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Abstract

1. Introduction

The earth is radioactive due to natural sources and activities of man in the environment. There is 
a Continuous bombardment of man and his environment by these (radionuclide) ionizing 
radiations IAEA 2000. Hence, the issue of environmental degradation and pollution in the 21st 
century is of global concern, because of its health impact and implications. The quest for 
agriculture development and in the Southwestern States of Nigeria had led to various forms of 
activities that tend to perturb the fragile ecological, biophysical systems and the socio-economic 

structures of the area, Federal Polytechnic Ile-Oluji research farm as a point of concern.  

Natural occurring radioactive materials are present everywhere in our environment. Our body 
contains some natural occurring radioactive decay elements such as carbon-14, potassium-40 and 

Polonium-210 (IAEA, 2000). Radioactive disequilibrium arises in the natural radioactive series 
due to recent fractionation events (continuous or instantaneous processes) which lead to the loss 
or gain of radionuclides that are mobile in the ambient environmental conditions Aditi 2010. It has 
on the other hand been found that radiation constitute a source of health hazard as its short-lived 
daughters are capable of causing lung cancer (Fasasi 2003; UNACEAR 2000). 

Human health status is a function of his immediate environment. The level of the contamination 
of our environment therefore has a great effect on the quality of human health. Importantly, human 
activities have led to an enhanced level of air, soil and water pollution in our environment. At has 
been observed that air pollution and water pollution can have inimical effect to soil, thereby 
altering its elemental composition also, the activities in the universe has direct or indirect effect to 
the soil Olatunji 2016. Hence, it is important to study the radioactivity concentration and the 
radiological health impact of soil used for agriculture in Federal Polytechnic research farm Ile-
Oluji and environs. 

3. Study area

2. Materials and Method

Methodology  

Geographic Processing System (GPS) tools was used for this study to get the geographical location 
of each sampling point. 100m by 100 m area used for agricultural purpose was mapped out in the 
vicinity of the sampling site. A total of 20  samples  of   soil  was collected  in the root of cassava 
plant using a hand t rowel . Soil samples collected were  packed into a poly tene bag labelled 
appropriately. Soil samples was  oven dried in 105 0C sieved and weight.  Then samples  wer packed  
into container, sealed and kept for 28 days  before spectroscopy measurement.   
The sample s were sealed in a c ylindrical plastic container of  the same dimension and geometry as  
the International Ato mic Energy Agency  (IAEA) reference sample used. Each sealed sample was 
placed on the shielded NaI (T ɭ) detector and counted for 18,000 seconds.  An empty container of 
the same geometry and dimension was counted for the same time to determine the background  
radiation.  
Canberra S100 gamma ray acquisition software was used for the gamma counting process after 
which spectra information was retrieved and the analysis was carried out using the comparative 
method. This data analysis routine subtracted a linear net  background distribution from 
corresponding net peaks for a particular radionuclide in the spectra of the samples.  
The photo -peaks observe d with regularity in soil  samples were identified to belong to the natural 
radioactive decay series headed by 238U and  232Th, and a third non series natural radionuclide 40K. 
Other radionuclides that may be present occurred below  the detection limit of the detector used.  
The specific radioactivity C x in the sample and the corresponding specific radioactivity C s in the 
standard are related by:  
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Where M S is the mass of the standard  
AX is the net peak area of the sample  
MX is the mass of the sample  
AS is the net peak area of the standard  

Table 1: 238 U, 232 Th and 40 K activity concentration in Agricultural Research Farm Federal 
Polytechnic Ile -Oluji and Environs, Ondo State, Nigeria  

S/N  Samples  U-238 (Bq/kg)  Th -232 (Bq/kg)  K-40 (Bq/kg)  
1 P1  25.54±1.02  22.34±1.55  430.46±2.50  

2 P2  36.67±1.17  25.04±0.87  324.41±1.40  

3 P3  42.87±1.16  33.96±0.19  534.63±2.18  

4 P4  75.06±1.5  27.46±1.42  725.21±1.58  

5 P5  29.12±2.04  40.48±0.51  426.07±2.78  

6 P6  38.36±1.17  42.41±0.12  740.83±2.57  

7 P7  87.78±1.28  21.11±0.5  826.51±1.57  

8 P8  40.92±1.10  17.04±0.10  452.71±2.53  

9 P9  49.74±1.26  25.33±0.26  836.39±2.37  

10  P10  35.46±1.64  21.37±0.07  421.07±2.24  

11  P11  62.54±1.42  32.34±1.55  412.46±5.50  

12  P12  90.67±1.97  78.04±0.87  294.41±14.40  

13  P13  59.87±1.46  23.96±0.19  514.63±25.18  

14  P 14  85.06±3.57  59.46±1.42  257.21±12.58  

15  P15  72.12±2.43  40.48±0.51  486.07±23.78  

16  P16  52.36±3.17  72.41±0.12  440.83±21.57  

17  P17  62.54±1.42  72.34±1.55  312.46±5.50  

18  P18  40.67±1.97  58.04±0.87  294.41±14.40  

19  P19  59.87±1.46  63.96±0.19  514.63±25.18  

20  P20  55.06±3.57  79.46±1.42  257.21±12.58  

Min – Max  25.54 – 90.67  17.04 – 79.46  257.21 – 836.39  

Mean  55.11  42.85  475.13  

Skew  0.40  0.55  0.84  

Kurt  -0.81  -1.26  -0.17  

RL  32.00  45.00  420.00  

RL is recommended limit  

4. Results

Table 2:  Radiological Impact Parameters Recorded by the Gamma Spectrometer Due 
to the Background Radiation from the Radionuclides in the sample sites in 
Agricultural Research Farm Federal Polytechnic Ile -Oluji and Environs, 
Ondo State,  Nigeria  
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g 

ELCR (10 -

3) 
P1 43.24  0.05  0.21  0.27  307.46  0.24  0.31  0.6

8 
90.63  0.93  

P2 45.59  0.06  0.22  0.28  319.84  0.26  0.36  0.7
1 

97.46  0.98  

P3 62.61  0.08  0.31  0.38  442.29  0.36  0.47  0.9
8 

132.60  1.34  

P4 81.50  0.10  0.40  0.50  574.43  0.46  0.66  1.2
6 

170.17  1.75  

P5 55.67  0.07  0.27  0.34  392.97  0.32  0.40  0.8
8 

119.81  1.19  

P6 74.23  0.09  0.36  0.46  528.43  0.42  0.53  1.1
7 

156.05  1.59  

P7 87.77  0.11  0.43  0.54  619.00  0.49  0.73  1.3
5 

181.61  1.88  

P8 48.08  0.06  0.24  0.29  339.82  0.27  0.38  0.7
5 

100.15  1.03  

P9 73.16  0.09  0.36  0.45  522.20  0.41  0.54  1.1
4 

150.36  1.57  

P10  46.85  0.06  0.23  0.29  331.11  0.27  0.36  0.7
3 

98.44  1.01  

P11  65.63  0.08  0.32  0.40  457.94  0.38  0.55  1.0
2 

140.55  1.41  

P12  101.30  0.12  0.50  0.62  698.82  0.61  0.85  1.5
8 

224.94  2.17  

P13  63.59  0.08  0.31  0.39  446.74  0.36  0.52  0.9
8 

133.76  1.36  

P 14  85.94  0.11  0.42  0.53  592.14  0.51  0.74  1.3
3 

189.89  1.84  

P15  78.04  0.10  0.38  0.48  544.68  0.45  0.65  1.2
1 

167.43  1.67  

P16  86.31  0.11  0.42  0.53  602.89  0.51  0.65  1.3
7 

189.85  1.85  

P17  85.62  0.10  0.42  0.52  593.74  0.51  0.68  1.3
5 

190.05  1.84  

P18  66.12  0.08  0.32  0.41  460.72  0.40  0.51  1.0
5 

146.34  1.42  

P19  87.75  0.11  0.43  0.54  613.94  0.52  0.68  1.3
8 

190.96  1.88  

P20  84.16  0.10  0.41  0.52  583.04  0.51  0.66  1.3
3 

188.49  1.81  

MIN  43.24  0.05  0.21  0.27  307.46  0.24  0.31  0.6
8 

90.63  0.93  

MAX  101.30  0.12  0.50  0.62  698.82  0.61  0.85  1.5
8 

224.94  2.17  

MEAN  71.16  0.09  0.35  0.44  498.61  0.41  0.56  1.1
1 

152.98  1.53  

RL  59.00  0.07  0.41  0.48  300.00  1.00  1.00  1.0
0 

370.00  0.29  

 

5. Discussion  on radionuclide

The results of 238U, 232Th and 40K activity concentration and the radiological impact 
parameters recorded by the spectrometer due to the background radiation from the 
radionuclides in the sample sites in Agricultural Research Farm Federal Polytechnic Ile-Oluji 
and Environs, Ondo State, Nigeria are presented in Tables 1 and 2, respectively.  

Table 1 present the results of the gamma spectrometry measurements and their estimated mean, 
Skew, Kurt and world average value by IAEA which serve as the recommended limit. The 
radionuclide observed with reliable regularity belonged to the decay series chain headed by 
238U and 232Th as well as the non-series 40K. As expected, 40K activity concentration 
dominated over the 238U and 232Th elemental activities in all the locations as expected. The 
measured values for all the parameters (i.e. 238U, 232Th and 40K) were moderately skewed 
as the distribution moderately symmetric since most of the measure of the asymmetry of their 
probability distribution about their means is in the range of -2 and +2 (Normality Testing, 
2019). 

40K has highest activity concentration of 836.39 Bq/kg and lowest value of 257.21 Bq/kg with 
a mean value of 475.13 Bq/kg. The highest and lowest activity concentrations of 238U and 
232Th were found to be 90.67; 25.54 Bq/kg and 79.46; 17.04 Bq/kg, respectively. The overall 
mean of the activity concentrations of the measured radionuclides in the soil samples for 238U 
and 232Th were 55.11 and 42.85 Bq/kg, respectively. The variation in activity concentrations 
might be as a result of the composition of soil samples and human activities in the area. The 
estimated mean value for 40K and 238U were slightly higher than the global average of 42.00 
and 32.00 Bq/kg, respectively for normal background radiation levels given by ICRP (1991), 
IAEA (1996) and UNSCEAR (2000) report. The high values of these radionuclides may be 
influenced by geological conditions of the environment, nature deposition of oil around the 
sample site and human developmental activities. Similarly, radionuclides concentration level 
depends mostly on the local geology. 

Radiological indices
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Conclusiobn

Most of the result obtained for the radiological parameters are higher than the 
recommended value for soil used for agriculture by the International Atomic
Energy Agency (IAEA, 2000). It is therefore concluded that the soil is not
safe for agricultural practice.

This study will therefore recommend regular environmental monitoring in this site
to check continuously the level of radionuclides concentration

This study have able to provide information on the radiation level and radioactivity 
concentration in soil used for agricultural purpose. The result obtained will serve
as baseline data for future monitoring and the implementation of radiation
protection standard.

6.

The results of the activity concentrations of these radionuclides were used to estimate the 
corresponding radiation impact parameters. This is in order to assess the level of radiological 
hazards associated with the use of the soil. Table 2 shows the  results of the radiation impact 
parameters.  

The absorbed dose rate varied from 43.24 to 101.30 nGy/h with a mean of 71.16 nGy/h. The 
obtained mean value obtained is higher than the global mean of 59 nGy/h and likely to pose 
serious radiation risk. Though absorbed dose from a given level of incident radiation depends 
on the absorbing medium but the larger the absorbed dose the higher the hazard. Meanwhile, 
the values for the outdoor and indoor annual effective dose calculated from the absorbed dose 
rate ran ged from 0.05 to 0.12 mSv/y with a mean of 0.09 mSv/y and 0.21 to 0.50 mSv/y with 
a mean of 0.35 mSv/y, respectively. The total annual effective dose due to the combination of 
outdoor and indoor effective does varied from 0.27 to 0.62 mSv/y with mean of 0. 44 mSv/yr. 
This mean value obtained slightly fall below the global mean of 0.48 mSv/y. It is to be noted 
that the mean outdoor annual effective dose (0.09 mSv/y) was higher than the global mean of 
0.07 mSv/y due to high value of the absorbed dose rate.  

Also,  the mean values of the external and internal radiation hazard indices and Radium 
Equivalent Activity Index (Raeq) as shown in Table 2 were 0.41 and 0.56 and 152.98, 
respectively. These mean values are less than their corresponding global mean of 1, 1 and  370 
Bq/kg, respectively and poses a negligible radiation risk.  In contrary, the mean values of the 
representative gamma index, annual gonadal dose equivalent and excess lifetime cancer risk 
were 1.11, 498.61 µSv/y and 1.53 X 10 -3 and are higher than thei r corresponding global mean 
of unity, 300 µSv/y, 0.29 X 10 -3, respectively. High value of this representative gamma index 
correlates the annual dose rate due to the excess external gamma radiation caused by superficial 
materials and this makes the soil at radiation risk for farming activities and 
building/construction materials. Also, the estimated value of the excess lifetime cancer risk is 
extremely high,  and this poses high probability of developing cancer over a lifetime . 

 

 

A study of natural radioactivity concentration on soil used for agricultural purpose was studied 

in order to assess the natural radioactivity content and  radiological hazard in  Agricultural 

research farm Ile -Oluji using a gamma spectroscopy, a well calibrated Camberra NaI  (TI) 

detector. An area of 100 m by 100 m was mapped out and a twenty random  soil samples was 

collected. The radionuclides detected and quantified in this study came from naturally 

occurring radioactive materials NORMS such as the 238U and 232Th decay series as well as non-

series 40K. The Overall average values of the activity concentration due to 40K, 238U and 232Th 

were 475.13 Bq/kg, 55.11 Bq/kg and 42.85 Bq/kg, respectively . Also, the mean value for the 

radiological parameters analyzed such as the absorbed dose (71.16 nGy/h), outdoor and indoor 

annual effective dose  (0.09 mSv/y and 0.21 to 0.50 mSv/y ), external and internal radiation 

hazard indices (0.41 and 0.56) and Radium Equivalent Activity Index Raeq ( 152.98), gamma 

index, annual gonadal dose equivalent and excess lifetime cancer risk  (1.11, 498.61 µSv/y and 

1.53 X 10-3) respectively. Comparing the result with the International Atomic Energy Agency 

(IAEA, 2000) Standard, most of the radiological parameter are higher than the recommended 

value for safe soil used for agricultural purpose. Environmental Monitoring is hereby 

recommended.  

Keywords: Radiological hazard, NORMS, Agriculture , Concentration  

 


