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Abstract
Natural radionuclides are present in food items at different levels and are influenced by factors like
background radiation, climate, and agricultural practices. These radionuclides play a crucial role in
humans' internal radiation exposure. Notably, radionuclides within the decay series 238U and 232Th as
well as 40K are significant concerns in radiation protection due to their prevalence and potential health
risks. The activity concentrations of radionuclides 238U, 232Th, and 40K in several food crops
consumedwithin Lagos city inNigeria weremeasured using gamma spectrometry. The concentra-
tions of 238U, 232Th, and 40K ranged from0.90 to 55.30, BDL (BelowDetection Limit) to 161.60 and
10.30 to 1075.20 Bqkg−1, respectively. The average radionuclide activity concentrations are below the
acceptable global level, or theworldwide average values set by theUnitedNations Scientific
Committee on the Effects of Atomic Radiation in 2000 (UNSCEAR, 2000), which are 35, 30, and 400
Bqkg−1 for 238U, 232Th, and 40K, respectively. The study calculated the annual effective dose for
individuals consuming the studied food items, and the annual internal dose from ingesting was found
to be 8.95× 10–04μSvy−1. It’s noteworthy that this computed value is below theworldwide value of
0.32mSv y−1 set for the public. Additionally, the excess lifetime cancer risk (ELCR) valuewas
3.13× 10−3μSvy−1, which is within theworld safe limit value (2.9× 10−4μSvy−1). Therefore, there is
no potential radiological risk associatedwith themeasured data.

1. Introduction

The Earth naturally contains radionuclides like thorium, uranium, and radium, distributed across geological
formations such as soil, water, and plants [1–4]. The radioactivity in our environment results from a
combination of natural processes and human activities, including industrialmining and farming. Different
regions exhibit varying levels of radioactivity due to their geological characteristics. The degree of natural
exposure exhibits global variability, typically differing by a factor of approximately [5]. The rates of radionuclide
accumulation in vegetables and fruits are contingent upon the type of soil and rock inwhich they grow [6–10].
Radionuclides enter food crops through various pathways: direct deposition on leaves or exposed plant parts,
uptake from soil into roots, re-suspension as dust from soil or other surfaces, andwashing intowater sources
used for irrigation by rain. The absorption of radionuclides from soil into plant roots is akin to the process of
non-radioactive element uptake. Factors influencing this absorption include soil type, climate, plant species, and
the chemical formof radionuclides. The distribution of radionuclides within the plant decreases from the roots
to the leaves [11, 12].
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Human exposure to environmental radionuclides can lead to the accumulation of these substances in organs
such as the lungs, kidneys, liver, skeletal tissues, andmuscles [13–16]. The retention of radionuclides in bodily
organs can have diverse effects on human health.Human tissues are sensitive to ionizing radiationwhich implies
that these tissues can be affected by primordial radionuclides, namely 238U, 232Th, and 40K, which can be
transported to humans throughwater, plants, leaves, etc The fundamental radiological data is established
through radiation studies to investigate the levels and distribution patterns of radionuclides within the
environment. This essential information is core for human exposure estimation from sources of radiation either
natural orman-made. In addition, it is substantial in rules establishment and radiation protection
regulations [1, 17].

Human ingestion of radioactivematerials often occurs through the consumption of contaminated food and
water in the environment [18]. The ingestion of food crops represents one of themost commonpathways for
transferring radionuclides to the human body.When these harmful components are consumed, either directly
or as supplements, they are transported into the body, posing potential risks to human health [19–23].
Understanding andmonitoring these pathways are essential for assessing andmitigating the impact of
radionuclides on human health. There is increasing concern among humans regarding pollution in the
environment and potentially harmful health effects related to radionuclides, particularly driven by
advancements in the science of nuclear energy. This heightened concernmay be attributed to the potential for
pollution of radiation arising fromnuclear accidents or nuclear weapons uses. Radiation exposure and
radionuclide distributions in the environment studies, including the present study, provide crucial data for
assessing radiological safety following a potential radiation fallout in the future. This data serves as an important
source for futurity comparative analyses, particularly when evaluating high levels of activity concentrations
resulting fromhuman activity in residential and professional settings [24–26]. By understanding the
environmental impact of radionuclides, researchers and policymakers can develop strategies and regulations to
mitigate potential risks and ensure the safety of both the environment and human populations in the aftermath
of nuclear incidents [27].

In SouthwesternNigeria, high soil radioactivity levels have been reported by several researchers, with little or
no information on the radioactivity level of food crops. Thus, this study seeks to investigate the radioactivity level
in selected food crop samples within the SouthwesternNigeria Region, and its radiological hazards. The study
aims to assess radiological hazards by calculating various data points, including annual effective dose (AED),
radiological indices, and excess lifetime cancer risk (ELCR).

2.Materials andmethods

2.1. Study area
The study focuses on Lagos, the secondmost populous city in Africa and the largest city inNigeria, figure 1.
Lagos spans a latitude range of 6.4510 to 6.6080N and a longitude range of 3.39470 to 3.62180E. The city covers
an extensive land area of about 3577 km2 in the southwestern geopolitical region ofNigeria. The investigation
involved the collection of food crops fromvarious sources, including farms located at LASU farms andmarkets
in Ikotun andOyingbowithin the Lagos region. This geographical scope provides a comprehensive overview of
the radiological assessment of food crops in a highly populated and diverse urban setting.

2.2. Sample collection and preparation
In this research, edible plant parts were systematically collected from farms andmarkets for a radiological
assessment. The collected samples underwent a thorough cleaning process to remove dirt and contaminants,
followed by peeling, slicing, and oven drying at 100 °C for 48 h to eliminatemoisture content. Subsequently, the
dried samples were pulverized to achieve afine-grained homogeneous texture. To prevent the escape of radon
isotopes (220Rn and 222Rn), the pulverized samples were carefully packed and sealed inwell-labeled airtight
containers. These sealed samples were then stored for 28 days, allowing for the establishment of secular
equilibrium. Following this period, gamma spectrometrymeasurements were conducted using aNaI (Tl) crystal
multichannel spectroscopic analyzer. The analysis took place at the Centre for Energy Research and
Development, ObafemiAwolowoUniversity, Ile-Ife, as outlined byOlagbaju et al in 2021. This systematic
procedure ensures the reliability and accuracy of the radiological assessment of the edible plant parts under
investigation.

2.3. Samples analysis and activitymeasurements
The research employed aNaI (Tl) crystalmeasuring 7.6× 7.6 cm2 (Model no 802 Series) coupledwith the
Canberra 10 Plus seriesMulti-Channel Analyzer (MCA). This setup, encased in a lead (Pb) shield and connected
to the electronic system via a 50Ω coaxial cable, was utilized for counting the activity of radionuclides in the
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samples. Each sample underwent a counting duration of 216,000 s (60 h). The activity concentrations of
238U/226Ra and 232Thwere determined using the γ-lines of their decay products: 214Bi (1764.5 keV) and 208Tl
(2614.5 keV), respectively. The activity concentration of 40Kwas determined using its 1460 keV γ-line. To
calculate the activity concentrations (C, in Bq/kg) of the radionuclides, equation (1)was employed. The
equation involves parameters such as count rate (Cn) under the corresponding peak, the efficiency of the
detector (K) at the specific gamma-ray energy, the absolute transition probability of the specific gamma-ray (ργ),
and the samplemass (Ms). Themethodology ensures a rigorous approach to quantifying the radionuclide
activity concentrations in the studied samples.

C Bqkg K x C 1n
1 =-( ) ( )

The lower limit of detection (LLD) at a 95% confidence level based on the characteristics of themeasured
spectrum is determined by the following equations, [28]:

LLD
C

M T
2

s

min

er
=

g
( )

where Cmin represents theminimumnet area of themeasured spectrum.

C S4.66 3bmin
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where Sb represents the calculated standard error of the net count because of Compton scattering and other
effects. TheMinimumDetectable Activity Concentration (MDA) is calculated using the following formula:
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where Ms is the samplemass.

Figure 1.Geographicmap of the study area.
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2.4. Calculation of absorbed dose and annual effective dose
The calculation of absorbed and annual effective dose involves converting radionuclide activity concentrations
of 238U, 232Th, and 40K in food crops samples into doses. This process includesmultiplication by specific factors
for each radionuclide to account for the absorbed gammadose.

For 238U:Multiply the activity concentration by a factor of 0.462 (nGy h−1 per Bq kg−1).
For 232Th:Multiply the activity concentration by a factor of 0.604 (nGy h−1 per Bq kg−1).
For 40K:Multiply the activity concentration by a factor of 0.0417 (nGyh−1 per Bq kg−1).
Mathematically, the absorbed gamma dose (D) can be represented as follows [5]:

D nGyh C C C0.462 0.604 0.0417 5U Th K
1 = + +-( ) ( )

2.5. Computing of radiumequivalent
The radium equivalent activity Raeq( ) is a radiation hazard index used to represent the equivalent activity of
natural radionuclides, considering their respective contributions to the gamma-ray dose rate. It is calculated
using the equation, [29, 30]:

Ra C C C1.43 0.077 6eq U Th K= + + ( )

where CU is the activity concentration 238U, CTh is the activity concentration of
232Th and CK is the activity

concentration 40K (in Bq kg−1), respectively. The coefficients (1.43 and 0.077) are used toweight the
contributions of 232Th and 40K relative to 238U in terms of gamma-ray dose rate.

2.6. Identification of radiological hazards
The radiological hazards associatedwith radionuclides such as 226Ra (238U), 232Th, and 40K are often expressed
using hazard indices. The hazard indices help assess the potential radiological risks from external (Hex) and
internal exposure (Hin), gamma radiation (Iγ), and alpha radiation (Iα). The indicesmentioned are calculated as
follows [26, 29, 30]:

H
C C C

370 259 4810
7ex

Ra Th K= + + ( )

H
C C C

185 259 4810
8in

Ra Th K= + + ( )

I
C C C

300 200 300
9Ra Th K= + +g ( )

I
C

370
10Ra=a ( )

where C ,Ra C ,Th and CK are the 226Ra (238U), 232Th, and 40K activity concentrations in Bq/kg, respectively, in the
fruit and vegetable samples. The requirementHex� 1 ensures compliance with the recommended safety limit
for external gamma radiation exposure, restricting the external gamma radiation dose frommaterials to be
below 1.5mGy per year. This criterion helpsmaintain radiation exposure levels within acceptable limits to
safeguard human health andminimize potential adverse effects associatedwith external gamma radiation.

2.7. Annual ingestion dose
The calculation of the annual ingestion radiation dose involves assessing the amount of radiation exposure
resulting from the consumption of food items. This calculation considers both the concentration of relevant
radionuclides in the food and the annual consumption rate of that food [31]. The annual effective dose

⎜ ⎟
⎛
⎝

⎞
⎠

E
mSv

yr
ing from ingestion of 238U, 232Th and 40K radionuclides through food crops andwater samples was

estimated by the equation, [5]:

⎜ ⎟
⎛
⎝

⎞
⎠

E
mSv

yr
C I DCF 11ing ing

j
ing

1

3

å= t
=

( )

where, Ct is the radionuclides activity concentration in the sample, Iing is the consumption rate per year, DCFing

is the coefficient of effective dose in Sv/Bq for the natural radionuclides ingestion. For 238U, 232Th, and 40K, the
coefficient of effective dose is 4.50× 10–8 Sv/Bq, 2.30× 10–7 Sv Bq−1 and 6.20× 10–9 Sv Bq−1 respectively
(ICRP, 2012). The average consumption rate of 179.9 kg yr−1 and 79.8 kg/yr for cereals and vegetables, is applied
to estimate the food crop's annual effective doses and 600 l/yr forwater [32, 33].
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2.8. Excess lifetime cancer risk (ELCR)
The potential lifetime excess cancer risk serves as a valuablemetric for summarizing population risks and
enabling comparisons between pollutants and exposure routes, the excess lifetime cancer risk (ELCR) is
determined using the formula:

ELCR E LE RF 12ing= ´ ´ ( )

where Eing is the ingestion annual effective dose (Sv/yr) of
238U, 232Th and 40K through food, LE is life

expectancy (70 years), andRF is the factor risk (Sv−1). For risk assessment, the coefficient nominal probability
recommended by [34] for stochastic health effects induced radiation is 7.3× 10−2 Sv−1.

3. Results and discussion

The activity concentration of naturally occurring radionuclides (238U, 232Th, and 40K) varies across different
food itemswith calculated Raeq are presented in table 1, and frequency distributions are shown infigure 2.

The observed range is from0.90 Bqkg−1inWater yam to 55.30 Bqkg−1in Irish potato, with an average value
of 17.50 Bqkg−1 for 238U. For 232Th, the range is frombelow the limit of detection (BDL) in Yellow yam skin to
161.60 Bqkg−1in Irish potato, with an average value of 34.39 Bqkg−1. As for 40K, the range extends from10.30
Bqkg−1in Foreign short Rice to 1075.20 Bqkg−1in Irish potato, with an average value of 197.33 Bqkg−1. The
average activity concentrations of 238U, 232Th, and 40K in vegetables and fruits reported byUNSCEAR (2000) are
given as 35, 30, and 400 Bqkg−1, respectively. Therefore, the average activity concentrations of 238U, 232Th, and
40K calculated in the studied food crops are observed to be below the recommended values. It is observed that
Potassium-40 is themost abundant naturally occurring radionuclide in all sampled food crops. This prevalence
can be attributed to its significance in plant growth [35, 36]. The observed variations in the activity concentration
of naturally occurring radionuclides among different sampled food crops suggest that the uptake of
radionuclides by plants depends on their similarity to the nutrient requirements for various plant growth [37].
As seen from table 1, the radium equivalent activity values range from5.19 to 369.18 Bqkg−1 with an average
value of 187.19 Bqkg−1. It is noticed that the values of radium equivalent evaluated in vegetables are greater than
those evaluated in fruit samples.

The calculated radiological hazards, including hazard index external (Hex), internal (Hin), gamma, and alpha
indices (I ,g Ia) in food crops samples, are presented in table 2, and the box bar for each parameter is shown in
figure 3. The external hazard index (Hex) ranged from0.08 in the Foreign short Rice sample to 4.38 in the Irish
potatowith an average value of 0.83. The internal hazard index (Hin) varied from0.02 in Banana fruit to 1.15 in
Irish potatoes with an average value of 0.27. The gamma index Ig( ) ranged from0.09 in Banana fruit to 4.58 in
Irish potatoes with an average value of 0.89 and the alpha index Ia( ) ranged from0.002 inWater yam to 0.15 in

Table 1.Activity concentrations and radium equivalent of natural
radionuclides in food crops in Bqkg−1.

Samples 238U 232Th 40K Raeq

Banana fruit 1.78 1.16 22.76 5.19

Mango fruit 7.82 0.53 25.96 10.58

Basmati Rice 24.80 19.00 118.00 61.06

Foreign LongRice 24.00 43.90 140.20 97.57

Foreign short Rice 13.60 6.20 10.30 23.26

Local rice 8.80 29.30 117.90 59.78

Wheat 1.60 26.40 51.10 43.29

Ofada rice 9.90 42.60 53.60 74.95

Sweet potato 12.80 4.70 184.90 33.76

Yellow yam 5.10 51.00 197.70 93.25

Irish potato 34.70 50.90 277.30 128.84

Water yam 0.90 9.00 152.10 25.48

Water yam sin 26.00 56.70 169.60 120.14

Yellow yam skin 34.40 BDL 200.40 49.38

Sweet potato 18.50 47.20 360.20 113.73

Irish potato 55.30 161.60 1075.20 369.18

Minimum 0.90 0.00 10.30 5.19

Maximum 55.30 161.60 1075.20 369.18

Average 17.50 34.39 197.33 187.19

*BDL: BelowDetection Limit.
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Irish potatoes with an average value of 0.05. These values are generally considered safe since they are less than
unity, indicating that the radioactivity levels in these samples are within acceptable limits.

The study presents the calculated absorbed in table 3, it ranged from2.47 nGyh−1 in Banana fruit to 58.34
nGyh−1 in Irish potatowith an average value of 37.083 nGyh−1. These values were lowerwhen compared to the
world average value of 55 nGy/h [32]. The 40K presence in the body contributes to an annual effective dose of
approximately 165μSvy−1 for adults and 185μSvy−1for children, based onUNSCEARdata.However, when
considering the ingestion of 40K through food, the annual effective dose is slightly higher at 170μSvy−1.
Additionally, the annual effective doses from the ingestion of 232Th and 238U are 120 each. Consequently, the
total annual effective dose from these natural sources is estimated to be 290μSvy−1, [35, 39].

In the current study, the average committed effective dose resulting from the presence of 40K and consumed
through food crops (vegetables and fruits) ranged from9.23× 10−5μSvy−1 in banana fruit to 4.64× 10−3

μSvy−1 in Irish potatoes, with an average value of 8.95× 10−4μSvy−1. It is noteworthy that 40K contributes the
most to the average value of the annual ingestion radiation dose, as indicated in table 4. This suggests that the

Figure 2. Frequency distributions of naturally occurring radionuclides (238U, 232Th, and 40K) and calculated Raeq in different food
items under study.
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radiation exposure from the ingestion of these radionuclides in the studied food crops is within acceptable safety
levels. However, the radiation risk associatedwith the consumption of individual cropsmight not be negligible,
as they form a fraction of the human diet, though cooking can also reduce the level of radionuclides in food crops
[40]. The probability of lifetime cancer risk due to the consumption of naturally occurring radionuclides in
investigated food crops is also presented in table 4. The average carcinogenic risk via the consumption of
sampled food crops is 3.13× 10−3, which is within the ICRP limit for cancer risk of 2.5× 10−3, based on an

Figure 3External and internal hazard indices (Hex,Hin), gamma and alpha indices (Iγ, Iα) in different food items under study.

Table 2.External and internal hazard indices (Hex,Hin), gamma and alpha
indices (Iγ, Iα) in different food items under study.

Samples Hex (mSvy−1) Hin (mSvy−1) Ig Ia

Banana fruit 0.09 0.02 0.09 0.005

Mango fruit 0.12 0.05 0.12 0.02

Basmati Rice 0.54 0.23 0.57 0.07

Foreign

LongRice

0.63 0.33 0.77 0.06

Foreign

short Rice

0.08 0.1 0.11 0.04

Local rice 0.49 0.19 0.57 0.02

Wheat 0.21 0.12 0.31 0.004

Ofada rice 0.25 0.23 0.42 0.03

Sweet potato 0.76 0.13 0.68 0.03

Yellow yam 0.80 0.27 0.93 0.01

Irish potato 1.19 0.44 1.29 0.09

Water yam 0.59 0.07 0.56 0.002

Water yam sin 0.75 0.39 0.94 0.07

Yellow

yam skin

0.88 0.23 0.78 0.09

Sweet potato 1.46 0.36 1.50 0.05

Irish potato 4.38 1.15 4.58 0.15

Mean 0.83 0.27 0.89 0.05

UNSCEAR

(2000)
1

7

Phys. Scr. 99 (2024) 075021 MAOlaoye et al



annual effective dose limit of 1mSv for the general population [35, 41, 42]. This indicates negligible or no
potential carcinogenic risk in the exposed population. Table 5 compares the computed annual effective dose and
Excess LifetimeCancer Risk (ELCR) for different samples of food crops in this studywith those of related
investigations carried out both inside and outside ofNigeria. It appears that the committed effective dose and
ELCR in the study are significantly lower compared to references [3, 23, 26].

The study utilized Pearson’s correlation coefficient analysis to explore the relationship betweenDing and the
measured activity of radionuclides. The results illustrated infigures 4(a)–(c), indicated a positive correlation
betweenDing and the radionuclides

40K, 238U, and 232Th. This suggests that all the nuclides contributed
proportionally toDing, influencing the Excess LifetimeCancer Risk (ELCR).

4. Conclusion

In this work, the three primordial radionuclides 238U, 232Th, and 40K in samples of food crops consumedwithin
Lagos city inNigeria weremeasured using gamma spectrometry. The study also encompassed the calculation of

Table 3.Absorbed (nGyh−1) dose in samples.

Samples Absorbed dose rate (nGyh−1)

Banana fruit 2.47

Mango fruit 5.02

Basmati Rice 27.85

Foreign Long Rice 43.45

Foreign short Rice 10.46

Local rice 26.68

Wheat 18.82

Ofada rice 32.54

Sweet potato 16.46

Yellow yam 41.40

Irish potato 58.34

Water yam 12.19

Water yam sin 53.33

Yellow yam skin 24.25

Sweet potato 52.08

Irish potato 167.99

Mean 37.083

World safety limits 59 [38]

Table 4.Radiological assessment of food crops.

Samples
Ding (μSvy

−1)
ELCR TCR

238U 232Th 40K Total

Banana fruit 6.39× 10–06 4.17× 10–06 8.17× 10–05 9.23× 10–05 3.23× 10–04 3.24× 10+08

Mango fruit 2.81× 10–05 1.90× 10–06 9.32× 10–05 1.23× 10–04 4.31× 10–04 1.18× 10+08

Basmati Rice 8.91× 10–05 6.82× 10–05 4.24× 10–04 5.81× 10–04 2.03× 10–03 2.45× 10+07

Foreign Long Rice 8.62× 10–05 1.58× 10–04 5.03× 10–04 7.47× 10–04 2.62× 10–03 1.68× 10+07

Foreign short Rice 4.88× 10–05 2.23× 10–05 3.70× 10–05 1.08× 10–04 3.78× 10–04 5.54× 10+07

Local rice 3.16× 10–05 1.05× 10–04 4.23× 10–04 5.60× 10–04 1.96× 10–03 3.01× 10+07

Wheat 5.75× 10–06 9.48× 10–05 1.84× 10–04 2.84× 10–04 9.94× 10–04 4.41× 10+07

Ofada rice 3.56× 10–05 1.53× 10–04 1.92× 10–04 3.81× 10–04 1.33× 10–03 2.32× 10+07

Sweet potato 4.60× 10–05 1.69× 10–05 6.64× 10–04 7.27× 10–04 2.54× 10–03 5.03× 10+07

Yellow yam 1.83× 10–05 1.83× 10–04 7.10× 10–04 9.11× 10–04 3.19× 10–03 2.09× 10+07

Irish potato 1.25× 10–04 1.83× 10–04 9.96× 10–04 1.30× 10–03 4.56× 10–03 1.28× 10+07

Water yam 3.23× 10–06 3.23× 10–05 5.46× 10–04 5.82× 10–04 2.04× 10–03 9.13× 10+07

Water yam sin 9.34× 10–05 2.04× 10–04 6.09× 10–04 9.06× 10–04 3.17× 10–03 1.39× 10+07

Yellow yam skin 1.24× 10–04 0.00× 10+00 7.20× 10–04 8.43× 10–04 2.95× 10–03 2.67× 10+07

Sweet potato 6.64× 10–05 1.69× 10–04 1.29× 10–03 1.53× 10–03 5.35× 10–03 1.63× 10+07

Irish potato 1.99× 10–04 5.80× 10–04 3.86× 10–03 4.64× 10–03 1.62× 10–02 5.03× 10+06

Maximum 3.23× 10–06 0.00× 10+00 3.70× 10–05 9.23× 10–05 3.23× 10–04 5.03× 10+06

Minimum 1.99× 10–04 5.80× 10–04 3.86× 10–03 4.64× 10–03 1.62× 10–02 3.24× 10+08

Average 6.28× 10–05 1.23× 10–04 7.09× 10–04 8.95× 10–04 3.13× 10–03 5.46× 10+07
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various radiological parameters based on the collected data. The obtained results include the absorbed and the
annual effective dose, radium activity equivalent, gamma and alpha indices, excess lifetime cancer risk, and
ingestion annual dose. These results contribute to a comprehensive evaluation of the radiological impact
associatedwith the consumption of the analyzed foodstuffs. The average activity concentrations of 238U, 232Th,
and 40Kmeasured in food crops are observed to be below the recommended values. The calculated radiological
hazards, including external hazard index (Hex), internal hazard index (Hin), gamma index (Ig), and alpha index
(Ia) in food crops, are generally considered safe. This conclusion is drawn from the fact that these hazard indexes
are all less than unity, indicating that the radioactivity levels in the analyzed vegetable and fruit samples are
within acceptable limits, posing no significant radiological risk. The average annual committed effective dose of
the natural radionuclides to the consumers was calculated and found to be below 0.3mSvy−1 recommended by
theUnitedNational Scientific Committee on the Effect of Atomic Radiation. Also, lifetime cancer risk in soil due
to exposure to naturally occurring radionuclides was found to bewithin the threshold level of 2.90× 10–04,
indicating negligible or no potential carcinogenic risk in the exposed population.However, it is recommended
that soil and food crop radioactivity levels in the Southwestern region ofNigeria, be simultaneously investigated,
to establish the natural radionuclides transfer factor from soil to the various food crops investigated.

Figure 4.Correlation of Ding with
238U, 232Th, and 40K.

Table 5.Comparing the annual effective dose and ELCRof the tested samples to those of prior research conducted globally.

D ySving
1m -( )

ELCR References

Country 238U 232Th 40K ySv 1m -( )

Lagos, Nigeria 6.28× 10–05 1.23× 10–04 7.09× 10–04 3.13× 10–03 PresentWork

Anatolia, Turkey (Fruits) 31.40 11.15 142.37 0.07 [26]
Anatolia, Turkey (Vegetables) 0.81 0.50 5.30 0.14 [26]
Iraq (Turkish foodstuff) 0.13 0.06 0.09 0.96 [3]
EKITI STATE,NIGERIA 0.404 0.474 0.490 1.064 [23]
Mali MeanValue 326.0 (~0.33mSvy−1) 9.28× 10–04 [17]
Malaysia (Vegetables) 0.023× 10–03 0.019× 10–03 0.191× 10–03 8.13× 10–04 [38]
Malaysia (Fruits) 0.047× 10–03 0.024× 10–03 0.124× 10–03 6.83× 10–04 [38]
World safety limits 120 120 170 0.29 [5, 37]

9

Phys. Scr. 99 (2024) 075021 MAOlaoye et al



Acknowledgments

S. A. Abd El-Azeem thanks the Scientific ResearchDeanship (SRD) in the Prince SattambinAbdulaziz
University, Kingdomof Saudi Arabia (KSA).

Data availability

All data that support this study is included in the submittedmanuscript.

Conflict of interest

The authors declare no conflicts of interest.

Declaration of funding

This research did not receive any specific funding.

Ethical statement

Not applicable.

ORCID iDs

SAAbdEl-Azeem https://orcid.org/0000-0003-4434-9004
Mostafa YAMostafa https://orcid.org/0000-0002-5445-0248
HyamKhalaf https://orcid.org/0000-0001-9723-7634

References

[1] Olagbaju PO,Okeyode I C, AlatiseOOandBada B S 2021 Background radiation levelmeasurement using hand held dosimeter and
gamma spectrometry in Ijebu-Ife, Ogun StateNigeriaTT -. Int-J-Radiat-Res 19 591–8

[2] Varier KM2009Nuclear RadiationDetection,Measurements and Analysis 1st edn (Abe Books)
[3] DoshR J, Kadhim SH,AbojassimAAandYasseenHussein FA 2024Natural radioactivity in Turkish foodstuff consumed in Iraq J.

Radiat. Res.Appl. Sci. 17 100832
[4] Olagbaju PO,WojuolaOB andTshivhaseV 2021Radionuclides contamination in soil: effects, sources and spatial distribution

InEuropean Physical JournalWeb of ConferencesAA(Department of Physics, North-WestUniversity,MafikengCampus,Mmabatho,
SouthAfrica), AB(Department of Physics, North-WestUniversity,MafikengCampus,Mmabatho, SouthAfrica), AC(Centre for
AppliedRadiation Science andTechnology, North-WestUniver, p 9006

[5] UNSCEAR2000 Sources and effects of ionizing radiation, united nations scientific committee on the effects of atomic radiation
UNSCEAR2000 report to the general assembly, with scientific annexes I 93

[6] El Aouidi S,MejjadN, BenkdadA and Laissaoui A 2023Calculating the dose rate of natural radioactivity in vegetables from an
agricultural area, El Jadida,MoroccoBiology and Life Sciences Forum 26 117

[7] Küçükönder E, Gümbür S, SöğütÖ andDoğruM2023Radioactivity amounts, annual effective dose rate, and lifetime cancer risk
estimation of some vegetable and fruit samples cultivated inKahramanmaraş, TurkeyEnviron.Monit. Assess. 195 475

[8] AbojassimAA,HadyHNandMohammedZB2016Natural radioactivity levels in some vegetables and fruits commonly used inNajaf
Governorate, Iraq J. Bioenergy Food Sci. 3 113–23

[9] MostafaMYA,KadhimNF, AmmerH andBaqir Y 2021The plant transfer factor of natural radionuclides and the soil radiation
hazard of some crops Environ.Monit. Assess. 193 193

[10] KadhimNF et al 2021The effects of fertilizers on increasing the natural radioactivity of cabbage plants Int. J. Environ. Sci. Technol. 10
9467–78

[11] Alausa SK andOmotoshoOO2017Natural radioactivity in farm soils andmajor food crops grown inAyetoro, Ogun State,
SouthwesternNigeria Int. J. LowRadiationVolume 10, p 285

[12] VanHD,NguyenTD, PekaA,HegedusM,Csordas A andKovacs T 2020 Study of soil to plant transfer factors of 226Ra, 232Th, 40K and
137Cs inVietnamese crops J. Environ. Radioact. p 223–24

[13] Jasim SA et al 2023 Evaluation of the risk of cancer due to natural radioactivity in some grain-based foodstuffsOncology and
Radiotherapy© 17 335–43

[14] SamadA I, AhmedAHandAhmad ST 2024Radioactivity levels, soil-to-grass and grass-to-milk transfer factor of natural
radionuclides from grazing area in Erbil governorate, IraqAppl. Radiat. Isot. 205 111170

[15] SamadA I, AhmedAHandAhmad ST 2023Radiological health assessment of infantmilk in Erbil Governorate, Iraq Environ.Monit.
Assess. 195 419

[16] TawalbehAA, AbumuradKM, Samat S B andYasirMS 2011A study of natural radionuclide activities and radiation hazard index in
some grains consumed in JordanMalaysian J. Anal. Sci. 15 61–9

10

Phys. Scr. 99 (2024) 075021 MAOlaoye et al

https://orcid.org/0000-0003-4434-9004
https://orcid.org/0000-0003-4434-9004
https://orcid.org/0000-0003-4434-9004
https://orcid.org/0000-0003-4434-9004
https://orcid.org/0000-0002-5445-0248
https://orcid.org/0000-0002-5445-0248
https://orcid.org/0000-0002-5445-0248
https://orcid.org/0000-0002-5445-0248
https://orcid.org/0000-0001-9723-7634
https://orcid.org/0000-0001-9723-7634
https://orcid.org/0000-0001-9723-7634
https://orcid.org/0000-0001-9723-7634
https://doi.org/10.52547/ijrr.19.3.591
https://doi.org/10.52547/ijrr.19.3.591
https://doi.org/10.52547/ijrr.19.3.591
https://doi.org/10.1016/j.jrras.2024.100832
https://doi.org/10.3390/Foods2023-15077
https://doi.org/DOI: 10.18067/jbfs.v3i3.108
https://doi.org/DOI: 10.18067/jbfs.v3i3.108
https://doi.org/DOI: 10.18067/jbfs.v3i3.108
https://doi.org/10.1007/s10661-021-09061-7
https://doi.org/10.1007/s13762-021-03804-2
https://doi.org/10.1007/s13762-021-03804-2
https://doi.org/10.1007/s13762-021-03804-2
https://doi.org/10.1007/s13762-021-03804-2
https://doi.org/10.1504/IJLR.2017.10008588
https://doi.org/10.1016/j.jenvrad.2020.106416
https://doi.org/10.1016/j.jenvrad.2020.106416
https://doi.org/10.1016/j.jenvrad.2020.106416
https://doi.org/10.1016/j.apradiso.2023.111170


[17] Coulibaly A, KpegloDOandDarko EO2023Assessment of radiological hazards in some foods products consumed by themalian
population using gamma spectrometry J. Radiat. Prot. Res. 48 84–9

[18] WHO2011Nuclear accidents and radioactive contamination of foods 30March 2011
[19] Krishnan S JA et al 2024 Investigating radiation profiles and conducting risk assessment for ecological and environmental components

onVaan andKoswari islands in the Tuticorin group of islands, IndiaEnviron.Monit. Assess. 196 139
[20] Manikanda BharathK et al 2023Geochemometrics of primordial radionuclides and their potential radiological risk in coastal

sediments of Southeast Coast of India J. Radiat. Res. Appl. Sci. 16 100525
[21] HarikrishnanN et al 2017An evaluation of natural radioactivity and its associated health hazards indices of coastal sediments from

Rameshwaram Island, Tamilnadu, India J. Rad.Nucl. Appl. 27 23–7
[22] KrishnamoorthyN et al 2014 Evaluation of natural radioactivity and its associated health hazard indices of a South Indian riverRadiat.

Prot. Dosim. 162 364–74
[23] Fasanmi PO et al 2021Rdadiological assessment of grains, vegetables, fruits and tuber crops cultivated in okemesi township, Ekiti State,

Nigerria Euroasia Journal ofMathematics, Engineering, Natural &Medical Sciences 8 87–96
[24] Ugbede FO et al 2023 Ingestion exposure of public to natural radionuclides and committed effective dose and cancer risk through tuber

crops cultivated in Ebonyi State, NigeriaEnviron.Monit. Assess. 195 1385
[25] Sachdeva S et al 2023Uranium and fluoride accumulation in vegetable and cereal crops: a review on current status and crop-wise

differences Sustainability 15
[26] AydınMF, SöğütÖ andKara A 2022Radiological health risks assessment of vegetable and fruit samples taken from the provincial

borders of adiyaman in the south-eastern Anatolia region, in Turkey J. Radiat. Res. Appl. Sci. 15 13895p 13895–00491
[27] KranrodC et al 2015 Baseline data of naturally occurring radionuclides in somenative vegetables and fruits in Southern Thailand

Radiat. Prot. Dosim. 167 270–5
[28] Scheibel V andAppoloni CR2013Committed effective dose determination in southern Brazilian cereal floursRadiat. Prot. Dosim. 156

68–74
[29] KantK et al 2015Natural radioactivity in Indian vegetation samples TT - Int-J-Radiat-Res 13 143–50
[30] Beretka J andMathewP 1985Natural radioactivity of Australian buildingmaterials, industrial wastes and by- productsHealth Phys. 48

87–95
[31] Canbazoğlu C andDoğruM2013Apreliminary study on (226)Ra, (232)Th, (40)Kand (137)Cs activity concentrations in vegetables

and fruits frequently consumed by inhabitants of ElazığRegion, Turkey J. Radioanal. Nucl. Chem. 295 1245–9
[32] Agency 1999Assessment of doses to the public from ingested radionuclides International Atomic Energy Agency Safty Reports series

No. 14.
[33] Pintilie-NicolovV et al 2021The assessment of the annual effective dose due to ingestion of radionuclides fromdrinkingwater

consumption: calculationmethods J. Radioanal. Nucl. Chem. 327 49–58
[34] ICRP 1990Recommendation of the international commission of radiological protection Published onBehalf of the lnternational

Commission Annals of the ICRP onRadiological ProtectionVolume 21No. 1-3.
[35] AbsarN et al 2021Radionuclides transfer from soil to tea leaves and estimation of committed effective dose to the Bangladesh populace

Life (Basel, Switzerland) 11 p 282
[36] Zhang J et al 2021 Effects of the interaction between vapor-pressure deficit and potassiumon the photosynthesis systemof tomato

seedlings under low temperature ScientiaHorticulturae 283 110089
[37] IAEA IAEA 2010Handbook of parameter values for the prediction of radionuclide transfer in terrestrial and freshwater environments

freshwater environments technical reports seriesNo. 472
[38] Risiko P and Sayur-sayuran P 2016Radiological risk assessment from the intake of vegetables and fruites inMalaysiaMalaysian J. Anal.

Sci. 20 1247–53
[39] UNSCEAR2008 Source and effects of ionizing radiation united nations scientific committee on the effects of atomic radiation,

Volume I.
[40] VanTT et al 2019 Estimation of radionuclide concentrations and average annual committed effective dose due to ingestion for the

population in the red river delta, Vietnam Environ.Management. 63 444–54
[41] ICRP 1993Age-dependent doses tomembers of the public from intake of radionuclides - part 2 ingestion dose coefficientsAnnals of the

ICRPAnn. ICRP 23 3–4
[42] KhandakerMU et al 2020Radiation dose toMalaysian populace via the consumption of roasted ground and instant coffeeRadiat.

Phys. Chem. 173 108886

11

Phys. Scr. 99 (2024) 075021 MAOlaoye et al

https://doi.org/10.14407/jrpr.2022.00178
https://doi.org/10.14407/jrpr.2022.00178
https://doi.org/10.14407/jrpr.2022.00178
https://doi.org/10.1016/j.jrras.2023.100525
https://doi.org/10.1093/rpd/nct288
https://doi.org/10.1093/rpd/nct288
https://doi.org/10.1093/rpd/nct288
https://doi.org/10.3390/su151813895
https://doi.org/10.1093/rpd/ncv260
https://doi.org/10.1093/rpd/ncv260
https://doi.org/10.1093/rpd/ncv260
https://doi.org/10.1093/rpd/nct040
https://doi.org/10.1093/rpd/nct040
https://doi.org/10.1093/rpd/nct040
https://doi.org/10.1093/rpd/nct040
https://doi.org/10.1097/00004032-198501000-00007
https://doi.org/10.1097/00004032-198501000-00007
https://doi.org/10.1097/00004032-198501000-00007
https://doi.org/10.1097/00004032-198501000-00007
https://doi.org/10.1007/s10967-012-1995-4
https://doi.org/10.1007/s10967-012-1995-4
https://doi.org/10.1007/s10967-012-1995-4
https://doi.org/10.1007/s10967-020-07438-5
https://doi.org/10.1007/s10967-020-07438-5
https://doi.org/10.1007/s10967-020-07438-5
https://doi.org/10.3390/life11040282
https://doi.org/10.1016/j.scienta.2021.110089
https://doi.org/10.1007/s00267-018-1007-8
https://doi.org/10.1007/s00267-018-1007-8
https://doi.org/10.1007/s00267-018-1007-8
https://doi.org/10.1016/j.radphyschem.2020.108886

	1. Introduction
	2. Materials and methods
	2.1. Study area
	2.2. Sample collection and preparation
	2.3. Samples analysis and activity measurements
	2.4. Calculation of absorbed dose and annual effective dose
	2.5. Computing of radium equivalent
	2.6. Identification of radiological hazards
	2.7. Annual ingestion dose
	2.8. Excess lifetime cancer risk (ELCR)

	3. Results and discussion
	4. Conclusion
	Acknowledgments
	Data availability
	Conflict of interest
	Declaration of funding
	Ethical statement
	References



