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ABSTRACT

Knowledge of activity concentration of radionuclides in soil of our farmlands and the consequent
transfer factors of the radionuclide to plants are necessar%/ to estimate the contamination level of
the soil, plants and food. The activity concentration of “°K, “®*U and #**Th in soils and cassava in Ini
Local Government Area, Akwa Ibom State, Nigeria were measured using gamma spectrometry.
Activity concentrations of radionuclides in soils in the locations ranged from BDL (below detectable
limit) to 298.76 + 21.40 Bqg/Kg for “°K; BDL to 7.95 + 1.88 Bq/Kg for **®U and 2.59 + 0.25 to 16.56 +
1.61 Bqg/Kg for 22T, Activity concentration of the radionuclides in cassava in all locations ran%ed
from 213.96 + 15.38 Bqg/kg to 520.58 + 37.25 Bq//Kg for “°K; BDL to 33.02 + 8.91 Bg/Kg for “**U
and BDL to 16.34 = 1.59 Bqg/kg for 22Th. The activity concentrations of all the radionuclides were
lower than the world standard. Transfer factors obtained ranged between 3.21 to 4.18 for K; 0.93
to 12.64 for **®U and 0.75 to 1.01 for ***Th. Effective ingestion dose due to the consumption of
cassava from the studied area obtained ranged between 1.31 to 1.74 mSv/yr and 3.52 to 4.69
mSv/yr for children and adult respectively. These values are above the 1.0 mSv/yr recommended
dose limit for general public, therefore the consumption of this food stuff could pose a radiological
health effect on humans. However the risk could be minimized when the cassava is cooked.
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1. INTRODUCTION

Natural radioactivity occurs everywhere in our
environment. The activities of  these
radionuclides produce ionizing radiations which
irradiate human beings and its environment with
its attendant detrimental health effect. There is
an abundance of work found in the literatures
showing the presence of naturally radioactive
materials (NORMS) in the different media
especially soils and the potential health risk
associated with their exposures [1,2]. It is known
that these natural occurring radioactive materials
(NORM) in the soil contaminate the soil,
environment and plant grown on these soils
[3.,4].

Ingestion of the food material contaminated
by these radionuclides deposit these
radionuclides in certain organs of the body
causing chemical and radiotoxicities [5,6,7].
In a previous study conducted by the
authors in a government owned farmland [8], it
was observed that cassava contributed 20%
of the background ionizing radiation (BIR) of the
total BIR of the farmland.

Cassava is the most stable food of people
of the southern part of Nigeria and other
communities which could be eaten raw or
cooked in form of garri, tapioca. Soil — to — plant
transfer factors (TF) of radionuclides is the
parameter used in measuring the quantity of
radionuclides expected to enter a plant from
soil [9], and the TF is also referred to as the
plant / substrate concentration ratio (CR) or
transfer coefficient (TC) that estimates the
transport of radionuclides from soil to the
food chain under equilibrium conditions [10,
11].

It is reported that many factors both natural and
physicochemical, affect the accumulation of
radionuclides in plant and are identified to
include; concentration of radionuclides in the soll,
soil PH, climate, speciation of radionuclide in soil
solution, organic content of the soil, soil type and
time [12]. This study is therefore set up to
measure the activity concentration of NORM
deposit in the soil and as well estimate the TF of
the radionuclides from soil to cassava in the
respective  farmlands.  Consequently the
effective  ingestion dose due to the
consumption of the contaminated cassava will be
determined.

2. MATERIALS AND METHODS

2.1 Location and Geology of the Study
Area

The farms used for this study are located in Uta
and Mba, Ini local Government Area, Akwa Ibom
State, Nigeria. Ini is located about latitude 5°20’
and 5°31° N and longitude 7°38E and 7°53E
[13]. The area is underlain by two main rock
types which are clay/shale and sandstone [14].
Carbonized streaks of plants remains are present
in the dark gray portion of the shale
predominantly in the area towards boundary
between Akwa Ibom State and Abia state. Ini has
a tropical climate with a maximum annual rainfall
of 2000 mm; monthly temperatures range
between 26°C and 28°C. The area is
characterized by deep sandy loam soil with pH of
45 — 5.2. The soil is well drained with an
undulating relief. The vegetation of the area is
that of a typical tropical rain forest. Its natural
resources include limestone, clay, gravel, fine
sand, crude oil and iron ore. The population of
the study areas are estimated to be 435,429. .
The people are mainly farmers, producing food
items such as garri, rice, palm produce, cocoa,
plantain and banana.

2.2 Sample Collection, Preparation and
Analysis

Two cassava farms were selected for this study.
Interaction with the farm owners to find out their
knowledge of ionizing radiation and its biological
effects was conducted. Also, permission to use
their farms for this study was obtained. The
farms were divided into evenly spaced sites with
a distance of 20 m between each site for larger
coverage of the farm [15]. At each sampling
location, the soil surface was cleared of stones,
pebbles, vegetation and roots. A soil sample of
2.0 kg (wet weight) was collected from each
position with shovel at a depth of 30 cm and
corresponding cassava samples were collected
in three different directions. At each sampling
site, about 2 kg cassava (fresh weight) samples
were collected. The samples were thoroughly
washed with tap water and then in distilled water
to remove surface sand. The two sets of samples
were each placed into separate polyethylene
bags [2].

The collected soil samples were dried, crushed,
grounded and passed through a sieve of 1.0mm
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mesh size. The fine-grained powder of each
sample obtained was dried in an oven at a
temperature of 110°C for 3 days to ensure total
removal of moisture. 300 g of each dried
prepared sample was sealed in a cylindrical
plastic container and properly labeled for easy
identification. The prepared samples were stored
for a period of 30 days to ensure secular
radioactivity equilibrium between Ra -226 and its
short lived daughters. The cuticles of the
cassava were removed with a stainless steel
knife and the edible parts were cut into pieces
and put in polyethylene materials for
refrigeration. The cassava samples were freeze-
dried for three days and crushed into powder
form (flour) using a blender and kept separately
in their respective containers. The samples were
further screened in 110um mesh sieve to obtain
fine grained powder —sized particles before they
were subjected to radioactivity measurement.
Samples codification was done for easy
identification. Soils in Uta farms were coded W,
to Wgg and Cassava W, to Wg while in Mba farm
codes as Xj; to Xss and X; to Xs were given to
soils and cassava samples respectively.

These samples were sent to National Institute of
Radiation Protection and Research (NIRPR) an
affiliate of Nigerian Nuclear Regulatory Authority
(NNRA). In the Ilaboratory, the activity
concentrations of Uranium—-238, Thorium—232
and Potassium—40 were measured using gamma
spectrometry system [2].

2.3 Activity Concentration in the Soil
Sample

Activity concentration of the radionuclides in the
analyzed sample is being estimated using
equation 1 below [2].

N
C=—
M

Where M is the mass of the samples measured
in Kg, & the detector energy dependent

efficiency, t is the counting time 36,000 s
(10 hrs), y is the gamma ray yield per

disintegration of the nuclides and N is the net

peak area of the nuclide. The 1.460 MeV

photopeak was used for the measurement of K,

the 1.760 MeV photopeak was used for the

measurement of **U, while the 2.614 MeV
3rzlotopeak was used for the measurement of
Th.

1)

2.4 Transfer Factor (TF)

The soil to plant transfer factor depends on the
activity concentration of the radionuclides in soil
and plant and is calculated according to equation
2 [16].

TF=-—" )

where A, is the activity concentration of
radionuclides in plant (Bg/Kg dry weight) and Ag
is the activity concentration of radionuclides in
soil (Ba/Kg dry weight)

2.5 Effective Dose Due to Consumption of
Radionuclide in Food Stuff

Effective dose E(Svly) due to intake of
radionuclide contaminated material is calculated
using equation 3 [17].

E(Sv/year)=C> ADCF, -

Where C (Kgl/year) is the mean annual
consumption of the contaminated food stuff, A;
(Bg/ Kg) is the activity concentration of
radionuclide (i) in the ingested material and DCF
(Sv/Bq) is the dose coefficient for radionuclide i
while the summation is for all the radionuclide
considered in the sample material under study.
Evaluation of the ingested dose estimates the
radiation induced deleterious health effects
associated with consumption of radionuclides.
This is because the ingested dose in the body is
proportional to the total dose delivered by the
radionuclides into the body. This effective
radiation doses from the consumption of
contaminated food are obtained by measuring
radionuclide activities concentration in the
material and multiplying the activities by dose
conversion factors and the mean annual
consumption of food stuffs. The dose conversion
coefficients for the respective radionuclides are
given as 2.8 x 10® 6.9 x10® and 6.2x 10°

mSv/Bq for 23y, 22Th and *K respectively.

3. RESULTS AND DISCUSSION

3.1 Activity Concentration of
Radionuclides in Soil in the Studied
Areas

Results for activity concentrations (AC) of the
radionuclides determined in Soils in the
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respective farms are presented in Tables 1 and
2. In Uta farm the AC in Soils (Table 1) ranged
between BDL- 298.76 + 40.0 with mean of
105.39 + 7.56Bq/Kg for “°K, **U ranged between
BDL -7.95 + 1.88 with a mean of 4.44 + 1.05
Bg/Kg while the AC of ***Th ranged between
2.59 #0.25 — 13.95 + 1.36 with mean of 9.12 +
0.89 Bg/Kg. In Mba farm (Table 2), the AC in
soils ranged between 29.94 + 2.15 to 190.67 +
13.70 with mean of 119.11 * 7.12 Bq/Kg for *K,
3 ranged between BDL to 5.25 + 1.12 with a
mean of 1.65 + 0.36 Bg/Kg, while the AC of ***Th
ranged between 5.40 £ 0.53 to 11.79 + 1.01 with
mean of 10.63 + 1.04 Bg/Kg.

It is observed that potassium has the highest
activity concentration in the soil, these could be
due to the application of fertilizer to the soil to
enhance growth yield [18]. However the mean
activity concentration values of the measured
radionuclides are lower than the mean world
value.

Comparison of the obtained values of activity
concentration of the measured radionuclides in
the study area with previous studies in different
parts of Akwa lbom State, Nigeria as presented
in Table 3 shows that “°K is a dominant
radionuclide in the area with activity

concentration value ranging between 33.96 +
1.76 Bg/Kg in Odiok Itam to 238.10 = 22.47
Bg/Kg in lkot Ekwuo Idoro with high values in
between as recorded in Mba (119.11+ 14.11
Bg/Kg), Uta ( 105.39 + 7.56 Bg/Kg), Ayadehe
(143.54 + 7.56 Bg/Kg) and Use lkot Amama
(106. 58 +8.63 Bg/kg). Low activity concentration
of Uranium in the soils were recorded in the
studied area with mean values range between
1.65 + 0.36 Bg/Kg in Mba farm to 24.826 + 5.425
Bg/Kg in Abak soil. It was also observed that
activity concentration of uranium was below
detection level in some areas while some
swampy areas are richer in uranium with high
value of 21.78 £ 2.32 Bg/Kg at Ibeno and 24.86 +
5.425 Bg/Kg in Abak as observed in similar study
elsewhere [19].

3.2 Activity Concentration of Measure
Radionuclides in Cassava in Studied
Areas

There exist a transfer of radionuclides into plants
from the soil due to the uptake of nutrients.
Results for activity concentrations of the
radionuclides determined in Cassava in the
respective farms are presented in Tables 4 and
5.

Table 1. Activity Concentration of measured Radionuclides in Soils in Uta Farm

Sample code

Radionuclides

K (Ba/Kg)

*%U (Ba/Kg)

“?Th (Bq/Kg)

Wi, 44.45+3.19 7.69+1.84 8.82+ 0.86
Was 126.42+ 9.07 BDL 2.59 + 0.25
Was 57.33+4.13 1.05 + 0.24 8.09 + 0.79
W, BDL 5.49 + 1.27 13.95 + 1.36
Was 298. 76 + 21.40 7.95+ 1.88 12.14 +1.18
Min 0.00 0.00 2.59 + 0.25
Max 298.76 + 21.40 7.95+1.88 13.95 + 1.36
Mean 105.39 + 7.56 4.44 +1.05 9.12 + 0.89

Table 2. Activity Concentration of measured Radionuclides in Soils in Mba Farm

Sample code

Radionuclides

K (Ba/Kg)

U (Ba/Kg)

“Th (Bq/Kg)

X1t 190.67 + 13.70 BDL 9.03+0. 88
X2o 181. 28 + 22.46 BDL 5.40 +0.53
X33 65.77 + 4. 73 BDL 16.56 +1.61
Xaa 127.88 +9.17 5.25+1.12 10.39 + 1.01
Xss 29.94 +2.15 3.01+0.70 11.79 + 1.15
Min 29.94 +2.15 BDL 5.40 + 0.53
Max 190.67 + 13.70 5.25+1.12 16.56 + 1.61
Mean 119.11 + 7.12 1.65 + 0.36 10.63 + 1.04
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Table 3. Activity Concentration of Radionuclides in Soils in different Parts of Akwa Ibom State,

Nigeria
Location Radionuclides References
4OK 238U 232Th
Uta. Ini 105.39 + 7.56 4,44 £ 1.05 9.12+0.89 This study
Mba, Ini 119.11 £ 14.11 1.65+ 0.36 10.63+ 1.04 This study
Ayadehe, Itu 143.54 + 7.56 2.47 +0.26 3.70+0.22 [2]
Oku Iboko, Itu 73.60 + 3.89 2.04+0.22 2.85+0.17 [2]
Odiok Itam, Itu 33.96 +1.76 8.84 +0.92 3.01+0.18 [2]
Ntak Inyang, Itu 63.77 +3.34 7.81 +0.84 2.30+0.14 [2]
Ikot Ekwuo, Ibiono 238.10 +22.47 8.26 + 2.06 9.13+1.03 [15]
Ikot Ekoi, Ibiono 73.84 £7.35 6.11 +1.58 8.13+0.91 [15]
Use Ikot Amama, Ibiono 106.58 + 8.63 3.16 + 0.80 5.94 + 0.60 [15]
Uyo, Uyo 67.37 +3.29 12.13 +1.98 19.09+0.71 [20]
Ibeno 62.34 + 3.33 21.78+2.32 21.47+0.76 [20]
Ikot Abasi 76.16 +3.24 12.42 +1.62 12.76 £0.75 [20]
Abak 98.709 + 7.693 24.826 +5.425 5.772£0.310 [21]

In Uta farm the AC in cassava (Table 3) was
determined and “°K was ranged between 289.03
+ 20.77 - 520.67 + 37.56 (440.58 + 24.09)
Bg/Kg (DW), the deposited ***U ranged between
BDL -7.77 £ 1.81 (4.14 + 0.96) Bg/Kg (DW) while
the AC of ***Th ranged between BDL — 16.34 +
1.59 (9.24 £ 0.90) Bg/Kg (DW). Measurements of
AC in cassava in Mba farm recorded an activity
concentration of “°K value ranging between 213.
96 +15.38 — 476.37 + 34.21 (138.81 + 27.29)
Bg/Kq (DW), ?*®U recorded an AC range of 10.68
+ 2.48 — 33.02 + 8.91(20.86 + 5.26) Bg/Kqg (DW)
while activity concentration of “**Th values
recorded ranged from 4.71+ 0.46 — 12. 15 +1.18
with a mean of 7.94 + 0.78 Bg/Kq (DW). Results
presented show a high deposition of potassium
in the cassava tubers while absorption of other
radionuclides is low. Comparison of the activity
concentration in cassava in this study with
previous study in the Akwa Ibom State is

impossible because literature searches reveal no
report in the study area. Therefore we compare
with study elsewhere in Nigeria. = The mean
value of the AC of potassium obtained for this
study is higher than that obtained in Oyo state,
Nigeria [20], Delta State, Nigeria [21,22,23].
However, the mean value in Uta farm is higher
than world mean of 400 Bg/Kg for “°K. This high
value of potassium could be as a result of the
fact that potassium is an essential element
required for proper plant growth [24,25].
Furthermore, it was reported that the presence of
potassium and calcium in the soil affect the
transfer of other radionuclides into the plants
which could also be responsible for the lower
value of activity concentration of uranium and
thorium presented [26]. It is also observed that
the mean AC values obtained for ***U and ***Th
are lower than the world mean of 35 Bqg/Kg and
30 Bg/Kg respectively.

Table 4. Activity concentration of measured radionuclides in Cassava in Uta farm

Sample code

Radionuclides

“°K (Bg/KQ) >y (Bq/KQ) *2Th (Bg/Kg)

W; 520.67 + 37.25 4.22 +0.98 15.47 +1.51
W, 289.03 = 20.77 7.77+1.81 BDL

W3 520.67 + 37. 25 3.51+0.82 12.89 +1.26
W, 350.96 + 25.17 6.15+ 1.40 7.58 £0.77
W5 418. 02 £ 29.93 BDL 16.34 +1.59
Min 289.03 + 20.77 518=+1.21 1.49+0.15
Max 520.67 + 37.25 7.77 +1.81 16.34 +1.59
Mean 440.58 + 24.09 4.14 £ 0.96 9.24 + 0.90
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Table 5. Activity concentration of measured radionuclides in cassava in Mba farm

Sample code

Radionuclides

K (Bq/KQg)

“U (Bg/KQg)

“*Th (Bq/Kg)

X1 476.37 £ 34.21 33.02+8.91 7.98 +0.79
X2 381. 68 + 27.34 28.32+7.16 5.05 +0.49
X3 378. 35+ 28. 69 10. 68 + 2.48 12.15+1.18
Xy 453.68 + 32.50 11.72 £ 2.74 9.83 + 0.96
Xs 213.96 + 15.38 20.55+4.99 471+ 0.46
Min 213.96 + 15.38 10.68+ 2.48 4.71 +0.46
Max 476.37 £ 34.21 33.02 £8.91 12.15+1.18
Mean 138. 81 +27.29 20.86 +5.26 7.94+0.78

3.3 Transfer Factors of Radionuclides
from Soil to Cassava Tubers

Transfer factor of radionuclides in plant
measures the contamination level of the plant by
the radionuclide. It is useful in evaluating
radiological risk to humans and animals when the
plant is consumed. Using equation 2, the soil — to
— cassava transfer factor of “°K, **U and #**Th
were determined and presented in Table 6.
Transfer factors obtained ranged between 3.21
to 4.18 for “°K; 0.93 to 12. 64 for ***U and 0.75 to
1.01 for ***Th. The TF value for potassium
obtained for this work is higher while TF for
Thorium is lower than those obtained elsewhere
[12, 18]. It is also observed that in one of the
farms the TF of *®U is higher while its activity
concentration in the soil is low which agrees with
findings obtained in other works showing that TF
are not linearly related to radionuclide activity
concentration [18,16]. However, the radiological
health effect of the contaminated food could be
reduced by cooking the food stuff before
consumption since radionuclide content in food
crops are reduced when cooked [27]. There are
evidences of non-linearity in the transfer of
elements, both stable and radioactive, from soil

to plants [28,29]. Regression analyses
performed did not show a linear
relationship between the transfer factor and

activity concentration in soil for the primordial
radionuclides. There were cases where
activity concentrations in plants were relatively
constant or with narrower variation range at
widely varying soil concentrations.  This
resulted in a large random variation between the
two parameters [28]. Reports from other
studies have also shown that the transfer
factor for various natural radionuclides
were not constant over a wide range of soll
concentrations [30,31,32,33,34]. There is a non-
linear relationship between the activity
concentrations of radionuclides in the soil and
plant.

3.4 Effective Dose Due to Consumption of
Radionuclide in Food Stuff

Effective dose E (mSv/yr) due to the
consumption of the cassava tubers from the
studied area by children and adults are
calculated and presented in Table 7. In the
calculation of the dose, it is assumed that the
mean annual consumption of cassava in Akwa
Ibom State, Nigeria is 127.20 Kg/yr and 343.10
Kglyr for children and adult respectively [35].
Effective ingestion dose ranges from 1.31 mSv/yr
to 1.74 mSvl/yr for children while the ingestion
dose for adult range from 3.52 mSv/yr to 4.69
mSv/yr for adult. These values are higher than 1
mSv/yr  which is the annual dose limit
recommended for safety of the general public.
This could pose a serious radiological health
hazard to the consumer [17].

Table 6. Transfer factors from soil to cassava
in the studied areas

Farm Radionuclides

4UK ZSBU zszTh
Uta 4.18 0.93 1.01
Mba 3.21 12.64 0.75

Table 7. Ingestion dose for children and adult
due to consumption of cassava from study

areas

Farm Effective dose for children and adult
Children (mSv/yr) Adult (mSv/yr)

Uta 1.31 3.52

Mba 1.74 4.69

4. CONCLUSION

This study was conducted to provide baseline
data for transfer factors of radionuclides from soil
to cassava for Ini Local Government Area, Akwa
Ibom State. The TF and effective ingestion dose
results for this study were above the
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recommended value of unity which suggests that
consumption of cassava from the studied area
may pose radiological health risk, hence to
minimize these effect it is recommended that the
food stuff be cooked even though it is reported
that there is no low dose of radiation exposure
that does not have radiological effect on human.

COMPETING INTERESTS

Authors have declared that

no competing

interests exist.

REFERENCES

1.

Safia H. Determination of agriculture soil
primordial radionuclide concentrations in
Um Hablayn, North Jeddah West of Saudi
Arabia. International Journal of Current
Microbiology and Applied Sciences. 2014;
6:623-633,.

Essien IE, Akpan EN. Evaluation of
radiological hazards indices due to
radioactivity in quarry sites in Itu, Akwa
Ibom State, Nigeria. International Journal
of Scientific Research in Environmental
Sciences. 2016;4(3):71-77.

Chibowski S. Studies of radioactive
contaminations and heavy metal contents
in vegetables and fruit from Lublin, Poland.
Polish Journal of Environmental Studies.
2000;9(4):249-253.

Poursharifi Z, Ali E, Mohsen A, Abolfazl N,
Abolghasem H, Karim K. Determination of
radionuclide concentration in tea samples
cultivated in Guilan Province, Iran, Iran
Journal of Medical Physics. 2016;12(4):271.
Linares V, Bellés M, Albina ML, Sirvent JJ,
Sanchez DJ, Domingo JL. Assessment of
the pro-oxidant activity of uranium in
kidney and testis of rats. Toxicology
Letters. 2005;167:152-161.

Tawalbeh AA, Samat SB, Yasir MS, Omar
M. Radiological impact of drinks intakes of
naturally occurring radionuclides on adults
of central zone of Malaysia, Malaysian
Journal of Analytical Sciences. 2012;16(2):
187-193.

Mobbs S, Watson S, Harrison J, Muirhead
C, Bouffler S. An introduction to the
estimation of risks arising from exposure to
low doses of ionizing radiation. Chilton;
Health Protection Agency; 2009.

Essien IE, Akankpo AO. Background
lonising Radiation and Estimated Health
Risk in Cereal Farmland in Uyo, Akwa
Ibom State, Nigeria. Journal of Natural
Sciences Research. 2017;7(4):1-7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

137

Saeed MA, Yusof SS, Hossain |, Ahmed R,
Abdullah HY, Shahid M, Ramli AT. Soil to
rice transfer factor of the natural
radionuclides in Malaysia, Rom Journal of
Physics. 2012;57(9-10):1417-1424.
Vanusa MF, Jacomino MJ, David F, Silva
Kerley AO, Menezes A, Siqueira MC,
Taddei MH, Dias F. Soil-to —plant transfer
factors for natural radionuclides in  the
Brazillian Cerrado region. Proceedings of
International Nuclear Atlantic Conference,
Brazil; 2009.

Abdulaziz A, Taher EL. A study on transfer
factors on Radionuclides from soil to Plant.
Life Science Journal. 2013;2:532-539.
Amakom CM, Orji CE, Eke BC, Okoli UA,
Ndudi CS. The influence of selected soil
physicochemical properties on radionuclide
transfer in cassava crops. International
Journal of Plant and Soil Science. 2017;
14(1):1-7.

Ogundele FO, Utin EA, Iwara Al, Njar GN,
Deekor TN. An assessment of non-timber
forest pro ducts (NTFPs) utilisation on rural
livelihoods in Ini local Government Area of
Akwa |bom State, Nigeria. Journal of
Biochemistry and Environmental Sciences
(JBES). 2012;2(8):1-13.

Olugbenga O, Christopher E. Geological
setting, compositional and economic
appraisal of clay-shale occurrence in Itu-
Mbonuso/lwerre  Areas, South-Eastern
Nigeria. Journal of Geography and
Geology. 2015;7(1):85-96.

Essien, |. E., Essiett, A. A., Ani, O. B,,
Peter |G, Udofia AE. Estimation of
radiological hazard indices due To
radioactivity in soils in lbiono Ibom, Akwa
Ibom State, Nigeria. International Journal
of Scientific and Research Publications.
2017;7(5):245-250.

Ocheje JA, Tyovenda AA. Determination of
the transfer factor and dose rate of
radionuclides in some selected crops in
Kogi State, Nigeria. Journal of Applied
Physics. 2020;12(3):7-12.

Addo MA, Darko EO, Gordon C, Nyarko
BJ. 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. 2013;3(6):2312-
2320.

Ononugbo CP, Azikiwe O, Awiri GO.
Uptake and distribution of natural
radionuclides in cassava crops from



19.

20.

21.

22,

23.

24,

25.

26.

Akankpo et al.; JSRR, 27(9): 131-138, 2021; Article n0.JSRR.74322

Nigerian Government Farms. Journal of
Scientific Research and Reports. 2019;
23(5):1-15.

Strok Marko, Smodis B. Soil — to — plant
transfer factors for natural radionuclides in
grass in the vicinity of a former uranium
mine, Proceedings of 20" International
Conference on Nuclear Energy for New
Europe, Bovec/Slovenia; 2011.

Ademola AK. Natural radionuclide transfer
from soil to plants in high background
areas in Oyo State, Nigeria. Radiation
Protection and Environment. 2019;42(3):
112-118.

Tchokossa P, Olomo JB, Balogun FA,
Adesanmi CA. Assessment of
radioactivity contents of food in the oil
and gas producing areas in Delta
State, Nigeria. International Journal of
Science and Technology. 2013;3(4):245-
250.

Avwiri GO, Ononugbo CP, Olasoji JM.
Radionuclide transfer factors of staple
foods and its health risks in Niger Delta
Region of Nigeria. International Journal
of Innovative Environmental Studies
Research. 2021;9(1):21-32.

Chege MW, Hashim N, Merenga A,
Tschiersch J. Analysis of internal exposure
associated with consumption of crops and
groundwater from the high background
radiation area of Mrima Hill, Kenya.
Radiation Protection Dosimetry. 2015;
167(1-3).

Golmakani S, Moghaddam MV, Hosseini
T. Factors affecting the transfer of
radionuclides from the environment to
plants. Radiation Protection Dosimetry.
2008;130(3):367-375.

Adesiji NE, Ademola JA. Soil — to — maize
transfer factor of natural radionuclides
in a tropical ecosystem of Nigeria. Nigeria
Journal of Pure and Applied Physics. 2019;
9(1):6-10.

Chen SB, Zhu YG, Hu QH. Soil to plant
transfer of 238U, 226Ra and 232Th on
uranium mining-impacted soil from south-
eastern China. J. Environ Radioactivity.
2005;82:213-216.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Jibiri NN, Alausa SK, Farai IP. Assessment
of external and internal doses due to
farming in high background radiation areas
in old tin mining localities in Jos-Plateau,
Nigeria. Radioprotection. 2009;44(2):139-
151.

Sanday BIl, Adeseye MA, Oladele SA.
Characterization of radiation dose and soil-
to-plant  transfer factor of natural
radionuclides in some cities from South-
Western Nigeria and its effect on Man.
Scientific African. 2019;3:00062.

Tuovinen TS, Roivainen S, Makkonen S,
Kolehmainen M, Holpainen T, Juutilainen
J. Soil-to-plant transfer of elements is not
linear: Results for five elements relevant to
radioactive waste in five boreal forest
species. Sci. Total Environ. 2011;410-
411:191-197.

Brown CL, Wong YM, Buhler DR. A
predictive model for the accumulation of
cadmium by container-grown plants. J.
Environ. Qual. 1984;13(2):184-188.

Livens FR, Horril AD, Singleton DL.
Distribution of radiocesium in the soil-plant
systems of upland areas of Europe. Health
Phys. 1991;60(4):539-545.

Sheppard SC, Evenden WG. The
assumption of linearity in soil and plant
concentration ratios: An experimental
evaluation. J. Environ. Radioact. 1988;7:
221-247.

Simon SL, Ibrahim SA. The plant/soil
concentration ratio for calcium, radium,
lead and polonium: Evidence for non-
linearity with reference to substrate
concentration. J. Environ. Radioact. 1987;
5:123-142.

Fabiana F, Moura D, Moursi M,
Lubowa A, Barbara H, Erick B, Oguntona
B, Sanusi R, Dixon M. Cassava intake and
vitamins: A status among women and
preschool children in Akwa Ibom
State, Nigeria. Plos One. 2015;
10(6):0129436.

Ebukiba E. Economic analysis of cassava
production (farming) in Akwa Ibom State.
Agriculture and biology journal of North
America. 2010;1(4):612-4.

© 2021 Akankpo et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle4.com/review-history/74322

138


http://creativecommons.org/licenses/by/4.0

