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Abstract

This study investigated the concentration of *°Ra, ?**Th, and *’K in maize (Zea
mays) and beans (Phaseolus vulgaris), the common cereals and pulses available
in Bungoma County. Eighteen representative samples were collected from the
study area and analyzed using a Thallium-activated Sodium Iodide Nal (TI)
scintillation detector. The average activity concentration of ?*Ra, #**Th, and “K
in maize were found to be 20.9 + 7.19 Bq/kg, 54 + 21.15 Bq/kg, and 161 * 76.84
Bq/kg, while in beans, these values were 18.4 + 4.03 Bq/kg, 43 + 15.51 Bqg/kg
and 195 * 132.48 Bq/kg respectively. The mean absorbed dose rates were 49 +
2.45 nGy/h and 43 * 2.15 nGy/h for maize and beans respectively which were
lower than the admissible dose standard of 1500 nGy/h. The average annual
effective ingestion dose (AEID) in maize and beans were 1.240 mSv/y and 0.
263 mSv/y respectively. The average AEID values in maize were above the limit
of ImSv/y for the general public, as the International Commission on Radio-
logical Protection (ICRP) recommended. This shows that there is an increased
health risk for the whole body of an individual due to the intake of maize with
higher AEID. While the AEID in maize suggests an elevated health risk for
consumers due to whole-body radiation exposure, the overall radiological risk
posed by beans and other consumption in the region remains minimal and
within international safety limits hence poses no significant risk to the con-
sumers and the general populace of Bungoma County.
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1. Introduction

Food is an essential source of nutrients for human subsistence. However, its con-
sumption is among the most important routes by which natural and artificial ra-
dionuclides get into the human body [1]. It has been projected that the intake of
food causes at least one-eighth of the mean yearly dosage derived from natural
sources [2]. According to the study carried out by Vila-Real et al [3], cereals and
pulses account for over 34% of the food intake in Kenyan households. It is im-
portant to understand the rate at which radiation is received [4]. Determining the
radiation levels of cereal samples is essential to identifying the expected radiation
doses and preventing consumers from being susceptible to low-energy radiation
due to the intake of maize and beans.

Natural sources of radiation include high-energy cosmic rays and radioactive
nuclides from the Earth’s crust, which accumulate in agricultural fields through
physical and chemical weathering [5] [6]. Artificial radiation arises mainly from
nuclear weapons tests, reactor accidents, and airborne emissions from nuclear fa-
cilities, leading to radioactive dust settling on fertile land [7]. Agricultural activi-
ties such as the use of inorganic fertilizers, herbicides, and pesticides that may
contain radionuclides like ***Ra, **Th, and **K may increase the concentration of
these radionuclides in soil [8]. Olatunji et al [9] also noted that chemical and fer-
tilizer applications modify the chemical and physical properties of radionuclides
in soil, potentially increasing radionuclide uptake. According to ICRP [10], it was
estimated that the usage of phosphate fertilizer has at least increased the continued
exposure of humans through food consumption. Thus, contamination of the food
chain might emerge as an outcome of direct deposition of these radionuclides on
plants’ leaves, fruits, and tubers, as well as via root absorption from contaminated
soil or water, which are primarily the edible components of a plant [1].

According to Fathabadi et al [11], radionuclides that are ingested through food
consumption contribute significantly to the average irradiation of different organs
in the body and are among the most vital aspects to consider for long-term health.
Consumption of contaminated cereals and pulses by these radionuclides can cause
health problems like; Immunological defenses, intrauterine growth retardation,
poor psychosocial behavior, and malnutrition-related impairments [12]. Lopes et
al [13] outlined that the internal dosage owing to natural radionuclides is not
harmful, provided that the receiving of such elements is not above the recom-
mended.

Therefore, studying radionuclide levels in food crops is crucial to ensure their
concentrations do not exceed the limits recommended by the International Com-
mission on Radiological Protection (ICRP), as elevated levels can pose health risks

to consumers. This study aimed to establish baseline information on the natural
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radioactivity levels in maize and beans consumed in Bungoma County. It focused
on measuring the specific activity concentrations of naturally occurring radionu-
clides, including ***Ra, #**Th, and *’K, in locally grown samples using a Thallium-
activated Sodium Iodide Nal (TI) scintillation detector. Additionally, the study
assessed the radium equivalent dose, absorbed dose rate, annual effective dose,
and annual effective ingestion dose, providing essential data on the radiological
hazards associated with the consumption of these foods. By providing specific in-
formation on the activity concentration levels of natural radionuclides and the
associated health risks, this research contributes to the development of guidelines

to protect public health from radiation exposure through food.

2. Materials and Methods
2.1. Area of Study

Bungoma County, located in western Kenya within the Lake Victoria Basin, co-
vers 3032.4 km? and lies between latitudes 00°28'N and 10°30'N, and longitudes
34°20'E and 35°5'E. The county borders Uganda to the northwest, Trans-Nzoia to
the northeast, Kakamega to the east, and Busia to the west, with a population of
approximately 1.67 million. It consists of nine sub-counties: Kanduyi, Bumula,
Sirisia, Kabuchai, Mt. Elgon, Webuye East, Webuye West, Tongaren, and Kimilili
[14] [15].

Figure 1 shows a map of Bungoma County’s location within Kenya and the

nine sub-counties.
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Figure 1. Map of Bungoma county, Kenya.
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The region has a tropical climate, with two rainy seasons and an average annual
rainfall of 1200mm to 1800mm. Its fertile volcanic soils support extensive agricul-
ture, primarily growing maize and beans, the region’s staple foods. Agriculture is
the county’s primary economic activity, and these crops are crucial for both sub-
sistence and trade. Bungoma’s population relies heavily on locally grown crops,
making it essential to assess the radiological risks of consuming maize and beans.
The region’s soils may contain natural radionuclides such as *Ra, ?**Th, and K,
which could be further concentrated by the use of fertilizers.

The county’s proximity to Mount Elgon and its varied topography also pose
environmental concerns, such as the accumulation of radionuclides in soil, which
could potentially affect food safety. This study focused on measuring radionuclide lev-
els in maize and beans, and seeks to establish a baseline for radiation exposure through
food consumption. The findings will provide vital information for protecting public
health and informing sustainable agricultural practices in Bungoma County.

This map shows Bungoma County’s location within Kenya and the nine sub-

counties.

2.2. Sample Collection and Preparation

Approximately 200g of maize and beans samples were collected randomly from 3
different households in each of the nine sub-counties except Mount Elgon where
five samples were collected due to its large coverage area. The samples were la-
beled with the GPS location (latitude and longitude), properly packed in small
bags to avoid cross-contamination, and transported to the laboratory for prepa-
ration. The samples were first sundried for 2 days to ensure the moisture content
was eliminated. 150g of each of the three samples from each sub-county (for maize
and beans) were mixed to obtain a representative sample. The samples were then
blended into powder using a multifunctional grinder rated at 2300 W, 240 V with
a motor speed of 25000 r/min, for 5 minutes each to achieve a homogeneous state.
A fine aperture mesh screen with a mesh size of 2 um was used to filter the pow-
dered samples in order to eliminate any unnecessary particles and produce a finely
grained sample that provided a homogeneous matrix to the detector. The samples
were then dried in an oven at 50°C to 60°C until a steady weight was reached and
to make sure that all noticeable moisture has been eliminated from the samples.
[8] [16] [17]. Samples were considered dehumidified when the rate of mass vari-
ation tends to zero [13]. 200g of samples were weighed using an electronic top pan
balance and subsequently moved into 8.5 cm in diameter and 7 cm in height cy-
lindrical containers made of plastic and labeled appropriately [18]. For the maize
samples, they were labeled M, through My (Table 1). Likewise, samples of beans
were labeled B, through B,, where B stands for beans and 1 for the region (Table
2). The samples were kept for one month to enable the daughter products to enter
secular equilibrium with their parents ***Ra and **?Th [6] [19].

2.3. Instrument Calibration

In this work, IAEA standard reference materials RG-U, RG-K, and RG-Th are
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used to acquire the spectrum and estimate the activity concentration of specific
radionuclides. The activity concentration of 2*Bi (1765 keV') was used to estimate
the activity concentration of *°Ra, while the activity concentration of *Th was
determined using the **®*T1 (2615 keV) gamma energy peak [8]. Due to the limited
resolution of the gamma-ray detector, the energy peaks were chosen because they
differ from other peaks. The activity concentration of K was obtained using its
1460 keV gamma energy peak [13]. The net peak count rate (cps) for each radio-
nuclide was calculated by subtracting its net peak count rate from that of the sam-

ple. The data acquisition period for each sample was 28800 seconds.

Table 1. The specific activity concentration, radium equivalent, absorbed dose rate and annual effective ingestion dose in maize

samples.
Specific Activity Concentration (Bq/kg) Radium Absorbed Dose  Annual Effective
Sample Equivalent Rate Ingestion Dose
Ra #2Th “K (Bq/kg) (nGy/h) (mSvy™)
M 11.50 + 0.57 23.00 = 1.16 82.00 + 4.14 51.00 + 2.56 22.00 = 1.14 0.5852
M. 15.00 £ 0.75 73.00 £ 3.65 46.00 + 2.34 122.00 + 6.14 53.00 £ 2.65 1.3652
M 20.80 + 1.04 61.00 = 3.06 132.00 + 6.64 118.00 £ 5.93 52.00 + 2.61 1.3311
My 30.10 £ 1.50 23.00 £ 1.16 279.00 £ 13.99 85.00 + 4.25 39.00 = 1.98 0.9961
Ms 30.10 = 1.50 29.00 + 1.46 170.00 + 8.52 84.00 + 4.24 38.00 £ 1.93 1.0387
Ms 12.70 £ 0.63 75.00 £ 3.79 87.00 + 4.37 127.00 + 6.39 55.00 £2.76 1.3829
My 30.10 = 1.50 64.00 + 3.21 176.00 + 8.83 135.00 + 6.77 60.00 + 3.00 1.5578
Ms 16.20 £ 0.81 61.00 £ 3.06 206.00 + 10.31 119.00 + 5.98 53.00 £ 2.65 1.2772
Moy 22.00 £ 1.10 75.00 + 3.79 267.00 + 13.36 151.00 + 7.55 67.00 + 3.35 1.6206
MEAN +SD 20.90+7.19 54.00 £ 21.15 161.00 + 76.84 110.00 + 29.22 49.00 +12.52 1.24 £ 0.29

Table 2. The specific activity concentration, radium equivalent, absorbed dose rate and annual effective ingestion dose in beans

samples.
Specific Activity Concentration (Bq/kg) Radium Absorbed Dose Annual Effective
Samples Equivalent Rate Ingestion Dose
Ra Th “K (Bq/kg) (nGy/h) mSvy™!
B: 15.00 £ 0.75 23.00 = 1.16 28.00 = 1.40 50.00 + 2.52 22.00 = 1.11 0.156
B 12.70 £ 0.63 67.00 + 3.35 498.00 + 24.93 147.00 £ 7.35 67.00 + 3.36 0.354
Bs 23.10 £ 1.15 23.00 = 1.16 226.00 +11.33 73.00 + 3.69 34.00 £ 1.71 0.212
B4 19.60 + 0.98 58.00 + 2.92 287.00 + 14.38 125.00 £ 6.26 56.00 + 2.81 0.332
Bs 22.00 = 1.10 32.00 = 1.60 142.00 £ 7.11 78.00 + 3.94 35.00 £ 1.77 0.231
Bs 18.50 £ 0.92 40.00 + 2.04 118.00 £ 5.94 86.00 £ 4.3 38.00 £ 1.91 0.245
B7 20.80 = 1.04 40.00 + 2.04 81.00 *+ 4.06 85.00 + 4.27 37.00 +1.88 0.252
Bs 22.00 = 1.10 64.00 = 3.21 247.00 + 12.35 132.00 £ 6.63 59.00 + 2.96 0.360
By 11.50 + 0.57 43.00 + 2.19 131.00 £ 6.56 84.00 + 4.21 37.00 + 1.86 0.226
MEAN £ 8.D 18.40 + 4.03 43.00 + 15.51 195.00 + 132.48  96.04 + 29.82 43.00 + 13.66 0.263 + 0.07

SD-Standard deviation.
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2.4. Sample Analysis
2.4.1. The Specific Activity

Specific activity is the radionuclide’s decay rate per unit mass. This equation pro-
vides the specific activity associated with each radionuclide in a sample [8] [20].
A:N><100><1000 1)
PyxexW
where A is the activity of the sample in Bq/kg, ¢is the counting efficiency of the
gamma energy, Py is the absolute intensity of the gamma-ray, and W net weight

of the sample (in grams).

2.4.2. Radium Equivalent Activity (Raeq)

Radium equivalent activity is a comparable concentration value of the radium el-
ement, denoted Ra.,, used to calculate the risk concentration brought on by *Ra,
#2Th, and K (Bq/kg). It was determined by Equation (2) [21].

Raeq = Cray + 1.43C(mh) + 0.077C(x) 2)
where C (ra), C (tn), and C (k) represented radioactivity concentration in (Bq/kg) for
2Ra, #2Th, and “K, respectively, the maximum amount of radium equivalent ac-
tivity that is allowed is 370 Bq/kg.

2.4.3. Absorbed Dose Rate
Absorbed dose rate is the quantity of energy that a tissue absorbs per unit mass. It
is also known as the direct correlation between natural radionuclide exposure in
the air at one meter above the ground and their radioactivity concentrations. The
samples’ absorbed dose rate is determined using the mean activity concentrations
of #*Th, **Ra, and “K (Bq/kg) in the samples, Equation (3) [22].

D = 0.462Cg, + 0.604Cry, + 0.0417Cxk 3)
where D is the absorbed dose rate in nGyh™'. Where, Cra, Cr, and Ck are the spe-
cific activities of ?*Ra, **?Th, and *’K, respectively in Bq/kg.

2.4.4. Annual Effective Ingestion Dose (AEID)

The Annual Effective Ingestion Dose represents the health risk for the whole body
due to the intake of foods [23]. It can be used to estimate an individual’s annual
effective ingestion dose from radionuclide dietary intake, Equation (4),

AEID (uSvy™) = Cx A; x Fpc (4)
where C is the concentration of each radionuclide in units of Bq-kg™, Al is the
annual intake of each food in kilograms per year and Fpc is the standard dosage
conversion factor, which is equivalent to 0.28 uSv-Bq™* for ?*Ra, 0.23 pSv-Bq™* for
#2Th and 0.0062 uSv-Bq™ for *K coefficients take account of age-related changes
in intestinal absorption, body and organ masses, and excretion rates from the uri-
nary bladder [24].

3. Results and Discussion
3.1. Radiological Assessment of Maize Samples

Table 1 presents the specific activity concentrations of radionuclides ***Ra, **Th,
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and “K, along with the radium equivalent (Raeq), absorbed dose rate (nGy/h),
and annual effective ingestion dose (AEID) in maize samples (M; to My) from the
study area. The results provide valuable insights into the radiological safety of

maize consumed in Bungoma County.

3.1.1. Specific Activity Concentrations

The specific activity concentrations of **Ra, **Th, and *K vary significantly
across the maize samples. The concentration of **Ra ranges from 11.50 £ 0.57
Bq/kg (M,) to 30.10 £ 1.50 Bq/kg (M4, M5, and My). The mean value of 20.90 +
7.19 Bq/kg indicates relatively moderate variation, but My, Ms, and M; exhibit
higher concentrations as seen in Figure 2, suggesting potential local variations in
soil or environmental factors influencing *Ra uptake.

For #*Th, the concentration shows wider variation, ranging from 23.00 + 1.16
Bq/kg (M, My) to 75.00 * 3.79 Bq/kg (Ms, Ms). The mean value is 54.00 + 21.15
Bq/kg, indicating that some samples have relatively higher concentrations, partic-
ularly Ms, M7, and Mo, see Figure 2 which could reflect localized differences in soil

composition or fertilizer use.

BRADIUM-226 ETHORIUM-232 EPOTASSIUM-40

M1 M2 M3 M4 M5 M6 M7 M8 M9
SAMPLES

Figure 2. Activity concentration in maize.

“K exhibits the highest concentration among the three radionuclides, with val-
ues ranging from 46.00 + 2.34 Bq/kg (M,) to 279.00 + 13.99 Bq/kg (M,). The mean
value of 161.00 + 76.84 Bq/kg suggests substantial variability. *K is a common
radionuclide in soils and plants due to its abundance in nature, and the variations
seen here could be linked to differences in the potassium content of soils in various

locations.
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Bungoma showed higher *Ra and ***Th levels compared to Rio, Brazil, which
recorded 5.40 + 1.3 Bq/kg for **Ra and 1.09 * 0.17 Bg/kg for **Th, but “K was
significantly lower in Bungoma than in Rio (489.36 + 23.70 Bq/kg) [13]. Com-
pared to Bureti, Kenya, Bungoma had much lower levels for all radionuclides, as
Bureti recorded 68 + 4 Bq/kg for ?**Ra, 77 + 5 Bq/kg for ***Th, and 651 + 33 Bq/kg
for “9K [25]. This highlights the moderate levels of radioactivity in Bungoma rela-
tive to regions with higher and lower radionuclide concentrations.

3.1.2. Radium Equivalent (Raeq)

The radium equivalent activity (Ra.) is a standard measure used to compare the
combined activity of ?Ra, #*?Th, and *K to a single value that reflects their poten-
tial radiological hazard. In the samples, Ra.q values range from 51.00 + 2.56 Bq/kg
(M) to 151.00 + 7.55 Bq/kg (M) (see Figure 3).

RADIUM EQUIVALENT IN MAIZE

160 -
140 4
120 A
100 4
80 -
60 -
40
20 A

RADIUM EQUIVALENT

M1 M2 M3 M4 M5 Me M7 M8 MS
SAMPLES

Figure 3. Radium equivalent in maize (NB: The value of *°K in this figure was reduced by
a scale factor of 5 since it had higher values compared to *Ra and ***Th. This aided in
interpreting activity concentration at lower values accurately).

The mean value is 110.00 + 29.22 Bg/kg, which is well below the safety limit of
370 Bg/kg. These values can be attributed to higher levels of **Th and *K in ex-
amined maize samples. This implies that the maize samples from Bungoma
County pose no significant radiation hazard based on their.

In the current study, Ra.q values varied significantly across the regions studied
reflecting differences in environmental and agricultural factors. Soil composition
plays a key role, as geological formations like granitic and volcanic soils tend to
have higher levels of radionuclides such as ***Ra, ***Th, and *K [26]. The use of
phosphate-based fertilizers further contributes, as these often contain trace
amounts of radioactive elements [27]. Environmental processes like erosion, wa-
ter runoff, and sediment transport also redistribute radionuclides, creating une-
ven concentrations across agricultural fields [5]. Understanding these factors is

crucial for managing radiological risks in food and the environment. Dhaka,
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Bangladesh, was reported to have a Ra.q of 113.78 Bq/kg, slightly higher than some
other areas [8]. Skopje, North Macedonia, recorded a notably low Ra, of 7.64
Bq/kg [28], while Penang, Malaysia, showed a significantly higher value of 211.646
Bg/kg [2]. In the Niger Delta, Nigeria, a moderate Ra., of 48.4 Bq/kg was observed
[29]. These variations illustrated the impact of regional geological conditions and

agricultural practices on radionuclide concentrations.

3.1.3. Absorbed Dose Rate

The absorbed dose rate (ADR) indicates the rate at which radiation energy is ab-
sorbed by human tissue from exposure to the radionuclides. In the maize samples,
the dose rate ranges from 22.00 + 1.14 nGy/h (M) to 67.00 £ 3.35 nGy/h (M,) as
seen in Figure 4, with a mean of 49.00 *+ 12.52 nGy/h. These values are signifi-
cantly lower than the global average outdoor absorbed dose rate of 59 nGy/h, as
reported by United Nations Scientific Committee on the Effects of Atomic Radi-
ation UNSCEAR [5].

80 - M Absorbed dose rate for maize
< 70 -
)
£ 60 -
=
< 50 -
w
& a0 -
a
2 30 -
[=a]
o
O 20 1
[%2)
[=a]
< 10 -

o 4

M1 M2 M3 M4 M5 M6 M7 M8 M9
SAMPLES

Figure 4. Absorbed dose rate in maize.

Elevated values of ADR in maize may lead to an increase in the annual effective
ingestion dose which in turn translates to increased irradiation risk of internal
organs of the body. From this study the radiation exposure from maize consump-
tion in this region remains within acceptable limits and does not present an im-

mediate radiological threat to the population.

3.1.4. Annual Effective Ingestion Dose (AEID)

The annual effective ingestion dose (AEID) is a critical parameter for assessing
the potential health risks associated with consuming radionuclides through food.
In the study, AEID values range from 0.5852 mSv/y (M,) to 1.6206 mSv/y (Mo).
#2Th had the highest contribution of 65% of the total AEID compared to *K and
%Ra, as seen in Figure 5. The average AEID is 1.24 + 0.29 mSv/y, which slightly
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exceeds the recommended safety limit of 1 mSv/y set by the International Com-

mission on Radiological Protection (ICRP) for the general public.

AEID due to intake of maize mSvy™?

Figure 5. Annual effective ingestion dose in maize.

Although the mean AEID suggests an elevated health risk from maize con-
sumption, it is important to note that not all samples exceed the limit. Samples
such as M, and M, show relatively lower doses, while My and My present higher
risks, see Table 1. Elevated radiation doses to specific organs can impact human
health by weakening the immune system, causing a variety of diseases, and ulti-
mately raising mortality rates [30].

The elevated AEID values, particularly in Mo, highlight a potential concern for
consumers in regions where these maize samples were grown, and measures to
mitigate exposure, such as monitoring fertilizer use or soil quality, may be neces-

sary.

3.2. Radiological Assessment of Beans Samples

Table 2 presents the specific activity concentrations of radionuclides **Ra, **Th,
and “K in beans (samples B; to Bs), alongside the corresponding radium equiva-
lent (Ra.), absorbed dose rate (nGy/h), and annual effective ingestion dose
(AEID) for consumers. The results offer key insights into the radiological safety
of beans consumed in Bungoma County, providing data essential for assessing
potential health risks.by the International Commission on Radiological Protection
(ICRP) for the general public.

3.2.1. Specific Activity Concentrations in Beans

The specific activity concentrations of **Ra, **Th, and *K vary significantly
across the nine samples: *°Ra concentrations range from 11.50 * 0.57 Bg/kg (Bs)
to 23.10 + 1.15 Bq/kg (Bs), with a mean of 18.40 + 4.03 Bq/kg. **Th shows wider
variability, with concentrations ranging from 23.00 + 1.16 Bq/kg (B, B;) to 67.00
+ 3.35 Bq/kg (B.), with a mean of 43.00 + 15.51 Bq/kg. *K exhibits the highest
variation, with concentrations ranging from 28.00 + 1.40 Bq/kg (B,) to 498.00 +
24.93 Bq/kg (B,) (See Figure 6).
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Figure 6. Activity concentration in beans (NB: The value of * K in Figure 6 was reduced
by a scale factor of 5 since it had higher values compared to ***Ra and **Th. This aided in
interpreting activity concentration at lower values accurately).

The mean value of 195.00 + 132.48 Bq/kg indicates significant variability. *K is
a naturally occurring radionuclide that tends to vary based on soil and crop type,
and its relatively high levels in beans are typical due to potassium’s essential role
in plant growth.

When comparing radionuclide activity concentrations in beans, several regions
report higher levels than the current study. In Bangladesh, **Ra and *K concen-
trations are notably higher, while ***Th is lower [8]. Similarly, in Tanzania, both
#2Th and “K are much higher than in the current study, while **Ra levels are
comparable [31]. In the Niger Delta, Nigeria, >**Th and *)K are also higher, while
2Ra is slightly lower than in the current study [29]. In Bureti, Kenya, all radionu-
clides are significantly higher compared to the current study [13]. These compar-
isons reveal how regional geological and agricultural factors influence radionu-
clide concentrations in different areas.

Since “K’s particles are diminutive than those of #*Th and **Ra, they diffuse
more from the substrate to the plants than do the latter two. This explains why *K
has a higher concentration of K in maize and bean samples [32]. It may also be
connected to farmers’ extensive use of nitrogenous fertilizers to increase yields,
which the crops may subsequently take along with minerals and other nutrients
[33]. The elevated values of *K and ***Th in samples M and Bs, Table 1 and Table
2, correspond to the earlier research done on the assessment of human exposure
to natural sources of radiation on the soil in the Tongaren constituency which
recorded high values at 85.0 + 4.3 Bq/kg and 981.5 + 49.1 Bq/kg for **Th and K
respectively. This suggests there is a strong correlation between radionuclides
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available in the soil and those transferred to plants for instance cereals [34]. This
broad range highlights the potential influence of soil composition, agricultural

practices, and environmental factors on thorium concentrations in beans.

3.2.2. Radium Equivalent (Raeq)

The radium equivalent (Ra.;) combines the activity of *Ra, **Th, and “K into a
single metric to assess the overall radiological hazard of the samples. Ra.q values
in beans range from 50.00 + 2.52 Bq/kg (B;) to 147.00 = 7.35 Bq/kg (B:), with a
mean of 96.04 + 29.82 Bg/kg (See Figure 7).

RADIUM EQUIVALENT IN BEANS
180 -
160 -
140 -
120 -
100 -
80
60
40 -
20

RADIUM EQUIVALENT

Bl B2 B3 B4 B5 B6 B7 B8 B9
SAMPLES

Figure 7. Radium equivalent in beans.

The Ra.q in this study is much higher compared to other regions. For instance,
the Niger Delta, Nigeria, and Shazand, Iran, have moderate values of 63.41 Bq/kg
and 41.28 Bq/kg [29] [35], while Skopje, North Macedonia, has the lowest at just
6.46 Bq/kg. This study higher Ra., could be due to its volcanic soils, which are rich
in granitic rocks, and the use of inorganic fertilizers that might introduce addi-
tional radionuclides. These geological and farming practices likely explain the el-
evated levels observed in the area.

These values are well below the internationally accepted safety threshold of 370
Bq/kg, indicating that the combined activity of the radionuclides does not pose
significant radiological risks to consumers. Even the highest value in sample B, is
far below this limit, suggesting that the beans are safe in terms of overall radionu-

clide content.

3.2.3. Absorbed Dose Rate
The absorbed dose rate represents the amount of radiation energy absorbed by
human tissue from exposure to these radionuclides. In the samples, absorbed dose
rates range from 22.00 + 1.11 nGy/h (B;) to 67.00 £ 3.36 nGy/h (B.), with a mean
of 43.00 + 13.66 nGy/h (See Figure 8).

The values are generally lower than the global average absorbed dose rate of 59
nGy/h [5]. This indicates that radiation exposure due to bean consumption in

Bungoma County does not pose a substantial health risk.
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Figure 8. Absorbed dose rate in beans.

3.2.4. Annual Effective Ingestion Dose (AEID)

The annual effective ingestion dose (AEID) is a key metric for assessing the po-
tential health risks from consuming radionuclide-contaminated food. The AEID
values range from 0.156 mSv/y (B;) to 0.360 mSv/y (Bs), with a mean of 0.263 +
0.07 mSv/y (See Table 2).

AEID due to beans intake mSvy!

| K-40

Figure 9. Annual effective ingestion dose beans.

All AEID values are well below the 1 mSv/y safety threshold set by the Interna-
tional Commission on Radiological Protection (ICRP) for the general public. This
implies that based on the current consumption levels of beans in Bungoma
County, the radiation dose received by individuals from this food source is within
acceptable limits. As shown in Figure 9, 2*’Th accounted for the highest contribu-
tion, with 61% of the total AEID, surpassing both **Ra and “’K.

The average concentration of all radioisotopes might not present any immediate
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health risk to consumers, but there may be a long-term cumulative effect following
the current dose ingestion [30] [36] [37].

3.3. Comparison of Maize and Beans

While both maize and beans from Bungoma County are largely within safety lim-
its for most radiological parameters, maize poses a slightly higher potential radi-
ological risk due to its elevated AEID. This difference emphasizes the need for
targeted mitigation measures for maize, such as soil testing and regulated fertilizer
use, to ensure consumer safety. Beans, on the other hand, are safer but still warrant

monitoring for consistency over time.

3.4. Implications and Health Risk Assessment

The results show that while the radium equivalent and absorbed dose rates for
maize and beans remain within global safety limits, certain maize samples exceed
the annual effective ingestion dose (AEID) threshold of 1 mSv/y, posing a poten-
tial health risk for consumers heavily reliant on maize. Exceeding the annual ef-
fective ingestion dose (AEID) threshold of 1 mSv/year in maize consumption
poses significant health risks. Radionuclides such as ***Ra, ***Th, and “K accumu-
late in tissues over time, with ??°Ra linked to bone cancer and leukemia (ICRP).
Similarly, #*Th and *K can affect soft tissues, increasing organ-specific cancer
risks [35]. Vulnerable groups, including children and pregnant women [8], face
heightened risks due to tissue sensitivity and potential impacts on fetal develop-
ment [5]. Prolonged exposure to these elevated radiation levels could increase
cancer risk, warranting further epidemiological studies. In contrast, beans are
safer, with all parameters, including AEID, below recommended thresholds. How-
ever, samples like B, and Bg, with slightly higher radium equivalent and absorbed
dose rates, require monitoring to ensure long-term safety. The variability in radi-
onuclide concentrations, particularly for *°K, highlights the need for continuous

monitoring to account for environmental and agricultural changes.

4. Conclusions

The average activity concentrations of **Ra, »?Th, and “K were 20.90 + 7.19
Bq/kg, 54.00 + 21.15 Bq/kg, 161.00 + 76.84 Bq/kg, and 18.40 + 4.03 Bq/kg, 43.00
+ 15.51 Bq/kg, 195.00 + 132.48 Bq/kg in maize and beans respectively. The mean
absorbed dose rates were 49.00 + 2.45 nGy/h and 43.00 * 2.15 nGy/h for maize
and beans respectively which were lower than the world average of 57 nGy/h [5].
The AEID had an average of 1.312 mSvy ™' and 0. 263 mSvy ™" in maize and beans
respectively.

These findings suggest that the overall radiation exposure from maize con-
sumption in Bungoma County is not alarmingly high, except AEID in maize was
slightly above 1 mSvy ™ as discussed. There is no immediate radiological concern
for consumers, as the radium equivalent, absorbed dose rate, and annual effective

ingestion dose from maize and beans are all below internationally recognized
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safety thresholds. Continuous monitoring and mitigation strategies, including soil
testing and improved agricultural practices, are recommended. High use of phos-
phate fertilizers and other chemical-based farm inputs for the augmentation of
the crops should be regulated as they can elevate and stimulate the presence of
22Ra, #2Th, and “K in cereals and pulses. This is to ensure the safety of the local
population of radionuclide levels, particularly as agricultural practices evolve and

environmental conditions change.
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