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This study assesses palm oil processing mills' background ionizing radiation exposure
rate and is radiological health hazards in various communities within Southwestern
Nigeria. At the height of 1.0 m, a digital Geiger Muller counter measured the radiation
exposure rate in forty-three selected palm oil processing mills. The recorded background
radiation exposure rates during non-working hours were below the recommended
acceptable limit, while the background radiation exposure rates during the working
hours were higher than 0.013 mR.h™%, the recommended permissible limit provided by
the International Commission on Radiological Protection. During the working hours of
the palm oil processing mills, the estimated absorbed dose rates and excess lifetime cancer
risks were all greater than the recommended acceptable safety limits. The estimated

values of the effective dose irradiated to various body organs and tissues due to radiation
exposure and inhalation in the designated palm oil processing mills during their working
and non-working hours were lower than the allowable global limit of 1.00 mSv.y~*.
This study showed that the study area is radiologically polluted; nevertheless, the
pollution may not produce any immediate radiation hazards to the residents of the area.

Contribution/ Originality: The study aims to assess the background ionizing radiation exposure rate and
radiological health hazards due to activities at forty-three selected palm oil processing mills within Southwestern
Nigeria using a digital Geiger Muller counter. The results showed that the study locations are minimally

radiologically polluted.

1. INTRODUCTION

For the past few years, the various governments of the Southwestern States in Nigeria, through their various
Agencies and Ministries of Agriculture, have embarked on massive sensitization of their citizenry on the importance
of going back to using agricultural means as a panacea to solving the present economic hardship faced by people [17].
These sensitizations resulted from the Nigerian government's economic dependence on crude oil while neglecting
other sectors [2, 3. The Southwestern States in Nigeria have taken to the farming and processing of palm oil as a
significant source of their income. The weather and climatic conditions of Southwestern Nigeria favour the cultivation
and growth of palm oil (Elaeis guineensis), a native plant in West Africa that eventually leads to increasing rates at

which oil palm is cultivated and commercially cultivated processed in Nigeria [4, 5]. The massive increment in the

45
© 2028 AESS Publications. All Rights Reserved.


https://orcid.org/0000-0002-4161-4880
https://orcid.org/0000-0001-5079-082X
https://orcid.org/0000-0001-6159-1578
mailto:olusegunomogunloye@gmail.com
mailto:iloriabiola99@gmail.com
mailto:isaacolamipo@gmail.com
https://www.doi.org/10.55493/5003.v13i1.4728
http://www.aessweb.com/

Journal of Asian Scientific Research, 2023, 13(1): 45-53

rate at which people are going into oil palm cultivation and processing in Southwestern Nigeria, combined with
inadequate environmental management schemes, brings about the discharge of several radioactive waste products or
pollutants into the environment [6, 7. These concerns raise severe environmental problems due to air emissions
generated during oil palm production [87]. Contamination and degradation of the environment are global concerns
due to their harmful health effects [9-117]. When background ionizing radiation (BIR) exposure levels significantly
exceed permissible occupational and public limits, environmental contamination may be considered [127. Oil palm
productions often provide enhanced earnings for small and commercial scale producers than other revenue sources,
thereby contributing to rural economies and the overall economy of producing countries through its linkages.
Nowadays, palm oil has become the most significant source of vegetable oil globally since it overtaken the soybean
oil in 2006, while the corresponding third and fourth positions are rapeseed oil and sunflower oil [13, 147. Palm oil
is used to meet the growing demand for vegetable oil worldwide [157. Background ionizing radiation was initially
present in human surroundings because natural terrestrial radionuclide and extraterrestrial cosmic radiation sources
had been enhanced over the years due to various human activities, especially in industrialized areas. These enhanced
radiation levels in the human environment expose them to acute radiological hazards [16, 177].

Hence, this study aims to evaluate the radiological hazard indices due to background ionizing radiation around
selected palm oil processing mills in Southwest Nigeria and ascertain the level of radiation exposure safety within the
study area. This study will help establish radiological reference data and assist in observing possible future changes

resulting from radiological contamination in the study area.

2. MATERIALS AND METHODS
2.1. Study Area

The study areas are selected in Ere-Ekiti (EE), Igbotako (ITK), [ju-Odo (I0), Ode—Aye (OA), and Erinje (ERN),
Southwestern Nigeria. The area falls in the Bitumen Belt of Ondo State, Southwestern Nigeria, predominantly
populated by the Ikales of Yoruba extraction. The landscape is regionally gradually undulating southward;
topographic altitudes vary from about 84 m above sea level in the Northern part, with a gradual slope to a relative
sea-level swamp flat in the coastal area to the South. Ominla, Oluwa, Akeun, Ufara, Otu, Oha, and Oni are just a few
perennial streams and rivers that flow through the area. At the same time, lagoons, coastal creeks, canals, and several
tributaries to the vast River Oluwa characterize the Southern part.

The average annual temperature is between 24 and 27 0C, and the mean annual rainfall is over 2500 mm [187.
An array of exploitable economic mineral resources such as Coal, Kaolin, Bitumen, Oil and Gas, Dimension Stones,
and Glass Sand are present [10, 197]. The study area is significant from an economic and environmental point of view
because the weather and climatic conditions favour the farming and growing of oil palm (Elaesis guineensis). Residents
of these areas are primarily farmers. Their main cash crops are oil palm, kola nut, cocoa, and rubber. Their staple

foods include baked cassava (traditionally known as Pupuru), yam, yam flour, cassava flakes (garri), and vegetables.

2.2. Instrumentation

This research was carried out with a digital GQ-500 Geiger Muller Counter (GMC), a measuring tape, and a
Germin eTrex 10 Geographical Positioning System (GPS) device. The radiation level measured is indicated by
audible and visual cues built into the instrument. Geiger tubes are installed in the digital GMC to detect the radiation
level of an environment. The number of pulses per second measures the intensity of the radiation field. When
radiations pass through the GQ GMC-500 Geiger tube, electrical pulses are generated, which the central processing
unit (CPU) interprets as counts. Count per minute (CPM) is the basic count rate unit. The CPM count rate represents

the amount of radiation present and can be transformed into other radioactivity units of USv. h™tormR.h71,

typical radiation measurement units [207].
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2.3. Measurement of the Radiation Exposure Rate (Rgg)

The radiation exposure rates (measured in mR. h_l) in forty-three (43) selected palm oil processing mills were
measured in the study area. Measurements were carried out when palm oil processing activities were ongoing
(working hours) and when not ongoing (non-working hours). The palm oil processing activities are bunch
sterilization, bunch threshing, steaming/cooking of palm fruits, fruit digestion, pulp pressing, palm oil extraction,
palm nut/fibre separation, and palm oil packing. The working hours span from 7.30 a.m. to 6.30 p.m., while the non-
working hours span from 7.00 p.m. to 6.30 a.m. When turned on, the radiation exposure rate in each location was
measured by positioning the Geiger Muller Counter at the height of 1.0 m. The radiation exposure rates displayed
were recorded using the Geiger Muller Counter in mRh-'. Four readings were taken for each measurement point, and
the mean was determined and recorded. The device was placed one meter above the ground level with the help of a

meter rule, and the GPS locations of the point of measurement were also recorded using the GPS device.

2.4. Assessment of Radiological Health Hazard Indices
The following are the various radiological health hazard indices employed in assessing the radiological safety

condition of the studied areas.

2.4.1. Absorbed Dose Rate (D)

This is vital in radiological impact assessments because it evaluates the irradiated matter's doses per unit time.
To avoid any radiation health hazards, the United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR) set the maximum acceptable value of 84.00 nGy.h™* for the entire public [97. To convert the radiation
exposure rate in mR. h™! to the absorbed dose rate in the air (D) measured in nGy.h™t, Equation 1 was used [217.

D(nGy.h™') = 8700 x Y(mR.h™1) (1)

Where Y is the measured radiation exposure rate in mR. h™1.

2.4.2. Annual Effective Dose Equivalent (AEDE)
According to Ugbede and Benson [217] the annual effective dose equivalent (AEDE) was calculated using
Equation 2:
AEDE (mSv.y™) =D (nGy.h™1) x 8760(h.y™1) x 0.2 x 0.7 (Sv.Gy™1) x 107 (2)
Where 0.7 (Sv.Gy™1) is the dose conversion factor, 0.2 (5/24) is the occupancy factor, and 8760 is the total
number of hours in a year. With regards to this study, only the outdoor AEDE was considered.

2.4.8. Excess Lifetime Cancer Risk (ELCR)

The ELCR involves the risk of cancer development throughout a lifetime due to a specific level of irradiation. It
represents the number of cancers estimated in a specified number of persons after radiation irradiation at a particular
dosage. It's worth noting that an increment in ELCR corresponds to increased chances of cancer development.
Equation 3 calculates the ELCR [227].

ELCR = AEDE X DL X RF x 1073 (3)

Where AEDE is the annual effective dose equivalent, Duration of Life (DL) is the expectancy factor (70 years),

and RF is the risk factor (Sv_l), Le., fatal cancer risk per Sievert. For deterministic effects, ICRP recommends Risk

Factor (RF) as 0.05 for the public.

2.4.4. Organs Effective Dose (Dorgan)
The organs' effective dose is a measurement of the amount of radiation dose that is absorbed by specific human
organs and tissues. Equation 4 was used to calculate the Dy gqn due to different pathways (ingestion, breathing, and

direct contact) [237].
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Dorgan (mSv.y™') = AEDE X F (4)
Where AEDE is the mean annual effective dose equivalent for outdoor and F is the air to organ dose conversion
factor. The values of the organs dose for the lungs, ovaries, bone marrow, testes, kidney, liver, and overall body are

0.64, 0.58, 0.69, 0.82, 0.62, 0.46, and 0.68, respectively [247].

3. RESULTS
The recorded radiation exposure rate and the associated radiation hazards indices in the selected palm oil mills
during working and non-working hours are presented in Tables 1 to 10. In contrast, Table 11 and 12 show the results

of the AEDE and Dyprgqn of the study area.

Table 1. Radiation exposure rate and the associated radiation hazard indices in the palm oil processing mills of Ode Aye (Working hours).

Sampling codes Location Rgpg (MR. h1 ) D(nGy. h—l) AEDE (mSv. y—l) Excess
lifetime
cancer
risk (ELCR)
OA 1 6°35'44"N, 4°44'30"E 0.014 121.80 0.149 0.523
OA 2 6°36'41"N, 4°45'1"E 0.014 121.80 0.149 0.523
OA 3 6°35'29"N, 4°28'27"E 0.018 113.10 0.139 0.485
OA 4 6°35'43"N, 4°44'28"E 0.016 189.20 0.171 0.598
OA 5 6°36'45"N, 4°44'21"E 0.015 130.50 0.160 0.560
OA 6 6°36'42"N, 4°45'41"E 0.014 121.80 0.149 0.523
OA 7 6°35'39"N, 4°28'32"E 0.014 121.80 0.149 0.523
OA 8 6°36'29"N, 4°48'37"E 0.013 118.10 0.139 0.485
OA 9 6°35'43"N, 4°44'37"E 0.015 130.50 0.160 0.560
OA 10 6°36'41"N, 4°45'29"E 0.016 189.20 0.171 0.598
Mean - 0.014 125.28 0.154 0.538

Table 2. Radiation exposure rate and the associated radiation hazard indices in the palm oil processing mills of Ode Aye (Non-working hours).

Sampling Location Rer (mR.h™') | D(nGy.h™') | AEDE (mSv.y™') | ELCR
codes

OA'1 6°35'44"N, 4°44'30"E 0.007 60.90 0.075 0.261
OA 2 6°36'41"N, 4°45'1"E 0.005 43.50 0.053 0.187
OA 3 6°35'29"N, 4°28'27"E 0.006 52.20 0.064 0.224
OA 4 6°35'48"N, 4°44'28"E 0.006 52.20 0.064 0.224
OA 5 6°36'45"N, 4°44'21"E 0.006 52.20 0.064 0.224
OA 6 6°36'42"N, 4°45'41"E 0.005 43.50 0.058 0.187
OA 7 6°35'39"N, 4°28'32"E 0.006 52.20 0.064 0.224
OA 8 6°36'29"N, 4°48'$7"E 0.007 60.90 0.075 0.261
OA 9 6°35'48"N, 4°44'37"E 0.006 52.20 0.064 0.224
OA 10 6°36'41"N, 4°45'29"E 0.009 78.80 0.096 0.836
Mean - 0.006 54.81 0.067 0.255

Table 3. Radiation exposure rate and the associated radiation hazard indices in the palm oil processing mills of Igbotako (Working hours).

Sampling codes Location Rggr (mR.R71) D(nGY- h_l) AEDE (mSv. y‘l) ELCR
ITK 1 6°34'31"N, 4°38'49"E 0.014 121.80 0.149 0.523
ITK 2 6°34'30"N, 4°38'38"E 0.018 113.10 0.139 0.485
ITK 3 6°34'41"N, 4°38'39"E 0.018 156.60 0.192 0.672
ITK 4 6°34'41"N, 4°38'49"E 0.016 139.20 0.171 0.598
ITK 5 6°34'29"N, 4°38'36"E 0.015 130.50 0.160 0.560
ITK 6 6°34'41"N, 4°38'35"E 0.012 10440 0.128 0.448
ITK 7 6°34'40"N, 4°38'3s7"E 0.016 189.20 0.171 0.598
ITK 8 6°34'34"N, 4°39'40"E 0.015 130.50 0.160 0.560
ITK 9 6°34'24"N, 4°37'41"E 0.022 191.40 0.285 0.822
Mean - 0.016 136.30 0.167 0.585
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Table 4. Radiation exposure rate and the associated radiation hazard indices in the palm oil processing mills of Igbotako (Non-working hours).

Sampling codes Location Rgg (mR.A71) D(nGY- h_l) AEDE (mSv. y_l) ELCR
ITK 1 6°34'31"N, 4°38'49"E 0.008 69.60 0.085 0.299
ITK 2 6°34'30"N, 4°38'38"E 0.006 52.20 0.064 0.224
ITK 3 6°34'41"N, 4°38'39"E 0.007 60.90 0.075 0.261
ITK 4 6°34'41"N, 4°38'49"E 0.009 78.80 0.096 0.336
ITK 5 6°34'29"N, 4°38'36"E 0.006 52.20 0.064 0.224
ITK 6 6°34'41"N, 4°38'35"E 0.005 438.50 0.053 0.187
ITK 7 6°34'40"N, 4°38'37"E 0.007 60.90 0.075 0.261
ITK 8 6°34'34"N, 4°39'40"E 0.008 69.60 0.085 0.299
ITK 9 6°34'24"N, 4°37'41"E 0.006 52.20 0.064 0.224
Mean - 0.007 59.93 0.074 0.257

Table 5. Radiation exposure rate and the associated radiation hazard indices in

the palm oil processing mills of [ju Odo (Working hours).

Sampling codes Location Rgp (MR. h1 ) D(nGy. h—l) AEDE (mSv_ y‘l) ELCR
101 6°38'24"N, 4°38'27"E 0.013 118.10 0.139 0.485
10 2 6°35'23"N, 4°40'29"E 0.014 121.80 0.149 0.523
10 3 6°37'59"N, 4°38'40"E 0.019 165.80 0.208 0.710
10 4 6°36'43"N, 4°39'32"E 0.021 182.70 0.224 0.784
10 5 6°37'59"N, 4°38'42"E 0.013 113.10 0.139 0.485
106 6°38'24"N, 4°38'27" 0.019 165.30 0.203 0.710
10 7 6°36'40"N, 4°39'32"E 0.015 130.50 0.160 0.560
Mean - 0.016 141.69 0.174 0.608

Table 6. Radiation exposure rate and the associated radiation hazard indices in the palm oil processing mills of [ju Odo (Non-working hours).

Sampling codes Location Rgr (mR.h™1) | D(nGy.h™Y) | AEDE (mSv.y™') | ELCR
101 6°38'24"N, 4°38'27"E 0.006 52.20 0.064 0.224
10 2 6°35'23"N, 4°40'29"E 0.007 60.90 0.075 0.261
10 3 6°37'59"N, 4°38'40"E 0.006 52.20 0.064 0.224
10 4 6°36'43"N, 4°39'32"E 0.008 69.60 0.085 0.299
105 6°37'59"N, 4°38'42"E 0.006 52.20 0.064 0.224
106 6°38'24"N, 4°38'27"E 0.008 69.60 0.085 0.299
10 7 6°36'40"N, 4°39'32"E 0.008 69.60 0.085 0.299
Mean - 0.007 60.90 0.075 0.261
Table 7. Radiation exposure rate and the associated radiation hazard indices in the palm oil processing mills of Erinje (Working hours).
Sampling codes Location Rggr (mR.R71) D(nGY- h_l) AEDE (mSv. y‘l) ELCR
ERN 1 6°26'22"N, 4°43'53"E 0.016 139.20 0.171 0.598
ERN 2 6°28'24"N, 4°41'49"E 0.015 180.50 0.160 0.560
ERN 3 6°29'30"N, 4°42'29"E 0.014 121.80 0.149 0.528
ERN 4 6°27'26"N, 4°43'42"E 0.015 180.50 0.160 0.560
ERN 5 6°28'34"N, 4°41'49"E 0.018 113.10 0.139 0.485
ERN 6 6°29'31"N, 4°42'39"E 0.013 118.10 0.189 0.485
ERN 7 6°28'26"N, 4°43'44"E 0.015 130.50 0.160 0.560
ERN 8 6°27'23"N, 4°43'43"E 0.014 121.80 0.149 0.523
ERN 9 6°28'52"N, 4°45'35"E 0.016 139.20 0.171 0.598
ERN 10 6°28'50"N, 4°45'36"E 0.015 180.50 0.160 0.560
Mean - 0.015 127.02 0.156 0.545

Table 8. Radiation exposure rate and the associated radiation hazard indices in the palm oil processing mills of Erinje (Non-working hours).

Sampling codes Location Rpp (MR. h1 ) D(nGy. h_l) AEDE (mSv. y_l) ELCR
ERN 1 6°26'22"N 4°438'53"E 0.009 78.30 0.096 0.336
ERN 2 6°28'24"N 4°41'49"E 0.007 60.90 0.075 0.261
ERN 3 6°29'30"N 4°42'29"E 0.009 78.30 0.096 0.336
ERN 4 6°27'26"N 4°43'42"E 0.007 60.90 0.075 0.261
ERN 5 6°28'34"N 4°41'49"E 0.006 52.20 0.064: 0.224
ERN 6 6°29'31"N 4°42'39"E 0.006 52.20 0.064 0.224
ERN 7 6°28'26"N 4°43'44"E 0.007 60.90 0.075 0.261
ERN 8 6°27'23"N 4°43'43"E 0.008 69.60 0.085 0.299
ERN 9 6°28'52"N 4°45'35"E 0.006 52.20 0.064 0.224
ERN 10 6°28'50"N 4°45'36"E 0.008 69.60 0.085 0.299
Mean - 0.007 63.51 0.078 0.273
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Table 9. Radiation exposure rate and the associated radiation hazard indices in the palm oil processing mills of Ere-Ekiti (Working hours).

Sampling Location Rz (mR.h™1) | D(nGy.h™) | AEDE (mSv.y ') | ELCR
codes

EE 1 6°36'32"N 4°39'39"E 0.011 95.70 0.117 0.411
EE 2 6°35'31"N 4°40'60"E 0.012 104.40 0.128 0.448
EE 3 6°37'26"N 4°38'42"E 0.011 95.70 0.117 0.411
EE 4 6°36'34"N 4°39'37"E 0.013 118.10 0.139 0.485
EE 5 6°36'38"N 4°40'62"E 0.013 118.10 0.139 0.485
EE 6 6°37'28"N 4°38'49"E 0.012 104.40 0.128 0.448
EE 7 6°36'12"N 4°56'22"E 0.015 180.50 0.160 0.560
Mean - 0.012 108.13 0.188 0.464

Table 10. Radiation exposure rate and the associated radiation hazard indices in the palm oil processing mills of Ere-Ekiti (Non-working
hours).

Sampling codes Location Rpg (mR.h™') | D(nGy.h™) | AEDE (mSv.y™') | ELCR
EE 1 6°36'32"N 4°39'39"E 0.006 52.20 0.064: 0.224
EE 2 6°35'31"N 4°40'60"E 0.006 52.20 0.064 0.224
EE 3 6°37'26"N 4°38'42"E 0.005 43.50 0.058 0.187
EE 4 6°36'34"N 4°39'37"E 0.006 52.20 0.064 0.224
EE 5 6°36'38"N 4°40'62"E 0.006 52.20 0.064 0.224
EE 6 6°37'28"N 4°38'49"E 0.006 52.20 0.064 0.224
EE 7 6°36'12"N 4°56'22"E 0.009 78.30 0.096 0.336
Mean - 0.006 54.69 0.067 0.255

Table 11. AEDE and Dy;gq, (Working hours).
Sampling | AEDE Dyrgan (MmSv.y™1)

locations | (mSv.y™") Lungs | Ovaries | Bone marrow | Testes | Kidney | Liver | Whole body
Ode-Aye 0.015 0.010 0.009 0.010 0.012 0.009 0.007 0.010
Igbotako 0.167 0.107 0.097 0.115 0.187 0.104 0.077 0.114
Iju-Odo 0.174 0.111 0.101 0.120 0.143 0.108 0.080 0.118
Erinje 0.156 0.100 0.090 0.108 0.128 0.097 0.072 0.106
Ere Ekiti 0.183 0.085 0.077 0.092 0.109 0.082 0.061 0.090

Table 12. AEDE and Dy, 44, (Non-working hours).
i -1
Sampling | AEDE Dyrgan (mSv.y™1)

locations | (mSv.y™") Lungs | Ovaries | Bone marrow | Testes | Kidney | Liver | Whole body
Ode-Aye 0.067 0.043 0.039 0.046 0.055 0.042 0.031 0.046
Igbotako 0.074 0.047 0.043 0.051 0.061 0.046 0.034 0.050
Iju-Odo 0.075 0.048 0.044 0.062 0.062 0.047 0.035 0.051
Erinje 0.078 0.050 0.045 0.054% 0.064 0.04:8 0.036 0.053
Ere Ekiti 0.067 0.043 0.039 0.046 0.055 0.042 0.031 0.046

4. DISCUSSIONS

From the results, the recorded radiation exposure rate (Rgg) in all the selected palm oil processing mills in the
study area was below the ICRP acceptable limit of 0.013 mR. h™! for the public during non-working hours, indicating
that the study area is naturally radiologically safe.

During the working hours, the recorded radiation exposure rate of the selected palm oil processing mills in Ode
Aye (OA) varied from 0.013 to 0.016 mR. h~! with an average value of 0.014 mR. h~1, the calculated absorbed dose
rate, annual effective dose equivalent (AEDE) and excess lifetime cancer risk varied from 113.10 to 139.20 nGy.h™*
with an average value of 125.28 nGy.h™*, 0.139 to 0.171 mSv.y~* with an average value of 0.154 mSv.y~* and
0.485 x 1073 t0 0.598 x 1073 with an average value of 0.538 x 1073, respectively.

During the working hours of the selected palm oil processing mills in Igbotako (ITK), the recorded radiation
exposure rate varied from 0.012 to 0.022 mR.h™! with an average value of 0.016 mR.h™*. The calculated absorbed

dose, annual effective dose equivalent, and excess lifetime cancer risk varied from 104.40 to 191.40 nGy.h™! with an

50
© 2028 AESS Publications. All Rights Reserved.



Journal of Asian Scientific Research, 2023, 13(1): 45-53

average value of 186.30 nGy.h™'; 0.128 to 0.235 mSv.y~! with an average value of 0.167 mSv.y~!; and 0.448 x
1073 to 0.822 x 1073 with an average value of 0.585 x 1073, respectively.

For the working hours of the selected palm oil processing mills in Iju Odo (I0), the recorded radiation exposure
rate varied from 0.013 to 0.021 mR.h™! with an average value of 0.016 mR.h™1. The calculated absorbed dose,
annual effective dose equivalent, and excess lifetime cancer risk varied from 118.10 to 182.70 nGy.h™! with an
average value of 141.69 nGy.h™%; 0.139 to 0.224 mSv.y~* with an average value of 0.174 mSv.y~%; and 0.485 x
1073 to 0.784 x 1073 with an average of 0.608 x 1073, respectively.

The recorded radiation exposure rate during the working hours of the selected palm oil processing mills in Erinje
(ERN) varied from 0.013 to 0.016 mR. h~1! with an average of 0.015 mMR. h~1. The calculated absorbed dose, annual
effective dose equivalent, and excess lifetime cancer risk varied from 118.10 to 139.20 nGy. h™! with an average of
127.02 nGy.h™1;0.189 t0 0.171 mSv. y~* with an average of 0.156 mSv.y~*; and 0.485 x 1073 t0 0.598 x 1073 with
an average of 0.545 x 1073, respectively.

In the working hours of the selected palm oil processing mills in Ere-Ekiti (EE), the recorded radiation exposure
rate varied from 0.011 to 0.015 mR.h™! with an average of 0.012 mR. h~1 . The calculated absorbed dose, annual
effective dose equivalent, and excess lifetime cancer risk ranged from 95.70 to 180.50 nGy.h™* with an average of
108.13 nGy.h™1; 0.117 to 0.160 mSv.y ! with an average 0.133 mSv.y~*%; and 0.411 x 1073 t0 0.560 x 1073 with
an average of 0.464 x 1073, respectively.

As it can be seen from the results, virtually all of the selected Palm Oil Processing Mills had radiation exposure
rates that exceeded the recommended acceptable limit of 0.013 mR.h™* during working hours. The absorbed dose
rates were much greater than the world weighted mean value of 59.00 nGy.h™! and the suggested safe limit of
84.0 nGy. h™1. The excess lifetime cancer risks exceeded the UNSCEAR and ICRP’s recommended safe limits of 0.29
x 1073 [24, 257. All of the obtained annual effective dose equivalent values calculated were higher than the world
mean value of 0.07 mSv.y~t. However, they are still within the [CRP's and UNSCEAR's suggested tolerable limits
of 1.00 mSv.y~* for the general public [24, 257.

Due to palm oil processing activities, the study area is radiologically enhanced; however, these enhancements do
not constitute any instant radiological health hazards to humans. Still, due to accumulated doses, there is the
possibility of cancer development in the future.

The obtained values of the effective dose to different body organs (Doy;gqn) due to irradiation in the selected oil
processing mills during working and non-working hours are shown in Tables 11 and 12. These Dy, values were
lower than the acceptable international limit of 1.0 mSv.y ™, indicating that the irradiation levels in the examined
area do have any immediate radiation health impact on the residents. The results also show that the testes are more

radio-sensitive while the livers are radio-recessive.

5. CONCLUSION

This study examined the radiological impact of the study area by assessing the radiation exposure rate around
palm oil processing mills during working and non-working hours. The background ionizing radiation exposure levels
measured during non-working hours in all the palm oil processing mills were below the recommended acceptable
limit of 0.018 MR. h™1. The recorded background ionizing radiation exposure rates indicate high radiation levels
when palm oil processing activities are ongoing. This shows that background radiation exposure rates are enhanced
due to the various palm oil processing activities during the working hours of the selected mills.

The absorbed dose rates from the radiation exposure during the working (operational) hours of the selected mills
were much higher than the world mean value, indicating a radiation-contaminated environment. The obtained values
of the excess lifetime cancer risk of the mill's working hours were higher than the UNSCEAR and ICRP's
recommended acceptable limit, indicating the probability of cancer development in dwellers who desire to live their

life in the studied environment. In conclusion, the study shows the various towns and communities in the Okitipupa
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Local Government Area in Ondo State, Nigeria, have a higher degree of background ionizing radiation than the

recommended limits due to ongoing palm oil processing activities.
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