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ABSTRACT 

The earth contains natural background radiations originating from terrestrial and cosmic sources. This study aims at 

assessing the levels of background radiation in air, soil and water and its associated radiological impact and also 

determines the elemental concentration of the rocks and soils around Ortum hills and quarry. 100 points will be 

measured for radioactivity in the air and 40 soil and 10 water samples will be collected for laboratory analysis using 

both grid and purposive sampling methods. Radioactivity in the field will be determined using the hand held RedEye 

and Radiagem radiation survey meters. The levels of naturally occurring radionuclide Uranium-238 (
238

U), Thorium-

232 (
232

Th) and Potassium-40 (
40

K) in the soil and rocks will be determined using High Pure Germanium (HPGe) 

detector; the Liquid Scintillation Counter (LSC) will be used for analysis of water samples while the Energy 

Dispersive X-Ray Fluorescence Spectrometer (EDXRF) will be used to determine the elemental composition in the 

rocks and soil. The RESidual RADioactivity (RESRAD) program will be used to analyze and assess the doses and 

risks associated with radiation exposure in Ortum region. 

 

1. INTRODUCTION 

Natural radioactivity varies from one place to another and in other places, there are wider deviations of radioactivity 

from the normal levels because of abundance of minerals and local geology of each region (UNSCEAR, 2000; 

Mohanty et. al., 2004). The presence of naturally occurring radionuclides in the environment may result to an external 

and internal dose received by a population exposed to them directly and via the ingestion and inhalation pathways. The 

assessment of the radiological impact on a population as a result of the radiation emitted by these radionuclides is 

particularly important in giving the baseline data on radiation levels which will inform policy makers and residence 

since they may have a significant contribution to the collective dose received by the population (Florou 2007). 

 

The Kenya National Cancer Control Strategy 2011 reported that cancer ranks third as a cause of death after infectious 

diseases and cardiovascular diseases and that it causes 7% of total national mortality every year. Cancer arises due to 

abnormal changes caused by interactions between genetic and environmental factors which include physical 

carcinogens like ionizing radiation. Radioactivity measurement in the environment is very important in setting the 

standards and guidelines for the use of soil, building materials, water and vegetation and also in assessing the radiation 

hazard associated with them. The potential health effects associated with exposure to high levels of ionizing radiations 

have made it necessary for continuous environmental monitoring to ascertain the radioactivity concentrations of 
226

Ra, 
232

Th, 
238

U and 
40

K in the environment in order to create awareness to the public and policy makers to ensure that 

exposure to radiation is as low as reasonably achievable (ALARA).    

 

Farai and Jibri 2000 reported high dose rate values of 273 mSvy-1 and 284mSvy-1 in Abeokuta and Jose City 

respectively which are four times higher than the world’s average. In Kenya, research on levels of radionuclides has 

shown both high and low background radiation levels in different parts of the country. Otwoma, 2013 investigated 

radiological hazard of naturally occurring radioactive material in Mount Homa in south western Kenya and found 

mean value of radioactive concentration for 
40

K, 
226

Ra and 
232

Th to be 915, 195 and 409 Bqkg-1 respectively with the 

mean annual effective dose of 470.4 µSv which is higher than the limits set by various national and international 

bodies. This implies that Mount Homa region is a high background radiation area. 

 

2. STUDY AREA 

Ortum is situated in the southern part of the Rift Valley about 100km South West of Nairobi City. It lies between 

longitude 36
0
 00’ 0’’ and 36

0
 30’ 0’’ and latitude 1

0
 40’ 0’’ and 2

0
 15’ 0’’. It lies in a broad depression almost at the 

sea level covered by volcanic rocks and soils. The economic activities in the region include; agriculture, mining, 

settlements, quarry and constructions in the region.    
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3. MATERIALS AND METHODS 

3.1 SAMPLE COLLECTION AND PREPARATION 

In this research, the grid-sampling method in a regular pattern and purposive sampling methods will be used to identify 

point for soil sampling. A total of 100 insitu survey points for radiation in air will be selected together with 40 soil 

samples and 10 water samples will be collected for laboratory analysis from Ortum region. The soil from different 

sampling sites will be cleaned by removing stones and grass, sun dried and crushed to fine powder using a grinder, 

homogenized and sieved by passing it through 100µm mesh wire. 500 grams of each of the soil samples will then be 

stored in plastic sealed containers and left for one month to dry. The liquid samples collected will be filtered to remove 

any suspended impurities using 0.45 micrometer filter and then acidified with nitric acid or hydrochloric acid to a PH 

of about 2. 

 

3.2 SOIL SAMPLE ANALYSIS 

The concentration of the radionuclides in the soil and rock samples sample will be determined using the high-purity 

germanium detector (HPGe). The Energy Dispersive X-ray Fluorescence spectrometer (EDXRF) will be used to 

determine of the concentrations of many elements in the soil sample while the liquid Scintillation counter (LSC) will 

be used for analysis of water samples. 

 

3.3 DOSE ANALYSIS 

i. Absorbed Dose Rate in Air 

The absorbed dose rate (D) in air at 1m above the ground depends on the concentration of radioisotopes in the soil and 

will be calculated using the equation of UNSCEAR, 2000. 

ADRA = 0.462ARa + 0.621ATh + 0.0417Ak ----3.1 

Where ARa, ATh and AK are the activity concentration of 
226

Ra, 
232

Th and 
40

K respectively in the soil samples 

expressed in BqKg-1 

 

ii. Annual Effective Dose Equivalent 

The annual effective dose equivalent received from terrestrial gamma radiation in Ortum region will be calculated 

using the equation below (UNSCEAR, 2000) 

 

AEDE = ADRA x CF x T x 10-6 -------- 3.2 

Where ADRA is the annual dose rate in air, CF is the conversion factor which is 0.7 Sv Gy-1 and converts the 

absorbed dose rate in air to human effective dose rate and T which is the outdoor occupancy time of 1 year. 

 

iii. Radium Equivalent Activity 

The radium equivalent activity presents the specific activities of 226Ra, 232Th, and 40K by a single quantity which 

takes into account the radiation hazards associated with them.  The equation 3 gives the radium equivalent. 

 

Raeq =ARa + 1.43ATh + 0.077Ak ---------- 3.3 

 

Where ARa, ATh and Ak the specific activities of 226Ra, 232Th, and 40K respectively. 238U has been replaced by its 

decay product 
222

Ra. The equation 3 assumes that 10 BqKg-1of 
226

Ra, 7 BqKg-1 of 
232

Th, and 130 BqKg-1 of 40K 

produce the same gamma radiation doses. The maximum value of Raeq values using the equation above in building 

materials must be less than 370 BqKg-1 for safe use and to keep the external dose below 1.5mGy per year (OECD, 

1979; Beretka and Mathew 1985). 

 

iv. External Radiation Hazard Index 

The risk to the exposure to the external natural radionuclides 226Ra, 232Th and 40K is termed as external or outdoor 

radiation hazard index (Hex) which is calculated from the equation for Raeq. It assumes that the maximum value 

allowed corresponds to the upper limit of Raeq (370 Bqkg-1) equal to unity. The external hazard index is calculated 

using the equation below given by Beretka and Mathew, 1985. 
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Where ARa, ATh and AK are the activity concentration of 
226

Ra, 
232

Th and 
40

K respectively 
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 v. Internal Hazard IUndex (Hin) 

Radon is short lived and hazardous especially to the respiratory organs. The internal exposure to radon and its daughter 

products is calculated as Internal Hazard index (Hin) using the equation 4 below (Beretka and Mathew, 1985)- 

 

-------------3.5 

 

Where ARa, ATh and AK are the activity concentration of of 
226

Ra, 
232

Th and 
40

K respectively  

 

vi. Dose to Risk Conversion 

The dose to risk conversion will be used to estimate the number of people who are likely to die due to Annual 

Effective Dose (AEDE) in a given population will be given by the equation; 

 

D = DRCF x AEDE X P ------------ -----------------3.6 

Where D is the number of people likely to die, DRCF is the dose to risk conversion factor and P is the total population 

of the area. 

 

The RESRAD program will also be used to estimate radiation doses and risks from residual radioactive materials. The 

data obtained will be subjected to ANOVA analysis and presented in form of tables and graphs using the origin 

program. 

 

4. Results and Conclusions 

The study results of the air, water and soil sample activity concentration of 
226

Ra, 
232

Th and 
40

K will be calculated and 

compared with the world median values of 35, 30 and 400 BqKg
-1

 published by UNSCEAR, 2000 respectively. The 

data obtained from Ortum region will be used to determine whether the region is a High Background Radiation Area 

(HBRA) or not. The data will also form baseline data which will be used to inform policy makers on the levels of 

radiation in the region and remedies to undertake to reduce exposure to high background radiation if the area is 

classified as HBRA.  
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