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Abstract 

 
 

Radioactivity concentrations of 40K, 232Th and 238U in two majorly consumed fish samples from the Dadin 

Kowa-dam in Yamaltu-Deba local government area of Gombe State, North-east Nigeria had been 

determined by Gamma-ray spectrometry. Some radiological impacts were estimated from the gamma 

results in order to deduce the radiation hazard posed by   consumption of the fish in the study area. The 

mean estimated average dose rate for Catfish and Tilapia was 0.34 and 0.25 nGyh-1 while the average 

value of annual effective doses for the ingested radionuclide in Catfish for 5 years, 10 years, 15 years, 

Adults and Fishermen were66.29, 52.92, 44.89, 39.46 and 367.21μSvy-1, respectively and that of Tilapia 

were 53.07, 42.48, 36.09, 31.81 and 295.87μSvy-1, respectively. These values were less than the 

acceptable limits of 1000 μSvy-1 for the general populace which implies that all are within the safe limit. 

The estimated average values of the excess lifetime cancer risk (x 10-3) for 5 years, 10 years, 15 years, 

adults and fishermen in Catfish were 0.23, 0.19, 0.16, 0.14 and 1.29 while that of Tilapia were 0.19, 0.15, 

0.13, 0.11 and 1.04 respectively which implies that the estimated values for 10 years, 15 years and adults 

are less than 0.2 x 10-3 which is the world average value. Similarly, the average value of annual gonadal 

effective dose for the Catfish and Tilapia was 88.96 and 70.49 µSvy-1, respectively while that of gamma 

index was 0.20 and 0.16, respectively. Furthermore, the average value of the external hazard index for 

the Catfish and Tilapia was 0.07, 0.06, respectively while the internal hazard index was 0.11 and 0.08, 

respectively. The results show trends that are generally low for most of the radiological impact 

parameters estimated as recommended by UNSCEAR (United Nations Scientific Committee on the 

Effects of Atomic Radiation) thresholds. Therefore, there may be no serious immediate radiological 

effects to the general populace in this area. It should be noted that for all the radiological health 

parameters estimated, the mean values for Catfish is higher than that of Tilapia. So for this reason, 

Catfish pose more radiological health effects than Tilapia, thus, it is safer consuming Tilapia than Catfish.                                                                                                                           
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Introduction 

Radionuclides are chemical elements with unstable 
nuclides called radioactive isotopes and thus 
degenerate by emitting ionizing radiation 
characterised by finite lifetime, which can range from 

tiny fractions of second to thousands of years. Three 
types of radiation namely: alpha particles (α) beta 
particles (β) and gamma ray (γ) can be released. Some 
elements contain radionuclides of natural origin and 
some naturally occurring radionuclide result from outer 
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space. Most naturally occurring radionuclides are 
alpha emitters (Uranium-238 and Thorium-232), while 
manmade radionuclides are produce of nuclear 
weapon tests, byproducts from nuclear fuel cycle, 
mining, milling, fuel enrichment, fuel preparation for 
reactor which are mainly beta and photon (gamma) 
emitters. The emitted particles from these 
radionuclides are called ionizing radiation and are 
very hazardous when they are ingested by the tissues 
and organs depending on the dose [1]. 

Aquatic organisms concentrate natural and artificial 
radionuclides by direct absorption from water and 
feeding [2]. These radionuclides enter the human body 
mainly through the consumption of aquatic animals, 
example fishes, it follows therefore, that if the fishes 
are contaminated by natural and artificial radionuclide 
from the aquatic environment, the human body into 
which the fish is consumed stands the risk of exposure 
to internal radiation. Hence, it is expedient to measure 
the level of radioactive contamination in fish samples 
from Dadin-kowadam due to the vast consumption of 
these fishes. 

Highly localized damage of organs like kidney, 
gonads, and brain are experienced by continuous 
striking of these ionizing radiations from ingested 
radionuclides in the human body and may later 
develops into cancerous cells [3]. 

Many works have been done in this field of natural 
radionuclides in fish both in Nigeria and other 
countries. In Nigeria, [4] measured the dose rates of 
natural Radionuclides in fishes from rivers in Sagamu, 
Ogun state, Nigeria. In 2014, he also measured the 
radioactivity concentration and dose rate of natural 
radionuclides in fishes from major rivers in Ijebu 
waterside South-west, Nigeria [5]. The results of these 
two works showed trends lower than the United 
Nations Scientific Committee on the Effects of Atomic 
Radiation limits [2, 6]. 

Similar works on fish samples had also be done 
outside Nigeria [7, 8].The results generally showed 
trends lower than the United Nations Scientific 
Committee on the Effects of Atomic Radiation limits 
[1]. Nevertheless, they recommended that further 
monitoring should be done as activities continue to 
increase in dams, rivers, seas and oceans that serve as 
habitat for this fishes. 

Consistent radiation monitoring has to be 
implemented because of the hazardous effect of 
ionizing radiation on humans. Also, increase in the 
world population has led to various anthropogenic 
activities that may increase the radionuclides content 
in water bodies due to various effluents or discharge 
running into it. Hence this present work focused on 
the estimation of the radiological impact parameters 
from radionuclides activity concentration determined 

to effectively ascertain the level of the radiological 
health hazard to the general populace by the 
consumption the fish samples in the study area. 

 

Materials and Methods 

The Study Area 

Dadin-Kowa Dam is located 5km North of Dadin-Kowa 
village (about 37km from Gombe town, along Gombe-
Biu road) in Yamaltu/Deba local government area of 
Gombe state. The area lies within longitude 11o30ˈ and 
11o32ˈ E and latitude 10o17ˈ and 10o18ˈN of the equator. 
The Dam is part of River Gongola; its drainage basin is 
situated in North-Eastern Nigeria with water capacity of 
800million cubes and surface area of 300kilometers 
square. The Dam experiences two seasonal periods, the 
rainy season, which is characterized with heavy rainfall 
and sometimes results in flood action and the dry 
season which is characterized by cold, dusty dry winds, 
followed by intense heat. 

The dam was completed by the federal government in 
1984 with the goal of providing irrigation and electricity 
for the proposed Gongola sugar plantation and to also 
serve as a source of fish. The water supply project was 
built at a cost of about N8.2 billion. In 2010, it was 
providing about 30,000 cubic meters daily, treated at a 
plant three kilometres from the dam before being piped 
to storage reservoirs in Gombe while supplying 
communities along the road. The dam has helped to 
support means of livelihood like fishing, farming, 
irrigation, industrial activities and provision of drinking 
water. Figure 1 shows the map of the study area. 

 

Sample collection and preparation 

Nine (9) samples each of Catfish (Clariasheterobranchus) 
and Tilapia fishes (Oreochromisniloticus) were collected 
randomly during rainy season (morning, afternoon and 
evening) at the DadinKowa Dam (upstream, 
downstream and centre of the dam) in Yamaltu/Deba 
local government area of Gombe state in the northeast of 
Nigeria. This was done by the use of fishing nets and 
hooks of fishermen after which they were identified and 
grouped in to their species. The samples were then 
killed and dried in an oven at 100° C to remove the 
moisture content until a constant weight was obtained. 
The dried fishes were meshed, sieved and sealed for 30 
days in uncontaminated plastic jar containers of specific 
geometry similar to that of the calibration source for 
gamma activity analysis. The samples were kept in the 
sealed containers for at least 30 days in order for secular 
equilibrium to be attained [9]. At secular equilibrium, 
the activity of each radionuclide in a given series is 
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equal to the activity of the nuclide that heads the 
series, i.e the parent nuclide.  Hence; 

λ1N1 = λ2N2 = λ3N3 = … = λiNi   (1) 

where; λi= Decay constant of nuclide i, N i = Number 
of radioactivity atoms of nuclide i, λ1N1 = the activity 
of the parent nuclide while λiNi= the activity of the 
daughter nuclide and granddaughter nuclides 
respectively. 

 

 
Figure 1. Map of Gombe State showing Dadin-kowa dam 

 

Each sealed sample was then placed on the shielded 
NaI(TƖ) detector at the National Institute of Radiation 
Protection and Research, (NIRPR), University of 
Ibadan, Nigeria and counted for 18000  seconds. The 
detector used for the radioactivity measurements is a 
lead-shielded 76 mm × 76 mm NaI(Tl) detector crystal 
(Model No. 802 series, Canberra Inc.) coupled to a 
Canberra Series 10 plus Multichannel Analyzer (MCA) 

(Model No.1104) through a preamplifier. The samples 
containers have the same geometry as that of the IAEA 
reference sample. The IAEA standard fish sample Ref. 
No IAEA-MA-B-3/RN of known concentrations was 
used to calibrate the spectrometer. An empty container 
of the same geometry and dimension was counted for 
the same to determine the background distribution 
spectrum [9, 10]. 

The photo-peaks observed with regularity in the 
samples were identified to belong to the natural 
radioactive decay series headed by 238U and 232Th, and 
a third non-series natural radionuclide, 40K. The activity 
concentration of 214Bi (determined from its 1.120 MeV 
γ-ray peak) was chosen to provide an estimate of 238U 
in the samples, while that of the daughter radionuclide 
228Ac (determined from its 0.911 MeV γ-ray peak) was 
chosen as an indicator of 232Th. 40K was determined by 
measuring the 1.460 MeV γ-rays emitted during its 
decay. Other radionuclides that may be present were 
beyond the detection limit of the detector used. Figure 2 
shows a clarified picture of the samples in the sealed 
plastic containers. The Gamma-ray spectrometer 
contains n-type NaI (Li) coaxial detector of 17% 
efficiency having an energy resolution of 1.73 keV at 
1332 keV of 60Co gamma–ray line and coupled with - 
Multi channel analyzer (MCA) of 4096 channels which is 
considered adequate to distinguish the gamma ray 
energies of interest in the present study [10]. 

In order to properly identify various peaks in the 
spectrum, the NaI(Tl) detector was calibrated in terms of 
absolute gamma ray energy. Standard sources (137Cs 
with known gamma energy of 0.662 MeV and 60Co of 
1.173 and 1.334 MeV) and activities that are widely 
different from those to be measured in the unknown 
spectrum, prepared by the Isotope Products 
Laboratories, Burbank California, USA were used. The 
sources were counted long enough to obtain a well-
defined photo peak while the gain of the system was 
adjusted so that the photo peak of 137Cs was about one-
third the full scale. This ensured that the energy range of 
all radionuclides of interest was covered. The channel 
number that corresponds to the centroid of each full 
energy peak (FEP) on the MCA was recorded and the 
slope and the intercept calculation were automatically 
done by the system. The recorded channel numbers 
were also manually plotted on linear graph paper, with 
the gamma ray energy on the Y-axis versus channel 
number on X-axis and the best line was drawn by Least 
Square fit Method. 
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Figure 2. A clarified picture displaying the samples in a plastic container. 

 

The detection system gives only the count rate that is 
proportional to the amount of radioactivity in the 
samples, the radioactivity concentration in the 
environmental samples were calculated based on the 
measured efficiency of the detector and the net count 
rate under each photopeak over a period of 18000 s 
using equation 2 [10] 

𝑨 =  
𝑪𝒏

𝑬𝜸 ×𝑷𝜸 ×𝒕 ×𝒎
 (𝑩𝒒 𝒌𝒈−𝟏)   (2) 

where A is the activity concentration of a particular 
nuclide in Bq kg-1, Cn is the net count (background 
subtracted) in the corresponding photo peak, Εγ is the 
absolute efficiency at photo peak energy and Pγ is the 
gamma-ray emission probability corresponding to the 
photo- peak energy, t is the counting time and m is 
mass of the sample (dry-weight of 200 g each). 

The gamma spectrometer has a detection capability of 
a measurement system. This is the estimate for lowest 
amount of activity of a specific gamma-emitting 
radionuclide that can be detected at the time of 
measurement which can be calculated from different 
expressions. None of the fish samples activity was 
below the detection limit of the detector. 

 

Radiological Impact Parameters  

Absorbed Dose Rate  

The absorbed dose rate (nGyh-1) due to the direct 
exposure to the radionuclides from the samples was 
calculated using the equation below [11, 12]. 

D = 5.76 X 10-4 E n ΦC     (3) 

where E is the average emitted energy for gamma 
radiations (MeV), n is the proportion of transitions 

producing an emission of energy E, Φ is the fraction of 
the emitted energy absorbed, C is the concentration of 
the radionuclide of consideration and D is the dose rate 
of the radionuclide of consideration. 

Annual Effective Dose Equivalent (AEDE)  

Effective Dose is a dose quantity defined by the 
International Commission on Radiation Protection to 
monitor and control human exposure to ionizing 
radiation. It is the tissue-weighted sum of the equivalent 
doses in all specified tissues and organs of the body and 
represents the stochastic health risks to the whole body. 
The AEDE due to the radionuclides detected in the fish 
samples was calculated using the equation below as 
given by [2, 12].  

AEDE= 𝑰𝒊 × 𝟑𝟔𝟓 × 𝑫𝒊 𝒊    (4) 

where Ii is the daily intake of radionuclide intake (Bqd-1) 
= (concentration of radionuclide in sample fish inBqkg-1) 
× (consumption rate of fish in kgd-1) and Di is the 
ingestion dose coefficient (dose conversion factor) 38U, 
232Th and 40K as shown in Table 1 [6, 13]. The global 
average annual consumption of fish is 18.7 kg per 
person, Nigerian per capita consumption is only 11.2 kg 
for general populace and 109.5 kg for fishermen [14]. 
This follows that the daily intake of fish in Nigeria per 
person is 0.031 kgd-1 for general populace and 0.3 kg d-1 

for fishermen. 

Radiation Hazard Index  

These indices were used to estimate the level of gamma 
radiation hazard associated with the natural 
radionuclide in the fish samples. The external (Hext) and 
internal (Hint) radiation hazard (Hint) indices were 
calculated using equations 5 and 6 respectively. 

𝑯𝒆𝒙𝒕  =  
𝑪𝑼

𝟑𝟕𝟎
 +  

𝑪𝑻𝒉

𝟐𝟓𝟗
 +  

𝑪𝑲

𝟒𝟖𝟏𝟎
    (5) 

𝑯𝒊𝒏𝒕  =  
𝑪𝑼

𝟏𝟖𝟓
 +  

𝑪𝑻𝒉

𝟐𝟓𝟗
 +  

𝑪𝑲

𝟒𝟖𝟏𝟎
    (6) 

Excess Lifetime Cancer Risk (ELCR)  

Natural radionuclide is present in fishes, however their 
presence in the fishes beyond certain limits when 
consumed by humans, could cause a serious cancer risk 
in the future. The Excess Lifetime Cancer Risk (ELCR) 
was calculated using equation 7 [13, 15]. 

ELCR=AED ×DL×RF    (7) 

Annual Gonadal Equivalent Dose (AGED)  

The gonads, the bone marrow and the bone surface cells 
are considered as organs of interest by [2] because of 
their sensitivity to radiation. An increase in AGED has 
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been known to affect the bone marrow, causing 
destruction of the red blood and results in a blood 
cancer called leukaemia which is fatal. The AGED was 
evaluated by equation 8 [15]. 

AGED (μSvy-1) C = 3.09CU + 4.18CTh + 0.314CK (8) 

where, CU, CTh, and CK are the radioactivity 
concentration of 238U, 232Th and 40K in fish samples. 

 Representative Gamma Index (Iγ) 

Gamma Index (Iγ) calculated using equation 9 is used 
to estimate the gamma radiation hazard associated 
with the natural radionuclide in specific investigated 
samples [16]. 

𝐈𝛄 =  
𝐂𝐔

𝟏𝟓𝟎
+ 

𝐂𝐓𝐡

𝟏𝟎𝟎
+  

𝐂𝐊

𝟏𝟓𝟎𝟎
 = ≤  𝟏   (9) 

Where, CU, CTh, and CK are the radioactivity 
concentration of 238U, 232Th and 40K in the fish samples. 
Values of Iγ of ≤ 2 correspond to a dose rate criterion of 
0.3 mSv/year, whereas Iγ≤ 6 corresponds to a criterion 
of 1 mSv/year [17]. Thus, Iγ should be used for 
screening samples and samples with Iγ > 6 should be 
avoided completely [2]. 

Results and Discussion  

Activity Concentration  

The result of the gamma ray spectrometry for 
radioactivity concentrations of 40K, 232Th and 238U in the 
fish samples calculated using equation 2 is presented in 
the Table 2 and illustrated in Figure 3. The gamma 
results ranged from 23.16±3.43 to 42.62±3.20 Bq kg-1 with 
a mean of 30.19±3.43 Bq kg-1, 8.44±2.24 to 14.01±1.34 Bq 
kg-1 with a mean of 10.85±1.74 Bq kg-1 and 4.26±1.00 to 
10.21±1.04 Bq kg-1 with a mean of 6.70±0.97 Bq kg-1for 
40K, 232Th and 238U, respectively. For Catfish, 40K, 232Th 
and 238U ranged from 30.22±4.05 to 42.62±3.20 Bq kg-1, 
10.89±2.07 to 14.01±1.34 Bq kg-1 and 4.87±0.86 to 
10.21±1.04 Bq kg-1, respectively while Tilapia ranged 
from 23.13±3.43 to 28.64±4.02 Bq kg-1, 8.44±2.24 to 
11.14±2.66 Bq kg-1 and 4.26±1.00 to 7.46±1.32 Bq kg-1 for 
40K, 232Th and 238U, respectively. The radioactivity 
concentration of 40K, 232Th and 238U in Catfish were high 
when compared to Tilapia. This may be as a result of 
Catfish being found at lower depths closer to the 
sediment layer of the dam. 

 
 

 

Table 1. Dose Conversion Factors for Ingestion of Radionuclides for members of the public for different age groups  

Radio 

Nuclides 

T1/2 (years) Infants DCF (Sv/Bq) Other ages 

fi DCF 

(Sv/Bq) 

fi≥1year 1year 5years 10years 15years Adults 

 

Fishermen 
40K 1.2x109 1.0 5.2x10-8 1.0 4.2x10-8 2.2x10-8 1.3x10-8 7.6x10-9 6.2x10-9 

232Th 1.405x101 0.005 1.6x10-6 0.0005 4.5x10-7 3.5x10-7 2.9x10-7 2.5x10-7 2.3x10-7 

238U 4.468x109 0.04 1.4x10-7 0.02 1.2x10-7 8.0x10-8 6.8x10-8 6.7x10-8 4.5x10-8 

          

 

 
 

Figure 3a. Radionuclide Concentrations (Bq kg-1) in the Catfish Samples 
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Figure 3a. Radionuclide Concentrations (Bq kg-1) in the Tilapia Samples 

 

Table 2. Radionuclides Concentration (Bq kg-1) for each Sample of Fish 

 

Table 3. Radiological impacts of the fish samples  
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26.61 10.88 6.24

 

Samples 
40

K  
232

Th  
238

U 

CAT 1   38.12±3.43 13.65±1.87 9.55±1.23 

CAT 2   36.15±3.12 12.14±2.00 9.02±0.78 

CAT 3   40.38±4.02 13.89±1.56 10.12±0.89 

CAT 4   42.62±3.20 14.01±1.34 10.21±1.04 

CAT 5   38.34±3.16 13.06±2.13 7.44±1.15 

CAT 6   34.18±4.14 12.14±1.13 6.68±1.32 

CAT 7   36.25±4.33 11.07±2.44 7.88±0.98 

CAT 8   30.22±4.05 10.89±2.07 4.87±0.86 

CAT 9   32.26±3.88 12.64±1.89 6.44±0.88 

TIL 1   26.61±4.06 10.88±1.78 6.24±0.79 

TIL 2   28.42±3.76 11.04±2.42 7.45±1.06 

TIL 3   28.61±2.99 11.09±2.64 7.46±1.32 

TIL 4   28.64±4.02 11.14±2.66 7.23±1.00 

TIL 5   26.81±3.22 10.34±2.12 6.34±0.98 

TIL 6   26.12±3.05 9.32±1.87 4.89±0.86 

TIL 7   28.24±3.62 11.03±2.03 6.04±1.21 

TIL 8   26.50±3.60 9.32±1.53 5.23±1.05 

TIL 9   25.16±3.43 8.44±2.24 4.26±1.00 

MIN   23.16±3.43 8.44±2.24 4.26±1.00 

MAX   42.62±3.20 14.01±1.34 10.21±1.04 

MEAN   30.19±3.43 10.85±1.74 6.70±0.97 
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FISH D (nGy/h) Raeq (Bq/kg) Hex Hin 
AGED 

(μSvy-1) 
Iγ 

CATFISH 

CAT1 0.35 30.24 0.08 0.12 98.54 0.23 

CAT2 0.33 27.82 0.08 0.11 89.97 0.21 

CAT3 0.37 31.47 0.09 0.12 102.01 0.23 

CAT4 0.39 31.89 0.09 0.12 103.49 0.24 

CAT5 0.35 26.65 0.07 0.11 89.62 0.21 

CAT6 0.32 24.32 0.07 0.10 82.12 0.19 

CAT7 0.33 25.13 0.07 0.10 82 0.19 

CAT8 0.28 20.18 0.05 0.08 70.06 0.16 

CAT9 0.30 24.33 0.07 0.10 82.86 0.19 

CAT AVG 0.34 26.89 0.07 0.11 88.96 0.2 

MIN 0.28 20.18 0.05 0.08 70.06 0.16 

MAX 0.39 31.89 0.09 0.12 103.49 0.24 

TILAPIA 

TIL1 0.25 21.85 0.06 0.09 73.12 0.17 

TIL2 0.26 23.88 0.06 0.09 78.09 0.18 

TIL3 0.27 23.96 0.06 0.09 78.39 0.18 

TIL4 0.27 23.68 0.06 0.09 77.9 0.18 

TIL5 0.25 21.47 0.06 0.09 71.23 0.16 

TIL6 0.24 18.32 0.05 0.07 62.27 0.14 

TIL7 0.26 21.84 0.06 0.09 73.64 0.17 

TIL8 0.25 18.84 0.05 0.08 63.44 0.15 

TIL9 0.23 16.47 0.04 0.07 56.34 0.13 

TILAVG 0.25 21.15 0.06 0.08 70.49 0.16 

MIN 0.23 16.47 0.04 0.07 56.34 0.13 

MAX 0.27 23.96 0.06 0.09 78.39 0.18 

 

Table 4 . Annual effective doses (μSv y-1) and excess lifetime cancer risks (X 10-3) of the fish samples  

FISH AEDE A 
AEDE 

F 

AEDE  

5YRS 

AEDE  

10YRS 

AEDE  

15YRS 

ELCR 

A 

ELCR 

F 

ELCR 

5 

ELCR 

10 

ELCR 

15 

CATFISH 

CAT1 43.06 400.72 72.19 57.75 49.13 0.15 1.4 0.25 0.2 0.17 

CAT2 38.72 360.45 65.24 52.09 44.29 0.14 1.26 0.23 0.18 0.16 

CAT3 44.13 410.78 74.22 59.3 50.44 0.15 1.44 0.26 0.21 0.18 

CAT4 44.65 415.63 75.33 60.1 51.04 0.16 1.45 0.26 0.21 0.18 

CAT5 40.47 376.49 68 54.22 45.88 0.14 1.32 0.24 0.19 0.16 

CAT6 37.39 347.84 62.63 50 42.34 0.13 1.22 0.22 0.18 0.15 

CAT7 35.36 329.25 60 47.72 40.41 0.12 1.15 0.21 0.17 0.14 

CAT8 32.94 306.32 55.06 43.93 37.1 0.12 1.07 0.19 0.15 0.13 

CAT9 38.44 357.43 63.92 51.18 43.41 0.13 1.25 0.22 0.18 0.15 

MEAN 39.46 367.21 66.29 52.92 44.89 0.14 1.29 0.23 0.19 0.16 

MIN 32.94 306.32 55.06 43.93 37.1 0.12 1.07 0.19 0.15 0.13 

MAX 44.65 415.63 75.33 60.1 51.04 0.16 1.45 0.26 0.21 0.18 
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TILAPIA 

TIL1 33.36 310.23 55.36 44.42 37.8 0.12 1.09 0.19 0.16 0.13 

TIL2 34.52 321.14 57.54 46.14 39.32 0.12 1.12 0.2 0.16 0.14 

TIL3 34.67 322.52 57.79 46.34 39.49 0.12 1.13 0.2 0.16 0.14 

TIL4 34.68 322.64 57.79 46.33 39.46 0.12 1.13 0.2 0.16 0.14 

TIL5 32.02 297.84 53.36 42.75 36.36 0.11 1.04 0.19 0.15 0.13 

TIL6 28.58 265.81 47.84 38.19 32.32 0.1 0.93 0.17 0.13 0.11 

TIL7 33.76 313.99 56.18 44.99 38.21 0.12 1.1 0.2 0.16 0.13 

TIL8 28.78 267.71 48.24 38.5 32.61 0.1 0.94 0.17 0.13 0.11 

TIL9 25.9 240.93 43.54 34.67 29.27 0.09 0.84 0.15 0.12 0.1 

MEAN 31.81 295.87 53.07 42.48 36.09 0.11 1.04 0.19 0.15 0.13 

MIN 25.9 240.93 43.54 34.67 29.27 0.09 0.84 0.15 0.12 0.1 

MAX 34.8 323.75 58 46.51 39.63 0.12 1.13 0.2 0.16 0.14 

AEDE A, F, 5 YRS, 10 YRS, and 15 YRS are Annual Effective Doses (μSv y-1) for adult, fishermen, 5, 10 and 15 years, respectively. 

ELCR A, F, 5 YRS, 10 YRS, and 15 YRS are Excess Lifetime Cancer Risks (X 10-3) for adult, fishermen, 5, 10 and 15 years, respectively. 

 

 

 

 

 

Figure 4. Radiological impact parameters in the fish samples 
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Figure 5. Annual Effective Dose (μSv y-1) and Excess Lifetime Cancer of the Fish Samples 

 

Radiological Impact Parameters 

Absorbed Dose Rate   

The overall absorbed dose rate for the Catfish and 
Tilapia due to 40K, 232Th and 238U calculated using 
equation 3 is presented in Table 3 and illustrated in 
figure 4. The values ranged from 0.28 to 0.39 nGy h-1 
with a mean of 0.34 nGyh-1 and 0.23 to 0.27 nGy h-1 
with a mean of 0.25 nGyh-1, respectively. External 
exposure to these fish types poses no radiation hazard 
to the consumers as all the estimated values were 
lower compared to the world average value of 
0.4mGy h-1 [11, 18] though exposure to Tilapia will be 
more safer as all its values is lower when compared to 
Catfish. 

Annual Effective Dose Equivalent (AEDE)   

The results of the annual effective dose calculated 
using equation 4 are presented in Table 4 and 

illustrated in Figure 5. The values due to the 
consumption of the Catfish ranged from 32.94 to 44.65 
μSv y-1 with a mean of 39.46 μSv y-1, 306.32 to 415.63 
μSv y-1 with a mean of 367.21 μSv y-1, 55.06 to 75.33 μSv 
y-1 with a mean of 66.29 μSv y-1, 43.93 to 60.1 μSv y-1 

with a mean of 52.92 μSv y-1 and 37.10 to 51.04 μSv y-1 

with a mean of 44.89 μSv y-1 for adult, fishermen, 5 
years, 10 years and 15 years, respectively while that of 
Tilapia ranged from 25.90 to 34.80μSv y-1 with a mean of 
31.81μSv y-1, 240.93 to 323.75μSv y-1 with a mean of 
295.87μSv y-1, 43.54 to 58.00μSv y-1 with a mean of 
53.07μSv y-1, 34.67 to 46.51μSv y-1 with a mean of 
42.28μSv y-1 and 29.27 to 39.63μSv y-1 with a mean of 
36.09μSv y-1 for adult, fishermen, 5 years, 10 years and 
15 years, respectively. It can be observed from Figure 5 
that more doses are ingested when from the 
consumption of Catfish compared to Tilapia and the 
values of the effective doses increase in the order of 
adult < 15 years <10 years < 5 years <fishermen. 
Nevertheless, all these values were lower than the 
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world average value of 1000 μSv y-1 and hence pose no 
serious radiation hazard [2, 6, 15, 17, 19 and 20]. 

 

Radiation Hazard Index  

The external (Hext) and internal (Hint) radiation hazard 
(Hint) indices calculated using equations 5 and 6 
respectively are presented in Table 3 and illustrated in 
Figure 4. The values of Hext and Hint ranged from 0.05 
to 0.09 with a mean of 0.07 and 0.08 to 0.12 with a 
mean of 0.11 for Catfish and 0.04 to 0.06 with a mean 
of 0.06 and 0.07 to 0.09 with a mean of 0.08 for Tilapia 
fish, respectively. The values obtained were lower 
than the world average value of unity and hence have 
a negligible radiation hazard occurrence [17]. 

Excess Lifetime Cancer Risk (ELCR)  

The values of the Excess Lifetime Cancer Risk (ELCR) 
calculated using equation 7 are presented in Table 4 
and are illustrated in Figure 5. The values for catfish 
in (10-3) ranged from 0.12 to 0.16 with a mean of 0.14, 
1.07 to 1.45 with a mean of 1.29, 0.19 to 0.26 with a 
mean of 0.23, 0.15 to 0.21 with a mean of 0.19 and 0.13 
to 0.18 with a mean of 0.16 for adult, fishermen, 5 
years, 10 years and 15 years, respectively while that of 
Tilapia in (10-3) ranged from 0.09 to 0.12 with a mean 
of 0.11, 0.84 to 1.13 with a mean of 1.04, 0.15 to 0.20 
with a mean of 0.19, 0.12 to 0.16 with a mean of 
0.15and 0.10 to 0.14 with a mean of 0.13 for adult, 
fishermen, 5 years, 10 years and 15 years, respectively. 
The values in some age groups were higher than the 
world average values of 0.2 (X 10-3) for both Catfish 
and Tilapia and this poses a serious cancer risk for 
people in these age groups. As could be observed 
fishermen are at higher risk of incurring cancer and 
care must be taken in their consumption of these 
fishes [1]. 

Annual Gonadal Equivalent Dose (AGED)  

The results of AGED of the fish samples calculated by 
equation 8 are presented in Table 3 and illustrated in 
Figure 4. The values for Catfish and Tilapia ranged 
from 70.06 to 103.49 μSvy-1 with a mean of 88.96 μSvy-1 

and 56.34 to 78.39μSvy-1 with a mean of 70.49μSvy-1, 
respectively. The values were higher in Catfish 
compared to Tilapia but pose no serious radiation 
hazard as all the values were lower when compared 
to the world average value recommended by United 
Nations Scientific Committee on the Effects of Atomic 
Radiation (UNSCEAR) [1]. 

A Representative Gamma Index (Iγ) 

The results of the Gamma Index (Iγ) of the samples 
calculated using equation 9 is presented in Table 3 
and illustrated in Figure 4. The values ranged from 
0.16 to 0.24 with a mean of 0.2 and 0.16 to 0.18 with a 

mean of 0.16 for Catfish and Tilapia, respectively. This 
result poses no serious radiation hazard as the values 
obtained were lower than the world average value of 
unity [2]. 

 

Conclusion  

Radioactivity concentrations and dose rate of 40K, 232Th 
and 238U in two major consumed fish (Catfish and 
Tilapia) from DadinKowa-dam in Yamaltu-Deba local 
government, Gombe State, Nigeria had been 
determined by Gamma-ray spectrometry. The result of 
the radionuclide contents was used to estimate some 
radiological impact parameters. The mean estimated 
average dose rate for Catfish and Tilapia was 0.34 and 
0.25 nGy h-1 while the average value of annual effective 
doses for the ingested radionuclide in Catfish for 5 
years, 10 years, 15 years, Adults and Fishermen were 
66.29, 52.92, 44.89, 39.46 and 367.21 μSv y-1, respectively 
and that of Tilapia were 53.07, 42.48, 36.09, 31.81 and 
295.87 μSv y-1, respectively. The estimated average 
values of the excess lifetime cancer risk (x 10-3) for 5 
years, 10 years, 15 years, adults and fishermen in 
Catfish were 0.23, 0.19, 0.16, 0.14 and 1.29 while that of 
Tilapia were 0.19, 0.15, 0.13, 0.11 and 1.04, respectively. 
Similarly, the average value of annual gonadal effective 
dose for the Catfish and Tilapia was 88.96 and 70.49 µSv 
y-1, respectively while that of gamma index was 0.20 
and 0.16, respectively. Furthermore, the average value 
of the external hazard index for the Catfish and Tilapia 
was 0.07, 0.06, respectively while the internal hazard 
index was 0.11 and 0.08, respectively. The results show 
trends that are generally low for most of the radiological 
impact parameters estimated as recommended by 
UNSCEAR thresholds except for the excess lifetime 
cancer risk. Therefore, there may be no serious 
immediate radiological effects to the general populace 
in this area. All the radiological health parameters 
estimated values for Catfish were higher than that of 
Tilapia. This means Catfish pose more radiological 
health effects than Tilapia and it is therefore safer 
consuming Tilapia than Catfish. Hence, this work can 
be used as a baseline for future investigations that could 
inform quality assurance/control on the analysis of 
natural radionuclides in fish samples, and also for 
monitoring possible radioactivity pollution in the 
future. 

Abbreviations 

UNSCEAR: United Nations Scientific Committee 
on the Effects of Atomic Radiation; AEDE: Annual 
effective dose equivalent; ELCR: Excess lifetime cancer 
Risk; AGED: Annual Gonadal equivalent dose (AGED). 
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