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ABSTRACT 

Radionuclides such as Uranium-238, Thorium-

232 and Potassium-40 and their isotopes which 

are the products of natural radioactivity decay 

series are regarded as naturally occurring 

radioactive materials (NORMS). The 

radionuclide concentration of six vegetable 

samples selected from farms Maryland and 

Odogunyan was determined using a well 

calibrated Nal(TI) and well shielded detector 

coupled to a computer resident quantum 

MCA2100R Multichannel analyzer for 36000s. 

The radionuclide concentration of 40K, 238U and 
232Th varies is 238.16±6.68 Bq/kg, 12.39±0.72 

Bq/kg and 10.57±0.02 Bq/kg respectively. The 

total annual effective dose due to was 

1.313±0.285 µSv/yr  and 1.359±0.464 µSv/yr  in 

Odogunyan and Ikorodu respectively.  The 

estimated Excess Life Cancer Risk ranges from 

4.59×10-6 to 5.21×10-6 which is much less than 

the world’s average value of 0.29×10-6. There is 

no radiological hazard as a result of 

consumption of vegetables from these two 

locations because the mean effective dose 

values are lower than 0.3 mSv/yr recommended 

by International Commission on Radiation 

Protection.  

 

KEYWORDS: Vegetables, Isotopes, 

Radionuclides, Effective Dose  

 

1.0 INTRODUCTION 

Human exposure to radiation from natural 

sources is an unending part and unpreventable 

phenomenon on earth. The amount of radiation 

exposure to human originates from artificial and 

natural sources. The two main contributors to 

natural radiation exposures are: high-speed 

cosmic ray particles incidents in the earth’s 

atmosphere and the primordial radionuclides 

present in the earth’s crust which are present 

everywhere, including the human body. 

Naturally occurring radioactive materials have 

always been a part of our daily life and still 

remains so. These are radionuclides and their 

isotopes which are the products of natural 

radioactivity decay series. The series naturally 

occurring radionuclide found in food chain are 

Uranium-238 (238U), Thorium-232 (232Th) and 

their progenies while the non-series one is the 

potassium-40.  The main elements that 

contribute to natural terrestrial radioactivity are 

Uranium-238 (238U), Thorium-232 (232Th) and 

Potassium-40 (40K) (UNSCEAR, 1993).  These 

naturally occurring radionuclides and their 

daughters undergo decay to release gamma rays, 

alpha and beta particles into the environment 

(UNSCEAR, 1993a). The ingested 

radionuclides could be concentrated in certain 

parts of the body. For example 238U accumulated 

in human kidney and lungs, 232Th in liver, 

skeleton tissue and lungs and 40K in muscles 

(Malik, et. al., 2020).  

Soil-to-plant-to-human body is one of the 

foremost corridors for transmission of 

radionuclides to human being (Aswood et. al., 

2013). After uptake by root, radionuclides are 

shifted to plant along with other nutrients or 

minerals necessary for their growth; accumulate 

in several parts including the edible portions and 

would lead to endless radiation dose to man 

once consumed (Pulhani et. al., 2005). The 

accumulation of these radionuclides in any 

organ in the body will affect the health condition 

which may result to inducing various forms of 

diseases, weakening the immune system and 

also contributing to increase in mortality rate. 

Radionuclides such as K-40, Ra-226 that occur 

naturally in soil are incorporated metabolically 

into plants and ultimately find their way into 

food and water. Potassium is normally 

distributed in the earth’s crust and present in all 
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environmental media including foodstuffs and 

even in the human body. Under normal 

conditions, K-40 is the most abundant naturally 

occurring radioactive constituents within the 

human body (Asaduzzaman et. al., 2015). 

Particularly K-40, U-238 and Th-232 and their 

various decay products are the most common 

radionuclides in food and water (Asaduzzaman 

et. al., 2015). These radionuclides appear in 

plants either through direct atmospheric 

interception onto aerial parts of the plant 

surfaces or from there suspended material and 

absorbed metabolically by the plant surfaces and 

indirectly through the uptake of radionuclides 

from soil via the root system (Asaduzzaman et. 

al., 2015). 

 Preliminary investigation of naturally occurring 

radionuclides in some traditional medicinal 

plants used in Nigeria for the treatment of some 

diseases by Njinga et. al.,(2015) revealed that 

the average annual committed effective doses 

due to the ingestion of Ra-226, Th-232 and K-

40 from the plants by the consumers ranged 

from 0.00426 mSv/yr  to 0.00686 mSv/yr with 

an average value of0.00538 mSv/yr which is 

below the worldwide provided in UNSCEAR 

2000 report indicating that the consumers are 

radiologically safe.  

Vegetables are defined as the fresh parts of 

plants which, either raw, cooked, canned or 

processed in some other way, provide suitable 

human nutrition. From a botanical point of view, 

vegetables can be divided into algae (seaweed), 

mushrooms, root vegetables (carrots), tubers 

(potatoes, yams), bulbs and stem or stalk 

(kohlrabi, parsley), leafy (spinach), 

inflorescence (broccoli), seed (green peas) and 

fruit (tomato) vegetables. Vegetables are a 

blessing for a safe and healthy life and have been 

in use for centuries. Production and 

consumption of fruit and vegetables and make 

them more economically accessible to 

consumers, while generating economic, social 

and environmental benefits in line with the 

Sustainable Development Goals. Determination 

of the concentration of the radioactive material 

in vegetables is of primary importance to 

ascertain the level of health risk to humans that 

consume the vegetable in the area of interest. 

The peculiarity of the farms in Odogunyan in 

Ikorodu and Odo Iya Alaro in Maryland is that 

there are heavy industrial activity going on in 

Odogunyan while Odo Iya Alaro is a 

contaminated water with a possibility that the 

radioactivity may be high. The motivation for 

carrying out this research is to ascertain the level 

of radionuclide activity in the vegetables planted 

in that environ due to the activities going on in 

these selected areas.  

2.0 MATERIALS AND METHODS 
 

2.1 Study Areas 

Odogunyan is a farm village in Ikorodu. 

Odogunyan is situated in Southwest Ikorodu, 

which is a city found in the North East of Lagos 

State, South West, Nigeria bordered on the 

North by Ogun State and South by the Lagoon. 

Odogunyan is surrounded by various industries. 

The waste products from these factories may 

have negative impacts on those crops and 

vegetables planted within that environs. 

Maryland is regarded as one of the central areas 

of Lagos. Odo Iya Alaro river in Maryland flows 

under the Bridge linking Maryland to Ojota area 

of Lagos. Odo Iya Alaro river, characterized 

with unclean water, is a highly polluted with the 

heavy metals in sediments with high 

concentrations.  

 

2.2 Sample Collection and Preparation 

The vegetables chosen for this study were the 

commonly consumed leafy vegetables: water 

leaf, scent leaf, green leaf, pumpkin leaf, bitter 

leaf and Lagos spinach. The vegetables 

collected were those harvested after they have 

reached maturity and ready to be sold for 

consumption. The collected samples were kept 

in a well labeled polyethylene bags for 

identification. The edible parts (leaves) of each 

sample were separated from the roots and stem. 

They were thoroughly washed under running tap 

water to remove dirt, sand, insects and worms. 

The samples were open air dried on trays for a 
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period of one week and then oven dried at a 

moderate temperature of 60o C for 2 to 4 hours 

in the laboratory. The oven dried samples were 

then grounded into five powders with a stainless 

steel ball grinder. The prepared samples, in 

powdered form were packed into weighed 

plastic beaker, hermetically sealed, reweighed 

and stored prior to counting (Scheibel and 

Appoloni, 2007). The containers were sealed to 

avoid any possibility of outgassing of radon and 

kept for a period of one month to make sure the 

samples attained radioactive equilibrium 

between Ra-226 and its decay products in the 

uranium series, and Ra-228 and its decay 

products in the thorium series (Tahir and 

Alaamar, 2009). 

 

2.3 Radiometric Analysis of the Samples 

The measurements of the radionuclide 

concentration of 40K, 238U and 232Th was carried 

out using a well calibrated Nal(TI) and well 

shielded detector coupled to a computer resident 

quantum MCA2100R Multichannel analyzer for 

36000s. An empty container under identical 

geometry was also counted for the same time. 

The 1460KeV gamma-radiation of 40K was used 

to determine the concentration of 40K in the 

sample. The gamma transition energy of 

1764.5KeV 214Bi was used to determine the 

concentration of 238U while the gamma 

transition energy of 2614 keV 208T. It was used 

to determine the concentration of 232Th while 
137Cs was detected by its 661.6 keV gamma 

transition. The efficiency calibration of the 

detector was done using a reference standard 

mixed source traceable to Analytical Quality 

Control Service (AQCS, USA) which has a 

geometrical configuration identical to the 

sample container. The standard source 

contained has known radionuclide. The energy 

calibration was also performed by using the 

peaks of the radionuclide present in the standard 

sources. The Channel number is proportional 

energy, the channel scale was then converted to 

an energy scale. This produces an energy 

calibration curve i.e. energy versus channel. 

 

2.3.1 Calculation of Annual Effective Dose 

 The dose received by the public from the 

consumption of these vegetables was estimated 

from the total annual effective dose AED 

determined using Equation 1 

 (Ajayi & Adesida, 2009) 

 

 …………….(1) 

where Ai (Bq/kg) is the specific activity of 

radionuclide i, DCFi (mSv/Bq) is the dose 

conversion factor of radionuclide. The 

consumption rate of leafy vegetables for adult is 

60 kg per annum (UNSCEAR, 2000).  Dose 

conversion factor, DCF, values for 

radionuclides are 6.2×10-9 Sv/Bq, 4.5×10-8 

Sv/Bq and 2.3×10-7 Sv/Bq for 40K,  238U and 
232Th respectively (Tettey-Larbi, et. al., 2013; 

ICRP, 1996). 

 

2.3.2 EXCESS LIFETIME CANCER RISK 

(ELCR) 

 

Excess life time cancer risk was calculated using 

equation 2 (Thabayneh & Jazzar, 2012). This 

was to determine the possibility of carcinogenic 

effect due to long-term consumption of the 

selected vegetables from the study areas. 

  

 
 

AED is the annual effective dose, DL is the 

duration of life (70 years) and RF is the fatal 

cancer risk factor per Sievert (0.05 for the 

public). 

 

3.0 RESULTS AND DISCUSSION 
 

3.1 Activity Concentration of Radionuclides  

The distribution of activity concentration of 

radionuclides in vegetables from farms in Odo 

Iya Alaro river in Maryland and Odogunyan in 

Ikorodu are illustrated in figure 1 and  2 

respectively below. Table 1 shows that the 

activity concentration of 40K is 221.16±30.01 

Bq/kg, 240.09±20.16 Bq/kg, 212.38±15.07 

Bq/kg, 268.37±30.18 Bq/kg and 215.22±47.03 
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Bq/kg in waterleaf, scent leaf, African spinach, 

Lagos spinach and bitter leaf respectively from 

Odo Iya Alaro, Maryland. The concentration of 
238U found in bitter leaf, Lagos spinach, Africa 

spinach, scent leaf and water leaf is 12.17±3.57 

Bq/kg, 12.35±1.01 Bq/kg, 12.03±2.95 Bq/kg, 

11.61±3.20 Bq/kg and 10.19±1.01 Bq/kg 

respectively. The concentration of 232Th in 

African spinach, Lagos spinach, bitter leaf, 

scent leaf and water leaf is 10.42±3.16 Bq/kg, 

10.03±3.24 Bq/kg, 10.22±1.38 Bq/kg, 

10.93±5.43 Bq/kg and 11.13±2.08 Bq/kg 

respectively. The concentration of 40K is highest 

in Lagos spinach while that found in African 

spinach, bitter leaf, water leaf and scent leaf are 

less by 20.1%, 19.8%, 17.6% and 10.5% 

respectively.  The concentration of 238U from 

Odo Iya Alaro is lowest in water leaf. It is 

exceeded by 13.9%, 18.1%, 21.2% and 19.4% 

respectively. The highest and lowest 

concentration of 232Th is found in water leaf and 

Lagos spinach respectively while the average 

value is 10.55±0.468 Bq/kg. 

Table 1 below also shows that radionuclide 

concentration of  40K in water leaf, scent leaf, 

African spinach, pumpkin leaf and bitter leaf are 

228.13±38.0 Bq/kg, 291.18±15.15 Bq/kg, 

212.16±30.0 Bq/kg, 220.09±20.16 Bq/kg and 

272.38±25.07 respectively. Scent leaf has the 

highest concentration while African spinach has 

the lowest concentration. The concentration of 

African spinach is lower than that of water leaf, 

scent leaf, pumpkin leaf and bitter leaf by 7%, 

27.1%, 0.2% and 22.2% respectively. The 

activity concentration of 238U in water leaf is 

17.43±3.19 Bq/kg. It is higher than in scent leaf, 

African spinach, pumpkin leaf and bitter leaf 

which are 12.25±3.99 Bq/kg, 12.19±3.01 Bq/kg, 

11.61±6.40 Bq/kg and 12.03±4.95 Bq/kg 

respectively. The concentration of 232Th in the 

vegetable samples is comparably lower than that 

of 238U. 232Th has a concentration of 10.75±2.0 

Bq/kg, 10.93±5.43 Bq/kg, 10.13±2.08 Bq/kg, 

10.08±2.65 Bq/kg and 11.03±5.16 in bitter leaf, 

pumpkin leaf, African spinach, scent leaf and 

water leaf respectively. The concentration of 

water leaf is higher than that of bitter leaf, 

pumpkin leaf, African spinach and  scent leaf by 

2.6%, 0.9%, 8.9% and 9.4% respectively.  

The concentration of Potassium-40 is the higher 

in Odogunyan than in Maryland. The lower 

radionuclide concentration of Uranium-238 is 

found in Maryland with a value of 11.67 Bq/kg 

while the highest value is found in Odogunyan. 

However, the concentration of Thorium-232 is 

the highest in Maryland while the least 

concentration is found in Odogunyan. In the two 

locations, Potassium-40 concentration is the 

highest, followed by that of Uranium-238. The 

concentration of Th-232 is the least. In all the 

cases, the specific activity of radionuclides less 

than the world average of 400, 35 and 30 Bq/kg 

for Potassium-40, Uranium-238 and Thorium-

232 respectively. The activity concentration of 
238U and 232Th is higher when compared to the 

reported figures of 0.6-2.6 Bq/kg and 0.7-3.4 

Bq/kg in Jordan (Mohammed et. al., 2016; ) 

while the concentration obtained in this study is 

lower for 40K. The other places where the 

activity concentration is higher than that 

obtained in this is are Tanzania and Cameron 

(Mohammed et. al., 2016; Banzi, et. al., 2000).  

 

3.2 Annual Effective Dose and Excess Life 

Cancer Risk 

Tables 2 and 3 shows annual effective dose and 

excess life cancer risk. The annual effective 

dose was calculated using specific activities of 

the natural radionuclides in the vegetables and 

the average consumption rate of each vegetable 

with the assumption that the consumption rate 

of vegetable per capital per annum is 60 kg for 

Nigeria. The annual effective dose due to 

consumption of African spinach, bitter leaf, 

Lagos spinach, scent leaf and water leaf from 

Odo Iya Alaro in Maryland are 0.255±0.057 

µSv/yr, 0.252±0.046 µSv/yr, 0.271±0.049 

µSv/yr, 0.271±0.091 µSv/yr and 0.264±0.042 

µSv/yr respectively. The total annual effective 

dose due to consumption of vegetables from this 

farm is 1.313±0.285 µSv/yr. This value is much 

less than the total recommended annual dose of 
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0.3 mSv/yr recommended by ICRP for the 

general public (ICRP, 1996). This implies that 

the consumption of these vegetables do not pose 

any significant risk to the consumers. The total 

annual effective dose due to the consumption of 

the vegetables in Odogunyan is  1.359±0.464 

µSv/yr.  This figure is comparable to that 

obtained in Maryland and there is no significant 

possibility of any health risk due to ingestion of 

the vegetables. The contribution of  40K,  238U 

and 232Th to the total effective dose are  

0.43±0.052 µSv/yr, 0.16±0.031 µSv/yr, 

0.73±0.211 µSv/yr respectively in Maryland. 

The effective dose of  0.45±0.048 µSv/yr, 

0.18±0.058 µSv/yr and 0.729±0.239 µSv/yr  are 

contributed by 40K,  238U and 232Th in 

Odogunyan. The Excess Life Cancer Risk 

ranges from 4.59×10-6 to 5.21×10-6. These 

values are much less than the world’s average 

value of 0.29×10-6 (Thabayneh & Jazzar, 2012). 

These values only implies that the added 

probability of cancer incidence is about 5 in a 

million people.   
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Table 1 Activity Concentration of 40K 238U 232Th in the vegetable samples collected from Odo 

Iya Alaro, Maryland  and Odogunyan. 

 

Samples Radionuclide Concentration (Bq/kg) 

Odogunyan Maryland 

40K 238U 232Th 40K 238U 232Th 

Waterleaf  228.13±38.0 17.43±3.19 11.03±5.16 221.16±30.01 10.19±1.01 11.13±2.08 

Scent leaf  291.18±15.15 12.25±3.99 10.08±2.65 240.09±20.16 11.61±3.20 10.93±5.43 

green leaf 212.16±30.0 12.19±3.01 10.13±2.08 212.38±15.07 12.03±2.95 10.42±3.16 

Pumpkin 

leaf 

220.09±20.16 11.61±6.40 10.93±5.43 NA NA NA 

Lagos 

spinach 

NA NA NA 268.37±30.10 12.35±1.01 10.03±3.24 

Bitter leaf  272.38±25.07 12.03±4.95 10.75±2.0 215.22±47.03 12.17±3.57 10.22±1.38 

Mean 244.79±34.88 13.102±2.43 10.58±0.449 231.44±23.30 11.67±0.871 10.55±0.468 

 

 

Table 2. Annual Effective dose (AED) and Excess Life Cancer Risk (ELCR) due to 

Radionuclides (Maryland) 

Sample Radionuclide 
Mean Activity 

(Bq/Kg) 

Annual Effective 

Dose     (µSv/yr) 
ELCR (×10-6) 

Waterleaf  

40K 221.16 ±  30.01 0.082±0.0112 0.28811 
238U 10.19 ±  1.01 0.028±0.0027 0.096357 
232Th 11.13 ±  2.08 0.154±0.0287 0.537805 

Scentleaf 

40K 240.09 ±  20.16 0.089±0.0075 0.312439 
238U 11.61 ±  3.20 0.031±0.0086 0.109802 
232Th 10.93 ±  5.43 0.151±0.0749 0.528201 

(African 

Spinach)  

40K 212.38 ±  15.07 0.079±0.0056 0.276585 
238U 12.03 ±  2.95 0.032±0.0080 0.113643 
232Th 10.42 ±  3.16 0.144±0.0436 0.502591 

 Lagos 

Spinach  

40K 268.37 ±  30.10 0.100±0.0112 0.348933 
238U 12.35 ±  1.01 0.033±0.0027 0.116845 
232Th 10.03 ±  3.24 0.138±0.0447 0.483384 

Bitterleaf  

40K 215.22 ±  47.03 0.080±0.0174 0.280107 
238U 12.17 ±  3.57 0.033±0.0093 0.114924 
232Th 10.22 ±  1.38 0.139±0.0192 0.486585 

TOTAL 1.313±0.285 4.59 
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Table 3. Annual Effective dose (AED) and Excess Life Cancer Risk (ELCR) due to 

Radionuclides (Odogunyan) 

 Sample Radionuclide 
Mean Activity 

(Bq/Kg) 

 Annual Effective 

Dose     (µSv/yr) 
ELCR (×10-6) 

Waterleaf   

40K 228.13 ±  38.0 0.084±0.0140 0.3248 
238U 17.43 ±  3.19 0.047±0.0086 0.18025 
232Th 11.03 ±  5.16 0.151±0.0712 0.581 

Scentleaf   

40K 291.18 ±  15.15 0.107±0.0056 0.413 
238U 12.25 ±  3.99 0.033±0.0108 0.1267 
232Th 10.08 ±  2.65 0.139±0.0366 0.532 

African Spinach 

40K 212.16 ±  30.0 0.079±0.0112 0.30205 
238U 12.19 ±  3.01 0.033±0.0081 0.126 
232Th 10.13 ±  2.08 0.140±0.0287 0.5355 

Pumpkin Leaf  

40K 220.09 ±  20.16 0.082±0.0075 0.31325 
238U 11.61 ±  6.40 0.031±0.0173 0.12005 
232Th 10.93 ±  5.43 0.151±0.0749 0.5775 

 Bitterleaf  

40K 272.38 ±  25.07 0.102±0.0093 0.3885 
238U 12.03 ±  4.95 0.032±0.0134 0.12425 
232Th 10.75 ±  2.0 0.148±0.0276 0.567 

TOTAL 1.359±0.464 5.21 

 

Table 4. Comparison of mean activity concentration of the sampled vegetables with the 

different locations 

Location Radionuclides (Bq/kg) References  
238U 232Th 40K 

This Study 

(Maryland) 

11.67±0.871 

 

10.55±0.468 231.44±23.30 

 

 

This Study 

(Odogunyan) 

13.102±2.43 10.58±0.449 244.79±34.88 

 

 

 

Cameron  42 17 302 Mohammed et. al., 2016)  

Jordan 0.6-2.6 0.7-3.4 698-1439 Mohammed et. al., 2016) 

Tanzania 393 318 1568 (Banzi, et. al., 2000) 

World Mean 35 30 400 Fisenne, I.M. 1993. 

 

 

CONCLUSION 

This radiological study was carried out to 

determine the radionuclide concentration of 238U, 
232Th and 40K in selected leafy vegetable samples 

from farms in Odogunyan, Ikorodu  and Odo Iya 

Alaro in Maryland areas of Lagos State. In all the 

cases, the specific activity of radionuclides less 

than the world average of 400 Bq/kg, 35 Bq/kg 

and 30 Bq/kg  for Potassium-40, Uranium-238 

and T horium-232 respectively. The activity 

concentration of 238U and 232Th is higher when 

compared to the reported figures of 0.6-2.6 Bq/kg 

and 0.7-3.4 Bq/kg in Jordan while the 

concentration obtained in this study is lower for 
40K. The other places where the activity 

concentration is higher than that obtained in this 
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is are Tanzania and Cameron. The total annual 

effective dose due to was 1.313±0.285 µSv/yr  

and 1.359±0.464 µSv/yr  in Odogunyan and 

Ikorodu respectively. This value is much less than 

the total recommended annual dose of 0.1 mSv/yr 

recommended by ICRP for the general public 

(ICRP, 1996). This implies that the consumption 

of these vegetables do not pose any significant 

risk to the consumers. The estimated Excess Life 

Cancer Risk ranges from 

4.59×10-6 to 5.21×10-6. These values are much 

less than the world’s average value of 0.29×10-6 

(Thabayneh & Jazzar, 2012). These values only 

implies that the added probability of cancer 

incidence is about 5 in a million people.   
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