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Introduction 

Investigations of natural and artificial radionuclides distribution in 

the environment are of interest to the public, governments, and 

international organizations due to the associated health risks. This is 

because radiations from natural radionuclides U-238/ Ra-226, Th-

232, and K-40 make significant contributions to the dose induced in 

humans, and thus evaluating the radiation levels of natural 

radionuclides is an important part of radiation monitoring. Human 

activities including mining concentrate natural and artificial 

radionuclides in the environment. Hence, determining radioactivity 

levels and their distribution pattern in a geological area is significant 

for radiological impact assessment and future monitoring activities. 

Radionuclides provide significant information regarding the 

exposure to ionizing radiation levels in anthropogenic and naturally 

occurring radioactive materials (NORM) samples. The research 

investigated the natural and artificial radioactivity levels of 

environmental media that act as sources of ionizing radiation to the 

human body and organs. The radiological risks associated with the 

concentrations were estimated and reported, and finally, 

recommendations were made. 

 

Aim  

The aim of the dissertation is to investigate the radioactivity 

concentration of natural and artificial radionuclides in soil, 

sediment, water, indoor air, and consumed products such as 

cigarettes in selected regions of Ghana and to evaluate the 

consequential radiological effects associated with the radioactivity 

concentrations in the environmental samples.  

 

 

 



Materials and methods 

The radioactive materials studied in this research include soil, 

sediment, tobacco leaves in cigarettes, indoor air, surface water, and 

groundwater samples. Sediment and soil samples were collected 

from coastal and mining areas in Ghana. Indoor radon measurements 

were conducted in the Greater Accra Region and tobacco leaves in 

cigarettes were also sampled from the same region. Radioisotopic 

measurement techniques were employed to measure the 

radioactivity levels of radionuclides in the investigated materials. 

Soil, sediment, and water samples were measured by gamma ray 

spectrometry to determine Ra-226, Ra-228, Th-232, K-40 and Cs-

137 while indoor Rn-222 and Po-210 in cigarettes were measured 

by alpha spectrometry. After the measurements, the generated 

spectra were analyzed and the activity concentrations and 

radiological hazards were determined. 

 

Results 

Different radionuclide distribution patterns and activity 

concentrations of Ra-226, Th-232, and K-40 were observed in 

coastal and inland soils and sediment. This can be attributed to the 

various geological formations and characteristics in these parts of 

the country. Ra-226 concentrations measured in sediment samples 

along the coastal areas were higher than all the concentrations of Th-

232 and in some cases above the world average value of 35 Bq/kg. 

Th-232 and Ra-228 activity concentrations in soils, sediment, and 

water studied in mining areas were generally observed to be higher 

than Ra-226 concentrations in those samples. Indoor radon levels 

measured in the Greater Accra region were less than 100 Bq/m3. 

This could be due to soil composition, the geology of the area, 

building materials used in construction, and the lifestyle of residents. 

Poor ventilation contributed to relatively high indoor radon 

concentrations, especially in densely populated areas. The induced 

mean annual effective dose due to Po-210 in cigarettes was 

estimated to be 0.067 mSv/y for an adult Ghanaian smoker. 

 



Though the low radiological values were estimated for soil and 

sediment, signifying that they could be used as building materials, 

the relatively high AGDE values recorded at some locations suggest 

that such soil and sediment may be used cautiously due to the 

radiation risk they pose to human health. The mean Ra-226 and Ra-

228 activity concentrations in surface water and groundwater 

samples were above world reference values of 1.0 Bq/L and 0.1 

Bq/L, respectively. Consequently, the committed effective doses 

were observed to be above 0.3 mSv/y. This indicates that the 

population is vulnerable to radiological risks associated with the 

consumption of such water resources, especially infants and 

children. Lung cancer risks associated with indoor radon and Po-210 

concentrations were estimated to contribute approximately 5% to the 

overall lung cancer cases recorded in Ghana. 

  



Thesis Points 

I. Thesis 

I investigated the use of natural materials as building materials as a 

means of exposure to ionizing radiation. I measured natural and 

artificial gamma emitting isotopes in soils and sediment in coastline 

and mining areas. Radioactivity concentrations measured in beach 

sediment along the entire coastline of Ghana were between 14 ± 4 

and 134 ± 7 Bq/kg for Ra-226, 8 ± 1 and 77 ± 1 Bq/kg for Th-232, 

207 ± 75 and 1273 ± 69 Bq/kg for K-40 and 1.1 ± 0.6 and 111.4 ± 

0.3 Bq/kg for Cs-137. The average concentrations were 43 ± 6 

Bq/kg, 22 ± 1 Bq/kg, 393 ± 74 Bq/kg, and 8.4 ± 0.5 Bq/kg for Ra-

226, Th-232, K-40, and Cs-137, respectively.  

Radioactivity measurements determined in soils and sediment from 

Atiwa West district (mining area) ranged from 12.9 ± 1.4- 29.1 ± 1.8 

Bq/kg (mean: 22.1 ± 2.1 Bq/kg) for Ra-226, 10.8 ± 1.2- 44.0 ± 1.8 

Bq/kg (mean: 27.5 ± 2.3 Bq/kg) for Th-232 and 40.0 ± 10- 429 ± 36 

Bq/kg (mean: 198 ± 22 Bq/kg) for K-40. Although the low 

radiological values were estimated for studied materials, signifying 

that they could be used as building materials, the relatively high 

AGDE values recorded at some locations suggest that such sediment 

may be used cautiously due to the radiation risk they pose to human 

health. 

II. Thesis 

I investigated the lung cancer risk associated with indoor radon and 

Po-210 in cigarettes. The indoor radon measurements in the study 

area ranged between 36.1 ± 2.7 and 92.0 ± 5.2 Bq/m3, with an 

estimated annual mean of 50.8 ± 3.4 Bq/m3. All the measured 

dwellings recorded radon levels below the WHO reference level of 

100 Bq/m3. The annual effective doses were between 0.9 and 2.3 

mSv/y, with a mean of 1.3 mSv/y. The average LCC evaluated for 

the region was 23.1 people per million population.  

Po-210 activity concentrations measured in cigarettes ranged from 

16.4 ± 2.5- 32.3 ± 5.2 mBq/cig (mean: 26.5 ± 4.2 mBq/cig). The 

committed annual effective doses due to inhalation of Po-210 in 

cigarette smoke were between 0.041 mSv/y and 0.082 mSv/y (mean: 



0.067 mSv/y) which is below the reference values set by ICRP (0.1 

mSv/y) and UNSCEAR (0.3 mSv/y). The average ELCR was 

estimated as 0.234 × 10-3, below the world average of 1.16 × 10-3 for 

internal radiation exposure. This study is considered a preliminary 

investigation of the effect of internal radiation exposure of natural 

radionuclides such as Rn-222 levels in family houses and Po-210 in 

cigarette products consumed in Ghana. 

III. Thesis 

I studied the influence of mining activities on activity concentrations 

of radionuclides in water resources. The recorded activity 

concentrations of Ra-226 (0.52- 1.31 Bq/L; mean: 1.02 Bq/L) and 

Ra-228 (3.92- 5.12 Bq/L; mean: 4.53 Bq/L) in surface water samples 

were above world reference values of 1.0 Bq/L and 0.1 Bq/L, 

respectively. The resultant annual committed effective dose (2.25- 

2.88 mSv/y; mean: 2.55 mSv/y) and lifetime cancer risks (7.88 × 10-

3- 10.09 × 10-3; mean: 8.94 × 10-3) determined for the water samples 

were above the recommended levels of 0.3 mSv/y and 0.29 × 10-3, 

respectively. This means that the population is susceptible to 

radiological dangers due to miners washing gold ores directly in 

water bodies and sometimes direct the liquid wastes into the water 

bodies of the study area.  

In the case of groundwater resources activity concentrations of Ra-

226 (0.05- 0.13 Bq/L; mean: 0.10 Bq/L) was below the reference 

level as compared to Ra-228 (0.29- 0.41 Bq/L; mean: 0.36 Bq/L). 

The estimated mean effective doses for infants (0.55 mSv/y) and 

children (0.52 mSv/y) were above reference levels. Similarly, the 

ELCR factors were above 0.29 × 10-3. The results showed that 

mining activities enhanced radionuclide concentrations in 

underground water.   
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