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ABSTRACT
The Unumherin community in Nigeria’s Niger Delta is home to coastal marine polluted zones, 
and this research examines the radioactivity distributions and biohazard in the coastal envir
onment. The activity concentrations of 40K, 238U, 232Th, as well as the outdoor dose rate of 
contaminated coastlines were measured using a calibrated RS-125 Gamma-Spec and a NaI(Tl) 
gamma-detector. The laboratory examination of sediments, water, and fish from the same 
coastal region – Clarias gariepinus Pseudotropheus elongated Oreochromis niloticus and 
Stromateus fiatola – was combined with the in-situ observations of gamma dose rates. With 
a value of 100nGy=h, the hotspot at site 4 is shown by the geographic distribution of gamma 
dose rates. The findings showed that the activities of the primordial radionuclides varied, with 
average values for the sediments and water exceeding suggested limits. Similarly, the corre
sponding mean hazard indices mostly exceeds the allowable limits. The species specificity of 
the fish species accounts for the variation in the mean concentrations of 40K, 238U and 232Th. C. 
gariepinus, having accumulated higher concentrations of 40K and 238U, may be the first to elicit 
health hazards in the future if pollution continues unmonitored. Hence, continuous monitoring 
of the aquatic environment alongside is highly recommended.
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1. Introduction

Naturally occurring radionuclides (NOR) can be trans
ferred from soil to animals and ultimately to humans 
(Isinkaye & Emelue, 2015). In animals, radionuclides 
may come as poisonous elements and induce bioaccu
mulation and bioconcentration, thereby bringing hos
tile consequences to human and their entire 
environment. Therefore, assessment of radionuclide 
concentration in sediments and soils plays a vital role 
in strategizing appropriately from those disastrous 
effects of background exposure (Sattar, 2021; 
Uluturhan et al., 2011)).

The amount of radioactivity in the coastal areas 
could have their source from some natural elements 
present in the Earth’s crust which exist in the terrestrial 
ecosystem or from human-caused sources (Liu et al.,  
2008; Uluturhan et al., 2011). Radioactivity measure
ment is an indicator of hazard to the aquatic habitat 
from man-made sources like industrial and mining 
activities (Garba et al., 2016). Nyarko et al. (2011) and 

Omeje et al. (2020) suggest that the lack of vital infor
mation and awareness in the West African coastal 
region, can be attributable to the rising radioactivity 
levels in the face of nuclear activities, agricultural pro
duction, industrialisation, mining, offshore gas, and oil 
exploration. The human exposure to background ionis
ing radiation may emanate from primordial radionu
clides of terrestrial origin (Ajibola et al., 2022; Orosun et 
al., 2021, 2022). These radiations from the primordial 
radionuclides (234Th, 238U and their progenies) that 
emanate from the sediments, internally affects 
human respiratory tracks (Isinkaye & Emelue, 2015). 
Understanding the toxicodynamics of radionuclides 
in natural ecosystems may enhance knowledge on 
the health implications over an extended period. 
These NOR enter the tissues of marine fauna via inges
tion or absorption and hence are incorporated into the 
food chain and ultimately pose threats to humans 
upon ingestion of marine foods (Abbasi & 
Mirekhtiary, 2020). Therefore, a measurement of the 
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existing radioactivity with its corresponding radiologi
cal hazard is vital to improve and sustain the aquatic 
environment (Abbasi & Mirekhtiary, 2020).

Studies on marine life and human health have been 
widely explored over the years due to various forms of 
persistence, bioaccumulation and toxic pollutants 
sourced from downstream anthropogenic activities 
that traverse the food chain (Gan et al., 2017). Wang 
et al. (2018) and Yin et al. (2023) highlighted the pre
disposition of some aquatic microbes to various types 
of contamination, and how this may affect their vital 
roles in the energy flow and material cycling of eco
systems. Microbiological assessment offers low cost, 
rapidity, simultaneous reflection, simplicity, and low 
sample consumption for diagnosing soil pollution, 
assessing the status of other pollutants and elements 
(Bullo & Bayisa, 2022; Tang et al., 2019; Tang et al.,  
2022). Biological indicators can be made from micro
organisms that are highly sensitive to any kind of 
pollution (Savvaidis et al., 2001). Its functions in the 
microbial community can be suitably used as indica
tors that will reflect pollution, and by considering the 
microbial diversity and structure of the comprehensive 
community, at the moment, not much research has 
been done on using any microbial function to diag
nose soil quality (Tang et al., 2019).

Furthermore, researchers have decided to approach 
the interpretation and quantification of ocean sedi
ment and seafood quality parameters and their atten
dant risks to humans and the ecosystem in an 
environment (Singh et al., 2018). Moreover, industriali
sation and urbanisation in developing countries may 
have negative impacts in contaminating ocean and 
river (Dong et al., 2022; Othman et al., 2012). Ocean 
and river water management enhances ecological ser
vices, reduces environmental problems and improves 
the water resources that humans rely on (Sakthivadivel 
et al., 2020; Wu et al., 2019; Yin et al., 2023). Assessing 
ocean or river is essential to the evaluation of health 
risk inclination or declination. To sustain and improve 
the health status of the ocean, adequate assessment of 
the ecological situation is needed as a compliance 
indicator and diagnostic indicator (Singh et al., 2018; 
Yin et al., 2023).

The populace of Niger Delta has been deprived of 
its traditional means of livelihood such as fishing and 
other water resources by the unfortunate oil pollution 
of the marine environment. This situation has been the 
reason behind a sophisticated trend of communal cri
sis and deaths since late 1990s (Abosede, 2020). The 
vast destruction of marine and land resources has been 
mostly caused by oil corporations’ human activities, 
including gas flaring and oil spills. The region experi
enced more acid rain as a result of the release of high 
amounts of sulphur and nitrogen oxides into the Niger 
Delta ecosystem (Zhao et al., 2023). When ultraviolet 
light is present, most combustion processes cause the 

release of nitrogen and a decrease in the proportion of 
hydrocarbons, which leads to smog. The impact played 
a part in the local air and water pollution (Abdulwahid,  
2023; Bouazza et al., 2022; Osuagwu et al., 2018; 
Sudhakar et al., 2022). The level of pollution in the 
Niger Delta may be among the worst in the world 
compared to other delta regions of a similar size 
(Osuagwu et al., 2018). Scientists and environmental
ists have estimated the varying magnitude and fre
quency of oil spills in the region (Abosede, 2020). 
Furthermore, risk assessment has been shown to be a 
useful scientific tool that helps policymakers and law 
enforcement handle contaminated sites in the most 
economical way possible while protecting the environ
ment and public health (Nazir et al., 2015).

This study aimed to evaluate the radiological and 
bioaccumulation exposure that may have led to the 
death of fish and its potential risks to the inhabitants of 
the Unumherin community in the Niger Delta.

2. Geographical and geological information of 
the study area

The Niger Delta Basin, located southwest of the Benue 
Trough, connects the Gulf of Guinea and the Niger 
Delta. It’s near Nigeria’s western coast and has access 
to Equatorial Guinea, Cameroon, São Tomé, and 
Príncipe. (Tuttle et al., 199). The hydrocarbon system 
found in the complex and very valuable basin is rich 
and productive. Among Africa’s greatest subaerial 
basins is this one. The sediment fill is formed of many 
geologic strata and varies in depth from 9 to 12 km, 
suggesting the potential of basin formation.

Two settlements in the Warri area of the Niger Delta 
were selected for this research from Unumherin settle
ments in Delta State in Nigeria, situated between lati
tudes 4.264825o– 5.414860o North of the Equator and 
longitudes 5.372116o–6.727176o East of Greenwich 
(Adegoke et al., 2017).

The Niger Delta region’s geology encompasses over 
256; 000km2. The earlier, transgressive Paleocene pro
delta which was formed as a delta and developed in 
discrete mini basins was the first to be constructed 
(Adegoke et al., 2017; Tuttle et al., 1999). The tectonic 
configuration of these micro basins varies, encompass
ing extensional, translational, and compressional toe – 
thrust zones. The Ameki Group and Imo Formation 
comprise outcropping units in the Niger Delta, with 
subsurface units comprising continental Benin Sands, 
Agbada formation, and Akata shales (d’Almeida et al.,  
2016; Adegoke et al., 2017). Oil and gas reserves are 
estimated to be 40 billion barrels and 40 trillion cubic 
feet, respectively (Adegoke et al., 2017). Figure 1 
depicts the study area’s location and geology.

The delta sequence comprises a regressive associa
tion of Tertiary clastic rocks up to 12 km thick, 
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separated into three major lithofacies: claystone, mar
ine shale, siltstone, clay stone, and sandstone. Delta 
structure and stratigraphy are closely related, with 
post- and sync-sedimentary lithic normal faults impact
ing development (d’Almeida et al., 2016; Adegoke et 
al., 2017).

2.1. The unumherin community’s atlantic 
coastline sediments and the ethiope river

The Unumherin Community and Ethiope’s Atlantic 
Coast features natural features providing access to 
the Atlantic Ocean and Ethiope River for domestic 
water consumption and fishing (Omeje et al., 2020). 
The Atlantic coastal sediments of Escravos, Forcados, 
Burutu, and Agbarho, near the Ethiope River and 
Umherin Community, contain mudflats, salt marshes, 
and inner sandy flats. The sediments contain high 
levels of iron, phosphate, nitrate, and sulphates 
(Mutiu et al., 2013). The intertidal zone is reached 
when the capacity of the tidal water along the river 
and ocean declines, increasing sediment deposition 
and reducing grain size. The secondary agents 
brought about by waves that reorganise the 

sediments in the research area appear to alter these 
processes.

3. Method of sample collection and 
preparation

3.1. Measurements of in situ gamma 
spectroscopy with a super-spec RS125 gamma 
spectrometer

Around one metre above the ground, in situ mea
surements of the background gamma dose rates and 
the activity concentrations of 40K, 232Th, and 238U 
were conducted using a Super SPEC RS-125 gamma 
detector coated with a 2.0 cm × 2.0 cm NaI crystal. In 
order to estimate the variation in the radionuclides 
within the study area and to accurately measure the 
radioactivity levels in the sediment samples, the 
background gamma dose level in the study area 
was measured in the middle of the dry season 
using a portable radiation detector (Super – SPEC 
RS − 125) from Canadian Geophysical Inc (Omeje et 
al., 2020). The device is ideal for detecting radionu
clides and measuring dosage exposure, offering high 
precision with a ± 5% measurement error (Joel et al.,  

Figure 1. Niger delta map showing the study area (modified after (Akpoborie et al., 2015)).
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2021; Omeje et al., 2020; Orosun et al., 2020, 2020). 
The integrated design, direct assay read-out values, 
weather-resistant data point storage, high sensitivity, 
and ease of use characterise portable equipment. The 
count shows on the front side of the panel for the 
RS-125 Super-SPEC at a 1/sec update rate, measured 
in cps. The RS-125 Super SPEC’s variable rate counts 
SCAN mode typically uses Bluetooth to connect to 
the hand-held device’s external storage to record 
data in the memory of the device (Omeje et al.,  
2021). By using the device’s Bluetooth connection 
to connect the external global positioning system 
(GPS) to the data stream, the locations were found. 
In the research region, measurements were taken 
every 20 m, going from places where there was a 
lot of soil sediment deposition to places where there 
was less sediment deposition and worn surface areas. 
A small number of reduced sedimentation zones 
from riverbanks and the coastline were used as con
trols. Two measurements were made at each station, 
and the average of those measurements served as 
the site’s actual data point (Omeje et al., 2020). A 
sand sample was taken at each measurement loca
tion in order to count the particles using gamma-ray 
spectroscopy in a lab. The RS-125 Super SPEC assay 
mode provides natural background gamma dose 
measurements, and dose rate data are directly 
obtained in nGy=h (Adagunodo et al., 2018; Omeje 
et al., 2018, 2021; Orosun et al., 2019). The RS-125 
Super SPEC includes utility software for downloading 
statistics records, while ArcGIS (version 10.8) was 
used for spatial analysis, processing, georeferencing, 
and interpolation of measured data.

4. Sampling

Sixteen (16) soil samples, water, and five fish species 
were collected from the Warri Area of the Niger 
Delta, following International Atomic Energy Agency 
(IAEA) (1989) instructions for soil samples collection. 
For microbiological analysis, separate aseptic samples 
of water and sediment were collected in sterile con
tainers (Wang et al., 2019). Between February 8 and 
14 February 2021, all samples were collected from 
the designated sites of the Unumherin Community; 
Figure 2 illustrates these locations. The packing was 
done using black polythene bags that were taped up 
and labelled with the location, a pre – established 
site code, and the sample coordinates. There was a 
minimum of 20 m between each sampling point. The 
samples were taken at depths of 10 to 50 cm (vertical 
distance) using a hand trowel. In the sediments area 
of the Unumherin community, 15 separate samples 
of soil sediments were collected at each station of 
the recorded gamma rays, together with the in – situ 
background gamma readings at each location. A con
trol sample was obtained from outside the study 
territory. The samples were analysed at Covenant 
University’s Microbiology Laboratory, where they 
were removed of impurities and air dried for three 
days. The samples were then reduced in size and 
dried again for 24 h to achieve a consistent weight. 
Water samples were collected in high-density poly
ethylene containers, rinsed twice with distilled and 
ultrapure water, and cleaned in 10% nitric acid solu
tion. Airtight polyethylene bags were used, and 5 ml 
of nitric acid was added to each litre.

Figure 2. Sample collection points on the base map of the study area.
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4.1. Sample preparation and detector calibration 
for analysis using gamma spectroscopy

Sediment samples were collected, labelled, and 
shipped to Ahmadu Bello University’s Centre for 
Energy Research and Training in Zaria, Nigeria, 
where they were dried until mass remained unal
tered. The desiccated specimens were meticulously 
crushed, broken down, and ground into a fine pow
der. A 2 mm sieve was used to filter the powder. Of 
the samples (dry weight), only 200 g to 300 g were 
used for analysis due to the detector shield’s limited 
capacity. Cases were triple-sealed with Vaseline jelly, 
candle wax, and adhesive masking tape to prevent 
222Radon from escaping, ensuring safe storage and 
handling.

Upon weighing, the samples were placed within 
uniformly sized, radon-impermeable, cylindrical 
plastic containers (70 mm in height by 60 mm in 
diameter), which were sealed and kept that way 
for about 30 days (Jibiri et al., 2009). This was 
done so that, before gamma spectroscopy, radon 
and its short-lived offspring might achieve secular 
radioactive equilibrium. Additionally, the reference 
material was moved to a container with the same 
specifications as the ones used for the sediment 
sample collection. For the radioactivity measure
ments, a lead-shielded 76 × 76 mm NaI(TI) detector 
crystal (Model No. 727 series, Canberra Inc.) was 
utilised, connected through a preamplifier to a 
Canberra Series 10 plus multichannel analyser 
(MCA) (Model No. 1104) (Niese, 197). At an energy 
of 662.0 KeV (137Cs), its resolution (FWHM) of 
roughly 8% is deemed sufficient to differentiate 
the gamma-ray energies of interest in the current 
investigation. Given the limited energy resolution of 
the NaI(Tl) detector employed in this investigation, 
consideration was given to the selection of gamma- 
ray peaks of the radionuclides to be used for mea
surements. The study ensured proper distinction of 
photons released by radionuclides by determining 
their energy and emission probability, and minimis
ing background continuum. The daughter radionu
clide 208Ti indicated 228Th and 214Bi 226Ra, while the 
1460 KeV ̔-rays released during potassium-40 disin
tegration were measured.

Fish samples were arranged on a detector, moni
tored for 29,000 s, and the net area beneath peaks in 
the energy spectrum was calculated by deducting 
counts from peaks.

4.2. Energy calibration

The system was calibrated using 137Cs and 60Co cali
bration point sources, providing 72% energy resolu
tion for the 661.7 keV of Cs-137, and analysed using the 
spectral energy windows listed in Table 1.

4.3. Radiological hazard indices estimation

4.3.1. Absorbed dose rate
Equations 1 and 2 were used to estimate the airborne 
absorbed dose rates (Doutdoor and Dindoor) caused by the 
specific activities of 40K, 238U, and 232Th (Bqkg� 1) in 
samples of contaminated coastlines (UNSCEAR, 2000). 

Doutdoor nGyh� 1� �
¼ 0:462Cu þ 0:604CTh þ 0:041CK 

Dindoor nGyh� 1� �
¼ 0:92Cu þ 1:1CTh þ 0:08CK 

where CK , CU, and CTh are the activities of 40K, 226Ra, and 
232Th respectively in the sampled tiles.

4.3.2. Annual effective dose for external exposures 
(AEDExt)
The dose rates provided in the expressions below were 
utilised to determine the annual effective dosage for 
external exposure that individuals would receive. 

AEDoutdoor μSvy� 1� �
¼ Doutdoor nGyh� 1� �

� 8760h
� 0:7 SvGy� 1� �

� 0:2� 10� 3 

AEDindoor mSvy� 1� �
¼ Dindoor nGyh� 1� �

� 8760h
� 0:7 SvGy� 1� �

� 0:8� 10� 6 

An indoor occupancy factor of 0.8 and a dose conver
sion factor of 0:7SvGy� 1 were chosen (UNSCEAR, 2000).

4.3.3. Annual effective dose for ingested 
radionuclide (AEDIng)
The yearly effective dose rate for each radionuclide 
ingested through food (fish) and water was calculated 
using equation (5).

AEDIng =365
P

i
Ii � Di5

Where Ii is the daily intake of radioactive mate
rial Bqd� 1ð Þ ¼ (radioactive material concentration 
in food or water, expressed in 
Bqkg� 1orBql� 1Þ � ðfood or water consumption rate, 
expressed in kgd� 1or ld� 1), and Di is the adult dose 
conversion factor, or ingestion dose coefficient. Di 

is 6:2� 10� 9; 2:3� 10� 7and4:5� 10� 8SvBq� 1 for 
40K, 234Th and 238 U, respectively (International 
Commission on Radiological Protection ICRP, 2012; 
UNSCEAR, 2000). The assumption that an adult’s 
daily water intake is 2 ld� 1was used to estimate 
the annual effective dosage arising from water 
consumption. Meanwhile, Nigeria’s per capita fish 
consumption is barely 11.2 kg, compared to the 
18.7 kg average annual global per person 

Table 1. Windows of spectral energy utilised in the analysis.
NOR Energy (KeV) Window (KeV)

Th � 232 2614:5 2480 � 2820
R � 226 1764:0 1620 � 1820
K � 40 1460:0 1380 � 1550
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consumption (VANGUARD, 2014). This means that 
the daily fish intake per person in Nigeria is 
0:031kgd� 1. This information was used to calculate 
the annual effective dose that comes from consum
ing fish from the Niger Delta’s coastal marine 
environment.

4.3.4. Radium Equivalent Activity Index (Raeq)
The following formula was used to determine the 
radium equivalent Raeq

� �
: 

Raeq ¼ CRa þ 1:43CTh þ 0:077CK 

where CRa, CTh, and CK are the radioactivity concen
trations inBqkg� 1 of 226Ra, 232Th and 40K, 
respectively.

4.3.5. Representative level index (RLI)
The Representative Level Index (RLI) was evaluated 
using the expression provided by equation 6 (Omeje 
et al., 2020; UNSCEAR, 2000): 

RLI ¼
CRa

150
þ

CTh

100
þ

Ck

1500 

where CRa, CTh, and CK maintain their usual 
definition.

An AED � mSv is represented by RLI values = 1. 
Therefore, in order to screen building materials that 
contain considerable concentrations of these NOR and 
evaluate the risk of gamma radiation linked with them, 
RLI is the suitable radiological impact parameter 
(UNSCEAR, 2000).

4.3.6. Radiation Hazard Indices
The level of γ� radiation hazard connected to the 
naturally occurring radionuclide in samples was 
estimated using these indices. Equations (8) and 
(9) were used to determine the radiation hazards 
associated with the external (Hext) and internal (Hint) 
respectively. 

Hext ¼
CU

370

� �

þ
CTh

259

� �

þ
CK

4810

� �

Hint ¼
CU

185

� �

þ
CTh

259

� �

þ
CK

4810

� �

For the radiation risk to be insignificant, Hint must be 
less than unity.

4.3.7. Excess lifetime cancer risk (ELCR)
Equation (10) was used to determine the excess life
time cancer risk (ELCR): 

ELCR ¼ AED� DL� RF 

where the average life expectancy (DL) is taken to be 
70 years, the annual effective dose (AED), and fatal 
cancer risk per Sievert (RF) are estimated for a 

population with a recommended ELCR of 0.05 
(UNSCEAR, 2000).

4.3.7.1. Annual gonadal equivalent dose (AGED).
Using the examined samples, the AGED for the general 
public was assessed using the subsequent formula 
(UNSCEAR, 2000): 

AGED μSvy� 1� �
C ¼ 3:09CU þ 4:18CTh þ 0:314CK 11 

4.4. Isolation and enumeration of microbial 
population

By homogenising one gram of the sediment sample 
and one millilitre of the water sample in nine milli
litres of sterile physiological saline solution (0.85% 
NaCl) and serially diluting to 103, the number of 
microbial isolates recovered from the water and sedi
ment samples were determined. For fungal culture, 
1 ml of the 103 dilutions was aseptically plated on 
molten Sabouraud dextrose agar (SDA) by the pour 
plate method in triplicate. The media was sterilised 
at 15 psi for 15 minutes, supplemented with 100 mg/l 
chloramphenicol to preclude bacterial growth before 
inoculation, and incubated at 25 °C for 5 to 7 days. 
Pure cultures were subcultured and identified on the 
basis of morphologic and microscopic differentiation 
upon lactophenol cotton blue staining and then 
stored in SDA slants (Ahmad et al., 2023; Gautam & 
Bhadauria, 2012; Ire & Ahuekwe, 2016).

Using the pour plate technique, 0:1ml of each of the 
103 homogenate dilutions were inoculated in triplicate 
on Petri plates holding 15 ml of molten nutrient (Oxoid, 
UK) and MacConkey (Oxoid CM 516, UK) agar for bacter
ial culture. In all cases, for nutrient agar, the media were 
supplemented with 0.015% (w/v) nystatin to inhibit 
fungal growth after sterilization at 15 psi for 15 min 
and incubated at 37 °C for 24 to 48 h (Wang et al.,  
2019). Discrete colonies were noted and purified by a 
subculture for further identification via Gram staining, 
biochemical characterisation, and storage as pure cul
tures in agar slants. Following standard methods, bio
chemical bacterial identification protocols were 
performed. They include catalase, carbohydrate fermen
tation, citrate utilisation, hydrogen sulphide production, 
and methyl red tests. Others were indole, methyl red, 
oxidase, Voges-Proskauer, motility and urease tests.

5. Results and discussion

5.1. Evaluation of the in-situ dose rate for the 
polluted coastlines

The gamma-absorbed dose rate was measured in situ 
using an RS-125 gamma spectrometer to evaluate the 
radiological risks associated with contaminated coast
lines. The regional distribution of the gamma radiation 
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rates recorded in situ is shown in Figure 3. The locations 
4 and 15 of the study area had the highest and lowest 
values of the absorbed dose rate, measuring 100nGy=h 
and 2 nGy/h, respectively. Therefore, compared to other 
places, position 4 has a higher risk of ionising radiation 
exposure. This higher number of 100nGy=h is signifi
cantly greater than the UNSCEAR-recommended limit 
of 59.00 and 84:00nGy=h (UNSCEAR, 2000).

5.2. Activities of 40K, 238U and 232Th in the 
sediment, water and fish samples from the 
coastline using a 3 × 3inch NaI[Tl] detector

Tables 2 to 4 and Figures 4 To Figure 7 summarise 
activity concentrations of 238U, 232Th, and 40K in 

contaminated seashore sediments, waters, and fish. 
Results show a skewed distribution of primordial radio
nuclides due to asymmetry in their probability distri
bution (Normality Testing, Skewness and Kurtosis,  
2019). The high standard deviations indicate that the 
results are spread out over a large range of values. The 
variance also reveals that the results are very spread 
out from the mean and from one another.

For the sediments and waters from the polluted 
coastlines, the minimum values of the activity con
centrations of 40K, 238U, and 232Th were 
102:23; 54:24; 47:65 and 126:71; 39:43; 60:24 Bq kg-1, 
respectively, according to Tables 2 and 3. The corre
sponding higher values are 288:09; 96:49; 136:12 and 
257:307; 66:93; 96:57 Bqkg-1, respectively. The 

Figure 3. Spatial distribution of in-situ measured dose rate.

Table 2. Activities of 40K, 238U and 232Th in the sediment samples from the coastline using 3 x 3 inch 
NaI [Tl] Gamma Spectroscopy Analysis.

S/No. Sample ID 40K (Bq/kg) 238U (Bq/kg) 232Th (Bq/kg)

1 S1 224.433 ± 1.3407 83.4699 ± 4.8348 105.768 ± 2.3198
2 S2 242.237 ± 1.5016 74.999 ± 0.3596 47.6546 ± 2.0053
3 S4 106.13 ± 1.877 54.9007 ± 2.0778 76.2395 ± 1.0616
4 S3 184.534 ± 1.2871 60.8942 ± 1.1188 109.464 ± 0.7864
5 S5 252.695 ± 1.877 80.6329 ± 1.5184 84.6931 ± 1.3368
6 S7 194.723 ± 2.6278 72.7614 ± 2.7171 79.5816 ± 0.0786
7 S9 137.609 ± 2.3596 76.2377 ± 0.04 136.122 ± 0.4718
8 S8 259.023 ± 1.3943 71.8424 ± 1.9579 76.5934 ± 2.7916
9 S6 239.931 ± 2.306 58.2571 ± 1.9179 103.212 ± 2.2805
10 S11 280.313 ± 0.9117 96.4958 ± 1.2387 104.864 ± 1.9266
11 S10 288.089 ± 2.5741 57.2981 ± 1.6382 92.0851 ± 2.7523
12 S12 116.141 ± 1.2091 59.2421 ± 0.028 132.123 ± 0.2115
13 S14 182.722 ± 2.9922 65.5224 ± 1.7672 66.7231 ± 1.2414
14 S13 190.211 ± 1.5214 54.2461 ± 1.5827 103.212 ± 1.2907
15 S15 102.231 ± 1.0321 83.4368 ± 1.0315 104.864 ± 1.9266
16 S_Control 91.3441 ± 0.1322 46.2321 ± 0.0364 37.0851 ± 0.1323

Min 102.2310 54.2461 47.6546
Max 288.0892 96.4958 136.1224

Mean ± SD 200.0682 ± 62.3369 70.0158 ± 12.6663 94.8800 ± 23.6160
Median 194.7230 71.8424 103.2124
Mode #N/A #N/A 103.2124

Variance 3885.8938 160.4351 557.7131
Kurtosis −1.1365 −0.5592 0.0487

Skewness −0.3090 0.4806 −0.0973
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estimated mean values of these measured activities 
of 40K, 238U and 232Th for the sediment and water are 
200.07 ± 62.34, 70.02 ± 12.67, 94.88 ± 23.62 and 
193.73 ± 43.60, 52.59 ± 8.75, 82.00 ± 11.10 Bqkg-1, 
respectively. It was found that the average activity 
concentration of 40K in both the sediment and the 

water was less than the 420.00 Bqkg-1 tolerable 
threshold (UNSCEAR, 2000). However, according to 
data from the ICRP (1991), International Atomic 
Energy Agency (IAEA) (1996) and (UNSCEAR, 2000), 
the mean activity of 238U and 232Th for both sediment 
and water were found to be higher than the 

Figure 4. Activities of40K, 238U and232Th in the water sample from the costline using 3×3inch NaI [TL] gamma spectroscopy 
Analysis.

Figure 5. Activities of40K, 238 U and232Th in the water sample from the costline using 3 × 3inch NaI [TL] gamma spectroscopy 
Analysis.
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Analysis.
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corresponding global average values of 32.00 and 
45.00 Bqkg-1, respectively.

The various mean concentrations of the primordial 
radionuclides from one species of fish to another are 
displayed in Table 4 and Figure 6. Catfish, one of the 
fish species collected in the study area, had higher 
mean concentrations of 40K and 238U, with 151.87 and 
38.00 Bqkg-1, respectively. On the other hand, Tilo had 
greater mean 232Th activity, measuring 89.02 Bqkg-1. 
These differences are not unrelated to species specia
lisation determined by metabolism and feeding pat
terns. Metabolic activity and eating habits are two of 

the most important aspects that contribute signifi
cantly to the build-up of hazardous elements in aqua
tic animals.

5.3. Analysis of the radiological hazard

Tables 5, Tables 6 and 7 present the estimated radio
active indices for the waters, fish, and sediments from 
the contaminated coastline. The average absorbed 
dose rates for the sediments are 184.79 nGy=h indoors 
and 97.86 nGy=h outdoors, respectively. Additionally, 
these mean values exceed the suggested limitations of 
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Figure 7. Activities of40K, 238U and232Th in the water sample from the costline using 3×3inch NaI [TL] gamma spectroscopy 
Analysis.

Table 3. Activities of 40K, 238U and 232Th in the water samples from the coastline using 3 x 3 inch 
NaI [Tl] Gamma Spectroscopy Analysis.

S/No. Sample ID 40K (Bq/kg) 238U (Bq/kg) 232Th (Bq/kg)

1 WS1 154.609 ± 2.7887 60.8143 ± 2.0778 83.5529 ± 2.1625
2 WS2 158.149 ± 1.5552 66.9277 ± 1.6382 60.2367 ± 1.1009
3 WS3 257.307 ± 2.1451 43.7927 ± 2.1177 78.9525 ± 0.7864
4 WS4 203.411 ± 0.4827 44.5918 ± 1.3985 83.1204 ± 1.73
5 WS5 135.518 ± 1.7697 64.6502 ± 2.9168 92.6749 ± 0.0786
6 WS6 135.732 ± 1.7161 39.4374 ± 0.3996 69.3587 ± 3.0669
7 WS7 200.086 ± 1.5552 50.5454 ± 2.0778 92.4783 ± 1.6121
8 WS8 257.307 ± 2.1451 63.6912 ± 1.1188 96.5675 ± 2.0446
9 WS9 178.849 ± 1.2871 56.9385 ± 2.3575 85.3615 ± 2.0053
10 WS10 220.25 ± 2.4133 50.9849 ± 1.9579 87.0916 ± 3.8139
11 WS11 226.417 ± 2.3596 57.4579 ± 0.919 85.2436 ± 0.7864
12 WS12 126.711 ± 1.4231 45.1674 ± 0.5626 73.3217 ± 3.7462
13 WS13 237.301 ± 2.1131 52.3212 ± 1.1142 94.5136 ± 2.0216
14 WS14 200.001 ± 1.4212 48.5421 ± 2.0113 84.4513 ± 1.142
15 WS15 214.237 ± 2.0031 42.9154 ± 1.8237 63.0776 ± 3.0029
16 WS_Control 123.813 ± 0.1001 39.6525 ± 1.0015 48.1287 ± 1.0021

Min 126.7113 39.4374 60.2367
Max 257.3068 66.9277 96.5675

Mean 193.7257 ± 43.5972 52.5852 ± 8.7455 82.0002 ± 11.1036
Median 200.0858 50.9849 84.4513
Mode 257.3068 #N/A #N/A

Variance 1900.7131 76.4830 123.2909
Kurtosis −1.1817 −1.2100 −0.3035

Skewness −0.1402 0.2437 −0.7311

Table 4. Activities of 40K, 238U and 232Th in the Fish samples from the coastline using 
3 x 3 inch NaI [Tl] Gamma Spectroscopy Analysis.

S/No. Sample ID 40K (Bq/kg) 238U (Bq/kg) 232Th (Bq/kg)

1 Cat Fish 151.874 37.999 65.5054
2 Tilapia 149.783 30.6069 50.7215
3 Gold Fish 101.571 24.2538 80.368
4 Tilo 135.411 18.3801 89.0182
5 Til-1 104.789 37.3197 59.7649
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59.00 and 84.00 nGy=h, respectively (UNSCEAR, 2000). 
Consequently, these contaminated coastlines have a 
higher risk of ionising radiation exposure. The highest 
and lowest yearly effective doses, respectively, for out
door and indoor environments are 0.09 and 0.15 
mSv=y and 0.69 and 1.13 mSv=y. Furthermore, both 
the indoor and outdoor mean values of yearly effective 
doses exceed the recommended standards of 0.41 and 
0.07 mSv/y (UNSCEAR, 2000). The RLI trended in the 
same direction, with values exceeding the recom
mended limit of 1. Thus, it’s possible that sediments 

from coastlines aren’t appropriate for construction. In 
addition, similar observations are recorded for the 
water samples. The mean AEDing due to ingestion of 
the radionuclides in the water is 0.2538 mSv=y. This 
mean value, however, is lower than the UNSCEAR- 
recommended threshold of 1.00 mSv/y (UNSCEAR,  
2000). Corroborating our previous findings, the calcu
lated average values of Raeq, ELCR Hext, Hin, and AGED 
also follow suit. All of the fish hazard indices estimated 
mean values, however, fell within the appropriate 
recommended ranges.

Table 5. Radiation hazard indices for sediments derived from contaminated coastal areas.

Points Din nGyh� 1� �
Dout nGyh� 1� � AEDout 

mSvy� 1ð Þ

AEDin 

mSvy� 1ð Þ Raeq Bqkg� 1ð Þ Hext Hint RLI ELCR
AGED 

mSvy� 1ð Þ

S1 211.09 111.65 0.14 1.04 252.00 0.68 0.91 1.77 3.62 0.77
S2 140.80 73.36 0.09 0.69 161.80 0.44 0.64 1.14 2.42 0.51
S4 142.86 75.76 0.09 0.70 172.10 0.47 0.62 1.20 2.45 0.52
S3 191.20 101.82 0.12 0.94 231.64 0.63 0.79 1.63 3.28 0.70
S5 187.56 98.77 0.12 0.92 221.20 0.60 0.82 1.56 3.22 0.68
S7 170.06 89.67 0.11 0.83 201.56 0.55 0.74 1.41 2.92 0.62
S9 230.88 123.08 0.15 1.13 281.49 0.77 0.97 1.96 3.96 0.85
S8 171.07 90.07 0.11 0.84 201.32 0.55 0.74 1.42 2.94 0.62
S6 186.32 99.09 0.12 0.91 224.33 0.61 0.77 1.58 3.20 0.69
S11 226.55 119.41 0.15 1.11 268.04 0.73 0.99 1.88 3.89 0.82
S10 177.05 93.90 0.12 0.87 211.16 0.57 0.73 1.50 3.04 0.65
S12 209.13 111.93 0.14 1.03 257.12 0.70 0.86 1.80 3.59 0.77
S14 148.29 78.06 0.10 0.73 175.01 0.48 0.65 1.23 2.55 0.54
S13 178.66 95.20 0.12 0.88 216.49 0.59 0.74 1.52 3.07 0.66
S15 200.29 106.08 0.13 0.98 241.26 0.66 0.88 1.68 3.44 0.73
S_Control 90.63 47.50 0.06 0.44 106.30 0.29 0.41 0.74 1.56 0.33
Min 140.80 73.36 0.09 0.69 161.80 0.44 0.62 1.14 2.42 0.51
Max 230.88 123.08 0.15 1.13 281.49 0.77 0.99 1.96 3.96 0.85
Mean 184.79 97.86 0.12 0.91 221.10 0.60 0.79 1.55 3.17 0.68
Acceptable LIMIT 84.00 59.00 0.07 0.41 370.00 ≤1 ≤1 ≤1 3.75 0.30

Table 6. Hazard indices of waters from the contaminated shorelines.

Points
AEDing 
mSvy� 1ð Þ

Raeq 
Bqkg� 1ð Þ Hext Hint

ELCR 
�10� 3
� � AGED 

mSvy� 1ð Þ

WS1 0.2593 192.1999 0.5225 0.6867 0.9074 0.5857
WS2 0.2019 165.2436 0.4488 0.6295 0.7068 0.5083
WS3 0.2458 176.5074 0.4802 0.5984 0.8604 0.5461
WS4 0.2533 179.1166 0.4873 0.6077 0.8865 0.5491
WS5 0.2836 207.6102 0.5644 0.7390 0.9926 0.6297
WS6 0.2101 149.0717 0.4055 0.5120 0.7354 0.4544
WS7 0.2804 198.1960 0.5392 0.6756 0.9816 0.6056
WS8 0.3018 221.5953 0.6026 0.7746 1.0563 0.6813
WS9 0.2637 192.7768 0.5242 0.6779 0.9229 0.5889
WS10 0.2681 192.4851 0.5236 0.6612 0.9382 0.5907
WS11 0.2670 196.7904 0.5351 0.6903 0.9344 0.6050
WS12 0.2227 159.7742 0.4345 0.5565 0.7795 0.4858
WS13 0.2893 205.7478 0.5597 0.7010 1.0124 0.6313
WS14 0.2585 184.7075 0.5024 0.6335 0.9048 0.5658
WS15 0.2010 149.6126 0.4069 0.5227 0.7036 0.4635
WS_Control 0.1541 118.0101 0.3208 0.4278 0.5394 0.3626
Min 0.2010 149.0717 0.4055 0.5120 0.7036 0.4544
Max 0.3018 221.5953 0.6026 0.7746 1.0563 0.6813
Mean 0.2538 184.7623 0.5025 0.6444 0.8882 0.5661
Acceptable LIMIT 1.00 370.00 ≤1 ≤1 3.75 0.30

Table 7. Radiological hazard indices for the fishes from the polluted coastlines.

Sample Type AEDing (mSvy−1)
Raeq 

(Bqkg−1) Hext Hint

ELCR 
(x 10−3) AGED (mSvy−1)

Cat Fish 0.2005 143.3660 0.3900 0.4926 0.7017 0.4389
Tilapia 0.1581 114.6719 0.3119 0.3945 0.5533 0.3536
Gold Fish 0.2286 147.0010 0.4003 0.4657 0.8002 0.4428
Tilo 0.2505 156.1027 0.4252 0.4749 0.8768 0.4714
Til-1 0.1819 130.8523 0.3559 0.4566 0.6366 0.3980
Acceptable LIMIT 1.00 370.00 ≤1 ≤1 3.75 0.30
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5.4. Microbial analysis and bioaccumulation

The microbiological assessment revealed bacterial 
and fungal isolates. The sediment samples labelled 
SS2, SS4, SS5 and SS8 reported Gram-negative iso
lates of Escherichia coli and Pseudomonas aeruginosa 
and Gram-positive isolates of Staphylococcus and 
Bacillus species, respectively. Water samples SW1 
and SW5 showed the presence of Gram-positive 
Bacillus species. and Gram-negative Escherichia coli, 
respectively. The biochemical characteristics that 
aided the identification of bacterial isolates are also 
presented in Table 8. Escherichia species were identi
fied by their positive reactions to motility, glucose, 
lactose, and mannitol utilisation as well as indole, 
methyl red, and catalase tests; while Pseudomonas 
aeruginosa reacted negatively to maltose and indole 
tests, and positively to the other biochemical tests. 
Conversely, Staphylococcus species were negative to 
motility, Voges Proskauer, H2S production, and oxi
dase tests; while Bacillus species were identified by 
their negative reactions to methyl red, urea, and 
oxidase tests. The Gram-positive isolates gave a posi
tive reaction to the other biochemical tests and were 
distinguished by their cocci and bacilli shapes upon 
observation under the microscope. Likewise, Table 9 
shows the microscopic and cultural characteristics of 
the fungal isolates of the Mucor and Aspergillus gen
era obtained from both the sediment and water 
samples. Mucor species isolated from samples SS1, 
SS4, and SW2 were identified by the blackish zygo
mycetes showing a fluffy white edge on the culture 
plates; and the observed non-septate and darkly 
pigmented spores during microscopy. The 
Aspergillus species isolated from samples SS8, SW5 
and SW9 presented numerous black spores and a 
brownish-grey colouration on the reverse side of 
the culture plates, while the microscopy revealed 
large rough-walled conidia possessing a globose 
loose column. However, they had smooth-walled 
and biseriate conidiophores with septate phialides. 
This microbial community is a diverse group of aero
bic organotrophs and fermentative and denitrifying 
microorganisms, despite being sparse.

The bacterial counts in colony-forming units per 
gram (CFU/g) of the sediment samples (Table 10) 
were 1.7 × 103 (Escherichia coli), 2.0 × 103 

(Pseudomonas sp.), 2.6 × 103 (Staphylococcus aureus) 
and 8.8 × 103 (Bacillus sp). The fungal counts in col
ony-forming units per gram (CFU/g) of the sediment 
samples were 0.1 × 103 (Mucor sp. at SS1), 0.2 × 103 

(Aspergillus sp. at SS8), and 0.4 × 103 (Mucor sp. at 
SS4). In the same vein, the bacterial counts in colony- 
forming units per millilitre (CFU/ml) of the water sam
ples (Table 11) were 2.0 × 103 (Bacillus sp.) and 4.0 ×  
103 (Escherichia coli), while the fungal counts were 
0.6 × 103 (Mucor sp.), 0.4 × 103 (Aspergillus sp. at SW5), 

and 1.4 × 103 Aspergillus sp. at SW9 sampled at location 
9. With microbial interactions thought to influence the 
speciation, mobility, and migration behaviour of radio
nuclides (Gerber et al., 2016), the Bacillus, 
Pseudomonas, and Aspergillus isolated at the study 
sites corroborate the studies of Ding et al. (2012) and 
Gerber et al. (2016). The authors reported the potency 
of indigenous microorganisms of the genera 
Pseudomonas, Bacillus, and Aspergillus to immobilise 
U(VI) as uranyl phosphate minerals.

As with any contaminated front, the presence of 
radioactive wastes would lead to changes in physico
chemical characteristics and other aquatic compo
nents (Abdissa & Beyecha, 2021; Møller & Mousseau,  
2013; Nguyen et al., 2021). From the observed results, 
location 9 showed high activities of 238U and 232Th, 
which matched the area showing maximum values of 
the outdoor and indoor absorbed dose rates of 54.03 
and 102.77 nGy/h, respectively. Moreover, despite 
these observed results falling within recommended 
limits, the presence of the primordial radionuclides 
(238U, 232Th and 40K) calls for concern; Li et al. (2014) 
and Liu et al. (2023) opines that uranium results in 
serious biological and chemical toxicity and high radio
activity. Nazina et al. (2010) found that these changes 
will vary depending on the hydrodynamic connection 
at the point of radioactive waste discharge and the 
overall water body. Other factors include organic mat
ter, nitrates, sulphates, oxidised forms of radionuclides, 
and other metals accompanying the waste, including 
bicarbonates, which were initially present at the site 
(Xiong et al., 2022; Yuan et al., 2023; Zhou et al., 2023). 
Molecular hydrogen, probably formed by water radi
olysis at the disposal site, could also be a factor. 
Considering also that for both sediment and water, 
the mean values of the activity concentration of 40K 
were below the acceptable threshold, while 238U and 
232Th were above their corresponding threshold 
values, the aforementioned background factors might 
have influenced microbial life. According to the reports 
of Zhao et al. (2016), these may account for possible 
selective substrates for microbial metabolism that 
allowed for the sparse bacterial and fungal presence 
reported at the site of contamination. It is noteworthy, 
however, that microbial interactions with radioactive 
contaminants come by different mechanisms, such as 
biosorption, bioaccumulation within the cell, reduc
tion, and biomineralization (Sousa et al., 2013; Tu et 
al., 2019; Zhang et al., 2021).

Overall, the results of this study showed an even 
distribution of gram-positive and gram-negative bac
teria, contrary to the largely gram-negative bacterial 
population dominant in the groundwater, as sub
mitted by Stroes-Gascoyne et al. (2011). Of particular 
significance in this study is the presence of 
Pseudomonas, Staphylococcus, and Bacillus genera 
reported to be associated with denitrification of 
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organic pollutants and the attendant production of 
free nitrogen (Tu et al., 2019; Plymale, et al., 2021). 
Pseudomonadales are reported to have a high capacity 
for biosorption of various radionuclides (Lazareva et al.,  
2011). These Bacillus and Pseudomonas species of 
microorganisms could be attributed to the biogenic 
precipitation and concentration of radionuclides in 
the disposal sites compared with previous studies (Tu 
et al., 2019; Plymale, et al., 2021); as such, they may be 
potentially hazardous to exposure to aquatic lives 
(Wang et al., 2019). In addition, the interactions of 
biogenic precipitation and radioactivity concentrations 
in such an environment may degenerate to bioaccu
mulation and biomagnification in the survival of aqua
tic lives, which poses a threat to the health of humans 
that consume fishes and other seafood (Lazareva et al.,  
2011; Møller & Mousseau, 2013; Tu et al., 2019).

In all cases for this study, considering Table 10, the 
number of microorganisms did not exceed 103 cells 
per gram or millilitre of sediment and water samples. 
However, the average bacterial count was higher than 
the fungal count. The reports of Sarro et al. (2005) and 
Rivasseau et al. (2016) that focused on spent nuclear 

fuel storage pools identified microorganisms after cul
tivation, but with a huge loss in diversity, since only 0.1 
to 10% of the microorganisms present in water are 
culturable (Stokell & Steck, 2012). This low microbial 
presence and counts could be attributable to the loss 
by some organisms of their culturability on appropri
ate media under certain stress conditions while retain
ing viability through greatly reduced metabolic 
activity. According to Stroes-Gascoyne et al. (2011), 
this viable but nonculturable (VBNC) effect may be 
due to bacterial spore formation, which is responsible 
for the stages in cell resistance to environmental 
changes. Previous studies indicate that these variations 
in stages may also solidify the cell wall, alter the fatty 
acid structure of the cell wall and alter the membrane 
cytoplasmic configuration. These structural changes 
reduce the genetic material within the cell, as such, 
enhances red tides that cause ecological marine disas
ters of invasion of pathogenic microorganisms’ expo
sure to the marine fisheries. These structural stages 
and processes can affect the marine water environ
ment and can lead to the death of the fishes found in 
the study area. In addition, the materials being trans
ported in marine water can alter the food chain and 
may considerably alter the biogeochemistry of the 
marine sediments on which seafood relies. This condi
tion of water-sediment biogeochemistry change could 
marginally affect the fishes marginally or greatly not 
both.

The loss of cytoplasmic membrane permeability 
causes culturability in VBNC cells. There are two 
phases: initial transition with culturability, followed by 
gradual degradation of RNA and DNA, leading to cell 
death. While some VBNC cells may have metabolic 
activity, the physiological basis for entry and exit is 
still under study (McDougald et al., 1998; Petit et al.,  
2020; Stokell & Steck, 2012). Proper evaluation of inter
actions between radionuclides, mineral surfaces, pore 
water, waste components, and diverse microbial spe
cies is crucial for understanding microorganism roles in 

Table 9. MacroscopicandMicroscopiccharacteristicsoffungalisolatesfromsedimentandwatersamples
Sample 
Source

Sample 
label Macroscopy Microscopy

Probable 
Organism

Sediment SS1 Blackish zygomycetes with a fluffy 
white edge

Zygomycete with non-septate hyphae; sporangia are slimy in texture and 
the spores have a dark pigment.

Mucor sp.

SS4 Blackish zygomycetes with a fluffy 
white edge

Zygomycete with non-septate hyphae; sporangia are slimy in texture and 
the spores have a dark pigment

Mucor sp.

SS8 Numerous black spores with a 
reverse brownish grey colouration

Large rough-walled conidia that are globose with loose column. 
Conidiophores are smooth-walled and biseriate with septate phialides.

Aspergillus 
sp.

Water SW2 Blackish zygomycetes with a fluffy 
white edge

Zygomycete with non-septate hyphae; sporangia are slimy in texture and 
the spores have a dark pigment.

Mucor sp.

SW5 Numerous black spores with a 
reverse brownish grey colouration

Large rough-walled conidia that are globose with loose column. 
Conidiophores are smooth-walled and biseriate with septate phialides.

Aspergillus 
sp.

SW9 Numerous black spores with a 
reverse brownish grey colouration

Large rough-walled conidia that are globose with loose column. 
Conidiophores are smooth-walled and biseriate with septate phialides.

Aspergillus 
sp.

Table 10. Isolate counts from sediment samples.
Sample label Probable organism Count (CFU/g)

SS1 Mucor sp 0.1 x 103

SS2 Escherichia coli 1.7 x 103

SS4 Pseudomonas aeruginosa 2.0 x 103

Mucor sp 0.4 x 103

SS5 Staphylococcus aureus 2.6 x 103

SS8 Bacillus sp 8.8 x 103

Aspergillus sp 0.2 x 103

*CFU = Colony forming units per gram.

Table 11. Isolate counts from water samples.
Sample label Probable organism Count (CFU/ml)

SW1 Bacillus sp 2.0 x 103

SW2 Mucor sp 0.6 x 103

SW5 Escherichia coli 4.0 x 103

Aspergillus sp 0.4 x 103

SW9 Aspergillus sp 1.4 x 103

*CFU = Colony forming units per millilitre
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liquid radioactive waste sites. Moreover, the transport 
materials that interact with marine sediments may 
constitute radionuclides that can enhance red tides, 
which assimilate some of the nutrients, thus enhancing 
dissolved oxygen at the initial contact. These water- 
sediment-transport material interactions could heavily 
reduce the dissolved oxygen after a while which may 
affect the transformation of nutrients, productivity, 
and sedimentation of chlorophyll that aquatic life 
depends on since some species of chlorophyll are 
harmful to fishes. These processes of food chain altera
tions and transportation of waste materials may have 
reduced the biomass of living organisms at the peak 
level, which distorts the carbon transformation, result
ing in the possible death of the fishes.

Microbial processes at the sediment-water interface 
may significantly influence the degradation, mobility, 
and migration of radionuclides in these environments. 
As described by Lopez-Fernandez et al. (2018), 
Microbial effects on clay, soils, and sediments involve 
dissolution of structural minerals, alteration of mineral 
surfaces, and formation of biofilms. Microbes control 
radionuclide speciation and mobility through pro
cesses like biosorption, intracellular accumulation, 
and biomineralization (Brookshaw et al., 2012; 
Newsome et al., 2014).

An apt example is the biomineralization of uranium 
resulting in the formation of U(VI) phosphate mineral 
phases, probably due to the activity of acid or alkaline 
phosphatases (Lütke et al., 2013). Salome et al. (2013) 
also reported the effect of uranium addition on the 
microbial diversity of sediment microcosms. 
Conversely, the studies of Law et al. (2010) and Roh 
et al. (2015) suggest that indigenous microbial com
munities have viewed these biotransformation activ
ities of anthropogenic radionuclides as a potential 
mechanism for the sequestration and bioremediation 
of environmental radionuclide contamination.

Fishes primarily accumulate radioactive elements 
through ingestion, except for organisms with a large 
surface-to-volume ratio adapted for adsorption to 
surfaces (Lerebours et al., 2018). Catfish had the high
est mean concentrations of 238U and 40K in the fish 
understudy, whereas tilapia had the highest mean 
activity of 232Th. By doing this, we hypothesise that 
the eating habits of the fish and the aquatic species, 
in conjunction with microbiological process men
tioned above that lead to the radioactive speciation 
and mobility, will facilitate the entry and concentra
tion of radionuclides into the food chain or web. This 
is because most of the radioactive materials likely to 
accumulate would actually biomagnify through these 
invertebrates via the different kinds of organisms that 
serve as their food. Generally, the factors that influ
ence the bioaccumulation of toxicants by aquatic 
biota are grouped into intrinsic and extrinsic factors. 
The main extrinsic factor is the physico-chemical 

properties of the ambient environment, i.e. water 
and sediment; exposure duration, concentration of 
toxicants, nearness to the source of pollution, 
among others. Intrinsic factors include the route of 
uptake (Yu et al., 2024), the age and size of the 
organism, and most importantly, the unique charac
teristics of the species, such as feeding habit and 
octanol/water partition coefficient. In the current 
study, the experimental fish species exhibited varied 
accumulation capacities, partly due to the differences 
in feeding habits and repository capacities. Clarias 
gariepinus is a benthopelagic feeder, with lipid con
tent for storage of chemicals accumulated from the 
bottom of the aquatic environment. Hence, among 
the investigated fish species, C. gariepinus is culpable 
for future health hazards among consumers. 
Furthermore, the hardiness of the species keeps it 
alive even at dangerous concentrations of accumula
tion that may be lethal to other organisms. These 
factors, coupled with the relatively high commercial 
value due to the demands, mark the fish as a notable 
bioindicator against prognostic health concerns. 
Another factor in the concentration of radionuclides 
by aquatic organisms about which there is a dearth 
of information is the competition for uptake among 
chemicals. As such, concentration and specific activity 
could be strongly influenced by abiotic factors such 
as ions, pH, and other background elements present 
in the water (Beresford et al., 2016; Lopez-Fernandez 
et al., 2018; Shen et al., 2023; Zhang et al., 2020).

Studies suggest that any accumulation of radio
active materials in an organism is subject to biologi
cal dilution. Such dilutions result from cell division 
and growth, which is especially manifested in 
younger rapidly growing fishes. Upon maturity, 
there may be an inverse correlation between the 
complexity of body structure and the concentration 
of the radionuclides of interest. Thus, the observed 
mean concentrations were influenced at the time of 
this study. Other varying effects on these objects of 
fisheries or on their food might result in mortality 
induced by somatic effects or from genetic changes, 
which may be restricted to only the individual organ
ism involved, or in some cases, the entire population. 
Isotopic dilutions, on the other hand, have a non
linear relationship but may be ineffective in instances 
where low concentrations occur (Beresford et al.,  
2016; Lerebours et al., 2018). It remains to be said if 
that is relatable to our study, location showed some 
mean concentrations within recommended limits 
with some outliers.

From the foregoing, the ability of the various 
organisms in the food web to concentrate radionu
clides is of serious importance to predatory species 
and humans. If the animals, which serve as food to 
fishes or other seafood, were unable to take up the 
radionuclides, there would be considerably less 
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chance of the predators and man becoming con
taminated. Unfortunately, the constraints on avail
able information on the efficiency of transfer of 
particular radioisotopes from food organisms to 
aquatic predators remain a concern. Therefore, it is 
quite certain that the indirect hazard to humans 
through danger of contamination of food from aqua
tic environments will require limiting the permissible 
concentration of radioactive elements in the seas 
and oceans to levels much lower than those at 
which there could be any direct hazard.

6. Conclusion

The study evaluated biohazards and radioactive dis
tributions in Unumherin village, Nigeria, using cali
brated gamma detectors to measure outdoor dose 
rate and activity concentrations of 40K, 238U, and 
232Th. The laboratory examination of sediments, 
water, and fish from the same coastal region – 
Clarias gariepinus Pseudotropheus elongated 
Oreochromis niloticus and Stromateus fiatola – was 
combined with the in-situ observations of gamma 
dose rates. With a value of 100 nGy/h, or nearly 
twice as high as the recommended limits, the hot
spot at site 4 is shown by the geographic distribu
tion of gamma dose rates. The findings 
demonstrated that the primordial radionuclides 
(40K, 238U, and 232Th) exhibited a range of activities, 
with average values exceeding the suggested 
thresholds for both the sediments and the water. 
In the same way, values that were generally greater 
than the suggested limits were found in the radia
tion effect evaluations. The proposed allowable limit 
was not met by the estimated mean hazard indices 
for the sediments in the research area. All of the fish 
hazard indices projected mean values fell between 
the prescribed limits for each. Clarias gariepinus, 
having accumulated higher levels of most radionu
clides investigated, is a suitable bioindicator for early 
warning signals of toxicity levels that may elicit 
health hazards in consumers. The accumulation of 
toxicants in the catfish species assessed is attributa
ble to its dorsal/subterminal mouthpart, which con
fers its benthopelagic feeding habits. As a bottom 
feeder of the catfish, it is prone to toxicants that 
settle enormously in repository bottom sediment. 
The other fish species investigated have demersal 
feeding habits, characterised by terminal and supra
termal mouthparts, hence relatively less exposure to 
contaminants than the catfish, which also has a high 
lipid content for storage of chemicals. The hardiness 
of catfish makes it most likely to be alive even at 
concentrations that may be lethal to other species 
that are less resilient in the event of pollution. 
Varying mean concentrations, activities, and 
absorbed dose rates of the radionuclides 

understudied account for the sparse but somewhat 
diverse bacterial and fungal presence reported at 
the site of contamination. This microbial community 
represented the various physiological groups of 
aerobic organotrophs and fermentative and denitri
fying microorganisms. Microbial interactions with 
radioactive contaminants via biosorption, bioaccu
mulation within the cell, reduction and biominerali
zation could have culminated in varying mean 
concentrations of 40K, 238U, and 232Th in the fish. 
Further reduction of the permissible concentrations 
of radioactive elements in aquatic environments as 
well as many of the lower plant and animal forms, 
such as bacteria, protozoa, and phytoplankton, 
would preclude any chances of direct and indirect 
hazards to humans.
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