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Radioactivity level in six soil samples from different boreholes in Zaria, Nigeria was assessed. The 
presence of 

40
K, 

226
Ra and 

232
Th were analyzed using γ -ray spectrometry with sodium iodide thallium, 

{NaI(Tl)} detector. Mean specific activity of 1020.4 ± 12.4, 123.1 ± 2.3 and 25.7 ± 2.0Bq/kg for 
40

K, 
226

Ra 
and 

232
Th, respectively were obtained. The radioactivity level for each location was calculated to 

ascertain the risk involved in using these boreholes. This radiation index revealed that all the locations 
are safe except two locations having radioactivity level of approximately 1.02 and 1.30 Bqkg

-1
,
 

respectively, which are well above the world quoted value of unity. This shows that the concentration 
levels for these two areas are high and it is therefore recommended that none of these boreholes’ water 
be consumed in order to avoid unnecessary exposure and absorption of dosage of radiation that will be 
threatening to life.  
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INTRODUCTION 
 
Human beings are exposed to ionizing radiation from 
numerous sources in the environment. Among them 
include the cosmic rays and natural radioactivity sources 
in air, food and drinking water (NCRP, 1976). The γ-
radiation from natural radioactive and cosmic rays 
constitutes the external exposure while those derived 
from food and drinking water constitutes internal 
exposure to human. In the environment, artificial sources 
may be present due to human activities such as nuclear 
and atomic bomb testing, nuclear reactor explosions, 
industrial wastes and effluent from factories. International 
Atomic Energy Agency, IAEA (1986) estimate of dose 
contribution in the environment shows that over 85% of 
radiation dose received by man are derived from the 
natural radionuclides  while  the  remaining  15%  is  from  
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cosmic rays and nuclear processes. 
Radiation absorbed by any part of the body will deposit 

energy which causes damage to the tissue. Sunlight 
which contains ultraviolet rays and infrared rays also 
causes damage to human tissue. If the human body is 
exposed to a large amount of radiation at one time, the 
resultant negative effect of it to human includes eye 
cataracts and bone cancer (Nelkon and Parker, 1995). 
Measurement of natural radioactivity in soil is very 
important to determine the amount of change of the 
natural background activity with time as a result of any 
radioactive release (UNSCEAR, 1988; Sroor et al., 2001).  
This work is aimed at measuring the natural radionuclides 
in the soil from some boreholes in Zaria using γ-ray 
spectrometry, because the earth crust is radioactive (Ewa 
et al., 2000; Kebwaro et al., 2011) and constantly emitting 
radiation, and specifically to create awareness on the 
level of radiation within our environment by assessing the 
natural radioactivity level. 

Radioactive substances can be dangerous to the body
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Table 1. Sample site locations with date of collection. 
 

S/N Date of collection Sample label Location in zaria 

1 24-3-09 SS01 Hayindogo, Samaru 

2 29-3-09 SS02 Congo 

3 31-3-09 SS03 Sabon Gari 

4 27-03-09 SS04 Dogarawa 

5 01-4-09 SS05 Kwantaresha, H/Ojo 

6 01-4-09 SS06 Tudun-muntsira,Chikaji 

 

 
 

If one is exposed to it for a long time or even short time 
when it is of high dose since the penetrating power of α-
particle is small, they do not penetrate the skin 
appreciably, but β-rays and γ-rays which have more 
penetrating power than that of α-particle, if allowed to 
penetrate the body in large quantities, or even in small 
quantity for a long period of time, can destroy the cells in 
the tissue and upset natural chemical reactions. 
Therefore it is important to know the radioactivity level of 
the natural radionuclides in the soil samples of these 
boreholes which subsequently would be transferred to 
the water inside.  

 
 
MATERIALS AND METHODS 

 
Sample collection 

 
Soil samples were collected from six different locations in Zaria, 
each weighing 325 g and were packaged in a polythene bag and 
were taken to the laboratory for preparation. Table 1 shows the site 
locations with date of collection. The wet soil samples were 

collected during excavation of the boreholes at a depth of about 9.8 
m using polythene hand gloves to avoid cases of contamination. 

  
 
Sample preparation and measurement 
 

For easy identification, the soil samples were labeled as shown in 
Table 1. The known weights of the soil samples were properly 

sealed in plastic containers each weighing 25 g using candle wax 
and masking tape and left to equilibrate for thirty days to allow for 
secular equilibrium to be established among the radium progeny 
which was necessary to ensure that radon gas is confined within 
the volume and that the daughters will also remain in the sample 
(Sroor et al., 2001; Ewa et al., 2006). 

The soil samples were analyzed using γ-ray spectrometry 
technique after the detector calibration, where each of the soil 

samples were counted for a period of 29000 seconds with a NaI(Tl) 
detector. The full details of measurement are as described in Ewa 
et al. (2000). 

 
 
RESULTS AND DISCUSSION 
 
The results of the activity concentration of the 
radionuclides and the calculated radioactivity level in the 
analyzed soil samples from the six boreholes collected at 

the different locations in Zaria are presented in Table 2. 
The radionuclides identified includes:  

40
K, 226Ra and 

232
Th. The specific activity values are in the ranges of 

(870.8±2.8 – 1138.9±16.9 Bq/kg) for 
40

K, (17.7± 4.5 - 
54.3±3.2 Bq/kg) for 

226
Ra and (52.5±1.1 – 220.1±5.2 

Bq/kg) for 
232

Th which show that the specific activities 
differ from one radionuclide to another. This could be 
attributed to the different levels of concentration in 
radionuclides. 

In the sample (SS01), 
226

Ra was not detected, 
however, mean specific activity concentrations of 
1020.4±12.4, 123.1±2.3 and 25.7±2.0 respectively were 
calculated for 

40
K, 

226
Ra and 

232
Th radionuclides in the 

soil samples, showing very high mean specific activity for 
40

K which may be due to fertilizer application or other 
human activities within the area. The risk of exposure to 
people using water from these boreholes and the 
excavated soil for building and other things were 
considered by calculating the radioactivity level using the 
expression stated by (Beretka and Mathew, 1985; 
Ruixiang, 1986; Omeje et al., 2009): 

  

    (1) 

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

Ra, 
232

Th and 
40

K in Bq/kg, respectively. This radiation 
index is presented in Table 2 (column 5) which was found 
to be less than unity except for the two locations, Sabon 
Gari and Tudun-muntsira, Chikaji and having radioactivity 
level of 1.02 and 1.30Bq/kg, respectively.  

It is therefore a source of concern to note that the 
borehole in these two locations is not safe since the value 
of the radiation index calculated is above unity. This is 
because residents of these two locations are constantly 
being exposed to some doses of radiation as they use 
the water from the borehole or the excavated soil for 
building. It is important to note that exposures to these 
radionuclides over long period of time can destroy their 
cells, tissues and upset natural chemical reactions in their 
body leading to genetic changes or other hereditary 
effects, resulting in cancer and at times may lead to 
death (Omeje et al., 2009). The other locations are 
therefore safe since their radioactivity level is less than 
unity.  
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Table 2. The specific activity concentration levels in the samples. 
 

Sample label 
40

K (Bq/kg) 
226

Ra (Bq/kg) 
232

Th (Bq/kg) Radioactivity level (Bq/kg) 

SS01 870.8±2.8 ND 52.5±1.1 0.38 

SS02 1182.2±11.4 54.3±3.2 83.5±2.7 0.71 

SS03 884.0±29.5 30.6±0.5 196.9±3.0 1.02 

SS04 1030.0±4.2 19.5±1.6 92.7±1.2 0.62 

SS05 1016.3±9.3 32.2±2.3 92.7±0.7 0.66 

SS06 1138.9±16.9 17.7±4.5 220.1±5.2 1.30 
 

ND, Not detected. 
 
 

 

Conclusion 
 
With regards to the objectives of this research, and the 
results obtained, the current study has provided useful 
information and a baseline for the future along with 
continuous studies on the radioactive elemental 
concentration in boreholes. Generally, the results 
revealed specific activity for the three natural occurring 
radionuclides: 

40
K, 

226
Ra and 

232
Th and showed that 

Sabon Gari and Tudun-muntsira, Chikaji have high 
radioactivity level of 1.02 and 1.30Bq/kg, respectively. 
Therefore, this work recommends that the water from the 
borehole in these two locations should not be used since 
using it will only expose the user to some doses of 
radiation which could be life threatening.  
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