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ABSTRACT
Ingestion of food crops grown in a contaminated soil can be a source of human exposure to radioactive
elements such as 226Ra, 232Th and 40K which can lead to internal radiation doses. To obtain the TFs of
226
Ra, 232Th and 40K from agricultural farm soils to food crops, analysis of the radionuclide levels in both
food crops and the associated farm soils were carried out via gamma-ray spectrometry. Yam samples
exhibited the highest uptake of 226Ra with an average TF of 6.09 and the lowest TF of 0.65 was measured
for coco-yam. However, in the case of 232Th, the highest average TF of 4.75 was observed for potato and
the lowest TF of 0.10 was estimated for cassava. Also banana exhibited the highest uptake of 40K with
mean TF value of 2.66 and the lowest TF of 0.23 as estimated for beans. It is evident that all the food
crops absorbs226Ra and 232Th more than 40K. The estimated effective dose due to ingestion of all the food
crops ranges from 26.82 µSvy-1(Rice) to 283.39 µSvy-1 (Banana). The radiation doses obtained in banana,
yam, cassava and plantain were higher than the reference level of 70 µSvy-1 and some literature values.
Cancer risks and non-cancer risk components were evaluated from the estimated annual effective doses.
The result obtained show that in terms of the lifetime fatality cancer risk to adult, approximately 15 out of
1000,000 may suffer from some form of cancer fatality and for the lifetime hereditary effect,
approximately 39 out of 1000,000 may suffer some hereditary effects. From radiation protection point of
view, the life-long consumption of these investigated food crops may cause significant radiological health
risk.
Keywords: Radionuclide,Transfer factor, annual effective dose, Spectrometry, food crops
1. INTRODUCTION
Food crops from contaminated environment may accumulate radionuclides that could form a direct route
of exposure to human population when ingested (Leonid and Najat, 2014). Radionuclides are naturally
present in the environment which includes our bodies, food, air and water. We are exposed to radiation
from these radionuclides on a daily basis (George and Mark, 2013). The uptake of radionuclides by plant
roots constitutes the main pathway for the migration of radionuclides from the soil to humans via food
chain. Transfer factor (TF) is an important parameter that encompasses influence of physicochemical
properties of soil, environmental conditions, and types of radionuclides (Alsaffar et al., 2016).
The knowledge of the contribution of direct contamination of plant fruits and the process of root to fruit
transfer can improve the understanding of exposure through ingestion and of the mechanisms determining
sorption and translocation (IAEA, 1996). Migration of radionuclides in the soil-plant system is complex
and the transfer factor assessment models is commonly utilize to describe the translocation of
radionuclides among different environmental matrices, it is defined as the ratio of the concentration of
radionuclide in the destination matrix and that in the departure matrix. The transfer factor depends on
chemical, physiological and ecological conditions and for this, the large data dispersion present in the
literature do not allow a clear interpretation (Whicker et al., 1999). The large data dispersion is also due
to the fact that some of the ratios between two specific activities are in fact time-dependent, so that the
assumption of an equilibrium model is not always valid.
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The soil-plant system, usually plant cropped on a contaminated soil, the transfer factor is determined by
harvesting the crop/plant at a fixed growth stage and by measuring the specific radionuclide activities.
The calculation of the transfer factor based on this methodology is implicitly based on the assumption that
the ratio between the specific activities in plant and soil has reached an equilibrium value. However there
are indications that uptake of radionuclide by plant is enhanced in the initial growth stage (Whickers et
al., 1999). The uptake of long-lived radionuclides among different plant species are not the same. Overthe
past decades, several investigations on mobilization of natural radionuclides (238U and 226Ra)in different
compartments (soil, plant, and water), as well as the transfer between them, have been performed at
different mining sites around the world (Krizman et al., 1995; Petterson et al., 1993 and Fernandes et al.,
1996).
Consuming food containing radionuclides is dangerous. If an individual ingests or inhales a radioactive
particles, it continues to irradiate the body as long as it remains radioactive and stays in the body (FAO,
1986). Researches have shown that any dose of radiation increases an individual risk of developing
cancer. However, radiation levels can be concentrated in the food chain and continuous consumption of
food adds to the cumulative risk of developing cancer and other related diseases (Svetlana et al., 2010).In
this present work, staple food products and soil samples were randomly collected from nine states in the
Niger Delta region of Nigeria and analyzed using spectrometry method in order to determine the
radionuclide transfer factors and quantify the ingested dose and their associated health risks to human
population.
2. MATERIALS AND METHODS
2.1 Study Area
This work was carried out in nine states of NigerDelta region of Nigeria which are Rivers, Bayelsa,
Akwa-Ibom, Cross River, Delta, Edo, Ondo, Abia and Imo States. Niger Delta region extends over about
70,000 km2 and makes up 7.5% of Nigeria land mass, Niger Delta straddles latitude 5.3223 North and
longitude 6.4692 East of equator. Figure 1 shows the map of the Niger Delta States.
Sampling areas within the Niger Delta region as shown in Table 1 are: Emohua, Eket, Obinnze,
Odukpani, Ileje, Aba, Adagbabiri, Ughelli and Ologbo. The indigenous occupation of the populace is
farming, producing most of the staple foods studied in this work.

Fig.1: Map of the Study Area
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2.2 Samples Collection and Preparation
Food crops and the soil in which they were grown were collected from some selected farmlands in nine
states of Niger Delta (Table 1). The food cropscollected were widely grown and consumed by the local
communities. These are as white yam (Discorea rotundata), maize (Zeamays), cassava (Manihot
esculenta), beans (Phaseolus vulgaris), rice (Rizflorant), sweet potato (Ipomea batatas), groundnut
(Arachis hypogea), banana (Musa spientum), plantain (musa ssp) and coco-yam (xamthosoma ssp). At
each farmland, soil samples and corresponding food crop samples were directly collected to ensure they
were site specific samples. The soil samples were collected to a depth of about 20 cm with an average
area of 10cm2 with each spot separated far enough from each other. About 3 kg of soil from each spot was
taken from the farmlands and substantial quantity of food samples enough for the analysis was also
collected. Rice grains, maize and plantain were harvested and the rice grains stuck together plugged
during sample preparation.
Table 1: Collection plan of soil and Crops from Niger Delta States
S/N
Staple Food Soil
Staple Food Sample Quantity
Sample
Soil & food crop
1
Soil (Gr)
Groundnut
(3 kg) each

Location/State
Ilaje (Ondo)

2

Soil (Be)

Beans

(3 kg) each

Ohosu (Edo)

3
4
5
6
7
8
9
10

Soil (Mz)
Soil (Rc)
Soil (Po)
Soil (Ba)
Soil (Ca)
Soil (Ym)
Soil (Pl)
Soil (Cc)

Maize
Rice
Potato
Banana
Cassava)
Yam
Plantain
Cocoyam

(3 kg) each
(3 kg) each
(3 kg) each
(3 kg) each
(3 kg) each
(3 kg) each
(3 kg) each
(3 kg) each

Emohua (Rivers)
Ughelli (Delta)
Obio/Akpor (Rivers)
Odukpani (Cross Rivers)
Adagbabiri (Bayelsa)
Aba (Abia)
Eket (Akwa-Ibom)
Obinnze(Imo)

2.3 Sample Preparation
The soil samples and their corresponding food crop samples were transferred into a polythene bag and
taken for preparation at the Radiation Physics Laboratory, Federal University of Technology Akure
(FUTA), Nigeria. Each soil sample from each spot was mixed thoroughly as a composite sample that is
representative of the spot. At the laboratory, extraneous materials like plant materials, roots, pebbles were
removed from the soil samples. The samples were then separately dried at 110°C in a temperature
controlled oven until there was no detectable change in the mass of the samples. The dried soil samples
were thoroughly crushed, grounded and pulverized to powder.
The powder was passed through a 2 mm sieve. Due to the limited space of the detector shield only 200g
of the soil samples (dry weight) were used for analysis since, this is the quantity it could conveniently
take. After washing and drying, the rice grains were milled to remove the husk. The brown rice obtained
from the milling process was then pounded to powdery form and sieved. This was done separately for
each sample. The mass of the rice samples used for analysis were dependent on the yield of the rice plant
per spot. The mass of rice samples from Delta State was 70g.The samples after weighing were transferred
to radon-impermeable cylindrical plastic containers of uniform size (60mm height by 65 mm diameter)
and were sealed for a period of about 30 days in order to allow for Radon and its short-lived progenies to
reach secular radioactive equilibrium prior to gamma spectroscopy (Ilemona et al., 2016).
In the laboratory, the cuticles of the cassava, yam, potatoes, plantain and coco-yam were removed with a
stainless steel knife and the edible parts were cut into pieces of about 10 mm3.All the samples of cassava,
yam, maize, beans, potatoes, ground nut, banana, plantain and coco-yam were dried at room temperature
until constant weight is achieved, crushed in an industrial blender and then sieved with a 110 µm mesh
sieve. Marinelli beakers designed to fit into the sodium iodide gamma spectrometer counting chamber
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were washed in 0.1Mhydrochloric acid, rinsed in distilled water and dried to avoid contamination. The
empty Marinelli beakers were weighed and 200 g of the samples were packed and hermetically sealed.
The sealed samples were left for 30 days in order to allow for Radon and its short-lived progenies to reach
secular radioactive equilibrium prior to gamma spectroscopy.
2.4 Radioactivity Counting
Radioactivity counting in this work was carried out using a lead-shielded 76 mm × 76 mm NaI(TI)
detector crystal (Model No. 802 series, Canberra Inc.) coupled to a Canberra Series 10 plus Multichannel
Analyzer (MCA) (Model No. 1104) through a preamplifier. The instrument settings and operational
conditions were done in accordance with the manufacturers specification described in the work of
Ononugbo et al., (2019).
The activity concentration C and soil-to-food crops transfer factors, TFs were estimated using (AbuKhadraet al., 2008):
C (Bqkg-1)

=

(1)

Where C (Bqkg-1) is the activity concentration in Bqkg-1, Cn is the net count rate under the corresponding
peak which can be written as (Cn = CT - CB; CT = gross count rate for the specific γ peak and CB= count
rate for the corresponding γ peak), Pγ is the absolute transition probability of the γ -ray. M is the mass of
the sample (kg) and ε is the detector efficiency at the specific γ-ray energy.
TF =

(2)

2.5: Estimation of Radiological Health Risk Parameters
2.5.1Estimation of Absorbed Dose Rates and Annual Effective Dose in Soil Samples
From the guidelines provided by UNSCEAR (2000), the absorbed gamma dose rate (nGy h−1) in air was
determined at 1m above the ground surface to ensure uniform distribution of radionuclides. This
parameter can be used to assess any radiological hazard and radiation exposure from radionuclides in the
soil. The absorbed dose rate was calculated using the formula (Veiga et al., 2006):
𝐷𝑅(nG h−1) = 0.427CRa + 0.623CTh + 0.043 CK,

(3)

Where 𝐷𝑅 is the dose rate in nGy h−1and 𝐶Ra, 𝐶Th, and 𝐶K are the activity concentrations (Bq kg−1) of
radium (226Ra),thorium (232Th), and potassium (40K), respectively. The absorbed dose rate indicates the
received dose outdoors from radiation emitted by radionuclides in environmental materials.
Annual effective dose was calculated to assess the health effects of the absorbed dose by using a
conversion coefficient (0.7 SvGy−1) to transform absorbed dose in air to the effective dose received by
humans, with an outdoor occupancy factor (0.2), which is equivalent to an outdoor occupancy of 20%and
80% for the indoors (Ghazwa et al., 2016).This factor is suitable for determining the pattern of life in the
studied area. Annual effective dose rate (AEDR, in mSv y−1) received by the population can be calculated
using (Cervik et al., 2008).
AEDR (mSv y−1)= D (nGy h−1) × 8760 h ⋅ yr−1 × 0.7× (103mSv/10−9) × 0.2 (nGy−1)
= 𝐷 × 1.2264 × 10−6 (mSv y−1) ,
(4)
where𝐷 (nG/h) is the total air absorbed dose rate in the outdoors; 8760 h is the number of hours in one
year; 0.2 is the outdoor occupancy factor; 0.7 SvGy−1 is the conversion coefficient from absorbed dose in
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air to effective dose received by adults; 10−6 is the conversion factor between nano- and milli
measurements.
2.5.2 Evaluation of annual ingestion Effective dose from food crops
Radiation doses obtained due to the intake of food crops is calculated from the amount of radionuclide
deposited on foodstuff, the activity concentration of particular radionuclide in food per unit deposition,
the consumption rate of the food products and the dose per unit activity ingested. The effective dose E
(Svy-1) due to intake of a radionuclide with the ingested material is calculated using the following
expression (Addo et al., 2013; Hamideen and Sharaf , 2012):
E (Svy-1) = C ∑ Ai x DCFi

(5)

Where C (kgy-1) = mean annual consumption of food stuff, Ai (Bqkg-1) = activity concentration of
radionuclide i in the ingested food and DCFi (SvBq-1) = dose coefficients for radionuclide i.
Ideally the summation over i should include all the radionuclides present in the ingested material, so
the three most important radionuclide which were identified in the samples are considered in the
calculation. The ICRP (2012) values of ingestion coefficient for 226Ra, 232Th and 40K radionuclides for
age groups above 17 years are 2.8 E-07, 6.2E-07 and 6.2 E-09 SvBq-1 respectively. Presently, no site
specific consumption data exist in the study area and as such we have adopted the Nigerian mean
annual consumption rate per capita values (Table 2) to enable us calculate the effective dose due
intake of the food stuffs using Equation (5).
Table 2: Consumption rate for different food crops (Source: FAO ,2002, 2009, 2011, 2012)
S/N
Food Stuffs
Consumption rate (kgy-1)
1
Cassava
102.0
2
Yam
76.0
3
Maize
151
4
Plantain
20.7
5
Groundnut
73.5
6
Rice
24.8
7
Potato
22.3
8
Banana
190.0
9
Beans
11.9
10
Coco-yam
57.1

2.5.3 Cancer Risk and Hereditary Effects Due to ingestion of food crops
The cancer risk and hereditary effect due to low dose without any threshold doses known as stochastic
effect were estimated using ICRP, (2012) cancer risk assessment method:
Cancer Risk =
Total Annual Effective Dose (Sv) X Cancer Risk Factor (0.05Sv-1)
(6)
Hereditary Effect =

Total Annual Effective Dose (Sv) X Hereditary Effect Factor

(7)

Severe hereditary effect in adult per year = Total effective dose X 0.2 x 10-2sʋ-1
Estimated lifetime hereditary effect in adult is = Total effective dose x 70 x 0.002
2.7 Radium Equivalent Dose (Raeq)
The radium equivalent (Raeq) activity represents a weighted sum of activity concentrations of 226Ra, 232Th
and 40K in sediment samples which allows comparison with their individual 226Ra, 232Th and 40K activity
concentration( Suregandhi et al., 2014) . It is based on the estimation that 1 Bq kg-1 of 226Ra, 0.7 Bq kg-1
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of 232Th and 13 Bq kg-1 of 40K produce the same radiation dose rates. The radium equivalent activity index
was estimated using the relation (Avwiri and Agbalagba, 2013).
Raeq = CRa + 1.43CTh + 0.077CK

(8)

Where Cu, CTh and CK are the activity concentration in Bqkg-1 or Bql-1 of 226Ra, 232Th and 40K.
3: RESULTS
The mean specific activity concentration of 40K, 226Ra and 232Th measured in soil samples and their
corresponding staple food crops samples are presented in Tables 3and 4 respectively. The Transfer factors
of 226Ra, 232Th and 40K for all the samples and the calculated radiological hazard indices are presented in
Tables 5 and 6 respectively.
Table 3: Mean Specific Activity concentration of 226Ra, 232Th and 40K in Soil samples and Radium
equivalent
S/
N
1
2
3
4
5
6

Soil
Sample
Soil (Gr)
Soil (Be)
Soil (Mz)
Soil (Rc)
Soil (Po)
Soil (Ba)

226

Ra
(Bqkg-1)
15.25±2.48
19.11±3.70
13.39±1.89
15.21±2.16
7.49 ± 2.32
11.39±3.25

232

Th
(Bqkg-1)
26.88±2.48
57.26±2.42
24.08±3.13
21.68±2.49
4.89 ± 4.12
9.29 ± 2.83

40

K
(Bqkg-1)
222.01±3.66
206.54±4.01
170.75±3.52
188.16±3.70
153.34±3.89
80.79 ± 3.89

Raeq
(Bqkg-1)
70.74
230.02
60.91
57.91
27.40
87.77

D
(nGyh-1)
32.89
52.71
28.06
28.09
12.84
14.13

AEDR
mSvy-1
0.040
0.065
0.034
0.034
0.016
0.017

7
8
9
10

Soil (Ca)
Soil (Ym)
Soil (Pl)
Soil (Cc)

19.88±3.24
13.63±2.83
15.25±3.75
19.11±3.49

289 ± 4.48
16.88±3.39
14.09±3.08
21.28±3.16

175 ± 4.87
138 ± 4.35
143.66±2.40
165.91±4.02

44.82
47.06
46.95
7.42

196.06
22.27
21.47
28.55

0.240
0.027
0.026
0.035

Table 4: Mean Specific Activity Concentration of 226Ra, 232Th and 40K in Staple food sample and
Radium equivalent
226
232
40
S/N
Food sample
Ra
Th
K
Raeq
-1
-1
(Bqkg )
(Bqkg )
(Bqkg-1)
(Bqkg-1)
1
2
3
4
5
6
7
8
9
10

Groundnut
Beans
Maize
Rice
Potato
Banana
Cassava
Yam
Plantain
Cocoyam

22.73±5.20
24.15±2.55
12.39±4.98
19.46±5.20
38.58±4.23
55.65±4.15
77.51±4.99
82.96±4.03
38.58±4.36
12.39±5.55

20.18±5.46
24.45±5.87
24.45±4.65
20.18±5.28
23.23±5.23
24.04±7.11
28.86±5.79
17.53±5.17
23.0 ± 5.16
22.62±6.14

26

84.73±7.10
57.57±7.31
80.85±4.21
57.57±4.56
146.80±2.45
214.69±4.36
67.27 ± 4.55
133.22±4.67
53.69 ± 5.37
65.33 ± 5.79

59.20
63.41
48.40
52.52
90.23
120.14
144.59
146.41
82.33
2.02
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Table 5: Mean Transfer factor of 226Ra, 232Th and 40K for all the samples
Transfer Factor
226
232
S/N
Staple Food Crops
Ra
Th
1
Groundnut
1.49
0.75
2
Beans
1.26
0.43
3
Maize
0.93
1.02
4
Rice
1.28
0.93
5
Potato
5.16
4.75
6
Banana
4.89
2.59
7
Cassava
3.90
0.10
8
Yam
6.09
1.04
9
Plantain
2.53
1.63
10
Coco-yam
0.65
1.06

40

K
0.38
0.28
0.47
0.31
0.96
2.06
0.38
0.97
0.37
0.39

Table 6: Annual Effective doses and Estimated Cancer risks and Hereditary Effects on Adult
member of the Public
S/N
Food sample
E (µSvy-1)
FCR (x10-6)
LFCR
SHE (x 10-7)
ELHE
-4
( x 10 )
(x10-6)
1
Groundnut
57.45
3.16
2.21
1.149
8.05
2
Beans
28.01
1.54
1.08
0.559
3.92
3
Maize
26.90
1.48
1.04
0.538
3.77
4
Rice
26.82
1.47
1.03
0.536
3.75
5
Potato
45.54
2.50
1.75
0.910
6.37
6
Banana
283.39
15.58
10.91
5.667
39.67
7
Cassava
88.22
4.85
3.40
1.764
12.35
8
Yam
96.87
5.33
3.73
1.937
13.56
9
Plantain
88.31
4.86
3.40
1.766
12.36
10
Cocoyam
40.62
2.23
1.56
0.812
5.68
E = annual effective dose equivalent, FCR = Fatal Cancer Risk, LFCR = lifetime fatality cancer risk,
SHE = Severe Hereditary Effect, ELHE = Estimated lifetime Hereditary Effect.
4: DISCUSSIONS
4.1: Activity Concentration of226Ra, 232Th and 40K in soil and Food Crops
From Table3, the mean activity concentrations of 226Ra, 232Th and 40K in soil samples from the nine state
range from are 7.49 ± 2.32 to 19.88±3.24, 4.88±4.12 to 289±4.48 and 80.79 ± 3.89 to 222.01 ±3.66 Bqkg1
respectively. The lowest activity concentration of 226Ra and 232Th in all the soil samples was found in
Rivers State which could be due to non- existence of anthropogenic activities in the area where the
samples were collected. The samples were collected at Emohua and Obio-Akpor community settlement
area, so the activities of radionuclides in the soil are mainly from natural sources. The highest activity
concentration of 226Ra and 232Th value was obtained in Bayelsa state. This could be due to high clay
deposit in Bayelsa state and oil exploration activities going on in Adagbabiri, Bayelsa State where the
samples were taken. The highest activity concentration of 40K was found in soil samples from Ondo state.
This primarily could be due to fertilizer application and geological constituent of the area because of the
massive application of non-organic fertilizer in farms in these areas. The mean activity concentrations of
226
Ra, 232Th and 40K in agricultural farm soils in the present study are lower than those reported by
Ghazwa et al., (2016); Ahmad et al., (2015); Ilemona et al., 2016;Alaamer, 2008; Saleh et al.,(2013)
which was carried out by the first researcher to assess the concentration of radionuclides in agricultural
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areas and virgin farms of North Malaysia. Variations in the radionuclide levels in agricultural farm soils
obtained in this work and others works obtained in other countries depends on the geographical and
geological conditions of the zones and the extent of fertilizer utilization in farmlands (Jibiri and Abiodun,
2012). The mean activity concentration obtained in this work is lower than the stipulated safe values of
35.0, 30.0 and 400 Bqkg-1(UNSCEAR, 2000).
From Table 4, the activity concentration of 226Ra in food crops varies between 12.39±4.98 Bqkg-1 (maize
and coco-yam) and 82.96±4.03 Bqkg-1 (yam). The activity concentration of 232Th varies between
17.53±5.17 Bqkg-1 (yam) and 28.86±5.79 Bqkg-1 (cassava). The activity concentration of 40K varies
between 53.69 ±5.37 Bqkg-1 (plantain) and 214.69 ±4.36 Bqkg-1 (banana). The activity concentration of
226
Ra was more in root vegetables when compared to grains and foliage. This could be due to the fact that
root vegetables absorbs a great amount of nutrient including radionuclides and also radionuclides
absorbed by the root are distributed to other parts of the plant differently depending on the type of
radionuclide and other environmental factors (Wang et al., 1993). The activity concentration of 226Ra,
232
Th and 40K obtained in rice samples are higher than the values of 10.36 ± 1.72, 12.73 ± 3.77 and 41.15
± 5.41Bqkg-1 obtained by Ilemona et al., (2016) for Lokoja rice samples. The activity concentration of
226
Ra, 232Th and 40K obtained in cassava, yam, plantain and maize are higher than the values obtained by
Jibiri and Abiodun (2012) in the western part of Nigeria. Also activity concentration of 226Ra, 232Th and
40
K in groundnut measured in this work is higher than the result obtained in Indian groundnut by Nabiha
et al., (2019). This could be due to difference in geological constituent of the areas and differences in
farming system.
The activity concentration of 40K is higher than 226Ra and 232Th in all the food crop samples. 40K is usually
of limited interest because as an essential element, it is homeostatically controlled in the human cells. As
a result, the body content of 40K is determined largely by the physiological characteristics rather than by
its intake (Jibiril and Abiodun, 2012). Researches have shown that mean annual effective dose due to
natural sources can be attributed to food intake. The radionuclide in the naturally occurring 238U and 232Th
series contribute about 30 to 60% of the internal radiation dose (UNSCEAR, 2000). From Table 4, it is
clearly evident that there is radionuclide addition of 226Ra and 232Th in all the food crops. 232Th because
of its low solubility does not biomagnify in terrestrial or aquatic food chains which accounts for its lower
concentration in all the food crops while 226Ra, solubility may account for its higher concentration in the
food crops sampled (Nabiha et al.,, 2019). The activity concentration of 226Ra in potato, cassava, yam and
banana are higher than world safe values of 35 Bqkg-1.
4.2: Transfer Factors of 226Ra, 232Th and 40K in Food Crops
Table 5 showed the radionuclide Transfer Factors (TF) from soil to food crops collected from different
states of Niger Delta region. The transfer factor estimated in groundnut are 1.49, 0.75 and 0.38 for 226Ra,
232
Th and 40Krespectively with the implication that groundnut plants take up radium and Thorium more
easily than it does for Potassium. For potatoes samples, TF are 5.15, 4.75 and 0.96 for 226Ra, 232Th and
40
K respectively and banana samples recorded 4.89, 2.59 and 2.66 for 226Ra, 232Th and 40Krespectively. In
beans, maize and rice, TF for 226Ra, 232Th and 40K varies from 0.93 (maize) to 1.28 (Rice), 0.43 (beans) to
1.02 (maize) and 0.28 (beans) to 0.47(maize) respectively. For cassava, yam, plantain and coco-yam, the
TF for 226Ra, 232Th and 40K varies from 0.65 (coco-yam) to 6.09 (yam), 0.10 (cassava) to 1.63 (plantain)
and 0.37(plantain) to 0.97 (yam) respectively. TF of 226Ra is higher than 232Th and 40K in all the food
crops due to its solubility nature in terrestrial and aquatic environment. The transfer factors (TF) were
higher than literature values, primary reason being differences in geology of the areas (Ilemona et al.,
2016; Shyamal et al., 2013, Ononugbo et al., 2019). It was observed that 40K was the least radionuclide
taken up by all the food crops in all the states as against some literature results. This is attributable to the
geology of the area and solubility/form of the radionuclide in the particular soil.
According to International Atomic Energy Agency (IAEA, 1993), root vegetables, fruits and grains for
human consumption have normal transfer factor of 4.9 x 10-3 and 2.1 x 10-4 for 226Ra and 232Th
respectively while 40K is 3.0 x 10-1 (NCRP, 1991). From the results obtained, the TF estimated in both
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root vegetables and grains exceeded the recommended values as stated earlier. This could be attributed to
differences in geology of the area and the agricultural practices employed in these areas.
4.3 Radiological Health Risk Parameters from soil and Food crop samples
The result of the gamma absorbed dose rates and their corresponding annual effective doses due to farm
soils are also presented in Table 3. The value of the absorbed doses varies from 12.84 (Rivers State) to
196.06 nGyh-1 (Cross River State). The corresponding annual effective dose varies from 0.016 mSvy-1
(Rivers State) to 0.240 mSvy-1 (Cross River). The values obtained were within their normal world
averages (UNSCEAR, 2000). These values deviated a little from the anticipated high levels in the soil
indicated in previous studies (Ononugbo et al., 2016). This may be attributed to the fact that the villages
and farmlands considered in the study are located away from the industrialized cities of the Niger Delta.
This reflected on the concentration of radionuclides in the food crops and soil. The radium equivalent
estimated from the activity concentrations of 226Ra, 232Th and 40K in soil ranges from 27.40 to 230.02
Bqkg-1 which is lower than the recommended value of 370 Bqkg-1 (UNSCEAR, 2000).
The annual effective dose due to ingestion of all the food crops was estimated for adults considering only
the ingestion of 226Ra and 232Th presented in Table 6. Potassium (40K) values were not considered during
the calculation of the radiation dose because the absorption of the essential potassium element is under
homeostatic control and takes place mainly from ingested food. Thus, the potassium contribution to the
dose from ingestion in food crops, with its relatively low dose conversion factor will be much less than
that of many other radionuclides (Jibiri and Abiodun, 2012). The estimated effective dose ranges from
26.82 µSvy-1 (Rice) to 283.39 µSvy-1 (Banana). It is evident that banana contributed the highest doses of
radiation to adult population of Cross Rivers state where the samples were taken. The doses from tubers
were higher than that of the grains. This could be attributed to the differences in radionuclide transfer
factors. The doses obtained in banana, yam, cassava and plantain are higher than the recommended
reference level of 70 µSvy-1 (Ilemona et al., 2016) and from radiation protection point of view, life-long
consumption of these investigated food crops may cause significant radiological health risk.
In order to evaluate the radiation risk due to ingestion of the selected radionuclides, the ICRP
methodology was adopted in this study and the results shown in Table 6. The results of the cancer and
non-cancer risk components were evaluated from the estimated annual effective doses of the sampled
food crops. The result of the evaluated fatal cancer risk to adult per year in each sample ranged from 1.47
x 10-6 (Rice) to 15.58 x 10-6 (Banana) with an associated lifetime fatality cancer risk of 1.03 x 10-4 (Rice)
to 10.91 x 10-4 (Banana). The evaluated lifetime severe hereditary effect to adult per year varied from
0.536 x10-7 (Rice) to 5.67 x 10-7 (Banana) with an associated lifetime hereditary effect in adult of 3.75 x
10-6(Rice) to 39.67 x 10-6 (Banana).
The findings mean that in terms of the lifetime fatality cancer risk to adult, approximately 15 out of
1000,000 may suffer from some form of cancer fatality and for the lifetime hereditary effect,
approximately 39 out of 1000,000 may suffer some hereditary effects. The negligible cancer fatality risk
value recommended by USEPA is in the range of 1.0 x 10-6 to 1.0 x 10-4 (ie 1 person out of 1 million or
10,000 suffering from some form of cancer fatality is considered trivial). Comparing the estimated results
of the lifetime fatality cancer risk in this study with the acceptable risk factor, it can be inferred that all
the estimated results of the lifetime fatality risk in adult citizen of selected states of Niger Delta
population due to ingestion of radionuclide in food crops are within the range of acceptable risk values
recommended by USEPA (2008).
5: CONCLUSION
Radionuclide transfer factor in staple food crops and its health risks in Niger Delta have been determined.
The activity concentrations in farm soils and major food crops of dietary importance to the population
were measured via gamma spectrometry and the transfer factors estimated. The activity concentration of
226
Ra, 232Th and 40K in soil samples were lower than their recommended values except 232Th in farm soil
from Bayelsa state. The activity concentration of 226Ra, 232Th and 40K in staple food crops (groundnut,
beans, maize, rice, potato, banana, cassava, yam, plantain and coco-yam) were lower than their
recommended values except 226Ra in yam crop from Abia state.
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The transfer factor of 226Ra, 232Th and 40K in all the samples of food crops were higher than their
recommended values. The absorbed dose of radiation and annual effective dose estimated in farmland soil
ranged from 12.84 nGyh-1 to 196.06 nGyh-1 and 0.016 to 0.240 mSvy-1. The annual effective dose due to
ingestion of all the food crops was estimated for adults’ ranges from 26.82 µSvy-1 (Rice) to 283.39 µSvy-1
(Banana). The doses obtained in banana, yam, cassava and plantain are higher than the recommended
reference level of 70 µSvy-1. The lifetime cancer risk and hereditary risk assessment show that 15 out of
1,000,000 population may suffer from some form of cancer fatality and approximately 39 out of
1,000,000 may suffer some hereditary effects. The result of this work show that long term consumption of
the food crops especially banana may be detrimental to human health,
REFERENCES
Abu-Khadra ,A.S. , H.S. Eissa (2008).Soil-Plant Transfer ratio. IX radiation physics & protection
conference. Nasr city - Cairo, National Network of Radiation Physics-Egyptian Atomic Energy
Authority. 239-249
Addo M.A, Darko E.O, Gordon C, Nyarko B.J.B (2013). A preliminary study of natural radioactivity
ingestion from cassava grown and consumed by inhabitants around a cement production facility
in the Volta region, Ghana. International Journal of Environmental Sciences, 3(6):2312-2323
Ahmad, M. Jaafar, and M. Alsaffar (2015). Natural radioactivity invirgin and agricultural soil and its
environmental implicationsin Sungai Petani, Kedah, Malaysia. Pollution, 1(3): 305–313.
Alaamer,A.S. (2008). Assessment of human exposures to natural sources of radiation in soil of
Riyadh,Turkish J. Eng. Env. Sci.32, 229 – 234.
Alsaffar, M. S., SuhaimiJaafar, M., Ahmad Kabir, N., and Nisar, A. (2016). Impact of fertilizers on the
uptake of 226Ra, 232Th, and 40K by pot-grown rice plants. Pollution, 2(1): 1-10
Asaduzzaman K, Khanadakar MU, AninYM, Bradley DA, Mahat RH, Nor RM. (2014). Soilto-root
vegetable transfer factors for226Ra, 232Th, 40K and 68Y in Malaysia. J. Environ. Radioact. 135:
120-127
Avwiri, G.O. and Agbalagba, E.A (2013). Assessment of natural radioactivity associated radiological
health hazard indices and soil to crop transfer factors in cultivated area around a fertilizer factory
in Onne, Nigerian Journal of Environmental Radioactivity
Cevik, U. N. Damla, B. Koz, and S. Kaya (2008). Radiological characterization around the AfsinElbistan
coal-fired power plant in Turkey,” Energy & Fuels, 22(1): 428–432,
Faanu, A. Adukpo, R. Okoto , E. Diabor , E.O. Darko, G. Emi-Reynolds (2011). Determination of
Radionuclides in Underground Water Sources within the Environments of University of Cape
Coast”, Research Journal of Environmental and Earth Sciences, 3(3):.269-274.
FAO (1986). Report of the expert consultation on recommended limits of radionuclide contamination of
food. Rome : 1-5.
FAO. (2008). The state of food and Agriculture: Biofuels; prospect, risks and opportunities.
VialedelletermediCaracalla, 00153 Rome, Italy
Fernandes, H.M.; Franklin, M.R.; Veiga, L.H.S.; Freitas, P.; Gomiero, L.A(1996). Management of
uranium milltailing: Geochemical processes and radiological risk assessment. J. Environ.
Radioact. 30, 69–95.
George F.A. and Mark P. A. (2013). Foodstuffs and Cancer: Analysis of radionuclides and its radiation
levels in common Ghanaian maize. International Journal of Science: basic and applied research.
12(1):1-7.
GhazwaAlzubaidi, Fauziah B. ,S. Hamid, and I. Abdul Rahman (2016).Assessment of Natural
Radioactivity Levels and Radiation Hazards in Agricultural and Virgin Soil in the State of Kedah,
North of Malaysia. The Scientific World Journal 1:1-9.
http://dx.doi.org/10.1155/2016/6178103
IAEA, (1996). “International safety standards for protection against ionizing radiation and the safety of
radiation sources”. Safety series No. 115: 10-16.
30

Avwiri et al….. Int. J. Innovative Environ. Studies Res. 9(1):21-32, 2021
IAEA,(1993). Isotope Technique in the study of past and current Environmental changes in the
Hydrosphere and atmosphere. Proceedings of a symposium, Vienna, 19-23 April, 1993.
IAEA-TECDOC 1472 (2004). “Proceedings of an international conference on naturally occurring
radioactive materials (NORM IV)”. Szczyrk, Poland, 17-21
ICRP (2012). Compendium of Dose coefficients based on ICRP publication 60. ICRP publication 119,
Ann. ICRP 41(suppl.)
Ilemona C. Okemea, Iyeh V. Suleb, Norbert N. Jibiric and Hammed O. Shittuc, (2016). Radioactivity
Concentrations in Soil and Transfer Factors of Radionuclides(40K, 226Ra and 232Th)from Soil to
rice in Kogi state, Nigeria. Archives of Applied Science Research, 8 (6):34-38
International Commission on Radiological Protection (ICRP, 1996), “Age-Dependent Doses to Members
of the Public from Intake of Radionuclides: Part 5 Compilations of In-gestion and Inhalation
Dose Coefficients (ICRP Publica-tion 72),” Pergamon Press, Oxford, 1996.
ICRU, (1998). Quantities, units and terms in Radioecology. International Commission onRadiation Units
and Measurements, Bethesda, MD.
Jibiri, N.N. and Abiodun, T.H. (2012). Effects of Food Diet Preparation Techniques on Radionuclide
Intake and Its Implications for Individual Ingestion Effective Dose in Abeokuta, Southwestern
Nigeria.World Journal of Nuclear Science and Technology, 2: 106-113
Krizman, M.; Byrne, A.R.; Benedik, L. (1995). Distribution of 230Th in milling waste from the Zzirovski
uraniummine (Slovenia) and its radioecological implications. J. Environ. Radioact. 26 : 223–
235.
Leonid, L. Nkuba and Najat K., Mohammed (2014). Determination of radioactivity in maize and Mung
beans grown in the neighborhood of Minjingu phosphate mine, Tanzania. Tanz. J. Sci. 40:51-59
Nabiha, M.Y., Saeed M.A., Husin W. and Imam Hossain (2019). Soil-to-plant transfer factor of natural
radionuclides in groundnut crops grown in soils with different levels of background radioactivity.
Proceedings of the national academy of sciences, India. Doi:10.1007/s40010-018-0580-9.
National Council on Radiation Protection and Measurement (NCRP, 1991). Effects of Ionizing Radiation
on Aquatic organisms. Report no. 109.
Ononugbo CP, Avwiri GO, Tutumeni G. (2016). Measurement of natural radioactivity and evaluation of
radiation hazards in soil ofAbua/Odual district of Rivers state, Nigeria, using multivariate
statistical approach. British Journal of Science.4(1):3-10.
Ononugbo, C.P., O. Azikiwe1 and G. O. Avwiri (2019).Uptake and Distribution of Natural
Radionuclides inCassava Crops from Nigerian Government Farms. Journal of Scientific Research
& Reports 23(5): 1-15, 2019;
Petterson, H.B.L.; Hancock, G.; Johnston, A.; Murray, A.S. (1993). Uptake of uranium and thorium
seriesradionuclides by the water lily, Nymphaea violacea. J. Environ. Radioact. 19: 85–108.
Sabbarese, C. Terrasi,F. Onofrio, A.D., Stellato,L. Lubritto,C. Ermice, A., Cotrufo, M.F. Alfieri, S. and
Migliore G.(2002). Radionuclide transfer from soil to agricultural plants: Measurements and
modelling.Journal of Environmental Radioactivity, 61(2), 21-31.
Saleh,I.H.. Hafez,A.F. Elanany,N.HMotaweh,H.A and Naim, M.A (2007). Specific method for food
safety and quality.Turkish J. Eng. Env. Sci, 31, 9-17
Saleh,M.A., Ramli, A.T.Alajerami, Y. and Aliyu, A.S (2013).Assessment of natural radiation levels and
associated dose ratesfrom surface soils in Pontian district, Johor, Malaysia, Journal of Ovonic
Research, 9(1): 17–27.
Shyamal C.R., Azim A.K.M., Rahman, R. and Sarker (2013).Radioactivity concentrations in soil and
transfer factors of radionuclides from soil to grass and plants in the chittagong city of Bangladesh.
Journal of Physical Sciences 24(1): 95-113.
Suregandhi, M. Ravisankar, R. ,Rajalakshmi,R., Rajalakshmi A., Sivakumar, S. , Chandrasekaran, A.,
Pream D. Anand (2014). Measurement of natural gamma radiation in beach sediments of north
east coast of Tamilnadu, India by gamma ray spectrometry with multivariate statistical approach.
Journal of Radiation and Applied Sciences. 7: 7-17.
31

Avwiri et al….. Int. J. Innovative Environ. Studies Res. 9(1):21-32, 2021
Svetlana, G. Gordana, V. Branislava M. Petrujkic, B (2010). Natural and Anthropogenic radioactivity of
foodstuffs, mosses and soil in the Belgrade environment. Arch. Biol. Sci. 62(2):301-307
United Nations Scientific Committee On the effects of Atomic Radiation (UNSCEAR 2000). Sources and
effects of ionizing Radiation (Report to the General assembly) New York: United Nations.
U.S. Environmental Protection Agency (USEPA, 2008). Report on the Environment.
htt://hdl.handle.net/20.500.11822/9043
Victor M. Tshivhase, Raymond L. Njinga, Manny Mathuthu and Thulani C. Dlamini (2015).Transfer
Rates of 238U and 232Th for E. globulus,A. mearnsii, H. filipendula and Hazardous effects ofthe
usage of medicinal plants from around goldmine dump environs. International journal of
Environmental research and public health 12, 15782–15793; doi:10.3390
Wang, Y.Y, Biwer, B.M. and Yu, C. (1993). A compilation of radionuclide transfer factor for the plant,
meat, milk and aquatic food pathways and the suggested default values for the RESRAD Code.
Environmental Assessment and information sciences Division, Illinios 60439.
Whicker, F.W.; Hinton, T.G.; Orlandini, K.A.; Clark, S.B. (1999). Uptake of natural and anthropogenic
actinides in vegetable crops grown on a contaminated lake bed. J. Environ. Radioact. 45: 1–12.
Yanagisawa, K.; Muramatsu, Y.; Kamada, H.(1992).Tracer experiments on the transfer of technetium
from soil to rice and wheat plants. Radioisotopes 41:397–402.

32

