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Abstract

The released of contaminated hydrocarbon waste into the environment has led to radiological
contamination of groundwater in many regions. This research estimates the committed effective dose
and potential cancer risk of the general public within Okerekoko Community, Delta State, Nigeria.
Sodium iodide (Nal (T1)) detector was used to analyze thirty groundwater samples collected to ascertain
the presences of radionuclides in the drinking water. The radionuclides obtained results are
264.85+19.27 BgL1, 16.22+4.18 BqL-! and 4.22+1.11 BqL for %K, 238U and 232Th respectively. The
mean computed results of the total annual effective dose equivalent (TAEDE) of different age bracket
are 22.42 mSvy1, 7.88 mSvy, 4.36 mSvy, 6.20 mSvyl, 16.45 mSvy! and 2.44 mSvy! respectively
for 0 tolyr, 1 to 2yrs, 2 to 7yrs, 7 to 12yrs, 12 to 17yrs and >17yrs. CED of adult is 12.22 mSvy-! while
6.72, 46.98, 0.049 and 0.34 are the computed results for cancer risks, lifetime cancer risks, hereditary
effects and lifetime hereditary effects respectively. The radionuclides results and the health detriment
results exceeded world standard limit. However, this research work does not imply instantaneous risk
to health of the residents, but protective measures must be put in place to circumvent future health
detriment.
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INTRODUCTION

Terrestrial, extraterrestrial and anthropogenic are the common sources of ionizing radiation
in the environment. This environmental radiation is an important source of radiation exposure
to humans and the environment. Accumulation of radiation doses in body tissues and organs,
be emitted from radioactive materials in the environment can lead to potential health threat

to human due to long time exposure through intake of contaminated air, water and ingestion
of food (Elegba and Funtua 2005; Absar ef al., 2021).

These direct contacts to environmental radiation may lead to radiological health effects to
human (Eun-K et al., 2016; Violeta et al., 2021). The water consumed daily in our environment
goes through natural rock filtration, which contains naturally occurring radioactive materials
(NORMSs). These rocks contain radioactive element that can be transported to underground
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boreholes wells water which is the major source of drinking water in the environment (Nduka
et al., 2023).

These natural radionuclides concentration found in our well water can increase via industrial
activities that discharge radiological waste into the environment (Momoh et al., 2020;
Aladeniyi et al., 2022).

The major economic human activity in the studied area is exploration and production of
hydrocarbon product, during these activities, radiological waste are discharged into the
environment leading to contamination of underground well water. Well water is the main
source of drinking water, being consumed by children, youth, adults and the old.

Several work as be done on radiological concentration in drinking water in other places in the
world (Ajiboye and Isinkaye, 2023; Violeta et al., 2021; Adama et al., 2023; Muhammad et al.,
2022; Anekwe et al., 2023), but little or none has be done in the study area.

The aim of this research is to evaluate the pollution level and approximate potential risks that
are linked with the ingestions of drinking water in the Southern Nigeria.

Materials and Methods

Study Area
The research area Okerenkoko community is situated within the Delta south senatorial district
of Delta State. The area has coordinates of latitudes 5° 20' 19.38" toward North and longitudes
5°26'9.02" toward East, Delta state, Nigeria with distance from the ground of 7m higher than
the sea levels. The area have sloped horizontal topography towards the Atlantic Ocean with
the ljaw speaking tribe populating the region. The area is a coastal area that is made up of
estuaries, saltwater creeks and mangrove swamps. The major economic activity of the area is
that of fishing, farming, trading and hydrocarbon production. The area experiences two
seasons the rainy and the comparative dry season. Occasionally, the area has witnessed
devastated oil spills which may have affected soil, vegetation, marine life, surface water and
groundwatgr (Esi et al., 2925).
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Figure 1: Map of study community
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Collection of Water Samples

Scientific standard sampling procedure was totally followed in collecting thirty groundwater
samples from selected wells within the studied area (three samples per location). During
sample collection, one-liter containers made of plastic were used. These containers were
washed thoroughly with detergent and rinsed numerous times with distilled water. This is to
ensure that containers are free from inorganic material that may have stuck to the walls of the
container. Again, the containers were rinsed with the well water to be sampled numerous
times before samples were collected and immediately acidified with 10 ml hydrochloric (HCI)
acid per liter, leaving a space of approximately 1% being occupied by air in the container
(Aladeniyi et al., 2022). The sample containers were tightly sealed, labeled and immediately
transported to laboratory for radionuclide analysis. The sampled well water were conserved
in a beaker and stored for thirty days to ensure radium isotopes secular symmetry with their
daughter radionuclides before spectrometric analysis.

Instrumental Analysis of Water Sample:

The instrumental analysis of well water samples collected from the study area were carried
out by means of calibrated Sodium lodide (Nal(Tl)) detector. To guarantee exact analysis, the
detector was shielded with 100 mm lead thickness material to avoid radiation leakage. Before
conducting the radionuclide analysis, the laboratory environmental spectra evaluation was
conducted following scientific standard methods. The environmental spectra of the
laboratory were conducted to ascertain its activity concentration. This was done in agreement
with established scientific standard and procedure (Agbalagba et al., 2013; Esi, 2024). Before
the analysis, energy calibration was conducted on the detector by means of 2!Am, 137Cs and
60Co standard sources that has energy variety of 60 keV to 2505.7 keV. Purchased IAEA water
sample reference 385 was employed for efficiency calibration f the detector, to ascertained
assorted energy peaks of the detector. After stability of the detector, the energy spectrum was
counted at a voltage of 900V for 29000 seconds for the purpose of determining the
radioactivity level. Consequently, the strong gamma-ray peak of 1764 keV of 214Bi and 2,614
keV of 208T] correspondingly were employed to determine 28U and 22Th activity at the same
time and a single gamma peak of 1460 keV was employed to determined “K. Therefore,
equation 1 was employed to evaluate the concentrations of 238U, 22Th and 4K (Oyebanjo and
Magbagbeola, 2015; Sinebe et al., 2022).

_ NCPy ]
ACs = DEey XVSyXCTSsXEPy (BqL) @

where, AC; = Sample concentration level, NCPey, = net counts photopeaks, DEe,= detector
efficiency, VSy = Volume of the sample, CTS; = Counting time in seconds of sample, EPy =
Giving out possibility.

Computation of Potential Risk Level

Annual Effective Dose and Total Effective Dose (TEO) Computation from well water
Ingestion

Equations 2 and 3 were employed for the computation of annual effective dose and
total effective dose as a result of radionuclides present in drinking water that may be ingested
by residents.

AEDing (Svy?) = AC X CRsp X CFing (2

TEOing (Svy1) = Y AC x CRsp X CFing (3)

Where AC = activity concentration in water, CRs, = consumption rate and CFi,g = dose
conversion factor.
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Table 1: Conversion factor used for conversion of dose in Age Bracket (Sv.Bq!) and annually
consumed water values (WHO, 2022; Esi, 2024)

(0-1)yr (1-2)yrs (2-7)yrs (7-12)yrs  (12-17)yrs  (>17)yrs
238-U 4.7E-6 9.6E-7 6.2E-7 8.0E-7 1.5E-6 4.5E-8
232-Th 4.6E-6 4.5E-7 3.5E-7 2.9E-7 2.5E-7 2.3E-7
40-K 6.2E-8 4.2E-8 2.1E-8 1.3E-8 7.6E-9 6.2E-9
Annual ingested water (Ly-!)  2.0E2 2.6E2 3.0E2 3.5E2 6.0E2 7.3E2

Computation of Adult Committed Effective Dose (CEFD)

Equation 4 is use to compute CEFD of an adult of average life time of 50 years (Ayodele et al.,
2020).

CEFD = TEOing % 50 yrs 4)

Where TEO is the total effective dose consumed by adults.

Potential Cancer Risk Computation as a result of well water Ingestion

The potential cancer risk associated with ingestion of well water for age 70 years and
above was computed according to advance estimation methods for the public, using the
values in table 2 and equations 5 to 8.

Table 2: The potential cancer risk associated with water ingestion in adults

S/No  Potential Cancer Risk Coefficients Age
Sv-1

1 Fatality Cancer Risk (FCR) 5.5x10-2

2 Lifetime Fatality Cancer Risk (LFCR) 5.5x10-2 70 Years

3 Hereditary Effects (HE) 0.2x 102

4 Lifetime Hereditary Effect (LHE) 0.2x 1072 70 Years
FCR = TAEDE x 5.5x 102 )
LFCR = TAEDE x 5.5x 102 x70 yrs (6)
HE = TAEDE x0.2x 102 )
LHE = TAEDE x 0.2x102 x70 yrs )

RESULTS AND DISCUSSION

The calculated mean radionuclides results of drinking water that may lead to potential health
detriments are presented in Table 3. The mean radionuclides (*K, 238U and 22Th) results are
264.85+£19.27 Bq/L, 16.22+4.18 Bq/L and 4.22+1.11 Bq/L, which exceeded the recommended
limits of Bq/L, 1.0 Bq/L and 0.1 Bq/L respectively (WHO, 2011; WHO, 2008). ¥K, 28U and
22Th contribute 93%, 6% and 1% respectively to the total activity concentration of the drinking
water with potassium dominating followed by Uranium and thorium as presented in Figure
2. The results also exceeded reports of related studies (Muhammad et al., 2022; Anekwe et al.,
2023; Pintilie-Nicolov ef al., 2021; Adama et al., 2023). These high results may be attributed to
the released of hydrocarbon waste (untreated produce water, scales and sludge, oil spill and
marine waste) into the water environment.
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Table 3: Measured Mean concentration values of K, 28U and 22Th in aquifer groundwater

ACTITIVY
20K 238U 232Th
SN CODE (Ba/L) (Ba/L) (Ba/L)
1 OWWA 195.56+14.10 BDL 10.69+1.08
2 OWWB BDL 8.08+2.13 6.16+0.64
3 OWWC 68.60+4.95 6.35+1.70 BDL
4 OWWD 647.54+44 .83 27.56+7.47 BDL
5 OWWE BDL 15.29+4.17 11.34+1.20
6 OWWF 608.04+43.54 45.01£10.77 BDL
7 OWWG BDL 10.39+£2.79 6.42+3.61
8 OWWH BDL 32.1748.40 7.62+4.61
9 OWWI 709.9+53.25 16.16+4.08 BDL
10 OWW] 418.87+32.05 1.15+0.31 BDL
Mean 264.85+19.27 16.22+4.18 4.22+1.11
1%
mK-40
mU-238
1 Th-232

Fig. 2: Total contribution by percentage to radionuclides (4K 232U and 232Th) concentration.

Table 4: Total annual effective dose equivalent (TAEDE) for six different age groups and

committed effective dose (CED) results in well water samples

CODE TAEDE TAEDE TAEDE TAEDE TAEDE TAEDE CED

(0-1y) (1-2y) (2-7y) (7-12y) (12-17y) (>17y) (>17y)

mSv/y mSv/y mSv/y mSv/y mSv/y mSv/y mSv/y
OWWA 12.30 3.39 2.35 1.97 2.50 2.68 13.40
OWWB 13.30 2.74 2.15 2.89 8.20 1.30 6.50
OWWC 6.82 6.72 1.61 2.09 6.03 0.52 2.60
OWWD 33.90 14.00 12.20 10.70 27.80 3.84 19.20
OWWE 24.80 5.14 417 5.43 15.50 241 1210
OWWE 49.80 17.90 1.22 15.40 43.30 423 21.20
OWWG 15.70 3.34 2.68 3.66 10.30 1.42 7.10
OWWH 37.30 8.92 6.88 9.90 30.10 2.34 11.70
OWWI 24.00 11.80 7.48 7.75 17.80 3.74 18.70
OWW] 6.27 4.86 2.85 2.23 2.95 1.93 9.65
Mean 2242 7.88 4.36 6.20 16.45 244 12.22

Oghenevovwero E. E., DUJOPAS 11 (2b): 141-149, 2025

145



Estimation of Committed Effective Dose and Potential Health Detriments Due to Ingestion of Okerenkoko
Community Drinking Water, Delta State, Nigeria

' | 5

TAEDE
(0-1y)

Total annual effective dose equivalent

TAEDE  TAEDE  TAEDE  TAEDE  TAEDE
(1-2y)  (27y)  (7-12y) (12-17y) (>17y)

Age Bracket

Fig.3: Average total annual effective dose equivalent different age bracket

Table 5: The public drinking water potential health detriments implications for adult

S/No CODE FCR LFCR HE LHE
x10-3 x10-5 x10-8 x10-6
1 OWWA 7.37 51.60 0.054 0.38
2 OWWB 3.58 25.00 0.026 0.18
3 OWWC 1.43 9.99 0.010 0.07
4 OWWD 10.60 73.90 0.077 0.54
5 OWWE 6.63 46.40 0.048 0.34
6 OWWF 11.60 81.40 0.085 0.59
7 OWWG 391 27.30 0.028 0.20
8 OWWH 6.44 45.00 0.047 0.33
9 OWWI 10.30 72.00 0.075 0.52
10 OWW]J 5.31 37.20 0.039 0.27
Mean 6.72 46.98 0.049 0.34
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Fig. 4: Mean potential health detriments implications for adult
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The TAEDE of different age bracket and CED were computed using the dose conversion factor
and annual ingested water values as presented in Table 1. The TAEDE of different age bracket
and CED values of adult ranged from 6.27- 49.80 (22.42) mSvy-, 2.74 - 17.90 (7.88) mSvy-,
1.22 - 12.20 (4.36) mSvy, 1.97 - 15.40 (6.20) mSvy-1, 2.50 - 43.30 (16.45) mSvy! and 0.52 - 4.23
(2.44) mSvy! and CED of adult ranged from 2.60 - 21.20 (12.22) mSvy for the studied
communities respectively. The average total annual effective dose equivalent different age
bracket is presented in Table 4 and Figure 3. According, the obtained results are observed to
be higher than the permissible limit (UNSCEAR, 2000; Esi, 2024). The values are also higher
compared to reported values in similar environment (Ajiboye and Isinkaye, 2023; Adama et
al., 2023; Ndontechueng et al., 2013). In order to determine the health detriment of the residents
of the area with regards to drinking water consumption; the cancer risks, lifetime cancer risks,
hereditary effects and lifetime hereditary effects were computed which ranged from 1.43 to
11.60 with mean of 6.72, 9.99 to 81.40 with mean of 46.98, 0.010 to 0.085 with mean of 0.049
and 0.07 to 0.59 with mean of 0.34 respectively as presented in Table 5 and Figure 4. The results
are all higher than the permissible limit (US-EPA, 2012; Esi, 2024). However, this study has
shown the unsafe radiological condition of the drinking water residents frequently put to use
for domestic purposes within the region but does not imply instant risk to health. Hence, there
should be a constant monitoring and treatment of the drinking water before usage.

CONCLUSION

Human may have been exposed to radiological health hazard as results of radiological
contaminated water intake in the area, hence the research estimates the TAEDE, CED and
potential health detriments of the general public within Okerekoko community, Delta State,
Nigeria. Three groundwater samples were collected per location, making it a total of thirty
groundwater samples analyzed by sodium iodide (Nal (T1)) detector. The radionuclides
results are all above limit. The computational method used to ascertain the health detriment
reveals radiological risk condition, but does not imply instantaneous risk to health of the
residents. Hence protective measures must be put in place to circumvent future health
detriment.
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