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The activity concentrations of uranium in well and borehole water samples in the Odeda area were 
measured using gamma ray spectroscopic system. The results obtained were used to calculate human 
radiological risk over lifetime consumption by the population in the area.  The activity concentrations of 
uranium in all the water supplies for drinking and domestic purposes were found to range from 0.51 ± 
0.02 to 6.77 ± 0.23 Bq. l-1. The mass concentration was found to range from 20.17 ± 0.79 to 267.80 ± 9.09 
µg.l-1. The radiological risks for cancer mortality risk were found to be low, typically ranging from 1.91 × 
10-5 to 2.54 × 10-4, while that of the morbidity risk ranged from 2.93 × 10-5 to 3.89 × 10-4.  However, the 
chemical toxicity was found to vary from 0.56 – 7.47 µg.kg-1.day-1 which is higher than the recommended 
acceptable safe level by various international organizations. Results of measurements could be of vital 
importance in radio-epidemiological assessment, diagnosis and prognosis of uranium induced 
diseases in the local population of the area under investigation. 
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INTRODUCTION 
 
Uranium salt is the most soluble of the long-lived 
radionuclides and forms ions with oxidation states of +4 
(UO2 and U4+) and +6 (UO3 and UO2 

2+) (Salonen, 1994; 
Banks et al., 1995). Uranium will bond with oxygen to 
form the uranyl ion, or uranium dioxide, which is soluble 
in ground water under aerobic conditions. In Nigeria, 
clean water for drinking and domestic uses in rural areas 
has become an uphill task to achieve and probably could 
be seen a luxury. This could be attributed to high poverty 
rate of about 54.6% in the country (NLSS, 2005; NBS, 
2008) and also, due to constant decline of portable water 
in the rural areas since the 1990s (WHO, 2003). In the 
Odeda area where this work was  carried  out,  the  major  
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source of drinking and domestic water supply to the local 
population is ground water and more often during the 
rainy seasons people relied on rain water collections from 
the roofs of their houses. Previous studies in the study 
areas showed that the area is associated with high 
outdoor gamma radiation exposure levels, with typical 
range and mean of the total absorbed dose rates due to 
primordial radionuclides (238U, 232Th and 40K) being 0.035 
to 0.328 and 0.214 ± 0.049 µGy.h-1, respectively (Jibiri et 
al., 1999; Farai and Jibiri, 2000; Jibiri, 2001; Farai and 
Vincent, 2006). It has been established that high 
concentrations of uranium greater than 15 µg.l-1 in 
domestic water may present harmful biological effects in 
humans (WHO, 2008). The toxic effects of uranium 
compounds have been extensively studied in kidney 
(Guglielmotti et al., 1989; Leggett, 1989; Kutttio et al., 
2002; Miriam et al., 2009) and bone of laboratory animals 
(Larivière et al., 2007).  The  chemical toxicity  effects  on  
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the human kidney by chronic ingestion of uranium 
through drinking water in the range of 0.004 to 9 µg.l-1 per 
body weight per day may produce interference with 
kidney functions (Zamora, 1998). In a more recent study 
on humans by Kurttio et al. (2005), nephrotoxic effects of 
uranium in drinking water were found even for low 
concentrations – without a clear threshold. Most results 
from uranium studies in drinking water suggest that the 
safe concentration of uranium in drinking water may be 
within the range of proposed guideline values of 2 - 30 
µg.l-1 (Kurttio et al., 2002; WHO, 2008). Because uranium 
is a predominantly alpha-emitting radionuclide, there is a 
concern about the potential DNA damage if the emitted 
alpha particles reach the cell nuclei, of the body for 
instance through water ingestion. Attempts by cells to 
repair this damage, if it occurs, may result in repair 
errors, producing gene mutations or chromosomal 
aberrations. These effects, when sufficiently severe, may 
be manifested as cancer and possibly as developmental 
malformations in children and developing foetus. There 
are little or no data on the radiological and chemical 
health effects of uranium in drinking water and domestic 
supplies in Odeda area of Ogun state, Nigeria despite the 
characterization of the area by agricultural and stone 
quarrying activities while hand dug wells and boreholes 
are the major sources of water. Hence, ground water can 
become contaminated by domestic sewage, feedlots and 
surface runoff, as well as other pollution sources such as 
quarrying activities. Where the sub-surface geology 
permits rapid downward movement of water sources from 
the surface or where ground and well water sources are 
tapped near the surface, aquifers may be largely affected 
(Banks et al., 1995). This study was considered relevant 
in order to provide data on the concentrations of uranium 
in the borehole and well waters and on the associated 
radiological and chemical risks it may pose to the 
population in Odeda Area which is known for granitic 
quarry activities.  
 
 
MATERIALS AND METHODS 
 
Sampling 
 
In order to ensure that sampling efforts relatively covers the study 
area, a pre-field survey was made to identify sampling locations for 
borehole water and hand dug wells. These identified water 
locations are those that are largely used by the local population. A 
total of three (3) hand-dug well and four (4) borehole water supplies 
were selected. The water samples were collected with 1 L-size 
plastic containers which has been previously washed and rinsed 
with dilute acid (0.1 M HCl). The collected samples were acidified 
with 1 M concentrated HCl to obtain a pH < 2 in order to avoid 
adsorption of the radionuclide on the walls of the container 
(AS/NZS, 1998). The samples were subsequently taken to the 
laboratory for preparation prior to gamma spectroscopy. Figure 1 
shows the map of the state and locations of the  sampling  points  in  

 
 
 
 
the study area where the samples were collected.  
 
 
Measurement 
 
The method employed for the measurements of the radioactivity in 
the samples was the gamma-ray spectroscopy and the standard 
procedures of this method as described in literatures were followed 
(Itsumusa and Kousuke, 1984; Awudugba and Techokossa, 2008)  
and have been employed in our previous studies (Jibiri et al., 1999, 
Jibiri et al., 2007, 2009). The detector used for the radioactivity 
measurements is a lead-shielded 76 x 76 mm NaI(TI) detector 
crystal (Model No. 802 series, Canberra Inc.) coupled to a Canberra 
Series 10 plus Multichannel Analyzer (MCA) (Model No.1104) 
through a preamplifier. It has a resolution Full Width at Half 
Maximum (FWHM) of about 8 % at energy of 0.662 MeV (137Cs) 
which is considered adequate to distinguish the gamma ray 
energies of interest in this study. The choice of radionuclides to be 
detected was predicted based on the fact that the NaI(Tl) detector 
used in this study had a modest energy resolution. Hence the 
photons emitted by them would only be sufficiently discriminated if 
their emission probability and their energy are high enough and the 
surrounding background continuum was low enough. Therefore, the 
activity concentration of 214Bi (determined from its 1.760 MeV � -ray 
peak) was chosen to provide an estimate of 226Ra (238U) in the 
samples. The samples were placed symmetrically on top of the 
detector and measured for a period of 10 hours. The net area under 
the corresponding peaks in the energy spectrum was computed by 
subtracting counts due to Compton scattering of higher peaks and 
other background sources from the total area of the peaks. From 
the net area, the activity concentrations in the samples were 
obtained using (Jibiri et al., 1999; Awudugba and Techokossa, 
2008): 
 

( ) nkClBqC =− 1.                 (1)

   

Where
sVP

k
γε
1= , C is the activity concentration of the 

radionuclide in the sample given in Bq l-1, Cn is the count rate under 
the corresponding peak, ε is the detector efficiency at the specific γ-
ray energy, Pγ is the absolute transition probability of the specific γ-
ray energy, and Vs is the volume of the sample (l). The detailed 
calibration procedures of the detector can be found in our 
publications (Jibiri et al., 1999, Jibiri et al., 2007, 2009). Using 
equation 1, the activity concentrations of uranium in each of the 
water samples were determined. 
 
 
RESULTS AND DISCUSSION 
 
Activity and mass concentration determination 
 
The result of the activity and mass concentrations of 
Uranium in each of the samples are presented in Table 1. 
As could be seen in Table 1 the activity concentration of 
uranium ranged from 2.58 ± 0.09 to 3.24 ± 0.33 Bq.l-1 for 
the hand dug well waters while for the borehole waters it 
ranged from 0.51 ± 0.02 to 6.77 ± 0.23 Bq.l-1. The error in 
these reported values are combined  uncertainties  in  the
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Figure 1. Map of Ogun State showing GPS points of sample collections. 

 
 
 

Table 1. The activity concentrations and mass concentration of Uranium in the dug 
well (WL) and borehole (BH) water samples in the study area. 
 

Sample 238U (Bq.L-1) 238U (pCi.L-1) 238U (µg.L-1) 
WL 1 2.58 ± 0.09 69.66 ± 2.43 103.97 ± 3.62 
WL 2 3.65 ± 0.04 98.55 ± 1.08 147.08 ± 1.61 
WL 3 3.24 ± 0.33 87.48 ± 8.91 130.56 ± 13.29 
BH 1 5.54 ± 0.19 149.58 ± 5.13 223.25 ± 7.65 
BH 2 6.77 ± 0.23 182.79 ± 6.21 272.82 ± 9.26 
BH 3 0.51 ± 0.02 13.77 ± 0.54 20.55 ± 0.80 
BH 4 5.01 ± 1.27 135.27 ± 34.29 201.89 ± 51.17 

 

Hand dug well water sample (WL), Borehole water sample (BH). 
 
 
 
counting error, efficiency determination etc. The data for 
the activity concentrations of the uranium were converted 
to the uranium mass concentration (µg.l-1) using the 
following conversion factors: 
  

67.0
.1

1;.0.27.1
1

111
−

−−− == lpCi
gllpCilBq µ           (2) 

 
The mass concentration values are also presented in 
Table 1. As could be seen, it ranged from 20.55 ± 0.80 to 

272.82 ± 9.26 µg.l-1 for the samples. Various health and 
environmental protection agencies have recommended a 
safe limit of uranium in drinking water for human beings. 
The World Health Organization (WHO, 2003) has 
recommended 15 µg.l-1 of uranium in water as a safe limit 
for drinking purposes.  The United States Environment 
Protection Agency (USEPA, 1994, 2003) has regulated 
uranium in public water supplies and has set the value of 
30 µg.l-1as the safe limit. Health Canada (1999) sets the 
standard as 20 µg.l-1. These levels were set  to  represent  
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the concentration that would not result in any significant 
risk to health over a lifetime’s drinking of water. Com-
paring uranium concentrations in the various samples 
obtained in this study with the recommended values of 15 
µg.l-1 (WHO, 2008), 20 µg.l-1 (Health Canada and 
Australia, 2000), and 30 µg.l-1 (USEPA, 2003), it could be 
seen that only sample BH 3 had a value about the 
USEPA safe limit while others exceeded the limits. These 
high values may be attributed to the fact that the area is 
known to have high outdoor gamma radiations to which 
major contributor to dose rates from uranium and thorium 
decay series (Farai and Jibiri, 2000; Jibiri, 2001).  
 
 
Radiological risk assessment 
 
The lifetime cancer risks, R, associated with intake of a 
given radionuclide were estimated from the product of the 
applicable risk coefficient r and the per capita activity 
intake I expressed in equation (3).                   
 

IrR ×=                                                                    (3)                                          
 
According to WHO (2008), the average life expectancy at 
birth in Nigeria is 45.5 y and, an annual consumption of 
water for an individual is about 730 l. This brings the 
lifetime intake of water to 33,215 l. The cancer risk 
coefficients of uranium of 1.13 × 10-9 and 1.73 × 10-9 Bq-1 
for mortality and morbidity respectively were obtained 
from the literature (EPA, 1999; UNSCEAR, 2000). Using 
equation 3 and these coefficients the cancer mortality 
and morbidity risks of uranium over lifetime consumption 
of water were calculated. The results are presented in 
Table 2. From the table the cancer mortality risk ranged 
from 1.91 × 10-5 to 2.54 × 10-4 while for morbidity risk, it 
ranged between 2.93 × 10-5 and 3.18 × 10-4. The cancer 
risk at 10-4 is low compared to the acceptable level of 10-3 
for the radiological risk (Ye-shin et al., 2004).  
 
 
Chemical toxicity risk 
 
The chemical toxicity risk was evaluated using the 
lifetime average daily dose of uranium through drinking 
water intake, and compared it with the reference dose 
(RFD) of 0.6 µg.kg-1.day-1 (Ye-shin et al., 2004) used as a 
standard criteria for uranium in several foreign 
organizations and thereby produce a hazard quotient 
(Equation 4). 
 
 

RFD
LADD

quotientHazard =                                      (4) 

 
 
 
 
Table 2. The estimated lifetime cancer mortality and morbidity 
risk of uranium in the water samples. 
 

Sample Cancer mortality risk Cancer morbidity risk 
WL 1 9.68 × 10-5 1.48 × 10-4 
WL 2 1.36 × 10-4 2.09 × 10-4 
WL 3 1.21 × 10-4 1.86 × 10-4 
BH 1 2.07 × 10-4 3.18 × 10-4 
BH 2 2.54 × 10-4 3.89 × 10-4 
BH 3 1.91 × 10-5 2.93 × 10-5 
BH 4 1.88 × 10-4 2.87 × 10-4 

 

Hand dug well water sample (WL), Borehole water sample (BH). 
 
 
 

BWAT
EDEFIREPC

waterdrinkingofLADDIngestion
×

×××=        (5) 

 
Where LADD, lifetime average daily dose (µg.kg-1.day-1); 
EPC is the exposure point concentration (µg.l-1); IR is the 
water ingestion rate (l.day-1); EF is the exposure 
frequency (days.year1); ED is the total exposure duration 
(years); AT is the average time (days) and BW is the 
body weight (kg). Using therefore, IR = 2 l.day-1; EF = 
350 days, ED = 45.5 y, AT = 16,607.5 (obtained from 
45.5 × 365) and BW = 70 kg (for a standard man) the 
chemical toxicity risk of uranium over a lifetime 
consumption was estimated. The result is presented in 
Table 3. The exposure dose ranged from 0.56 - 7.47 
µg.kg-1.day-1. The LADDs values were observed higher in 
the borehole samples than in the hand dug well water 
samples.  This could be due to the depth of the water 
source, underground water and the geochemistry when 
compared to the hand dug well of depths not greater than 
30 m. By comparing the lifetime average daily dose 
(LADD) obtained in this study and the reference dose 
(RFD) (0.6 µg.kg-1.day-1) that is an acceptable level, the 
chemical toxicity risk due to uranium in the water samples 
were all above the RFD.   

This shows that there are health risks associated with 
uranium in the water samples which are mainly due to the 
chemical toxicity risk. 
 
 
Conclusion 
 
The activity concentration of uranium in hand dug well 
and borehole water samples in Odeda Area of Ogun 
State Nigeria have been carried out using gamma-ray 
spectroscopy. The activity concentrations were related to 
the mass concentrations of uranium in the samples. The 
mass concentration was found to vary from 20.55 to 
272.82 µg.l-1. The results of measurement indicate that 
the measured mass concentrations of uranium in the well
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Table 3. The estimated lifetime average daily 
dose (LADD) of uranium in the water samples. 
 

Sample LADD (µg.kg-1.day-1) 
WL 1 2.84 
WL 2 4.02 
WL 3 3.57 
BH 1 6.11 
BH 2 7.47 
BH 3 0.56 
BH 4 5.53 

 
 
 
and borehole water supplies in the area were relatively 
high when compared with the recommended safe limits 
by some various international organizations. The 
radiological risks of uranium in the water samples were 
found to be low, typically in magnitude of 10-4.  It could 
therefore be inferred that the human risk due to uranium 
content in water supplies that will result from ingestion in 
the area may likely be to the chemical toxicity of uranium 
as a heavy metal rather than radiological risk. However, 
this study represents small area coverage, but it suffices 
to say that it represents a useful radiometric data that 
could be of vital importance in radio-epidemiological 
assessment, diagnosis and prognosis of uranium-induced 
diseases to the local population in of the area under 
investigation. 
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