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Abstract 
The aim of this study was to determine the radioactivity levels and dose rates due to natural radionuclides in rocks from selected 

mining areas and quarries in Eastern Uganda. 60 rock samples collected from six mines and quarries were analyzed using a NaI 
gamma detector. The specific activities of 238U, 232Th and 40K in the samples were measured, the gamma dose rate and annual 

effective dose outdoor were determined. The specific activities ranged from 13.95±0.31 to 698.02±3.38 Bq kg-1 for 238U, 

98.68±1.30 to 2397.78±19.64 Bq kg-1 for 232Th, and 45.97±2.48 to 2183.80±17.89 Bq kg-1 for 40K. The absorbed dose rates were 

calculated and the values obtained at all sites are above the world average of 59 nGy h-1. The annual effective dose rate outdoor 

for all the sites ranges from 0.30 to 1.37 mSv y-1.  The average annual effective dose rate outdoor for some areas are below 1.00 

mSv y
-1

, the lowest permissible limit set by the International Commission on Radiation Protection (ICRP); while other sites have 

the annual effective dose rates higher than unity which suggests a health risk to the inhabitants of the areas. Therefore, the 

National Environmental Management Authority (NEMA) should monitor the disposal of radioactive wastes from the mines in this 

region for human safety. 
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--------------------------------------------------------------------***---------------------------------------------------------------------- 

1. INTRODUCTION 

All living creatures are faced with unceasing exposure to 

ionizing radiation. Organisms are majorly faced with 

exposure to radiation from terrestrial sources and cosmic 

rays [24]. Radionuclides that naturally exist in the terrestrial 

environment of rocks, soils and vegetation are the major 

sources of irradiation to the organisms or human beings 

[15]. These natural radionuclides include; 40K, 238U and 
232Th series, and their decay products among others.  

 

All types of rocks contain natural radioactive compounds in 

varying quantities. Higher radiation levels are associated 

with igneous rocks, such as granite, while lower levels are 

associated with sedimentary rocks. Shales and phosphate 

rocks also have relatively high content of radionuclides [21]. 

Natural radioactive compounds contained in rocks emit 

alpha, beta and gamma radiation.  Most of this radiation gets 

absorbed by the rocks themselves and never make it into the 

air.  Gamma radiation has a strong penetrating power and 

can pass through the rocks and get into the air. This is 
therefore the type of radiation that organisms are always 

exposed to. 

 

Natural gamma radiation levels in rocks are of great interest 

because rocks are ores for mining and processing; and they 

are used as raw materials in industries (e.g. Cement industry 

and Steel industry) to make materials such as cement and 

limestone used as building and ornamental materials. 

Mining operations and other industrial activities involving 

rocks as raw materials expose radioactive materials in the 

mining waste. This makes it more accessible to human 

contact. More exposure to radioactive materials 

alters/increases the background radiation levels exposed to 

man from terrestrial sources [21].   

 

Gamma radiations have sufficient energy to remove 

electrons from their atomic or molecular orbital shells in the 

tissues they penetrate. These radiations, if received in 
sufficient quantities over a period of time, can result in 

tissue damage and disruption of cellular function at 

molecular level [22]. Higher radiation doses and higher dose 

rates can impair the functioning of tissues or organs and 

produce acute effects such as skin redness, hair loss, birth 

defects, illness, cancer, and death [23].  

 

Previous studies (e.g [25], [3], [8]) have shown that 

significant amount of radiation from terrestrial sources 

originate from rocks. Furthermore, radiation from terrestrial 

sources is increased by human activities such as mining 
[21].  

 

Gamma-ray spectrometric analysis of sediment rocks along 

the shores of Lake Nakuru, a site in Kenya, show that the 

average activity concentrations for 238U, 232Th and 40K are 

36.9±9.1 Bq kg-1, 43.5±3.8 Bq kg-1 and 708.3±33.2 Bq kg-1 

respectively and the average absorbed dose rate was found 

to be 0.088±0.007 mSv y-1. This value is less than the safety 

limit to public exposure of 1mSvy-1 [25]. The hazard index 

was found to be 0.410±0.034 which is less than the safety 

limit of 1. The activity concentration of Uranium and 
Potassium were higher than the world average which 

suggests a health hazard to the public. 
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The results of a study carried out on natural radioactivity at 

Minjingu phosphate rocks in Tanzania showed that there 

was high concentration of radium-226 of 5760 ± 107 Bq kg-1 

in phosphate rock, 4250 ± 98 Bq kg-1 in waste rock, 650 ± 

11 Bq kg-1 in wild leaf vegetation, 393 ± 9 Bq kg-1 in edible 

leaf vegetation and 4.0 ± 0.1 Bq kg-1 in chicken feed. This 
suggests a radiation health risk particularly when the 

samples are ingested [3]. The radiation dose from ambient 

air over five years at this phosphate mine averaged 1415 

nGy h−1. This implies that the workers in the mines and 

those who live around the mines are at a very big risk of 

suffering radiation effects such as cancer, if control 

measures are not sought. It also showed that high radiation 

levels in rocks affect the crops grown around this area. 

 

In a study on natural radioactivity in soil and phosphate 

samples from El-Sabaea, Aswan in Egypt found out that the 
concentration of 226Ra, 232Th and 40K ranged from 59.7±6.7 

to 638±31.0, 9.9±1.4 to 40.6±6.3 and 213.1±9.5 to 

798.9±30.6 in Bq kg-1 respectively [8]. The study showed 

that phosphate rocks contain relatively high concentration of 

naturally occurring radioactive materials from Uranium and 

Thorium decay series. The study indicates that rocks in such 

sites are not safe to be used as building materials.  

 

A study on low level radionuclide counting of Cs, U, Th and 

K in selected Ugandan foods and their corresponding soils 

of growth in Mbale district in Uganda revealed high activity 

levels due to Th and K. These ranged from 644 Bq kg-1 to 
674 Bq kg-1. The average activity concentration of Uranium 

was 20 Bq kg-1 [13]. These high values of activity 

concentrations of Th, U and K in foods originate from the 

high concentration of radionuclides in the soils, where the 

crops are grown and the rocks around them. The study, 

however, did not cater for the activity concentration of 

radionuclides in rocks and gamma radiation exposure to the 

inhabitants. 

 

Unfortunately, not much work seems to have been done to 

study the radiation levels of rocks in mining areas and non 
mining areas in Uganda. Yet mining has been going on in 

the country for decades and rocks generally have a high 

demand. They are used as hardcore in construction of 

houses and are also used in industries to produce building 

materials such as cement, limestone, slate, bricks etc  that 

are used countrywide. 

 

Eastern Uganda particularly has a considerable number of 

mining areas and industries. Some of the mining areas and 

quarries in Eastern Uganda include Osukuru hills and 

Tororo rock mines in Tororo district, Kaseremu mines in 

Kapchorwa district, Nandotome quarries in Mbale district 
etc. Since human activities such as mining can alter/increase 

the background radiation levels from terrestrial sources [21], 

this may increase absorbed dose rate received from natural 

sources by individuals who work in the mines and the 

inhabitants of the area [19]. This study therefore, focused on 

determining the radioactivity levels as well as the dose rates 

from rocks in the mines and quarries in this region. The 

samples studied were collected from the surface and 

prepared before they were taken to the laboratory for 

counting. This is discussed in the following section. 

 

2. MATERIALS AND METHODS 

2.1 Sample Collection and Preparation 

Six sites from Eastern Uganda were considered in this study 

i.e. Osukuru hills and Tororo rock mines in Tororo district, 

Nabumali quarry mines in Mbale district, Bubenzi and 

Nkota mines in Bukhulo Sironko district, and Kaseremu 
mines in Kapchorwa district.  

 

In collecting the rock samples, no particular size was 

considered. The random sampling method recommended by 

the International Atomic Energy Agency [9] was followed 

in collecting the samples to ensure a good statistical 

representation of the sampling areas i.e. each sampling site 

was divided into three sections and from each section three 

or four samples were collected at an approximate distance of 

30 m apart. Ten (10) rock samples were collected in poly 

ethene bags from the ground at each site giving a total of 60 
samples. 

 

The samples were oven dried to completely remove 

moisture so as to avoid clamping during crushing. They 

were then crushed using hummer to obtain fine particles that 

could easily be milled to fine powder in order to attain a 

uniform mixture and increase the surface area for interaction 

of the radionuclides with the detector. Milling was done 

using an electric ball mill. The pulverized samples were 

weighted using a beam balance and sealed in air tight 

standard 500 ml plastic Marinelli beakers.  The air tight 

sealed samples were stored for 21 days before counting in 
order to attain secular equilibrium between 232Th series and 
238U series with their decay products [16]. 

 

2.2 Measurement of Gamma Energy. 

The measurement of gamma energy was implemented using 

a NaI gamma detector. The gamma detector used was 

calibrated first. The calibration was performed using the 

peaks of Eu-152 whose activity is known. Eu-152 was 

placed on the NaI crystal and its spectrum obtained. The 

peaks of known energies were used to calibrate the gamma 

spectrometer. Principally the channel number is proportional 

to the gamma energy. The channel scale was then converted 

to an energy scale.  
 

While there was no radiation source in the detector, a 

spectrum was generated that was used to determine the 

amount of background radiation.  The background radiation 

obtained was later subtracted from the measurement for 

each sample to obtain actual radiation from radionuclides in 

the samples. Each sample was put in the gamma 

spectrometer, counting was done for a minimum of 6000 s 

in order to generate a clear spectrum for analysis.  To further 

reduce the interference from background radiation, Lead 

absorbers were used to shield the detector against radiations 
from the background [7].  
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The gamma spectrum generated for each sample had energy 

peaks corresponding to the radionuclides present in the 

sample. Every observed energy peak on the gamma 

spectrum was compared with the standard energy peaks of 

the various radionuclides in nature and the radionuclides 

present in each sample were identified.  

 

3. RESULTS AND DISCUSSION 

The radionuclides identified in the samples are shown in the 

Table 1. 

 

Table 1: The radionuclides identified and their emitter 

nuclides 

Experimental 

Gamma ray 

energy (keV) 

Standard 

Gamma 

ray 

energy 

(keV) 

Emitter 

nuclide 

Radionuclide 

202.74±13.25 238 212Pb 

232Th 533.18±20.44 580 208Tl 

844.68±33.89 860.51 208Tl 

259.82±12.47 295 214Pb 
238U 

306.82±13.84 351.92 214Pb 

1311.49±31.17 1460.81  40K 

 

Uranium, Thorium and Potassium as shown in Table 2 were 

found present in significant levels in all the samples studied. 

Other natural radionuclides appeared at trace levels in all the 

samples studied.  

 

The presence of Uranium, Thorium and Potassium in rocks 
was expected since these radionuclides occur in nature in 

almost all rock types but with varying elemental 

concentrations. This study revealed an enhanced elemental 

concentration of Uranium (U) and Thorium (Th) in the rocks 

from mines and quarries in Eastern Uganda. Enhanced 

elemental concentration of Uranium (U) and Thorium (Th) 

is associated with Granitic rocks as compared to the very 

low levels of these elements exhibited by the mantle and the 

crust of the Earth [5]. 

 

The gamma-ray energies obtained on the spectrum 

generated were used to calculate the specific activities of 
238U, 232Th and 40K using Equation (1).  

 

3.1 Specific Activities In Rock Samples 

The specific activity As of detected radionuclides were 

calculated using the equation: 

ii

e
S

cmt

N
A


 ( Bq kg-1),         (1) 

 

where Ne is the net Peak Area at energy e, mi the mass in kg 
of the measured sample i, t the counting time and Ci is given 

by; 

 ic
           

(2) 

 

where ɳ is the detector efficiency and ρ the branching ratio. 
 

The specific activity of 
232

Th was determined from its decay 

products 212Pb (238 keV), 208Tl (580) and 208Tl (860.56 

keV), while the specific activity of 238U was determined 

from its decay products 214Pb (295 keV) and 214Pb (351.92 

keV). The specific activity of 40K was determined from its 

1460 keV gamma spectrum. More details of the 

spectroscopic results are shown in Table 1. 

 

The average specific activities obtained are presented in 

Table 2 and graphically illustrated in Figure 1. 
 

Table 2: The mean specific activities of 238U, 232Th and 40K 

in rocks from all sites. 

SITE NAME 
MEAN SPECIFIC ACTIVITIES  

(Bq kg
-1

) 

 238
U 

232
Th 

40
K 

KASEREMU 

MINES 
16.8±0.6 541.3±31.5 936.4±34.7 

OSUKURU 

HILLS 
171.5±12.3 804.5±288.4 192.7±45.2 

TORORO 
ROCK 

112.6±4.5 1753.9±57.3 132.2±22.7 

BUBENZI 

QUARRIES 
60.7±7.0 244.9±22.9 1587.3±91.7 

NKOTA 

QUARRIES 
24.0±2.1 1169.5±110.9 1856.5±63.9 

NATONDOME 
QUARRIES 

51.3±4.0 1291.9±94.5 1816.9±55.8 

 

 
Figure 1: The mean specific activities of 238U, 232Th and 40K 

for rock samples from the sites under study 

 

Samples from Osukuru hills and Tororo rock were found to 

possess high specific activities of Thorium and Uranium. 

Generally Tororo rock has the highest specific activity 

levels of Thorium and Osukuru hills have the highest 

specific activity levels of Uranium.  
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The highest average specific activity of 238U (171.5±12.3 Bq 

kg-1) observed at Osukuru hills and 232Th (1959.1±16.4 Bq 

kg-1) observed at Tororo rock samples may be due to the 

presence of accessory minerals such as monazite, thorite, 

uranothorite and zircon [18]. Uranium and Thorium are 

generally enriched in the youngest and most potassic 
members of comagmatic suites of igneous rocks [18]. This 

suggests that higher values of 238U and 232Th could be due to 

the presence of higher amount of these accessory minerals.  

 

Thorium was observed to have higher specific activities than 

Uranium in all the sites considered. This could be due to the 

natural abundance of thorium in the earth crust which is 

about four times the abundance of uranium [6]. Therefore 

the values of specific activities of Thorium are expected to 

be higher than those of Uranium in all Samples.    

 
The highest average activity concentration of Uranium 

observed at Osukuru hills was 5 times higher than the world 

average. This explains why part of the area (Osukuru hills) 

was gazetted for the extraction of Uranium. The neighboring 

site of Tororo rock mines also had a very high specific 

activity of Uranium, which was 4 times higher when 

compared to the world average. The whole area (Osukuru 

hills) is a Uranium deposit since part of it (26 km2) has 

already been gazetted for the extraction of Uranium, base 

metals and Phosphates.  

 

Potassium-40 (40K) has the highest specific activity levels at 
the sites of Nkota quarries, Nandotome quarries, Bubenzi 

quarries and Kaseremu mines. The highest specific activity 

of 40K (2183.8±46.7 Bq kg-1) is observed at Nkota quarries. 
40K occurs in major minerals such as feldspar and micas 

[17]. Potassium is widely spread in the environment with an 

average concentration of 1.7 g/kg in plants and animals, 27 

g/kg in crustal rock and 380 g/L in ocean waters [4].  Also 

potassium is naturally needed by almost all living things 

(animals and plants) for their growth and this is why it has 

to exist in abundance in nature. Potassium is also highly 

concentrated in granite rocks and these comprise of major 
deposits of Potassium salts. 

 

The results obtained in this work are comparable with 

specific activities of radionuclides reported in some studies 

of high background radiation areas e.g. Kinyua et al [12] 

reported the mean specific activity of Potassium as 1780.0 

Bq kg-1 for Orenge quarries, and 1020.0 Bq kg-1 for Nyaberi 

quarries in Kisi, Kenya. This compares with the average 

specific activity of Potassium obtained from Nandotome 

quarries (1817.0±55.8 Bq kg-1), Nkota quarries 

(1856.51±63.89 Bq kg-1) and Bubenzi quarries (1587.3±91.7 

Bq kg-1). 
 

Also Langat [14] reported a very high activity concentration 

of Potassium for sediment rocks at the shores of Lake 

Nakuru with mean specific activity of 708.3±33.2 Bq kg-1. 

This compares with that obtained from Kaseremu mines 

(936.4±64.8 Bq kg-1) in Kapchorwa district. 

 

 

3.2 Gamma Dose Rate 

The obtained mean specific activities of the various 

radionuclides were used to determine the gamma dose rate, 

D using equation (3); [21] 

 

D = 0.462 AU + 0.604 ATh + 0.0417 AK  nGy h-1 ,       (3) 

 
Where ATh, AU and AK are the mean activity concentrations 

of 232Th, 238U and 40K respectively. 

 

The coefficients of AU, ATh and AK are conversion factors 

used to convert specific activities into absorbed dose. These 

conversion factors were determined by UNSCEAR in 1993 

and are extensively used in related calculations in the 

UNSCEAR report [20], [21] and are recommended 

worldwide. 

 

The mean absorbed dose rates for all the sites under study 

were calculated and the results are presented in Table 3. 
 

Table 3: The mean absorbed dose rate for all sites under 

study 

SITE NAME MEAN ABSORBED DOSE 

RATE (nGy h
-1

)± S.E 

KASEREMU MINES, 

Kapchorwa 373.8±19.1 

OSUKURU HILLS,  

Tororo 573.3±79.6 

TORORO ROCK,  

Tororo  1116.8±35.5 

BUBENZI 

QUARRIES, Sironko 242.2±19.7 

NKOTA QUARRIES, 

Sironko 794.8±68.4 

NATONDOME 
QUARRIES, Mbale 879.8±60.5 

 

The results in Table 3 are graphically illustrated in Figure 2 

below. 
 

 
Figure 2: The absorbed dose rates for all sites under study 
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From Figure 2, Tororo rock has the highest absorbed dose 

rate followed by Nandotome, while Bubenzi quarries has the 

lowest absorbed dose rate. The mean absorbed dose rate 

from Tororo rock mines is 1116.8 nGy h-1; and is about 19 

times higher than the world average of 59 nGy h-1 as 

reported by UNSCEAR [21].  This could be due to the 
presence of very high activity per unit mass of 232Th, which 

contributes 95 % to the total absorbed dose rate.  

 

Generally the absorbed dose rates obtained in this work are 

higher than the world average but are within the range of 

those obtained from related studies for other places in the 

world e.g. Arafa [2], Achola [1] and Kinyua [12]. 

 

Tororo rock has interesting results; it has the highest 

absorbed dose rate compared to all the sites studied and 

other sites reported elsewhere. This high value is due to high 
levels of Thorium. 

 

Figure 3 shows the percentage contribution of individual 

radionuclides to the total absorbed dose rate at Tororo rock. 

 

 
Figure 3: The percentage contribution of individual 

radionuclides to the total absorbed dose rate at Tororo rock 

 

3.3 Annual Effective Dose Rate- Outdoor 

(AEDRoutdoor) 

To estimate the AEDRoutdoor, the conversion coefficient and 

the world average outdoor occupancy factor were used. In 

the UNSCEAR report [20], the Committee used 0.7 Sv Gy
-

1as the conversion coefficient (to convert absorbed dose rate 

in air to effective dose received by adults) and 0.8 as the 

indoor occupancy factor. Basing on the UNSCEAR report 

[21], on average around the world, people spend 20 % of 

their time outdoors, this has been maintained in this work. 

The Annual effective dose rate outdoor, AEDRoutdoor in units 

of mSv y-1, was therefore calculated using the equation (4) 

[21]; 

 

AEDRoutdoor = D   P   R   Q×
610

,        (4) 
 

where D (nGy h-1) is the absorbed dose rate, P = 8766 h i.e. 

the number of hours in a year, R = 0.2 (outdoor occupancy 

factor) and Q = 0.7 Sv Gy-1 (the conversion coefficient). 

The AEDRoutdoor results obtained are presented in Table 4 
and graphically illustrated in Figure 4. 

Table 4: The annual effective dose- outdoor for all sites 

under study 

SITE NAME MEAN 

ABSORBED 

DOSE RATE 

(nGy h
-1

) 

ANNUAL 

EFFECTIVE 

DOSE-

OUTDOOR  

(mSv y
-1

) 

KASEREMU 

MINES 

373.8±19.1 0.46 

OSUKURU 

HILLS 

573.3±79.6 0.70 

TORORO  

ROCK 

1116.8±35.5 1.37 

BUBENZI 

QUARRIES 

242.2±19.7 0.30 

NKOTA 

QUARRIES 

794.8±68.4 1.00 

NATONDOME 

QUARRIES  

879.8±60.5 1.10 

 

 
Figure 4: The annual effective dose rate outdoor for the 

sites under study 

 

Figure 4, shows that Tororo rock has the highest annual 

effective dose rate followed by Nandotome quarries while 

Bubenzi quarries has the least. The International 

commission on radiological protection recommended the 

annual effective dose rate permissible limit for public 

exposure as 1 mSv y
-1

 [11]. From the results of this work, 

Kaseremu mines and Bubenzi quarries have annual effective 
dose rate below the permissible limit for public exposure. 

This means that these sites are safe for human activities and 

the rocks from these sites are safe to be used as building 

materials. But great precaution has to be taken because 

radiation at any level poses a health risk.  

 

Tororo rock mines, Nkota quarries and Nandotome quarries 

have annual effective dose rates greater than the annual 

effective dose rate permissible limit for public exposure 

[11]. They can be regarded as high background radiation 

areas and measures should be taken to safe guard the public. 

Building materials from these sites may not be safe for use 
and the rocks from these sites should not be used for 

construction of houses. 
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CONCLUSION 

The study revealed that average specific activities of 238U, 
232Th and 40K for all sites studied were much above the 

world average. The trend of specific activities of the 

radionuclides studied were in the order of magnitude 
40K>232Th>238U in all the sites studied apart from Tororo 

rock and Osukuru hills where the specific activities were in 
the order 232Th>40K>238U.  

 

The calculated average absorbed dose rates in air at all the 

sites were higher than the world average (59 nGy h-1). 

Thorium and potassium contributed the highest and lowest 

values respectively to the mean absorbed dose rates in the 

quarries.  

 

The average annual effective dose measured for Tororo 

rock, Nkota quarry and Nandotome quarry is greater than 

unity, the annual effective dose rate permissible limit for 

public exposure recommended by ICRP [11]. This shows 
that the radiation hazard from terrestrial naturally occurring 

radionuclides at Tororo rock, Nandotome and Nkota in 

Sironko is great and significant. Therefore rocks in these 

areas are not safe for construction of houses and should not 

be used as building materials. Furthermore, these areas may 

not be safe for residential purposes especially Tororo rock, 

which has the highest Annual effective dose rate of 1.37 

mSv y-1. 
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