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The activity concentration of three primordial radionuclides was measured in the fruits and soil 
samples obtained from Bulsa Farms using the Gamma-Ray Spectrometry method with NaI(Ti) detector. 
Results for 

40
K range from147.43 to 465.94 BqKg

-1
, that of 

226
Ra varied from 1.84 to 4.14 BqKg

-1
 and 

232
Th 

figures are in the range of 51.88 to 119.04 BqKg
-1
. The activity concentration of 

232
Th for both surface 

soil and deep soil samples are higher than the United Nations Scientific Committee on Effects of Atomic 
Radiation (UNSCEAR) limit for areas of normal background radiation. The soil-to-fruit transfer factors 
for those radionuclides were also determined and the figures range from 0.5138 to 1.6238 for 

40
K, 0.4058 

to 0.7416 for 
226

Ra, and 0.4358 to 0.6562 for 
232

Th. The annual effective dose (AED) due to intake of these 
fruits was estimated and the results are 0.2487, 0.3489, 0.2361, 0.2308 and 0.2547 mSvyr

-1
 for tomato, 

orange, pineapple, mango and banana respectively. Only the value for orange exceeds the UNSCEAR 
limit of 0.29 mSvyr

-1
 for internal exposure per individual, while values for all other fruits were lower than 

this limit. 
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INTRODUCTION 
 
Fruit is the seed-bearing structure in flowering plant 
formed from the ovary after flowering. Fruits according to 
Lewis (2002) normally mean the freshly seed associated 
structures of certain plants that are sweet and edible in 
the raw state, such as apples, oranges, grapes, straw-
berry and bananas. Masueth et al. (2002) regarded them 
as part of a flowering plant that derives from specific 
tissues like one or more ovaries and also accounts for a 
substantial fraction of the world’s agricultural output as 
animals as well as some people depend on them as their 
sources of food. Fruits contain fiber, vitamins, sugar and 
a high percentage of water. Other contents of high 
agricultural benefit as listed by Liu (2013) including  
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bioactive compounds like photochemical (phenolics, 
flavonoids and carotenoids) and minerals, some of which 
helps the human body to reduce the risk of chronic 
diseases such as cancer, diabetes, heart diseases, etc. 

Technically, all food is slightly radioactive. This is 
because all food contains carbon, which naturally exists 
as a mixture of isotopes, including radioactive carbon-14. 
However, some foods emit more radiation than others 
(helminstine, 2016). For instance a banana has been 
found to contain 450 mg of potassium of which 

40
K makes 

up to 0.01%. Hence, radioactivity of banana is 130Bq/Kg 
according to EPA (1997). The radioactivity of fruits is 
enhanced by several factors: Natural radionuclides occur 
in soil and they are incorporated metabolically into plants, 
and ultimately find their way into food and water (Harb, 
2015). Chibowski (2000) also noted that the industrial 
activities   of   the   town   may   have  influence  on  the  
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increased amount of these radionuclides in the soil. Also, 
the water used to grow the fruits sometimes contains 
radionuclides which find their way into the fruits. Another 
factor responsible for the increased radioactivity is the 
use of fertilizers, which usually contain radioactive 

40
K for 

growing the fruits. Although these factors increase the 
radioactivity of fruits grown in an area, the level of 
radioactive element in the crop can be lowered. 

The Canadian Nuclear Safety Commission (CNSC, 
2016) defined Naturally Occurring Radioactive Materials 
(NORM) as materials found in the environment that 
contains radioactive elements of natural origin. Such 
elements include Uranium, Thorium, Radium and 
Potassium; they are naturally decaying and are 
considered a primary contributor to an individual’s yearly 
background radiation dose. A radionuclide is an atom 
with an unstable nucleus which, in a bid to become 
stable, emits energy in the form of rays of high speed 
particles. Radionuclides can also present both real and 
perceived dangers to health (IAEA, 1983), because such 
atoms have too much energy which are transferred or 
released in a form called ionizing radiation, such as alpha 
particles, beta particles and gamma rays. Every fruit 
contains a considerable amount of Potassium in them 
(He and MacGregor, 2008). In fact, it was said that we 
ingest about 2.5 g per day of potassium from our food 
and excrete about the same amount as the human body 
maintains a relatively tight homeostatic control over 
potassium levels. Yet someone ingesting potassium that 
has been enriched in K-40 can increase radiation dose 
that thereby lead to health hazards. Three isotopes of 
potassium occur naturally: Stable 

39
K (93.3%) and 

41
K 

(6.7%) and the long-lived radioisotope 
40

K (0.012%) 
(Wikipedia, 2016). Other contributors to the radioactivity 
of human body include 

14
C and 

3
H. 

 
 
Review of Related Literatures 
 

Keser et al. (2011) studied the radionuclide concentration 
in tea, cabbage, orange, kiwi and soil samples using 
gamma spectrometry with high-purity Germanium 
detector. The activity concentration of 

40
K and 

137
Cs were 

found to be higher in food and soil samples respectively. 
Gamma doses were also found to be higher than the 
world’s average in soil samples. 

Chibowski (2000) studied the radioactive contamination 
and heavy metal contents in vegetable and fruits from 
Lublin, Poland and found 

40
K to be the most prevalent 

element in the examined samples’ concentrating more 
(1135 to 1940 Bq/Kg) in the shoots than in the roots (210 
to 448 Bq/Kg) of those vegetables. He also found 

40
K in 

fruits ranging from 490 to 510Bq/Kg of dry matter, and 
the transfer factor of 

40
K from soil to vegetables and fruits 

ranged from 0.3 to 2.9. 
Haas (1945) determined Nitrogen, Potassium and 

Phosphors  contents  of  Fuerte  Avocado  fruits  from 

 
 
 
 
different orchards and discovered that the composition of 
these elements in avocado fruits as well as leaves can be 
altered by means of application of fertilizer to the soil. 

In a related study Ajayi (2009) measured the activity 
concentrations of 

40
K, 

226
Ra and 

232
Th in 38 cities from 

the south western region of Nigeria and found the mean 
values for 

226
Ra and 

232
Th to be greater than the world 

average values reported by United Nations Scientific 
Committee on Effect of Atomic Radiation (UNSCEAR) for 
areas of normal background radiation. 
 
 

METHODOLOGY 
 

Site Description 
 

The orchard from where the samples were obtained is 
called Bulsa Farms Limited, located at Unguwar Shaho 
Pamadaki Kujama of Chikun Local Government Area, 
Kaduna State. Both raining season and dry season 
irrigation farming are practiced here and the crops are 
majorly fruits with a few species of vegetable. The most 
common inorganic fertilizer used here is Urea, which is 
highly soluble in water and hence, subject to rapid 
leaching. The map of the farm is shown in Figure 1. 
 

Sample Collection 
 

Among the several types of fruits produced in this farm, 
Samples of five different fruits were selected and 
collected fresh from the trees namely; Tomato 
(Lycopersiconesculentum), Orange (Citrus sine sis), 
Pineapple (Ananascomosus), Mango (Mangiferaindica) 
and Banana (Musa Paradisiaca). Soil samples were also 
collected from the farm, both at the soil surface and sub-
surface depth. 
 
 

Sample Preparation 
 

The fruits were first properly washed and sliced, then 
each sample including the soil samples was subjected to 
oven drying under a temperature less than 100

o
C until a 

constant mass was obtained, following which it was 
properly ground into fine powder and packed to fill a 
carefully selected cylindrical plastic container that fits the 
space allocation of the detector cylinder (height 7cm by 
6cm diameter). Each of these containers, 
accommodating an average of 300g of the samples, was 
then triple sealed using Vaseline, candle wax and 
masking tape in order to prevent any escape of Radon 
gas, after which they were labeled appropriately and Kept 
for 30 days for radium to attain secular equilibrium with its 
daughter progeny. 
 
 

Sample Analysis 
 
Gamma spectrometry method with NaI(Ti) detector was 
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Figure 1. Map of Bulsa Farms 

 
 
used to analyses the samples. A complete based Multi-
Channel Analyses (MCA) Maestro program from ORTEC 
was used for data acquisition and analysis of the gamma 
spectra. The energy calibration was done using 661.66 
KeV for Cs-137 or either 1173.2 or 1332.5 KeV for Co-60 
and this is saved, after which the following input 
parameters were set: Operational Voltage; 900V, Preset 
time; 29000 seconds, ADC set up;1024and Micro Ace 
Amplifier Gain;15.002. The detector chamber was 
opened, the two sources were replaced with some of the 
samples and the detector was quickly closed. Each 
sample was counted for 2900 seconds after which the 
specific gamma lines for each of the naturally occurring 
radioactive materials were seen on the screen. The 
gamma lines, energy window as well as the isotope for 
each of the three radionuclides are given in Table 1. 
 
All the data obtained were converted to convectional 
units using conversion factors to determine the activity 
concentrations of 

40
K, 

232
Th and 

226
Ra. 

Theoretical Calculation 
 
The Annual effective dose due to the ingestion of foods 
can be calculated based on the metabolic model 
developed by the International Commission for 
Radiological Protection (ICRP, 1996). This can be 
determined using the formula (Harb, 2015). 
 
𝐷 = 𝐶𝐴𝑅                                                                           
(1) 
 
Where D is the effective dose as a result of ingestion of 
the radionuclide in food, C is the effective dose 
conversion factor of the radionuclide given in Table 2 
(Islam et al, 2014). A is the activity concentration of the 
nuclides in the ingested food, while R represents the 
annual consumption rate of the fruits. Agwu (2011), by 
means of a field survey he carried out, estimated the fruit 
consumption rate of a typical Nigerian household at 
Enugu, southern Nigeria as presented in Table 3. 
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Table 1. Energy Regions of Gamma Lines 
 

Radionuclides Isotope used Gamma Energy (KeV) Energy Windows 

Ra-226 
214

Bi 1764.0 1690 - 1820 

Th-232 
208

Ti 2614.5 2590 - 2710 

K-40 
40

K 1460.0 1380 - 1510 

 
 
 

Table 2.Internal Dose Conversion Factors for Different Radionuclides in Sv Bq
-1 

 

Radionuclide Dose Conversion Factors (SvBq
-1

) 
226

Ra 2.8×10
-7
 

232
Th 2.3×10

-7
 

40
K 6.2×10

-9
 

 
 

Table 3: Monthly Fruits Consumption rate per household (extracted from Agwu, 2011) 
 

Fruits Average Quantity (kg) 

Urban Rural 

Orange 32.16 24.26 

Mango 30.88 23.34 

Banana 28.20 19.63 

Pineapple 30.33 15.25 

Tomato 27.02 30.42 

 
 
His result was obtained using a household size of 19 
people in the rural areas, and a size of 24 people per 
household among the urban dwellers. Taking the average 
of these two values as 22 persons per household, Table 
4 could be modified using the relation: 
 

     (2)  
 
Values for this new parameter make up Table 4, which is 
used to calculate the effective dose due to ingestion of 
the fruits. Specifically, the values in the column for urban 
areas were used for these calculations. 
 
The transfer factor (TF) is another useful parameter for 
assessing the transfer of radionuclides from soil to plant. 
Its value depends on the type of soil, plant and also the 
binding mechanism of the isotope by the soil system. It 
can be determined using: 
 

                                                                     (3) 
 
Where Cf is the activity concentration of the radionuclides 
in the dry fruit sample, while Cs is the activity 
concentration of the radionuclide’s in the dry soil sample. 
The result of this calculation is presented in Table 7. 

RESULT 
 
The result of the activity concentration for each fruit 
sample as well as the soil samples are presented in 
Table 5. 
 
 
DISCUSION 
 
Table 5 reveals that the activity concentration of K-40 
ranges from 147.43BqKg

-1
 in mango to 456.94 BqKg

-1
 in 

tomato. Ra-226 values vary from 1.68 in pineapple to 
4.14 BqKg

-1
 in the deep soil sample, and also, Th-232 

level range from 51.88 in mango up to 119.04 BqKg
-1 

also 
in the deep soil sample. One of the reasons why the 
concentration of 

40
K was highest is because it is a 

macronutrient. The activity concentrations of those three 
radionuclides in the surface soil as well as that of the 
deep soil were compared with the world wide average in 
Figure 2. 

The measured activity concentration of Th-232 in both 
the surface soil and deep soil samples were found to be 
higher in values than the world wide average values of 45 
BqKg

-1
 for soil as specified by UNSCEAR (Shittuet al. 

2015) by a factor of 2.23 for surface soil and 2.65 for 
deep soil, while the activity concentrations of Ra- 226 and 
K-40 of both soil samples were lower than the world 
average  values  of  32  and  412  BqKg

-1 
respectively.  
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Table 4. Annual Fruit Consumption Rate per Individual 
 

Fruits Average Quantity (kg yr
-1

) 

Urban Rural 

Orange 17.54 13.23 

Mango 16.84 12.55 

Banana 15.38 10.71 

Pineapple 16.54 8.32 

Tomato 14.74 16.59 

 
 

Table 5. Activity Concentration of the Radionuclides 

 

Samples K-40 (Bq/Kg) Ra-226 (Bq/Kg) Th-232 (Bq/Kg) 

Tomato 465.94 2.45 57.81 

Orange 228.30 1.84 78.11 

Pineapple 221.15 1.68 54.05 

Mango 147.43 3.07 51.88 

Banana 375.12 1.83 59.64 

Surface Soil 264.85 5.00 100.46 

Deep Soil 286.94 4.14 119.04 

 
 

 
 
Figure 2. Comparison of Activity Concentration of Experimental Result for 

40
K, 

226
Ra and 

232
Th for both 

surface soil and deep soil with UNSCEAR Standard. 

 
 
Whereas the level of activity concentrations of Th-232 
and Ra-226 may likely have been due to the geology of 
the area, the use of inorganic fertilizer in the farm may 
have enhanced the activity concentration of K-40 in that 
area. Furthermore, it was observed that from the chart 
that K-40 activity concentration of the deep soil is higher 
than that of the surface soil, possibly because the 
fertilizer used here is soluble and can easily be leached 
into the ground. 
The result of the annual effective dose due to intake of 
these radionuclides in fruits from the farm was presented 
in Table 6. According to a report by UNSCEAR (2000), 

the total exposure per person resulting from ingestion of 
terrestrial radioisotopes should be 0.29 mSvYr

-1
. The total 

effective dose was obtained by simple addition of the 
individual effective doses resulting from the three 
nuclides for each fruit. The level was found to be 0.2487, 
0.3489, 0.2361, 0.2308 and0.2547 for tomato, orange,  
pineapple, mango and banana respectively. A 
comparison of our calculated annual effective doses with 
the UNSCEAR standard, as shown in Figure 3 reveals 
that the dose due to consumption of those selected fruits 
were all less than the specified unit except for oranges. 

The observed soil-to-fruit transfer factor for those three 
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Figure 3. Comparison of Annual Effective Dose Due to the Fruits with UNSCEAR Standard Limit.  

 
 

Table 7. Soil to Fruit Transfer Factors of the Radionuclide’s  

 

Fruit Samples 
Transfer factors 

K-40 Ra-226 Th-232 

Tomato 1.6238 0.5917 0.4856 

Orange 0.7956 0.4444 0.6562 

Pineapple 0.7707 0.4058 0.4541 

Mango 0.5138 0.7416 0.4358 

Banana 1.3073 0.4420 0.5010 

 
 
 
radionclideshas also shown in Table 7 to have varied 
from 0.5138 Bq Kg

-1
 in mango fruits to 1.6238 Bq Kg

-1 
in 

Tomato for 
40

K, while the range is from 0.4420Bq Kg
-1

 in 
banana to 0.7416Bq Kg

-1
 in Mango samples for 

226
Ra, 

and also from 0.4358 in mango to 0.6562 in oranges for 
the case of 

232
Th. Soil-to-fruit transfer is radionuclide 

specific and its variability for a given radionuclide 
depends on the different properties of the soil. 
 
 
CONCLUSION 
 
Gamma-ray spectrometry method with NaI(Ti) detector 
was used in this research. The results showed a higher 
activity concentration for 

232
Th in the soil than the world 

wide average, while the level of 
40

K and 
226

Ra were below 
average. The soil-to-fruit transfer factors of these 
radionuclides were found to be highest in tomato, orange 

and mango for 
40

K, 
232

Th and 
226

Ra respectively.The 
highest recorded transfer factor was for 

40
K. This 

confirms the view of Basuet al. (2015) that
40

K has high 
solubility and very high transfer factor from soil to the 
food chain. The annual effective doses due to intake of 
these fruits were discovered to be relatively lower than 
the UNSCEAR limit of 0.29 mSvyr

-1
 except that of the 

oranges which has the value of 0.3489mSvyr
-1

. 
Therefore, the radiation exposure level per individual due 
to consumption of these fruits from Bulsa farm is to a 
large extent safe; provided the annual consumption of 
their oranges is reduced. 
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