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Abstract: Food is any substance that provides nutritional support to the human body and the biological safety of the food
is always taken into account, however contamination with radionuclides is also possible. The objectives of this study were
to evaluate the activity concentrations of natural radionuclides (**®U, ?°Th, and “’K) of some selected imported canned
foods commonly consumed in Abuja, Nigeria, and their radiological health hazard using sodium iodide detector. The
results obtained showed a mean activity value of 2.43+0.02Bgkg™, 0.38+0.02Bqgkg™ and 69.74+2.43 Bakg™ for 22U, ?Th,
and “°K respectively. The results also showed that the mean value of radium equivalent activity was 9.17 Bgkg™, while the
values of internal hazard index, absorbed dose rate (DR) and annual effective dose equivalent (AEDE) were 0.03, 4.78
nGyh™, and 23.45u Svy™ respectively. The mean values of the Annual Gonadal Effective Dose (AGED) and that of the
representative gamma index were 34.37 pSvyand 0.07 respectively. The overall values obtained were below the world-
permissible values of the United Nations Scientific Committee on the Effect of Atomic Radiation (UNSCEAR). It can be

concluded that the canned foods analyzed in this study do not have any significant radiological concerns.
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1 Introduction

Radioactivity occurs when the nuclei of an unstable atom
emit particles of ionizing radiation, losing energy in the
process. Some radionuclides are naturally occurring, while
others are man-made. Radionuclides such as uranium-238,
thorium-232, and potassium-40 can enter the body through
contaminated food, water, or inhaled air [1-5]. Food is
essential for all living organisms supporting life functions
such as growth, development, and bodily maintenance, and
its consumption represents a major exposure pathway for
these radionuclides [6-8]. Most foods are derived primarily
from plants (fruits, vegetables, grains, tubers, grains, etc.)
and animals [9-12]. Food supplies the body with essential
nutrients, including vitamins and minerals. However, it also
contains trace amounts of naturally occurring radionuclides
and, when ingested, can contribute to an internal radiation
dose [13-14]. Human activities, including the use of
radionuclides as food preservatives, the nuclear fuel cycle,
widespread pesticide use, and radionuclide applications for
therapeutic or other purposes, have contributed to increased
radioactivity levels in food [15]. By 2024, Nigerian canned

Thefood industry is projected to generate $126.825 million
[16].Canned food refers to food that has been processed and
sealed in airtight containers to prolong its shelf life. With

shifting dietary habits and higher disposable incomes,
many individuals are opting for canned foods, which has
led to increased demands in the market. In addition, canned
food requires less preparation contributing to market
growth. The canned food market is also expected to grow
inthe coming years owing to increased investments and
new product launches by major international companies in
the country. This study seeks to assess the radioactivity
levels of some imported canned food consumed in Nigeria.

Most food manufacturers use a variety of techniques

such as irradiation, to stop the activities of enzymes that
lead to spoilage in both processed and unprocessed foods.
Canned foods generally have a long shelf life and can be
transported and stored without requiring special conditions.
[17]. However, despite their convenience and nutritional
value, canned food may contain radioactive contaminants,
which  may result from environmental exposure,
substandard processing methods, or poor packing [18]. The
ingestion of radionuclides through food is a significant
contributor to long-term radiation exposure, affecting
various organs in the body [19-20]. Assessing the
radiological risk levels of canned foods is essential for
evaluating their safety and health implications. The study
aims to fill the existing knowledge gap regarding
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radiological hazards associated with imported canned foods
consumed in Nigeria to conduct an accurate analysis of the
health benefits. Additionally, it will provide a detailed
database of radionuclide levels and contribute to
establishing regulatory standards for radiation safety in
food imports. While previous studies have focused on the
radioactivity of common staple foods. This study extends
the research by examining imported canned foods, which
are now widely consumed across Nigeria.

2 Materials and Methods
2.1 Study Area and Population

Abuja, the Nigeria nation's capital, is in the country's
geographic center at latitude 9.4N and longitude 7.29E. It
covers an area of about 8,000 square kilometers. The scenic
landscape of FCT is made up of gently undulating hills
scattered with river valleys, with an average local relief of
50 meters between the hilltops and the valley bottom. With
a population of about 6000 000 and a 35% annual growth
rate, Abuja continues to be the fastest-growing metropolis
in Africa [21]. Other contiguous metropolitan areas
bordering Abuja include Mandala, Keffi, Kaduna, and
Lokoja. The Nnamdi Azikiwe International Airport serves
Abuja Municipality, which also serves as Nigeria's political
and administrative hub. Mandala, Keffi, Kaduna, and
Lokoja are some additional adjacent metropolises that
border Abuja [22]. A total of 20 samples of imported
canned food made of different brands were randomly

sourced from various shopping malls and local
supermarkets within Abuja metropolis, Nigeria. The
selected samples include meat, tomato paste, fish,

vegetables, grains, etc. The selected canned food Sample
No, Brand Name, Sample Code, Sample Type, and Country
of Manufacture, are presented in Table 1.

2.2 Method of Sample Preparation

The study was conducted for 6 months between March
2022 to August 2022. As soon as the samples were
collected, the dried samples were grounded, sieved, and put
into clean plastic jars with a specific geometry (cylindrical)
corresponding to the calibration source for gamma activity
analysis and sealed with masking tape. The wet samples
were placed into the plastic jars and 10 ml of hydrochloric
acid was added to each wet sample after which it was left
open for 24 hours before sealing to avoid contamination by
radioactive particles. The sealed containers were properly
labeled and left for at least 28 days to allow short-lived
radionuclides (238-U and 232-Th) to achieve secular
equilibrium. The samples were subjected to gamma

spectrometric analysis at the Centre for Energy Research
and Development (CERD), Obafemi Awolowo University,
Ille-Ife, Nigeria. A thallium-activated Sodium lodide
detector system measuring 7.62 cm x 7.62 cm was used for
the measurement [23].

Table 1.0: Description of samples investigated in this
study.

Sample Brand name Sample Type Country of
No code manufacture
1 Costa Sardines in | 001 Sardine China
Vegetable oil
2 Estus Sweet Corn 002 Sweet
Corn
3 Maliange 003 Mushro
Mushrooms oms
4 Wintom Tomato | 004 Tomato
Paste Paste
5 Spice Supreme | 005 Sesame USA
Sesame Seeds Seed
6 Spice  Supreme | 006 Garlic
Garlic Powder
7 Spice  Supreme | 007 Ground
Ground Cinnamon Cinnam
on
8 Basil Leaves 008 Basil
leaves
9 TRS Brown | 009 Mustard India
Mustard Seed Seed
10 Basmati rice 010 Basmati
rice
11 Princes Hot Dogs 011 Hot Netherlands
dogs
12 Batchelors Small | 012 Small
Peas peas
13 Heinz Beanz 013 Baked UK
beans
14 Farrow’s Giant | 014 Marrow
Marrowfat Peas Fat Peas
15 Princes Sardines 015 Sardines
in
Sunflow
er oil
16 Quaker Oats 016 Quaker
Oats
17 Zwan Chicken | 017 Chicken Holland
Luncheon Meat Luncheo
n Meat
18 Napa Flake Tuna | 018 Flake Thailand
Fish Tuna
Fish in
vegetabl
e oil
19 Century Tuna | 019 Tuna Philippines
Flakes Fish flake
fish in
brine
20 Exeter Corned | 020 Corned Brazil
beef beef

2.3 Data Analysis
I. Activity Concentration

Activity concentrations of samples are calculated from the
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net area of a given peak according to the following equation
reported by [24-26]:
C(Bq Kg -1 ) - ﬁ
gPy M,

@)
where C(Bg/Kg™) is the activity concentration of the
radionuclide in the sample, C,, is the count rate under the
corresponding peak, C,, is the count rate of background, €
is the detector efficiency at the specific gamma-ray energy,
Py is the probability of gamma emission and Ms is the mass
of the sample.

ii. Internal Hazard Index
The hazard index is utilized to calculate the degree of

gamma radiation risk connected to the naturally occurring
radionuclides in food samples. The internal hazard index is

calculated from the equation previously used by [27-28]:

Hi, = A”,+ AT“7+ AKfsl
185BgKg™  259BgKg™  4810BgKg™
)

where Ay, Am, , and Ak are the soil activity concentrations
in  Bg-kg 'of °Ra, #2Th,  and K respectively.
The H;, value must not exceed 1 to be accepted as
negligible.

iii. Radium Equivalent Index

When different mixtures of the radionuclides Ra, Th, and K
in a material emit gamma rays, it is referred to as having a
radium equivalent activity (Ra). The radium equivalent
(Ba/kg) for each food sample was calculated as [27-28]:

Ray, (BAKg )= Aq, +1.43A,, +0.077A,
®3)

Where Ay, Am and Ag are the activity concentration in
(Bakg™) of ?°Ra, #?Th, and “°K, respectively in the food
samples

iv. Absorbed Dose Rate
The absorbed dose rate due to direct exposure to the
radionuclides from the samples was calculated as
explained by UNSCEAR [29]:

DGy )=(R, *A)+Ro * A )+ R *A) (4

where D is the absolrbed dose rate of gamma radiation in
(nGy/h). Ry, Ry, and Ry are the conversion factors 2°U,

22Th, and “°K respectively which equals 0.4551, 0.5835,
and 0.0429 (nGyhr/ Bgkg™) respectively. A,, A, and
Ay are the activity concentrations in (Bg/kg) for U,
82T, and “°K respectively.

v. Annual Effective Dose Equivalent (AEDE)

By using a dose conversion factor of 0.7 SvGy-1 and an
occupancy factor of 0.8 to the absorbed dose rate, the
annual effective dose equivalent was calculated as
explained by UNSCEAR [29]:

AEDE (uSvy™1) = D(nGyh™1) * 8760h * 0.7SvGy™! *
0.8 %1073 (5)

vi. Annual Gonadal Equivalent Dose (AGED)

Due to their radiation sensitivity, the gonads, bone marrow,
and bone surface cells are regarded as organs of interest
(UNSCEAR, 2000). As AGED levels rise, the bone marrow
is known to be affected, which destroys red blood cells and
leads to the deadly blood cancer known as leukemia. The
AGED was computed following the work of Avwiri [21]
as:

AGED(18vy *)=3.09A, +4.18A,, +0.314A,
(6)

where, A,
concentration

A, and Agx are the radioactivity

of 238U, 232Th, and 40K in the samples

i Gamma Index

To estimate the gamma radiation hazard associated with the
natural radionuclide in specific investigated samples, the
gamma index Iy was calculated following the work of

Avwiri [30]:
A A A
” 150 100 1500

Where, A,, Am, and Ay are the radioactivity concentration
of 28U, #2Th, and “°K in the samples.

3 Results and Discussion

()

The activity concentration of radionuclides *®U, °Th, and
“OK in the canned food samples calculated using equation
(1) is presented in Table (2). The result obtained from the
radioactivity concentration in Bgkg® ranged from
0.28+0.01 to 7.73+0.03 with a mean of 2.430.02 for **U
and 0.09£0.01 to 1.294+0.04 with a mean of 0.38+0.02 for
225Th and 9.59+0.92 to 235.65+4.57 with a mean of activity
concentration of 69.74+2.43 for “°K respectively. It was

© 2025 NSP
Natural Sciences Publishing Cor.



16 —F A. F. Ibukunoluwa et al.: Investigation of Radioactivity Levels ...

observed that the “°K had the highest activity concentration ¢ . samples using the UNSCEAR [29] permissible limits
while °Th had the least activity concentration. Evaluation  showed, that activity concentrations of 2U, 25Th, and K

of the three naturally occurring radionuclides in the canned in all the samples are below the permissible limits.

Table 2: Activity concentration in Bgkg™ of 238U, 232Th, and 40K in canned food sample.

Sample No. Sample Code Activity Concentration

238U 232-|-h 40K
1 001 3.75+¢0.02 | 0.16%0.02 152.66+3.68
2 002 0.39+0.02 | 0.16+0.02 | 9.59+0.92
3 003 0.35+0.01 0.13+0.01 23.79+1.45
4 004 6.28+0.02 | 0.21+0.02 | 41.89+1.93
5 005 0.32+0.02 | 0.15+0.02 | 21.83+1.39
6 006 0.33£0.02 | 0.16+0.02 | 23.43+1.44
7 007 0.31+0.02 | 0.15%0.02 17.57+1.25
8 008 0.37+0.02 0.16+0.02 | 25.38+1.50
9 009 4.3+0.02 0.39+0.02 164.02+3.82
10 010 1.29+0.02 | 0.17£0.02 | 56.8+2.25
11 011 0.43+0.02 | 0.15%0.02 11.89+1.03
12 012 7.03+£0.04 1.02+0.04 | 200.59+4.22
13 013 5.66+0.03 | 0.62+0.03 137.13+£3.49
14 014 0.41£0.02 | 0.16+0.02 | 80.59+2.67
15 015 7.73£0.03 | 0.59+£0.03 | 235.65+4.57
16 016 3.37+0.04 1.29+0.04 116.98+3.22
17 017 0.45+0.01 0.13+0.01 74.734£2.58
18 018 5.08+0.04 | 0.98+0.04 115.29+3.20
19 019 0.28+0.01 0.09+0.01 18.28+1.27
20 020 0.38+£0.03 | 0.70+0.03 | 82.72+2.71

Table 3: Comparison of activity concentration in Bakg™ of different canned foods with those of similar food items
from other countries.

Food Country Radioactivity Concentration (Bgkg™) References
238U 232-|—h 4OK

Basil Najaf, Iraq BLD 4.83+0.11 236.39+1.43 [31]

Garlic BLD 3.55+0.09 154.64+1.09

GARLIC Portharcourt, BLD 12.79+1.6 714.71+63 [32]
Nigeria

Mushroom Baghdad, Iraq 0.33 B.D.L. 180.93 [33]

Sweet Corn B.D.L. 0.1093 229.24

Green Peas 0.18 B.D.L. 222.91

Tomatoes Paste 0.21 0.21 227.65
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Mushroom Tehran, Iran - 0.033+£0.006 | 55+6.00 [24]
Canned Tuna Kingdom of 1.5+£0.8 1.0£0.60 192.3+14.6 [35]
Sardines Saudi Arabia 0.37+£0.3 1.2+0.30 219.8+15.8

Canned rice Hilla City 2.787+0.408 | 6.058+0.58 77.671+38.54 | [36]
Sweet Corn Abuja, Nigeria 0.39+0.02 0.39+0.02 0.39+0.02 Present
Garlic 0.33+0.02 0.16+0.02 23.43+1.44 Study
Mushroom 0.35+0.01 0.13+0.01 23.79+1.45

Basil 0.37+0.02 0.16+0.02 25.38+1.50

Basmati Rice 1.2940.02 0.17+0.02 56.8+2.25

Tomatoes Paste 6.28+0.02 0.21+0.02 41.89+1.93

Small Peas 7.03+0.04 1.02+0.04 200.59+4.22

Canned Sardines 5.74+0.03 0.36+0.03 194.16+4.13

Canned Tuna 2.68+0.03 0.54+0.03 66.79+2.24

3.1 Radiation Hazard Parameters
Table 4.0: Radiation hazards evaluated in samples.

Sample D Raeq (Hin) AGED Iy AEDE

(nGyh™) (Bakg™) (Svy™) (nSvy™)
Baked Beans 8.35 15.73 0.05 60.19 0.13 40.96
Basil Leaf 0.68 1.36 0.00 4.89 0.01 3.35
Basmatic Rice 117 222 | o001 8.47 0.02 5.74
CenturyTuna Fish 1.25 2.36 0.01 9.05 0.02 6.13
Corned Beef 9.22 17.49 0.06 66.42 0.14 45.23
Costal Sardine 1.26 2.37 0.01 9.09 0.02 6.16
Farrow GiantPeas 4.78 9.81 0.04 33.44 0.07 23.44
Flake Tuna Fish 0.79 1.56 0.01 5.69 0.01 3.89
Garlic Powder 8.82 17.11 0.06 63.14 0.14 43.27
Cinnamon 3.74 6.84 0.02 27.24 0.06 18.33
Mushroom 3.49 6.39 0.02 25.40 0.05 17.10
Mustard Seed 13.97 26.72 0.09 100.35 0.21 68.54
Prince Hot Dog 7.83 15.36 0.06 55.99 0.12 38.41
Prince Sardine 0.96 1.82 001 6.98 0.01 4.73
Sesame Seed 12.40 23.93 0.08 88.97 0.19 60.83
Small Pea 4.13 7.75 0.02 30.07 0.06 20.26
Sweet Corn 7.30 14.22 0.05 52.54 0.11 35.83
Tomato Paste 0.98 1.88 0.01 7.10 0.02 4.82
White Oats 1.35 2.55 0.01 9.78 0.02 6.63
Swan Chicken 3.12 5.91 0.02 22.53 0.05 15.32
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The analysis in this study focuses on radiological hazard
indices, carried out in six (6) parts: internal radiation index,
radium equivalent index, absorbed dose rate, annual
effective dose equivalent, annual gonadal equivalent dose,
and representative gamma index. The results of the analysis
are presented in Table 3.0 and Figures 1 and 2. The analysis
of the internal radiation hazard index in Table 4.0, shows
that the value ranged from 0.00 to 0.09 with a mean value
of 0.03. The values obtained were below the unity value
recommended as the standard permissible value which
denotes that the samples are safe for consumption.

The result of the estimated radium equivalent dose shows a
value range from 1.56 Bgkg™ to 26.72 Bgkg™ with a mean
value of 9.17 Bgkg™. The values obtained are far below the
international acceptable limit of 370 Bgkg™ for Raeq and,
therefore comply with the radium equivalent standard for
radioactivity concentration.

The overall absorbed dose rate for the samples due to **®U,
226Th, and “°K ranged from 0.68 nGyh™ to 13.67 nGyh™
with a mean value of 4.78 nGyh™ which is less than the
world’s permissible value of 80 nGyh™, hence posing no
hazards. The estimated annual effective dose equivalent
obtained for the samples ranged from 3.35 uSvy™ to 68.54
pSvy ™ with a mean activity concentration of 23.45uSvy™. It
is observed that the values of the annual effective dose
equivalent of the samples are lower than the world’s
average values of 450 uSvy™. This shows that the samples
are radiologically safe for consumption.

The result of the AGED ranged from 4.89uSvy™
100.35uSvy™ with a mean activity concentration of
34.37uSvy™. The values obtained are below the world’s
permissible values of 300uSvy™ [29]. Thus, consumption of
any of the samples may not cause any radiation health risk.
The result of the gamma index I, ranged from 0.01 to 0.19
with a mean of 0.07. The results obtained are below the
average world value of unity and hence pose no radiation
hazard.
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Fig.1: Radium equivalent activity (Rag) ranges and the
absorbed dose rate of gamma radiation for the samples.

0,25

0,20

0,15

0,10

1L ‘I "

0.00 II- I- Il Il [ 1. I I I- II II

¢ & QOO

& \(’%‘&\V$°<°o° C LSS
F L0 \© L K« <Y«
SRS N S SR SRR

VNS¢ V& T

Fig.2: Gamma representative index I, and internal
hazard index H;, for the samples.

The results obtained in this study are in line with the
findings of [37] who determined the activity concentration
of walnuts collected from different markets in the city of
Sulaimanya, Kurdistan Region of Iraq, and obtained a
radium equivalent index of 16.6606 Bgkg™ using high-
purity germanium detector. This study is also similar to the
findings of other researchers such as [36] who determined
the natural radioactivity of canned rice samples in Hilla
City and obtained a radium equivalent index of 17.380
Bg.kg™, using a sodium iodide detector, and [38] who
determined the activity concentration of natural
radionuclides in marine croaker fish from two coastal areas
of Nigeria (Lagos and Portharcourt and obtained a radium
equivalent of 267.21BqKg™ and 618.56 Bq kg ™respectively
using thallium activated sodium iodide detector.

The results from this study, however, were not in line with
the findings of [39] who determined the radioactivity and
radiological hazard of different food items collected from
local markets in Bangladeshi and obtained a radium
equivalent index of 113.89 Bgkg-1 using high-purity
germanium detector and [40] who determine the
concentrations of natural radionuclides (***U, “K, and
%2Th) in selected food commonly consumed in Enugu
State, Nigeria, using high-purity germanium detector.

4 Conclusions

Generally, the results show trends that are low for most of
the radiological hazard indices estimated in the study as
Recommended by the UNSCEAR thresholds. It can be
concluded that the implemented technique presented good
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results when compared with other literature data. Also, it
can be concluded that imported canned foods in Abuja
analyzed are radiologically safe for consumption because
their radioactivity levels are lower than the maximum
permitted levels. Hence this study serves as a baseline for
radiological data on imported canned foods for future
investigation that could inform quality assurance and
control on the analysis of natural radionuclides in canned
food samples.
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