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ABSTRACT 

Fruits and vegetables are important part of human diets due to their nutritional values. The contamination of these plants via 

the cyclic transfer of naturally occurring radionuclides materials from soil may erode these benefits. This study assessed the 

radioactivity concentration in fruits and vegetables in Ogbomoso markets using a well shielded and calibrated NaI(Tl) detector. The 

identified radionuclides are 40K, 238U and 232Th. The activity concentration of 40K was found to be high in all samples compared with 
238U and 232Th. The annual committed effective doses estimated in the samples across the age classifications are considerably higher 

than the recommended reference level. Thus, the results of this work have shown that the continuous ingestion of radiation from these 

samples for a long period of time may leads to internal exposure, which is a major radiological concern. Hence effort such as public 

awareness should be in place to mitigate consequences.  
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1. INTRODUCTION 

People are exposed to ionizing radiation from the radionuclides that are present in different types of natural sources (Isola  et 

al., 2015) of which soil is one of the most important one. Hence, humans can be exposed to radiation either externally by a close 

source of radiation or internally by a radioactive material that has entered the body. Thus, exposure to natural sources of radiation is 

inevitable and unending process on Earth (Akinloye et al., 2018). Vegetables and fruits are very important in human diets because of 

their dietary values, which are needed for proper body metabolism. They help build the immune system thereby improving the li fespan 

of humans (Amao, 2020). Consumption of fruits and vegetables help reduce high blood pressure, heart disease and cancer. Vegetables 

and fruits are plentiful in nutrients and minerals which help in building an energetic and healthy lifestyle. The contamination of fruits 

and vegetables via the cyclic transfer of naturally occurring radionuclides materials (NORM) from soil through various geochemical 

processes, gravitational settling, atmospheric dispersion and a host of others may erode these benefits (Akhter et al., 2007; Jibiri et al., 

2007; Adeniji et al., 2013). 

 

The NORM arises from the decay series headed by 238U and 232Th and the singly occurring non decay series 40K 

(UNSCEAR, 2000). The implication of these radionuclides is a consequence of gamma ray exposure of the body and irradiation of  

lung tissue that may occur through the ingestion of these potentially harmful radionuclides. The knowledge of radionuclides 

concentrations and its distribution in the environment have provided useful information from which environmental radioactivity in 

several matrices can be monitored. Several studies such as Akhter et al. (2007); Jibiri et al. (2007); Harb, (2009); Awudu et al. (2012); 

Adeniji et al. (2013); Al-Absi et al. (2015), El-Gamal et al., (2019) and many more, have been reported in literatures, showing its 

significance as related to human health.  Hence, this study assessed the radioactivity concentration in fruits and vegetables in selected 

towns in Oyo State so as to determine and quantify its radiological implications on consumers. 

 

2. MATERIALS AND METHODS 

2.1 Sampling, Collection and Preparation 
The study was carried out in some local markets in Ogbomoso, one of the major city in Oyo State, Nigeria. The study was 

conducted during November/December period of the year 2019. From the selected markets, ten bunches of leafy vegetables and five 

fruits were collected. The collected samples were rinsed with ordinary water to remove any impurities, cleaved into little parts, oven 

dried at a temperature of 84°C for 4 days, pulverized to fractional size and sieved through 2 mm mesh. The processed samples were 

packed inside polyethylene containers of approximately 500 cm3 volume, labeled accordingly and completely sealed with adhesive 

tape and stored for 28 days to achieve radioactive secular equilibrium between the radon gas and its progenies. Thereafter, the sealed 

samples were transferred to the laboratory pending the spectrometry analysis.  

 

 
Figure 1: Map of Oyo State indicating sampling location (Ogbomoso) [Inset: Map of Nigeria showing Oyo state]. 
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2.2 Instrumentation and Measurement 
The identification and quantification of the natural radionuclides present in the processed samples were undertaken using a 

gamma spectrometry method. The spectrometry system comprises of a well shielded and calibrated NaI(Tl) detector, coupled to a 

multichannel analyser, and further linked to a computer for display. Data acquisition and analysis of gamma-ray spectra were achieved 

using Theremino software. Prior to the sample measurement, an empty container was counted for 36000 s so as to determine the 

background gamma-ray distribution count. The sealed samples after attaining a state of secular equilibrium were each placed on the 

detector one after the other for analysis. Each sample was counted for the same period of time as that of the empty container. The 

characteristics of the radionuclides used in determining the most prominent radionuclides identified in the samples are: 1460.0 keV 

(40K), 1764.5 keV of 214Bi (238U), and 2614.7 keV of 208Tl (232Th). The activity concentration A (Bqkg-1) of each identified 

radionuclide in the sample was estimated using Equation 1: 

  
    

        
    (1) 

where Cnet is the net peak count for each radionuclide present in the sample after subtracting the background count from the 

gross count, Pγ is the absolute gamma ray emission probability of the identified radionuclide, ε is the obtained full energy peak 

efficiency for each identified radionuclide, m is sample mass and t is the counting time. 

 

2.3 Estimation of Annual Committed Effective Dose 
The annual committed effective dose (ACED) resulting from the ingestion of the radionuclides in the assayed samples 

was estimated using Equation 2: 

              ∑            
 
        (2) 

Where Ai is the activity concentration (Bqkg-1) for each of the identified radionuclide present in each (n) sample, CRi (kga-1) is the 

annual food consumption rate for vegetables and fruits as given by UNSCEAR (2000) for the age group classified as infants, children 

and adults and Dc (µSvBq-1) is the dose conversion factor for each of the identified radionuclide as given by UNSCEAR (2000) and 

modified by ICRP (2012).  

 

3. RESULTS AND DISCUSSION 

The results obtained for the radionuclides present in the vegetables and fruits are as presented in Tables 1 and 2. The results 

revealed that the identified radionuclides are the singly occurring series 40K and the decay series headed by 238U, 232Th, all of which 

belongs to the natural radionuclides. The activity concentration obtained for 40K ranges from 125.45 ± 5.06 Bqkg-1 to 434.50 ± 7.71 

Bqkg-1, with the lowest concentration in Okra and the highest concentration in Amaranthus. The activity concentration of 238U ranges 

from 6.79 ± 0.73 to 22.33 ± 0.45 Bqkg-1, with the lowest concentration in Onion and the highest concentration in African Basil, while 

the activity concentration of 232Th ranges from 13.63 ± 0.46 in Onion to 47.08 ± 1.43 Bqkg-1 in Amaranthus.  

 

The activity concentration of 40K ranges from 144.21 ± 4.76 Bqkg-1 to 442.47 ± 7.75 Bqkg-1, with the lowest concentration 

in Pawpaw and the highest in Banana. The activity of 238U ranges from 18.26 ± 0.45 Bqkg-1 to 21.39 ± 0.45 Bqkg-1, with the lowest 

concentration in Banana and the highest concentration in Pineapple. The activity concentration of 232Th ranges from 15.85 ± 1.56 in 

Pawpaw to 35.85 ± 1.25 Bqkg-1 with the highest concentration in Water melon. Figures 2 and 3 shows the comparison of the 

radioactivity. The concentration of 40K was found to be high in all vegetables and fruits assayed compared with other radionuclides 

present. This can be attributed to the high background radiation of the study area (Awudu et al., 2012).  

 

The annual committed effective dose estimated due to the radionuclide concentrations of assayed vegetables and fruits 

samples are as presented in Tables 3 and 4. The results revealed that for the vegetables samples, the ACED of onion is considerable 

lower, while that of Amaranthus has the highest dose across the age classifications. Also, for the fruit samples, the ACED of pawpaw 

is considerable lower, while that of banana has the highest dose across the age classification. The average ACED estimated for the 

vegetables and fruits samples across the age classifications are considerable higher than 0.29 mSva -1 reference level due to the 

ingestion of 40K and the decay series of 238U and 232Th from natural sources (UNSCEAR, 2000). This can be attributed to the vast 

distribution of radionuclides in these samples and other environmental samples of the study area. Continuous ingestion of radiation 

from these radionuclides may leads to internal exposure, which is a major radiological concern. 

 

Table 1: Radioactivity concentrations (Bqkg-1) in the Vegetables 

Sample 
40

K 
238

U 
232

Th       

Amarantus 434.50 ± 7.71 21.74 ± 0.45 47.08 ± 1.43 

Yoruba Bologi 132.95 ± 4.26 8.78 ± 0.29 17.56 ± 0.87 

 Lagos Spinach 332.47 ± 6.75 19.74 ± 0.40 37.08 ± 1.48 

Jutes Mello 263.86 ± 6.01 20.33 ± 0.45 19.40 ± 0.46 

Okra 125.45 ± 5.06 7.71 ± 0.26 16.56 ± 0.82 
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African Basil 318.85 ± 5.01 22.33 ± 0.45 18.39 ± 0.45 

Pumpkin 130.53 ± 4.20 9.08 ± 0.29 16.56 ± 0.23 

Tomato 133.86 ± 6.65 17.65 ± 0.65 19.65 ± 0.46 

Malabar Spinach 311.96 ± 6.36 16.11 ± 0.44 28.17 ± 1.27 

Onion 132.29 ± 5.06 6.79 ± 0.73 13.63 ± 0.46 

Range 

Mean 

125.45 - 434.50 

231.67 ± 5.71 

6.79 - 22.33 

14.95 ± 0.44 

13.63 - 47.08 

24.57 ± 0.79 

 

 
Figure 2: Comparison of radioactivity concentrations in vegetable samples. 

 

Table 2: Radioactivity concentrations (Bqkg-1) in the Fruits 

Sample 40K 238U 232Th 

Pineapple 363.86 ± 7.05 21.39 ± 0.45 30.25 ± 0.45 

Watermelon 334.21 ± 6.76 20.72 ± 0.44 35.85 ± 1.25 

Tangerine 344.29 ± 5.78 19.71 ± 0.49 33.88 ± 1.27 

Pawpaw 144.21 ± 4.76 17.22 ± 0.44 15.85 ± 1.56 

Banana 442.47 ± 7.75 18.26 ± 0.45 37.75 ± 1.89 

Range 

Mean 

144.21 - 442.47 

316.53 ± 6.42 

18.26 - 21.39 

19.42 ± 0.45 

15.85 - 35.85 

29.60 ± 1.28 

 

 
Figure 3: Comparison of radioactivity concentrations in fruit samples 
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Table 3: Annual Committed Effective Dose (mSva-1) in the Vegetables 

 

Samples Infants Children Adults       

Amarantus 0.84 ± 0.02 0.83 ± 0.02 0.86 ± 0.02 

Yoruba Bologi 0.29 ± 0.01 0.30 ± 0.01 0.31 ± 0.01 

 Lagos Spinach 0.66 ± 0.02 0.66 ± 0.02 0.68 ± 0.02 

Jutes Mello 0.45 ± 0.01 0.42 ± 0.01 0.42 ± 0.01 

Okra 0.27 ± 0.01 0.28 ± 0.01 0.29 ± 0.01 

African Basil 0.49 ± 0.01 0.44 ± 0.01 0.43 ± 0.01 

Pumpkin 0.28 ± 0.01 0.28 ± 0.01 0.30 ± 0.01 

Tomato 0.33 ± 0.01 0.35 ± 0.01 0.37 ± 0.01 

Malabar Spinach 0.55 ± 0.02 0.53 ± 0.02 0.54 ± 0.02 

Onion 0.25  ± 0.01 0.25 ± 0.01 0.25 ± 0.01 

Range 

Mean 

0.25 – 0.84 

0.46 ± 0.01 

0.25 – 0.83 

0.45 ± 0.01 

0.25 – 0.86 

0.47 ± 0.01 

 

 

Table 4: Annual Committed Effective Dose (mSva-1) in the Fruits 

Samples Infants Children Adults 

Pineapple 1.89 ± 0.03 1.65 ± 0.03 1.72 ± 0.03 

Watermelon 1.96 ± 0.05 1.78 ± 0.05 1.90 ± 0.06 

Tangerine 1.92 ± 0.05 1.72 ± 0.05 1.83 ± 0.06 

Pawpaw 0.92 ± 0.06 0.84 ± 0.06 0.90 ± 0.07 

Banana 2.27 ± 0.07 1.97 ± 0.07 2.07 ± 0.09 

Range 0.92 – 2.27 

1.73 ± 0.05 

0.84 - 1.97 

1.54 ± 0.05 

0.90 – 2.07 

1.63 ± 0.63 

 

4. CONCLUSION 

This study had elucidated on the intake of radioactivity in vegetables and fruits available in Ogbomoso local markets. The 

activity concentration of 40K was found to be high in all vegetables and fruits compared with 238U and 232Th. This may be attributed to 

the geological formation of the study area. Additionally, it was discovered that annual committed effective doses estimated in all 

vegetables and fruits samples across the age classifications are considerably higher than the recommended  reference level due to the 

ingestion of these radionuclides from natural sources. Continuous ingestion of radiation from these radionuclides may leads to internal 

exposure, which is a major radiological concern. Hence, despite the significances of vegetables and fruits in human dietary, the 

populace should take necessary precautions as regard the consumption of these plants within the study area. This is in a bid to mitigate 

the consequence due to ingestion. 
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