaitu  370 Bq kg-1, 0.48 

mSv  thn-1 dan uniti, oleh itu ia mungkin tidak menimbulkan bahaya yang besar kepada 

penduduk. 
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CHAPTER 1 

  INTRODUCTION  

1.1  Background of the study  

Human beings are continuously exposed to natural radiation from different 

source which includes soil, building materials, air, water, the universe and even within 

their own bodies (Kurnaz, 2013). Natural sources  of radiation  are known to  be the  

most  significant source of public exposure to ionizing  radiation (Faanu et al., 2011). 

Gamma radiation emitted from primordial radioisotopes is one of the main external 

sources of radiation on earth (UNSCEAR, 1993, 2000). Ninety nine percent (99%) of 

the total radiation exposure to the population (excluding medical exposure) was known 

to be due to the natural radiation sources, with only a very little contribution from 

nuclear power production and nuclear weapons testing (UNSCEAR, 2000). 

Assessment of human exposure to gamma radiation is very significant, since 

natural radiation sources are the largest contributor of external dose to the world 

population (Lee et al., 2009; Martin and Harbison, 1972). Terrestrial radionuclide 

originates from the earth crusts and came into existence with the creation of the planet 

(Wicks, 2011). Some of these radionuclides have half-lives of the order of billions of 

years, such that it takes a long time for them to decay and become non-radioactive, 

and are part of the human and non-human biota till today.   



2 

 

Natural radioactivity arises mainly from 238U and 232Th decay series and 40K, 

which exist at trace amounts in all ground formation (Tzortzis et al., 2004). Level of 

exposure to natural radioactivity majorly depends on the geological formations and 

soil types. They occurs at different levels in different part of the world (UNSCEAR, 

1993), as such terrestrial background radiation monitoring due these radionuclides in 

soil is very essential. Several studies had been carried out performed worldwide, that 

measured the terrestrial gamma radiation dose rate (TGRD) and activity concentration 

of natural radionuclides in soil (Ahmad and Khatibeh, 1997; Al-Jundi, 2002; Fatima 

et al., 2008; Karahan and Bayulken, 2000; Matiullah et al., 2004; McAulay and 

Morgan, 1988; Quindos et al., 1994; Ramli, 1997; Ramli et al., 2009b; Ramli et al., 

2003; Ramli et al., 2005b; Saleh et al., 2007; Tahir et al., 2005).   

Drinking water may also contain significant levels of radioactive nuclides that 

could pose a risk to human health. These radionuclides usually enters the water supply 

system at any point, or at several points prior to consumption. For this reason, naturally 

occurring radionuclides in water are often less controllable (Garba et al., 2012). 

1.2      Problem statement 

Studies and surveys of natural radioactivity is very significant in health physics 

for various practical and fundamental scientific reasons (Abd El-mageed et al., 2011). 

The ever increasing mining activities, nuclear industries and other contamination 

sources (Agricultural activities) which are widespread necessitate the need to evaluate 

the terrestrial natural radioactivity. The data will be kept as a baseline information to 

determine the change in the environmental due to other human activities in future. The 

data will be needed in formulating safety and national standard guidelines for Malaysia 

in line with international recommendations. 
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In view of the possibility of Malaysia having operational nuclear power plant 

(NPP) by the year 2030 (Saleh et al., 2014a), measurement and monitoring of 

terrestrial gamma radiation dose as well as the determination of the primordial 

radionuclides levels in soil and water are great important in NPP site assessment. This 

will enable areas of needs be identified and steps be taken to fulfill the International 

Atomic Energy Agency (IAEA) and Atomic Energy Licensing Board (AELB) of 

Malaysia requirements for environmental radiological data for nuclear power plant. 

Despite the great interest shown in measuring environmental radioactivity in Malaysia, 

literature have shown that the states of Kelantan and Terengganu were not fully 

covered (Alias et al., 2008; Hamzah et al., 2008; Hamzah et al., 2012; Hamzah et al., 

2011a; Hamzah et al., 2011b; Hamzah et al., 2011c). 

 Therefore, the current study being the first of its kind in Kelantan and 

Terengganu, aims to study the TGRD and natural radioactivity in soil and major rivers 

in Kelantan and Terengganu and also investigate the influence of geological 

formations and soil types on the TGRD and activity of 226Ra, 232Th and 40K in soil in 

their environments. The information obtained could be used to predict the natural 

radioactivity due to 226Ra, 232Th and 40K without resorting to full-scale laborious 

measurements, and sampling in areas difficult to access. This study will also assess the 

true picture of radiological effects to the population if any, due to external and internal 

exposure to natural radioactivity in Kelantan and Terengganu states.  

1.3       Objectives of the study 

The principal aim of this research is to provide baseline data / radiological 

information of the Kelantan and Terengganu states, Malaysia. The specific objectives 

are; 
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(a) To determine the terrestrial gamma radiation dose rates (TGRD) and produce a 

digital isodose mapping of the study areas using a geographic information system 

(ArcGIS) software as baseline data. 

(b) To determine levels of the 226Ra, 232Th and 40K radionuclides in surface soil for 

each district and in water samples from major rivers in the two states and their 

radiological implication.  

(c) To evaluate the relation between the 226Ra, 232Th and 40K activity concentrations 

and TGRD based on geological formations and soil types information in the two 

states and to make analytical comparison with previous studies.  

(d) To enhance/improve the model for predicting environmental radioactivity based 

on geological formations and soil types information using SPSS. 

1.4 Significances of this study 

Radioactivity exists everywhere in nature, a such assessment TGRD and 226Ra, 

232Th and 40K activity concentrations in the environment has become necessary in order 

to determine the amount of change in the environmental radioactivity levels with time, 

which is significant for environmental protection (Sroor et al., 2001). Investigations 

of natural radioactivity in the environment is very important in order to identify hot 

spot or areas with high natural radiation and also to establish a baseline data which can 

serve as a useful information in assessing any future changes in the background natural 

radiation level due to human activities or any other artificial activities (Ibrahiem et al., 

1993; Lee, et al., 2009; Quindos, et al., 1994). 
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1.5 Scope of the study 

In the present study attention is focused mainly on the unmodified natural 

radiation (terrestrial radiation) and its associated health effects. The work covers in 

situ measurement of terrestrial gamma radiation dose rate using a portable detector 

model 19, micro Roentgen (μR) meter, manufactured by Ludlum USA, and terrestrial 

(primordial) radionuclides in the soil and water samples of major rivers using hyper 

pure germanium, HPGe, detector, inductively coupled plasma mass spectrometer ICP-

MS instrument model ELAN 6000 and atomic absorption spectroscopy, AAS, 

respectively. The study covers the entire Kelantan and Terengganu states involving all 

geological formations and soil types.  

A comparative analysis and statistical tests were conducted to test the 

difference and normality of the data collected. The mean activity concentrations for 

each district in the two states were measured and compared.  

Radiological health parameters such as annual effective dose, the collective 

effective dose, mean lifetime dose, life time cancer risk, radium equivalent, external 

and internal hazard indices, annual gonadal dose equivalent and mean annual effective 

dose equivalent were computed from results obtained from in situ TGRD 

measurements and 232Th, 226Ra and 40K activity concentrations in soil. These will 

provide basic information for environmental radiological assessments and be used as 

a base reference level for future changes in the radiological environment due to human 

activity.  

Isodose map of the study area were drawn using Geographic Information 

System, GIS, Arc View. The digital map shows the TGRD levels in the area. 
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1.6 Thesis outlines 

This thesis will be divided into five chapters. Chapter One explains the 

introduction to the research. It includes the background of study, problem statement, 

objectives, scope of research, and thesis outlines.  

Chapter Two presents the literature review of the study. It includes 

introduction, radioactivity, environmental radioactivity, terrestrial sources, cosmic 

sources, artificial sources, radioactive decay law, activity, specific activity, radioactive 

equilibrium, secular equilibrium, transient equilibrium, no equilibrium, quantity and 

units of radiation, exposure, absorbed dose, equivalent dose, effective dose, 

radiological hazards implication, natural radioactivity in soils, natural radioactivity in 

rocks, natural radioactivity in igneous rocks, natural radioactivity in sedimentary rock, 

natural radioactivity in metamorphic rocks, natural radioactivity in water, natural 

radioactivity studies in different countries, TGRD in different countries, TGRD in 

Malaysia, natural radionuclides activity concentration in the soils of different 

countries, studies of 226Ra, 232Th and 40K activity in soil across Malaysia, activity of 

226Ra, 232Th and 40K in the rivers of some countries, activity of 226Ra, 232Th and 40K in 

the rivers across Malaysia, radiation health effects, study area, Kelantan, Terengganu, 

geological formations of Kelantan, geological formations of Terengganu, soil types, 

alluvial soils, sedentary soils, miscellaneous soils, and soil types of Kelantan and 

Terengganu, respectively.  

Chapter Three presents the description of the study areas and methodology 

used for of the research to meet the objectives of this study, this includes; experimental, 

measurement of TGRD, sample collection, soil sample collection, water sample 

collection, sample preparation, experimental set-up and equipment, gamma-ray 

spectroscopy, energy calibration, efficiency calibration, data analysis of gamma ray 

spectrum, measurement of U, Th and 40K in water ICP-MS for U and Th measurement,  

AAS for 40K, assessment of radiological effects, annual effective dose, radium 

equivalent (Raeq), external and internal hazard indices, average life time effective dose 
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ALtED and cancer risk (R), statistical analysis, normality test, descriptive statistics, the 

anova test, t-test, regression, assessment of radiation hazard, ordinary kriging method.  

Chapter Four presents the experimental results, analysis of data and 

discussion of research results.  

Chapter Five presents conclusions and recommendations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 



130 

 

 

 

   
 

REFERENCES 

 
 
 
 

Abd El-mageed, A., El-Kamel, A., Abbady, A., Harb, S., Youssef, A. and Saleh, I. 

(2011). Assessment of natural and anthropogenic radioactivity levels in rocks 

and soils in the environments of Juban town in Yemen. Radiation Physics and 

Chemistry. 80(6), 710-715. 

Abdi, M. R., Hassanzadeh, S., Kamali, M. and Raji, H. R. (2009). 238 U, 232 Th, 40 

K and 137 Cs activity concentrations along the southern coast of the Caspian 

Sea, Iran. Marine pollution bulletin. 58(5), 658-662. 

Abdul Rahman, A. and Ramli, A. T. (2007). Radioactivity levels of 238 U and 232 Th, 

the α and β activities and associated dose rates from surface soil in Ulu Tiram, 

Malaysia. Journal of radioanalytical and nuclear chemistry. 273(3), 653-657. 

AbdulRahman, A. T., Ramli, A. T. and Wood, A. K. (2004). Analysis of the 

concentrations of natural radionuclides in rivers in Kota Tinggi district, 

Malaysia. J. Nucl. Relat. Technol. 1(1), 34. 

Ahad, Y. A., Ali, H. and Abdalla, M. (1990). Environmental gamma radiation 

monitoring using TLD at the Tuwaitha site and other regions of Iraq. Radiation 

Protection Dosimetry. 34(1-4), 215-218. 

Ahmad, N. and Khatibeh, A. (1997). Indoor Radon Levels and Natural Radioactivity 

in Jordanian Soils. Radiation Protection Dosimetry. 71(3), 231-233. 

Ahmad Taufek, A., Ahmad Termizi, R. and Abdul Khalik, W. (2004). Analysis of the 

concentration of natural radionuclides in rivers in Kota Tinggi district, 

Malaysia. Journal of Nuclear and Related Technologies. 1, 41-52. 

Ajayi J.O., Adedokun O and B.B, B. (2012). Levels of Radionuclide Contents in 

Stream Waters of Some Selected Rivers in Ogbomoso Land, South West 

Nigeria. Environmental and Earth Sciences. 4(9), 3. 



131 

 

 

 

   
Akkaya, G., Kaynak, G., Kahraman, A. and Gurler, O. (2012). The investigation of 

radionuclide distributions in soil samples collected from Bursa, Turkey. 

Radiation protection dosimetry. 152(4), 376-383. 

Al-Ghorabie, F. H. (2005). Measurements of environmental terrestrial gamma 

radiation dose rate in three mountainous locations in the western region of 

Saudi Arabia. Environmental research. 98(2), 160-166. 

Al-Hamarneh, I. F. and Awadallah, M. I. (2009). Soil radioactivity levels and radiation 

hazard assessment in the highlands of northern Jordan. Radiation 

Measurements. 44(1), 102-110. 

Al-Hussan, K. and Wafa, N. (1992). Environmental radiation background level in 

Riyadh city. Radiation protection dosimetry. 40(1), 59-61. 

Al-Jundi, J. (2002). Population doses from terrestrial gamma exposure in areas near to 

old phosphate mine, Russaifa, Jordan. Radiation Measurements. 35(1), 23-28. 

Al-Sharkawy, A., Hiekal, M. T., Sherif, M. and Badran, H. (2012). Environmental 

assessment of gamma-radiation levels in stream sediments around Sharm El-

Sheikh, South Sinai, Egypt. Journal of environmental radioactivity. 112, 76-

82. 

Al-Trabulsy, H., Khater, A. and Habbani, F. (2011). Radioactivity levels and 

radiological hazard indices at the Saudi coastline of the Gulf of Aqaba. 

Radiation Physics and Chemistry. 80(3), 343-348. 

Ali, F. A. (2008). Measurements of Naturally Occurring Radioactive Materials 

(NORM) in Environmental Samples MSc. Dissertation, Department of Physics 

University of Surrey. 

Alias, M., Hamzah, Z., Saat, A., Omer, M. and Wood, A. (2008). An assessment of 

absorbed dose and radiation hazard index from natural radioactivity. 

Malaysian Journal of Analytical Sciences. 12(1), 195-204. 

Almayahi, B., Tajuddin, A. and Jaafar, M. (2012a). Effect of the natural radioactivity 

concentrations and 226Ra/238U disequilibrium on cancer diseases in Penang, 

Malaysia. Radiation Physics and Chemistry. 81(10), 1547-1558. 

Almayahi, B. A., Tajuddin, A. A. and Jaafar, M. S. (2012b). Radiation hazard indices 

of soil and water samples in Northern Malaysian Peninsula. Applied Radiation 

and Isotopes. 70(11), 2652-2660. 

Amrani, D. and Tahtat, M. (2001). Natural radioactivity in Algerian building materials. 

Applied Radiation and Isotopes. 54(4), 687-689. 



132 

 

 

 

   
Arafa, W. (2004). Specific activity and hazards of granite samples collected from the 

Eastern Desert of Egypt. Journal of environmental radioactivity. 75(3), 315-

327. 

Avadhani, D., Mahesh, H., Narayana, Y., Somashekarappa, H., Karunakara, N. and 

Siddappa, K. (2001). Natural radioactivity in the environment of Goa of South-

West coast of India. 

Badhan, K. and Mehra, R. (2012). Primordial radioactivity (238U, 232Th and 40K) 

measurements for soils of Ludhiana district of Punjab, India. Radiation 

protection dosimetry. ncs144. 

Banzi, F., Msaki, P. and Makundi, I. (2002). A survey of background radiation dose 

rates and radioactivity in Tanzania. Health physics. 82(1), 80-86. 

BEIR (2006). Health Risks from Exposure to Low Levels of Ionizing Radiation: Beir 

VII Phase II National Academic Press. 

Beretka, J. and Mathew, P. (1985). Natural radioactivity of Australian building 

materials, industrial wastes and by-products. Health physics. 48(1), 87-95. 

Canbaz, B., Çam, N. F., Yaprak, G. and Candan, O. (2010). Natural radioactivity 

(226Ra, 232Th and 40K) and assessment of radiological hazards in the Kestanbol 

granitoid, Turkey. Radiation protection dosimetry. 141(2), 192-198. 

Cember, H. (1969). Introduction to health physics. Introduction to health physics. 

Chen, C.-J., Weng, P.-S. and Chu, T.-C. (1993). Evaluation of natural radiation in 

houses built with black schist. Health physics. 64(1), 74-78. 

Chowdhury, M. I., Alam, M. and Hazari, S. (1999). Distribution of radionuclides in 

the river sediments and coastal soils of Chittagong, Bangladesh and evaluation 

of the radiation hazard. Applied Radiation and Isotopes. 51(6), 747-755. 

Cressie, N. (1988). Spatial prediction and ordinary kriging. Mathematical Geology. 

20(4), 405-421. 

Cressie, N. (1990). The origins of kriging. Mathematical geology. 22(3), 239-252. 

Currie, L. A. (1968). Limits for qualitative detection and quantitative determination. 

Application to radiochemistry. Analytical chemistry. 40(3), 586-593. 

DAAPM (1973). Director General of Agriculture Peninsular Malaysia Map of Soil 

types in Peninsular Malaysia , 1st ed., Kuala Lumpur, Malaysia. 

DGGS. (1985). Geological map of Peninsular Malaysia.  IPoh, Malaysia: Director 

General Geological Survey, Malaysia. 



133 

 

 

 

   
DGGS ( 1982). Director General of Geological Survey. Map of Mineral Resources in 

Kelantan State, Malaysia 1st Edition Ipoh, Malaysia. 

Dovlete, C. and Povinec, P. (2004). Quantification of uncertainty in gamma-

spectrometric analysis of environmental samples. Quantifying uncertainty in 

nuclear analytical measurements. 103. 

Eisenbud, M. and Gesell, T. F. (1997). Environmental Radioactivity from Natural, 

Industrial & Military Sources: From Natural, Industrial and Military Sources. 

Academic Press. 

El-Taher, A. (2011). Terrestrial gamma radioactivity levels and their corresponding 

extent exposure of environmental samples from Wadi El Assuity protective 

area, Assuit, Upper Egypt. Radiation protection dosimetry. 145(4), 405-410. 

El-Taher, A. and Al-Zahrani, J. (2014). Radioactivity measurements and radiation 

dose assessments in soil of Al-Qassim region, Saudi Arabia. Indian Journal of 

Pure & Applied Physics. 52(3), 147-154. 

El Samad, O., Baydoun, R., Nsouli, B. and Darwish, T. (2013). Determination of 

natural and artificial radioactivity in soil at North Lebanon province. Journal 

of environmental radioactivity. 125, 36-39. 

Faanu, A., Darko, E. and Ephraim, J. (2011). Determination of Natural Radioactivity 

and Hazard in Soil and Rock Samples in a Mining Area in Ghana. West African 

Journal of Applied Ecology. 19(1), 77-92. 

Faghihi, R., Mehdizadeh, S. and Sina, S. (2011). Natural and artificial radioactivity 

distribution in soil of Fars province, Iran. Radiation protection dosimetry. 

145(1), 66-74. 

Fatima, I., Zaidi, J., Arif, M., Daud, M., Ahmad, S. and Tahir, S. (2008). Measurement 

of natural radioactivity and dose rate assessment of terrestrial gamma radiation 

in the soil of southern Punjab, Pakistan. Radiation Protection Dosimetry. 

128(2), 206-212. 

Gabdo, H. T., Ramli, A. T., Garba, N. N., Saleh, M. A. and Sanusi, M. S. (2015a). 

Assessment of Natural Radionuclides in Rivers of Pahang state, Malaysia. 

Proceedings of the 2015a 3rd International Science Postgraduate Conference 

2015 (ISPC2015) 24-26 February, 2015. Ibnu Sina Institute For Fundamental 

Science Studies, Universiti Teknologi Malaysia 81310 Johor Bahru, Johor, 

Malaysia,  



134 

 

 

 

   
Gabdo, H. T., Ramli, A. T., Saleh, M. A., Sanusi, M. S., Garba, N. N. and Aliyu, A. S. 

(2015b). Radiological hazard associated with natural radionuclide 

concentrations in the northern part of Pahang state Malaysia. Environmental 

Earth Sciences. 73(10), 6271-6281. 

Gabdo, H. T., Ramli, A. T., Sanusi, M. S., Saleh, M. A. and Garba, N. N. (2014). 

Terrestrial gamma dose rate in Pahang state Malaysia. Journal of 

Radioanalytical and Nuclear Chemistry. 299(3), 1793-1798. 

Garba, N. N. (2011). Determination of Radon concentration in Zaria and Environs 

water sources using Liquid Scintillation Counter. MSc. Thesis, Physics, 

Ahmadu Bello University. 

Garba, N. N., Rabiu, N. and Dewu, B. B. M. (2012). Preliminary studies on 222Rn 

concentration in ground water from Zaria metropolis. Journal of Physical 

Science. 23  (1), 1-9. 

Garba, N. N., Ramli, A. T., Saleh, M. A., Sanusi, M. S. and Gabdo, H. T. (2014). 

Assessment of terrestrial gamma radiation dose rate (TGRD) of Kelantan State, 

Malaysia: Relationship between the geological formation and soil type to 

radiation dose rate. Journal of Radioanalytical and Nuclear Chemistry. 302(1), 

201-209. 

Garba, N. N., Ramli, A. T., Saleh, M. A., Sanusi, M. S. and Gabdo, H. T. (2015). 

Terrestrial gamma radiation dose rates and radiological mapping of 

Terengganu state, Malaysia. Journal of Radioanalytical and Nuclear 

Chemistry. 303(3), 1785-1792. 

GenieTM (2000). Spectroscopy Software, CustomizationTools Manual (Vol. V3.1-

9233653F). Canberra Industires, Inc. USA. 

Goddard, C. (2002). Measurement of outdoor terrestrial gamma radiation in the 

Sultanate of Oman. Health physics. 82(6), 869-874. 

Gusain, G. S., Rautela, B. S., Sahoo, S. K., Ishikawa, T., Prasad, G., Omori, Y., 

Sorimachi, A., Tokonami, S. and Ramola, R. C. (2012). Distribution of 

terrestrial gamma radiation dose rate in the Eastern Coastal area of Odisha, 

India. Radiation Protection Dosimetry. 152(1-3), 4. 

Hamzah, Z., Ahmad, S., Noor, H. and She, D. (2008). Surface radiation dose and 

radionuclide measurement in ex-tin mining area, Kg Gajah, Perak. The 

Malaysian Journal of Analytical Sciences. 12(2), 419-431. 



135 

 

 

 

   
Hamzah, Z., Rahman, S. A. A., Ahmad Saat, M. and Hamzah, S. (2012). Evaluation 

of Natural radioactivity in soil In district of Kuala Krai, Kelantan. Malaysian 

Journal of Analytical Sciences. 16(3), 335-345. 

Hamzah, Z., Rahman, S. A. A. and Saat, A. (2011a). Measurement of 226Ra, 228Ra and 

40K in soil in district of Kuala Krai using gamma spectrometry. Malaysian 

Journal of Analytical Sciences. 15(2), 7. 

Hamzah, Z., Rahman, S. A. A., Saat, A., Agos, S. S. and Ahmad, Z. (2010). 

Measurement of 226Ra in River Water using Liquid Scintillation Counting 

Technique. Journal of Nuclear and Related Technologies. 7(2). 

Hamzah, Z., Saat, A., Alias, M., Rahman, S. A. A., Kassim, M. and Ishak, A. K. 

(2011b). Measurement of Gross Alpha, Gross Beta, Radon and Radium 

Activity Concentrations in aqueous Samples using Liquid Scintillation 

Technique. The Malaysian Journal of Analytical Sciences. 15(2), 8. 

Hamzah, Z., Saat, A. and Kassim, M. (2011c). Determination of radon activity 

concentration in water using gamma spectrometry and liquid scintillation 

counter techniques. Proceedings of the 2011c Sustainable Energy & 

Environment (ISESEE), 2011 3rd International Symposium & Exhibition in: 

IEEE, 191-193. 

Hayumbu, P., Zaman, M., Lubaba, N. C., Munsanje, S. and Muleya, D. (1995). Natural 

radioactivity in Zambian building materials collected from Lusaka. Journal of 

Radioanalytical and Nuclear Chemistry. 199(3), 229-238. 

Huy, N. Q., Hien, P. D., Luyen, T., Hoang, D., Hiep, H. T., Quang, N. H., Long, N. 

Q., Nhan, D. D., Binh, N. T. and Hai, P. S. (2012). Natural radioactivity and 

external dose assessment of surface soils in Vietnam. Radiation protection 

dosimetry. 151(3), 522-531. 

IAEA (2003). Guidelines for radioelement mapping using gamma ray spectrometry 

data International Atomic Energy Agency, Vienna. 

IAEA (2005). Natural activity concentrations and fluxes as indicators for the safety 

assessment of radioactive waste disposal. Results of a coordinated research 

project.  Vienna: International Atomic Energy Agency. 

Ibrahiem, N., El Ghani, A. A., Shawky, S., Ashraf, E. and Farouk, M. (1993). 

Measurement of radioactivity levels in soil in the Nile Delta and Middle Egypt. 

Health Physics. 64(6), 620-627. 



136 

 

 

 

   
ICLARM (1992). The Coastal Resources Management Plan for South Johore, 

Malaysia. International Specialized Book Services. 

ICRP (1991). Recommendations  of  the  International  Commission on  Radiological  

Protection  (ICRP)  1990 Annals of ICRP. 21(1-3), 3. 

ICRP (2000). Annual Report of theInternational Commission on Radiological 

Protection. Annals of ICRP. (ICRP Annual Report on 2000). 

Ivanovich, M. and Harmon, R. S. (1982). Uranium series disequilibrium: applications 

to environmental problems. Oxford University Press, USA. 

Karahan, G. (2010). Risk assessment of baseline outdoor gamma dose rate levels study 

of natural radiation sources in Bursa, Turkey. Radiation protection dosimetry. 

142(2-4), 324-331. 

Karahan, G. and Bayulken, A. (2000). Assessment of gamma dose rates around 

Istanbul (Turkey). Journal of environmental radioactivity. 47(2), 213-221. 

Khan, K., Akhter, P., Orfi, S., Malik, G. and Tufail, M. (2003). Natural radioactivity 

levels in river, stream and drinking water of the northwestern areas of Pakistan. 

Journal of radioanalytical and nuclear chemistry. 256(2), 289-292. 

Khater, A. E. and Al-Sewaidan, H. (2008). Radiation exposure due to agricultural uses 

of phosphate fertilizers. Radiation Measurements. 43(8), 1402-1407. 

Kinyua, R., Atambo, V. and Ongeri, R. (2011). Activity concentrations of 40 K, 232 

Th, 226 Ra and radiation exposure levels in the Tabaka soapstone quarries of 

the Kisii Region, Kenya. African Journal of Environmental Science and 

Technology. 5(9), 682-688. 

Klein, C., Hurlbut, C. S., Dana, J. D. and Mineraloge, G. (1993). Manual of 

mineralogy. (Vol. 527)Wiley New York. 

Knoll, G. F. (2010). Radiation detection and measurement. John Wiley & Sons. 

Kogan, R. M., Nazarov, I. M. and Fridman, S. D. (1971). Gamma spectrometry of 

natural environments and formations: theory of the method applications to 

geology and geophysics. Israel Program for Scientific Translations. 

Kolo, M. T., Aziz, S. A. B. A., Khandaker, M. U., Asaduzzaman, K. and Amin, Y. M. 

(2015). Evaluation of radiological risks due to natural radioactivity around 

Lynas Advanced Material Plant environment, Kuantan, Pahang, Malaysia. 

Environmental Science and Pollution Research. 1-10. 



137 

 

 

 

   
Kumar, V., Ramachandran, T. and Prasad, R. (1999). Natural radioactivity of Indian 

building materials and by-products. Applied Radiation and Isotopes. 51(1), 93-

96. 

Kurnaz, A. (2013). Background Radiation Measurements and Cancer Risk Estimates 

for Sebinkarahisar, Turkey. Radiat Prot Dosimetry. 10.1093/rpd/nct115. 

Lee, S. K., Wagiran, H., Ramli, A. T., Apriantoro, N. H. and Wood, A. K. (2009). 

Radiological monitoring: terrestrial natural radionuclides in Kinta District, 

Perak, Malaysia. J Environ Radioact. 100(5), 368-374. 

Leo, W. R. (1987). Techniques for Nuclear and Particle Physics Experiment  Springer-

Verlag, Berlin. 

Lin, Y.-M., Lin, P.-H., Chen, C.-J. and Huang, C.-C. (1987). Measurements of 

terrestrial γ radiation in Taiwan, Republic of China. Health physics. 52(6), 805-

811. 

Mahesh, H., Avadhani, D., Karunakara, N., Somashekarappa, H., Narayana, Y. and 

Siddappa, K. (2001). 222Rn concentration in ground waters of coastal 

Karnataka and Kaiga of south west coast of India. Health physics. 81(6), 724-

728. 

Malain, D., Regan, P., Bradley, D., Matthews, M., Al-Sulaiti, H. and Santawamaitre, 

T. (2012). An evaluation of the natural radioactivity in Andaman beach sand 

samples of Thailand after the 2004 tsunami. Applied Radiation and Isotopes. 

70(8), 1467-1474. 

Mamont-Ciesla, K., Gwiazdowski, B., Biernacka, M. and Zak, A. (1982). 

Radioactivity of building materials in Poland Natural radiation environment. 

Mares, S. (1984). Introduction to applied geophysics. Springer Science & Business 

Media. 

Martin, A. and Harbison, S. A. (1972). An Introduction to Radiation Protection. John 

Wiley & Sons, Inc., New York. 

Matiullah, Ahad, A., ur Rehman, S., ur Rehman, S. and Faheem, M. (2004). 

Measurement of radioactivity in the soil of Bahawalpur division, Pakistan. 

Radiation Protection Dosimetry. 112(3), 443-447. 

McAulay, I. and Morgan, D. (1988). Natural radioactivity in soil in the Republic of 

Ireland. Radiation Protection Dosimetry. 24(1-4), 47-49. 

Megumi, K., Oka, T., Doi, M., Kimura, S., Tsujimoto, T., Ishiyama, T. and 

Katsurayama, K. (1988). Relationships between the concentrations of natural 



138 

 

 

 

   
radionuclides and the mineral composition of the surface soil. Radiation 

protection dosimetry. 24(1-4), 69-72. 

Miah, F., Roy, S., Touchiduzzaman, M. and Alam, B. (1998). Distribution of 

radionuclides in soil samples in and around Dhaka city. Applied radiation and 

isotopes. 49(1), 133-137. 

Miller, K. (1992). Measurements of external radiation in United States dwellings. 

Radiation Protection Dosimetry. 45(1-4), 535-539. 

Mollah, A., Rahman, M., Koddus, M., Husain, S. and Malek, M. (1987). Measurement 

of high natural background radiation levels by TLD at Cox's Bazar coastal 

areas in Bangladesh. Radiation protection dosimetry. 18(1), 39-41. 

Mountford, P. J., Temperton, D.H.  (1992). Recommendations  of  the  International  

Commission on  Radiological  Protection  (ICRP)  1990 Eur J  Nucl Med 

19(60), 3. 

Mujahid, S. and Hussain, S. (2010). Natural radioactivity in soil in the Baluchistan 

province of Pakistan. Radiation protection dosimetry. 140(4), 333-339. 

Ngachin, M., Garavaglia, M., Giovani, C., Njock, M. K. and Nourreddine, A. (2008). 

Radioactivity level and soil radon measurement of a volcanic area in 

Cameroon. Journal of environmental radioactivity. 99(7), 1056-1060. 

Norbani, N. E., Salim, N. A. A., Saat, A., Hamzah, Z., Ramli, A. T., Idris, W. M. R. 

W., Jaafar, M. Z., Bradley, D. A. and Rahman, A. T. A. (2014). Terrestrial 

gamma radiation dose rates (TGRD) from surface soil in Negeri Sembilan, 

Malaysia. Radiation Physics and Chemistry. 104, 112-117. 

Omar, M., Sulaiman, I., Hassan, A. and Ali, M. (2000). Indoor and outdoor radiation 

level in Malaysia. Nucl. Sci. J. Malaysia. 18(1), 1-7. 

Paramananthan, S. (2000). Soils of Malaysia: their characteristics and identification. 

(Vol. 1) Kuala Lumpur, Malaysia: Academy of Sciences Malaysia. 

Peter, H. S. and Bruce, D. H. (1989). Radionuclides in aquatic environments. 

International Journal of Radiation Applications and Instrumentation. Part C. 

Radiation Physics and Chemistry. 34(2), 213-240. 

Quindos, L., Fernandez, P., Soto, J., Rodenas, C. and Gomez, J. (1994). Natural 

radioactivity in Spanish soils. Health Physics. 66(2), 194-200. 

Ramli, A. T. (1997). Environmental terrestrial gamma radiation dose and its 

relationship with soil type and underlying geological formations in Pontian 

district, Malaysia. Applied Radiation and Isotopes. 48(3), 407-412. 



139 

 

 

 

   
Ramli, A. T., Apriantoro, N. H. and Wagiran, H. (2009a). Assessment of radiation 

dose rates in the high terrestrial gamma radiation area of Selama District, 

Perak, Malaysia. Applied Physics Research. 1(2), p45. 

Ramli, A. T., Apriantoro, N. H. and Wagiran, H. (2009b). Assessment of Radiation 

Dose Rates in the High Terrestrial Gamma Radiation Area of Selama District, 

Perak, Malaysia. Applied Physics Research. 1(2). 

Ramli, A. T., Apriantoro, N. H., Wagiran, H., Wood, A. K. and Lee, S. K. (2009c). 

Health risk implications of high background radiation dose rate in Kampung 

Sungai Durian, Kinta District, Perak, Malaysia. Global Journal of Health 

Science. 1(2), 140-149. 

Ramli, A. T., Hussein, A. W. and Lee, M. H. (2001). Geological influence on terrestrial 

gamma radiation dose rate in the Malaysian State of Johore. Appl Radiat Isot. 

54(2), 327-333. 

Ramli, A. T., Hussein, A. W. and Wood, A. K. (2005a). Environmental 238U and 

232Th concentration measurements in an area of high level natural background 

radiation at Palong, Johor, Malaysia. J Environ Radioact. 80(3), 287-304. 

Ramli, A. T., Rahman, A. T. and Lee, M. H. (2003). Statistical prediction of terrestrial 

gamma radiation dose rate based on geological features and soil types in Kota 

Tinggi district, Malaysia. Appl Radiat Isot. 59(5-6), 393-405. 

Ramli, A. T., Sahrone, S. and Wagiran, H. (2005b). Terrestrial gamma radiation dose 

study to determine the baseline for environmental radiological health practices 

in Melaka state, Malaysia. J Radiol Prot. 25(4), 435-450. 

Ravisankar, R., Sivakumar, S., Chandrasekaran, A., Jebakumar, J. P. P., 

Vijayalakshmi, I., Vijayagopal, P. and Venkatraman, B. (2014a). Spatial 

distribution of gamma radioactivity levels and radiological hazard indices in 

the East Coastal sediments of Tamilnadu, India with statistical approach. 

Radiation Physics and Chemistry. 103, 89-98. 

Ravisankar, R., Vanasundari, K., Suganya, M., Raghu, Y., Rajalakshmi, A., 

Chandrasekaran, A., Sivakumar, S., Chandramohan, J., Vijayagopal, P. and 

Venkatraman, B. (2014b). Multivariate statistical analysis of radiological data 

of building materials used in Tiruvannamalai, Tamilnadu, India. Applied 

Radiation and Isotopes. 85, 114-127. 



140 

 

 

 

   
Roessler, C., Mohammed, H., Richards, R. and Smith, D. (1993). Radon source studies 

in north Florida. Proceedings of the 1993 Proc. 26th Midyear Topical Meeting, 

Health Physics Society, 331. 

Saat, A., Kassim, N., Hamzah, Z. and Farisz, A. (2010). Determination of surface 

radiation dose and concentrations of uranium and thorium in soil At UiTM 

Perhilitan research station Kuala Keniam, Taman Negara, Pahang. Journal of 

Nuclear and Related Technologies. 7(2). 

Saleh, I. H., Hafez, A. F., Elanany, N. H., Motaweh, H. A. and Naim, M. A. (2007). 

Radiological study on soils, foodstuff and fertilizers in the Alexandria region, 

Egypt. Turk. J. Eng. Environ. Sci. 31, 9-17. 

Saleh, M. A., Ramli, A. T., Alajerami, Y., Abu Mhareb, M. H., Aliyu, A. S., Gabdo, 

H. T. and Garba, N. N. (2014a). Assessment of radiological health implicat 

from ambient environment in the Muar district, Johor, Malaysia. Radiation 

Physics and Chemistry. 103, 243-252. 

Saleh, M. A., Ramli, A. T., Alajerami, Y. and Aliyu, A. S. (2013a). Assessment of 

environmental 226 Ra, 232 Th and 40 K concentrations in the region of 

elevated radiation background in Segamat District, Johor, Malaysia. Journal of 

environmental radioactivity. 124, 130-140. 

Saleh, M. A., Ramli, A. T., Alajerami, Y. and Aliyu, A. S. (2013b). Assessment of 

environmental 226 Ra, 232Th and 40 K concentrations in the region of elevated 

radiation background in Segamat District, Johor, Malaysia. J. Environ. 

Radioac. 124, 130-140. 

Saleh, M. A., Ramli, A. T., Alajerami, Y. and Aliyu, A. S. (2013c). Assessment of 

Natural Radiation Levels and Associated Dose Rates from Surface Soils in 

Pontian District, Johor, Malaysia. Journal of Ovonic Research. 9(1), 17-26. 

Saleh, M. A., Ramli, A. T., Alajerami, Y., Aliyu, A. S. and Basri, N. A. B. (2013d). 

Radiological study of Mersing District, Johor, Malaysia. Radiation Physics 

and Chemistry. 85, 107-117. 

Saleh, M. A., Ramli, A. T., Alajerami, Y., Damoom, M. and Aliyu, A. S. (2014b). 

Assessment of health hazard due to natural radioactivity in Kluang District, 

Johor, Malaysia. Isotopes in Environmental and Health Studies. 50(1), 103-

113. 

Saleh, M. A., Ramli, A. T., Alajerami, Y., Mhareb, M. H. A., Aliyu, A. S., Gabdo, H. 

T. and Garba, N. N. (2014c). Assessment of radiological health implicat from 



141 

 

 

 

   
ambient environment in the Muar district, Johor, Malaysia. Radiation Physics 

and Chemistry. 103, 243-252. 

Saleh, M. A., Ramli, A. T., bin Hamzah, K., Alajerami, Y., Mhareb, M. H. A., Aliyu, 

A. S. and Hanifah, N. Z. H. B. A. (2014d). Natural environmental radioactivity 

and the corresponding health risk in Johor Bahru District, Johor, Malaysia. 

Journal of Radioanalytical and Nuclear Chemistry. 1-9. 

Saleh, M. A., Ramli, A. T., bin Hamzah, K., Alajerami, Y., Moharib, M. and Saeed, I. 

(2015). Prediction of terrestrial gamma dose rate based on geological 

formations and soil types in the Johor State, Malaysia. J Environ Radioact. 

148, 111-122. 

Sam, A. K., Ahmed, M., El Khangi, F., El Nigumi, Y. and Holm, E. (1997). 

Assessment of terrestrial gamma radiation in Sudan. Radiation protection 

dosimetry. 71(2), 141-145. 

Sanusi, M. S. M., Ramli, A. T., Gabdo, H. T., Garba, N. N., Heryanshah, A., Wagiran, 

H. and Said, M. N. (2014). Isodose mapping of terrestrial gamma radiation 

dose rate of Selangor state, Kuala Lumpur and Putrajaya, Malaysia. Journal of 

Environmental Radioactivity. 135, 67-74. 

Sarkar, B. (2002). Heavy metals in the environment. CRC Press. 

Savidou, A., Sideris, G. and Zouridakis, N. (2001). Radon in public water supplies in 

Migdonia basin, Central Macedonia, Northern Greece. Health physics. 80(2), 

170-174. 

Selvasekarapandian, S., Sivakumar, R., Manikandan, N., Meenakshisundaram, V., 

Raghunath, V. and Gajendran, V. (2000). Natural radionuclide distribution in 

soils of Gudalore, India. Applied Radiation and Isotopes. 52(2), 299-306. 

Singh, S., Rani, A. and Mahajan, R. K. (2005). 226 Ra, 232 Th and 40 K analysis in 

soil samples from some areas of Punjab and Himachal Pradesh, India using 

gamma ray spectrometry. Radiation measurements. 39(4), 431-439. 

Sohrabi, M., Alirezazadeh, N. and Ahmadi, H. T. (1998). A survey of 222Rn 

concentrations in domestic water supplies of Iran. Health physics. 75(4), 417-

421. 

Sroor, A., El-Bahi, S., Ahmed, F. and Abdel-Haleem, A. (2001). Natural radioactivity 

and radon exhalation rate of soil in southern Egypt. Applied Radiation and 

Isotopes. 55(6), 873-879. 

Statistics, (2010). Population and Housing Census of Malaysia 2010. 55. 



142 

 

 

 

   
Sutton, K. L. and Caruso, J. A. (1999). Liquid chromatography-inductively coupled 

plasma mass spectrometry. J Chromatogr A. 856(1-2), 243-258. 

 

Tahir, S., Jamil, K., Zaidi, J., Arif, M., Ahmed, N. and Ahmad, S. A. (2005). 

Measurements of activity concentrations of naturally occurring radionuclides 

in soil samples from Punjab province of Pakistan and assessment of 

radiological hazards. Radiation Protection Dosimetry. 113(4), 421-427. 

Toossi, M. B. and Abdolrahimi, M. (2007). First Report of Environmental Gamma 

Radiation Levels in Twenty Four Towns and Cities of Khorasan Region-Iran. 

Proceedings of the 2007 77ie Fourth International Symposium on Radiation 

Safety and Detection Technology-2007, Innovative Technology Center for 

Radiation Safety, Seoul, Korea, 201. 

Tufail, M., Akhtar, N. and Waqas, M. (2006). Radioactive rock phosphate: the feed 

stock of phosphate fertilizers used in Pakistan. Health physics. 90(4), 361-370. 

Tzortzis, M., Svoukis, E. and Tsertos, H. (2004). A comprehensive study of natural 

gamma radioactivity levels and associated dose rates from surface soils in 

Cyprus. Radiation protection dosimetry. 109(3), 217-224. 

UNSCEAR (1988). Sources, Effects and Risks of Ionizing Radiation. . United Nations 

Scientific Committee on the Effects of Atomic Radiation, United Nations, New 

York. 

UNSCEAR (1993). Sources and effects of ionizing radiation : UNSCEAR 1993 report 

to the General Assembly with scientific annexes / United Nations Scientific 

Committee on the Effects of Atomic Radiation.  New York: United Nations. 

UNSCEAR (2000). Effects of Ionizing Radiation, 2000 Report to the General 

Assembly, with Scientific Annexes. United Nations, New York. 

UNSCEAR (2008). Sources and Effects of Ionizing Radiation. In United Nations  

Scientific Committee on the Effects of Atomic, R. (Ed.), United Nation 

Publication (Vol. 1).  New York. 

Veiga, R., Sanches, N., Anjos, R., Macario, K., Bastos, J., Iguatemy, M., Aguiar, J., 

Santos, A., Mosquera, B. and Carvalho, C. (2006). Measurement of natural 

radioactivity in Brazilian beach sands. Radiation measurements. 41(2), 189-

196. 



143 

 

 

 

   
Villa, M., Moreno, H. and Manjón, G. (2005). Determination of 226 Ra and 224 Ra in 

sediments samples by liquid scintillation counting. Radiation measurements. 

39(5), 543-550. 

Wang, Z. (2002). Natural radiation environment in China. Proceedings of the 2002 

International congress series: Elsevier, 39-46. 

Wang, Z., He, J., Du, Y., He, Y., Li, Z., Chen, Z. and Yang, C. (2012). Natural and 

artificial radionuclide measurements and radioactivity assessment of soil 

samples in eastern Sichuan province (China). Radiation protection dosimetry. 

150(3), 391-397. 

Wicks, K. M. (2011). Nuclear Chemistry – Lecture Notes. Department of Chemistry 

and Biochemistry Russell Sage College 

Yang, Y.-x., Wu, X.-m., Jiang, Z.-y., Wang, W.-x., Lu, J.-g., Lin, J., Wang, L.-M. and 

Hsia, Y.-f. (2005). Radioactivity concentrations in soils of the Xiazhuang 

granite area, China. Applied radiation and isotopes. 63(2), 255-259. 

Zare, M. R., Mostajaboddavati, M., Kamali, M., Abdi, M. R. and Mortazavi, M. S. 

(2012). 235 U, 238 U, 232 Th, 40 K and 137 Cs activity concentrations in 

marine sediments along the northern coast of Oman Sea using high-resolution 

gamma-ray spectrometry. Marine pollution bulletin. 64(9), 1956-1961. 

 

  

 

 




