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ABSTRACT 

The presence of primordial radionuclide in human habitats has always been a 

source of radiation exposure. The southwest coastal region of India is a known 

high background radiation area (HBRA) owing to the presence of thorium rich 

monazites sand available in abundance.  Assessment of naturally occurring 

radionuclide in the environment is useful to evaluate the impact of non-nuclear 

activities and also routine release from nuclear installation. The present study 

was carried out to evaluate the radioactivity concentration in food crops grown 

in naturally high background radiation area in Kerala hence to obtain the 

internal radiation dose to the population. 17 varieties of 98 food items which 

consists of vegetables, fruits, tubers, grains, pulses and cereals available in 

different parts of coastal region of Kollam district in Kerala were analyzed. 

The levels of natural primordial radionuclides, namely radium, thorium and 

potassium, were determined using Gamma ray spectrometry and the ingestion 

doses due to the intake of these food stuffs were estimated. The average 

annual ingestion dose estimated was 0.41mSv y-1 based on the dietary habits 

of the population in the area. The estimated total annual effective dose for the 

region is lower than annual dose limit of 1mSv for general public as suggested 

by ICRP[1] but is higher than annual dose limit of0.29 mSv suggested by 

UNSCEAR [2]. 
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INTRODUCTION 

The great interest expressed worldwide for the study of naturally occurring 

radioactivity and environmental radioactivity has led to extensive surveys and 

investigations in many countries. Living organisms on the earth have been receiving 

the radiation exposure continuously from cosmic rays, Cosmo genic radionuclide and 

primordial radionuclides like potassium-40, radium, andthorium series. Natural 

sources contribute almost 80% of the collective radiation exposure of the world’s 

population [3].We are exposed to this Naturally Occurring Radioactive Materials 

(NORM) through the air we breathe, the food we eat, the soil on which we walk, the 

water we drink, and even within our bodies [4].Radioactive contamination of the food 

chain may occur as a result of direct deposition of these radionuclides on plant leaves, 

fruits, tubers, root uptake from contaminated soil or water, and animals ingesting 

contaminated plants, soil or water. Vegetables are vital in our diet and presence of 

radio-isotope like 40K and those in 226Ra and 228Th series in them have certain 

radiological impact to the populace consuming these vegetables [5]. The natural 

radiation background has remained fairly constant for thousands of years. India is one 

of a few countries in the world having higher natural back ground radiation levels. 

The major high background radiation areas in India are the coastal plains of Kerala, 

Karnataka and Tamilnadu.  The south west coast of Kerala is a high background 

radiation area due to thorium rich monazite sand found in the region in plenty. 

Considerable efforts are being made by many scientists in different parts of the world 

to measure the activity of radionuclides in the environment and to assess doses 

resulting from them. Monitoring radioactive materials are therefore of primary 

importance for human and environmental protection, but rapid and accurate method 

for the assay of radioactivity is essential [6]. The aim of this study is to investigate the 

concentrations of primordial radionuclides in locally grown foodstuffs in the south 

west coast of Kerala. The data will be useful for the estimation of the internal 

radiation dose originating from them. We have analyzed food crops grown in the High 

Background Radiation Area (HBRA) for their radioactive concentration of 

radionuclides 40K, 226Ra and 228Th. The locally grown food crops forma major part of 

the diet of the population in the region. We have analyzed Plantain, Banana, Spinach, 

Cauliflower, Cabbage, Ash Gourd, Ivy gourd, Bitter Gourd, Brinjal, Nanakizhangu, 

Tapioca, Yam, Colocasia, Rice, Cowpea and Elephant Foot collected from the 

growers. 

 

MATERIALS AND METHODS 

Study area 

For the present study, samples were collected from the coastal villages in Kollam and 

Karunagappally taluk in Kollam district of Kerala State. The locations of the sample 
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collection were demarcated using a GPS and are shown in the figure -1. The 

experimental area is bound by the lat-long coordinates, 8-100 East and 760 25’-760 50’ 

North covering about 120 square kilometer. 

INDIA
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Kannur
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Thrissur

Cochin

Trivandrum
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Figure 1. Approximate locations of sample collection in the study area. 

 

Sample collection &preparation 

The locally grown vegetables were collected from local farmers and household 

growers. Only the edible portions of the plants were collected for the analysis[7]. 98 

samples of 17 kinds of locally grown foodcrops were collected for analysis as per the 

availability of the samples in the experimental region. Each sample was collected in 

clean polythene cover bearing a label with the details of location, nature of sample; 

date etc. The samples were washed under tap water to remove all the attached dust, 

sand particles, dirt. From the samples collected the edible parts were taken separately 

and its net wet weight was noted. Then samples were chopped and spread on a clean 

table and were allowed to dry in room temperature under an Infrared lamp for about 

24 hours. Then the samples were dried in a hot air oven at 110o C for 24 hours, cooled 

and dry weight was recorded. Samples were then stored in dust and moisture free 

polythene envelops. These coarse samples were then ground and were further firedat 

about 300-320oC to get make pure ash of sample. The ashes of the samples were then 

transferred to clean sample containers of specific size and were hermetically sealed. 

The samples were shelved for at least one month, to ensure secular equilibrium 
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between the isotopes, before gamma spectroscopy analyses. For a reliable evaluation 

of the ingestion dose we have studied the dietary habits of the population in the 

region. A data sheet comprising of the questions relating to the nature and amount of 

food intake of the inhabitants of the experimental region was used for this purpose. 

While collecting samples for the analysis, the dietary habit survey was also conducted 

from the households in and around the location.   

 

Experimental  

Analyses of the samples were done using gamma ray spectroscopy using 5” x 4” 

NaI(Tl) detector coupled with a 1Kmulti channelanalyzer. Detector has been mounted 

in 3” thick lead well with movable lid having the same thickness and the system is 

connected with a dedicated PC for data storage and analysis. The counting period for 

samples and background was set for 60000 s. The activity of 40K was evaluated from 

the 1460keVphoto peak of its own gamma, the activity of 226Ra from1764keV gamma 

of 214Bi and that of 232Th from 2614keVgamma of 208Tl in its series. The Minimum 

Detectable Level (MDL) evaluated for uranium was 4.69Bqkg-1, for thorium14.28 

Bqkg-1 and for potassium 27.18Bq kg-1. The shielding for the detector with 3” lead 

well reduces the background resulting from cosmic radiation and from natural 

radioactive traces in the building materials. The gamma spectrum was recorded using 

a PC based multichannel analyzer and processed using the WinTMCA32 Scinti SPEC 

software. The dietary survey indicates the consumption pattern of dietary components 

for the region(Table 4). 

 

RESULTS AND DISCUSSION 

High-resolution gamma-ray spectrometry was used to determine elemental 

concentrations of the radioactive elements of thorium, uranium and potassium in 98 

food samples collected from the Karunagappally taluk in Kollam district. The annual 

food consumption (kg), annual intake (Bq) and estimated annual effective dose 

from226Ra,228Th and40K (mSv) due to consumption of foodstuffs by the residents are 

presented  in the tables – 4,5 and 6. The ingestion dose due to the intake of the food 

stuffs was estimated on the basis of their average annual consumption. Average levels 

of radionuclides in locally grown food item are presented in table-1.In almost all 

samples uranium level is BDL. Radium was detected only in yam(tuber)  and the 

concentration was 9.3 ± 6Bqkg-1 .Thorium was found to be present at a lower level 

with a range of 15-34Bqkg-1.   Levels of potassium were found to vary from 54 – 

360Bq kg-1.The radio activity concentration of 228Thand40K high in cow pea grown in 

the region was higher as compared with the other food stuffs. Tubers accumulate 

about 20% radionuclides than non-leafy vegetables. Leafy vegetables accumulate 

about 2.5 times radionuclides than non-leafy vegetables and tubers. The result show 
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that all vegetables predominantly absorb 40K more than radium and thorium 

radionuclides .This may be due to the fact that potassium is an essential element and 

plants do not have the capability of elemental isotopic differentiation thus40Kpreferred 

to the other two radionuclides. Spinach samples were found to have the highest 

potassium concentration (360 Bqkg-1) among all the samples. Potassium is a 

micronutrient and it may be expected that the soil characteristics favor the 

mobilization of potassium and its subsequent migration into the plant [8].In order to 

compare the results with those from other countries, the activity concentrations of the 

same foodstuffs and the average daily intake in different countries were compared as 

presented in Tables 3. 

The average activity levels of the isotopes in dietary components; the average 

ingestion dose to the population has been calculated using the following equation.  

 

Ingestion dose, D (mSv/y) = (CRaDCFRa + CThDCFTh + CK DCFK) I 

 

Where CRa- concentration of Ra(Bqkg-1), DCFU – dose conversion factor for U 

(226Ra) = 0.28  SvBq-1,CTh- concentration of Th (Bqkg-1), DCFTh– dose conversion 

factor for Th (228Th)= 0.072 SvBq-1,   CK - concentration of K (Bqkg-1), DCFK – dose 

conversion factor for 40K = 0.0062 SvBq-1 and,I – is the annual intake of the food 

item.   

In almost all samples the levels of uranium and thorium were below detectable level. 

Therefore, the ingestion dose could be estimated only with the concentrations of 40K 

for such samples. Samples analyzed were classified into six categories for estimating 

ingestion dose judiciously. Average levels of each category of food items are 

presented in table -2.The average ingestion dose through food, assuming no intake of 

uranium and thorium was estimated at 0.189mSv per annum. Whereas if we assume 

the levels of uranium and thorium to be equal to half of the MDL of the counting 

system, we can assess the levels of ingestion dose as 0.41mSvy-1.Ingestion dose 

contribution from various components of food items are shown in the Figure 2. 

The total annual internal doses from 226Ra, 228Ra, 228Th, 40K in Korean foods were 

estimated to be 1.81, 6.79, 0.35 and 101μSv y−1[16]respectively and are very much 

lower than the result obtained as compared with the present study. Jibiri et. al. worked 

in Jos plateau; Nigeria calculated the annual effective dose to be 2.38 mSv y-1 for that 

region[17]. 

 

 

 



790 Reeba Maria Jose, Anilkumar S, and  Jojo PJ 

Table 1. Average levels of radio nuclides in locally grow items. 

No Sample Number 

of samples 

Radium 

(226Ra) 

(Bq/kg) 

Thorium 

(228Th) 

(Bq/kg) 

Potassium 

(40K) 

(Bq/kg) 

1 Rice 5 < 4.7 16.7 4 63.9  14 

2 Cow pea 4 < 4.7 346 31516 

3 Plantain 7 < 4.7 18.1  3 142.1  12 

4 Banana 6 < 4.7 17.7  4 111.4  10 

5 Papaya 6 < 4.7 14.63 5414 

6 Cabbage 4 < 4.7 18.7 4 158.4 16 

7 Spinach 10 < 4.7 20.6 3 360 21 

8 Cauli flower 3 < 4.7 15.5 4 111.6 17 

9 Ash Gourd 4 < 4.7 18.8 4 104.6 14 

10 Ivy gourd 5 < 4.7 15.1 3 98.5 12 

11 Stemofcolacasia 3 < 4.7 16.84 10716 

12 Brinjal 3 < 4.7 17.1 4 64.518 

13 Tapioca 8 < 4.7 18.9 3 119.521 

14 Yam 8 9.30.6 27.6 3 101.118 

15 Colocasia 8 < 4.7 19.2 4 120.7 22 

16 Elephant Foot 8 < 4.74 23.2 3 132.6 10 

17 Nanakizhangu 6 < 4.7 274 12720 

 

Table 2. Average levels of radionuclides in each class of food item. 

No Sample Radium 

(226Ra) 

(Bq/kg) 

Thorium 

(228Th) 

(Bq/kg) 

Potassium 

(40K) 

(Bq/kg) 

1 Rice < 4.7 16.74 63.9  14 

2 Cow pea < 4.7 346 31515 

3 Leafy vegetables < 4.7 19.65 4 259.214 

4 Non- leafy Vegetables < 4.7 16.66 4 76.3213 

5 Fruits < 4.7 16.8 3 102.5 10 

6 Tubers < 4.7 23.18 4 120.215 
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Table 3. Comparison of the average activity concentration (Bq/kg) of 226 Ra,228Th  

and40 K in foodstuffs determined in the present study and from different studies. 

Country Sample 226Ra 228Ra 228Th 40K References 

Hong Kong Rice .006 - - 15 [9] 

Brazil Rice .04 - - 14.7 [9] 

Brazil Beans - - - 434 [9] 

India Rice 3.07 - 34 120.8 [10] 

Pakistan Rice .042 - - 49.6 [11] 

Turkey Cowpea 52.8 -  1099.2 [12] 

Iran Rice .104 .023 - - [13] 

Ghana Rice 5 6 4 104 [14] 

Ghana Cowpea 3.025 - 10 218 [14] 

Ghana Plantain 6.695 - 8 226.2 [14] 

USA Rice 3.38 - 7 83.0 [15] 

Nigeria Yam 85.5 - 89 684 [16] 

Study area Plantain 8 - 18 142  

Study area Cowpea - - 34 315  

Study area Rice - - 17 64  

Study area Yam - - 25.6 101  

 

Table 4. Per capita average annual intake of diet by adults in the region. 

Type of diet Range (kg) MeanSD(kg) 

Rice 62 – 204 98 26 

Grains 14  - 64 28 18 

Leafy vegetables 06 – 17 12  6 

Non leafy vegetables 14 – 58 48  28 

Tubers  24 – 37 34 14 

Fruits 12- 28 19 09 
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Table 5. Ingestiondose assuming no intake of Ra and Th through food. 

 Range of 40 

K  

Average level 

of40 K 

Annual 

Intake rate 

Ingestion dose 

due to40 K 

Total 

Ingestion  

Dose 

(mSv/y) 

Bq/kg CK(Bq/kg) I(kg) DK (mSv/y)  

 

 

 

0.189 

Rice 42-86 63.9 98 0.039 

LeafyVegetable 154-360 259.2 12 0.019 

Non leafy 

Vegetables 

104-164 76.32 48 0 .023 

Fruits 42-150 102.5 19 0.012 

Grains  315 36 0.070 

Tubers 64-185 120.2 34 0.026 

 

Whereas, if we assume the levels of uranium and thorium to be higher value of MDL 

of the counting system, total ingestion dose estimated as follows. 

 

Table 6. Ingestion dose assuming MDL value for Ra and Th. 

Sample 

Average level 

(Bq/kg) 
Annual 

Intake 

rate 

I(kg) 

Ingestion dose  

(mSv/y) 
Total 

Ingestion  

Dose 

(mSv/y) 

 

CRa CTh CK DRa DTh DK 

Rice  2.35 7.15 63.9 9826 0.064 0.050 0.039 0.153 

0
.4

1
2

1
m

S
v

 /
y
 

Leafy  

Vegetable 2.35 7.15 259.2 126 0.0079 0.0064 0.019 .0333 

Non leafy 

Vegetables 2.35 7.15 76.32 4828 0.032 0.024 0.023 0.079 

Fruits 2.35 7.15 102.5 1909 0.012 0.0098 0.012 0.034 

Grains 2.35 7.15 315 3618 0.0237 0.0187 0.0703 0.113 

Tubers  2.35 7.15 120.2 3414 0.02238 0.0178 0.026 0.066 
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Figure 2. Ingestion dose contribution from various components. 

 

CONCLUSION  

The activity concentration of natural radionuclides have been determined in 98 food 

samples of 17 varieties grown in the experimental region using gamma ray 

spectrometry. In almost all samples the levels of uranium and thorium were below 

detectable level. The mean ingestion dose for the consumption of food stuffs, taking 

only potassium into account, was found to be 0.189 mSv y-1.  If we assume that the 

samples contain uranium and thorium at a level equal to half of the MDL of the 

counting system, the ingestion dose estimated is 0.41mSv y-1. The estimates are only 

for the contribution of ingestion dose due to the locally grown food items.  The 

inhabitants in the region take good amount of fish and meat which have sources away 

from the experimental HBRA.  From the estimates of ingestion dose, it may be 

concluded that the dose imparted by the food stuff originated from the local high 

background environment are not causing any noticeable increase towards the 

ingestion dose. The total annual ingestion dose estimate from the present investigation 

is much lower than annual dose limit of 1 mSv for general public as suggested by 

ICRP but is  higher than annual dose limit of  0.29 mSv suggested by UNSCEAR. 
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