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Abstract: Natural radioactivity measurement and the resultant risk assessment in the water and sediments from the historic Ikogosi warm
and cold spring were carried out. A total of 8 samples (4 water and 4 sediment samples) were collected from the Ikogosi spring resort. A
sample each was collected from the warm spring, cold spring, meeting point and a sample outside the resort. The samples were thoroughly
prepared following the IAEA recommended procedures and analyzed for “°K, 23U, and ?**Th using Nal(Tl) detector. The activity
concentrations of “°K, 238U and 232Th in water samples range from 40.14 + 17.83 to 67.59 = 19.87 Bq L, 8.15+2.84 to 11.14 +3.78 Bq L"!
and 5.71 £ 1.32 to 8.24 + 2.61 Bq L' respectively. The activity concentration of sediment samples range from 136.31 = 17.01 to 246.21 +
34.93 Bq kg'!, 17.98 + 7.64 to 28.32 +5.98 Bq kg and 9.57 + 3.15 to 16.12 + 3.41 Bq kg™! respectively. These values compared reasonably
well with the worldwide average concentrations of 400 Bq kg™!, 40 Bq kg™!, 40 Bq kg! for 4°K, 28U, and 2*?Th respectively. The mean
absorbed dose rate in air obtained for sediment was 40.33 nGy h™!, while the annual outdoor effective dose equivalent was 49.46 uSv y!,
which is lower than the world average of 70 pSv y'! specified by UNSCEAR for an outdoor effective dose. The total annual effective dose
due to ingestion of radionuclides in the water for 3 age groups range from 13.414.87 to 18.856.43 mSv y'!, 2.751.03 to 5.722.13 mSv y'' and
2.621.01 to 4.951.43 mSv y! for infants (0 — 1 y), children (7 — 12 y) and adult (>17 y) respectively. These values were higher than 1 mSv y-
! recommended by ICRP.
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1. INTRODUCTION inhalation of these radionuclides poses serious risks to the
body organs depending on the metabolism of the element
involved and the radiosensitivity of the target organ (Wall et
al, 2011).

226Ra posed high radiological risk especially in water. Their
presence in drinking water and associated biological effect
can lead to serious health detriment. When the populace is
exposed to high level of radium-226 over a period of time,
cancer of bone and nasal cavity could result (Nour 2004,
Rowland 1993). Radioactivity level in water samples from
Nigeria have been studied as reported by other researchers
(Olomo et al., 1994; Avwiri 2005, Ajayi and Adesida, 2009).
In this study, samples of Ikogosi warm and cold spring with
their respective sediment samples within the same location
were collected for analysis to determine the activity
concentration of natural radionuclide in the sediments and
water from Ikogosi springs. Ikogosi warm and cold spring is

Water and soil are two important and indispensable needs
for human existence. It has been reported that in infants, 75%
of body weight contributes to water and 55% of body weight
in the elderly (Nicolaidis 1998), which is responsible for
most of its metabolic activities. Human dietary intakes
(either liquid or solid) has a direct link with either water or
soil (Science Communication Unit, 2013). This makes it
necessary to study the activity levels of the radionuclides
inherent in water and /or soil. The major sources of water
available for man derived their origin from the soil. The
radionuclide content in water supply has a direct relationship
with the source. It has been reported that primordial
radionuclide like *°K, 238U, and 2**Th are common in earth
crust, while the daughters radionuclide of ?°Ra , ??Ra series
and non series “°K are common in water (Ajayi and Owolabi
2007; Akinloye, 2008). Natural radionuclides in soil and

water of a particular environment are distributed by natural
geological and geochemical setting of an area (Trimble
1968). Natural radionuclides and other progenies could be
radiotoxic and carcinogenic when present at enhanced levels
in water, food and the environment. The ingestion or

an historic site that has been attracting many tourists all over
the world. The water from the spring is being used for
production of sachet and bottled water being consumed by
many Nigerians, most especially in the south-western part of
the country. Assessment of radiological parameters and the
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associated risk is therefore necessary for environmental
radiological protection. The aim of this work is to measure
the activity concentrations of natural Radionuclides in water
and sediment from Ikogosi warm and cold spring resort and
use the data obtained to estimate its radiological impact.

MATERIALS AND METHOD

From the study area of Ikogosi spring resort, eight (8)
samples (4 water samples and 4 sediments samples) were
collected from the warm spring, cold spring, meeting point
within the resort and a sample outside the resort. Each water
sample was collected in a clean 75 cl plastic container.
Before the collection of each sample from the spring, some
of the water from the spring was used to rinse the plastic
containers and after collection, each one of them was
acidified with 11M HCL solution at the rate of 10ml per litre
of sample. This was done to avoid absorption of radionuclide
into the walls of the plastic container and also prevents the
release of any radionuclide already absorbed back into the
samples. In the laboratory, water samples were poured into
marinelli beakers. Each beaker of volume of 1 litre was first
rinsed with dilute Sulphuric Acid (H.SOs), then the water
sample was poured into the beaker, labelled, sealed and left
for about 30 days to attain a state of secular equilibrium
between the parent and daughter radionuclides in the water
sample. After the time for secular equilibrium,, the samples
were inserted one after the other into the Nal (T1) detector
and the activity concentration of the radionuclide were
measured.

Sampling of the sediment was carried out at the same point
where the water samples were collected, packed into
cellophane bags and taken into laboratory for gamma
spectrometric analysis. The sediment samples were
processed according to the recommended procedure by the
TIAEA (1989). The collected soil sediment sample was sun-
dried and oven dried at a temperature of about 110°C to
remove its moisture content and reduce the samples to a
constant mass. The resulting dried samples were then
pulverized by grinding it into a powdery form. The
powdered samples were then sieved with a 2mm mesh to
obtain a fine texture of sediment samples. 200 g of each
sample was then measured into each plastic geometry bottle
and sealed for a period of 30 days to also achieve a state of
secular equilibrium between the parent and daughter
radionuclides present in the sample. The sediment samples
were subjected to gamma spectroscopy to determine the
activity.

Measurement Techniques

The gamma analysis was performed on a Sodium Iodide
(Thallium doped) Nal(Tl) scintillation detector. The output
of the detector was connected to a Canberra Series 10 plus
Portable Multichannel Analyzer (MCA) which recorded the
gamma spectra of the soil sediment samples as well as
background radiation. 200 g of the soil sample was weighed
out and transferred to a 0.573 litre capacity container for
gamma analysis. The counting time for background radiation
in the soil sediment sample was 2 hours (7,200s).

For calibration, a sand standard radionuclide source was
prepared using 0.07721 g measured gravimetrically from a
master radionuclide solution source which was calibrated
using the Nal(Tl) gamma spectrometer system. The gamma
spectroscopy analysis was based on a computer program
which matched gamma energy at various energy levels to a
library of possible isotopes. For the purpose of this study,
three regions of interest were defined for 4°K, 238U and >*2Th.
232Th concentration in soil was determined by the 911 keV
gamma lines of 2?8Ac while the 23U concentrations were
determined by the 609 keV gamma lines of 2'“Bi. The
activity concentration of °K was determined from the peak
areas at 1460 keV.

The Study Area

The Ikogosi Spring resort is tourist centre located at Ikogosi,
a town in Ekiti State, Southwestern Nigeria. Flowing abreast
the warm spring is another cold spring that meets the warm
spring at a confluence but each maintaining its thermal
properties. This makes the springs a tourist attraction in
Nigeria.

Ikogosi is an ancient town in the western part of Ekiti State
in the South-Western Nigeria. It is situated between lofty,
steep-sided and heavily wooded, north-south trending hills
about 27.4 km east of Ilesha (Osun State), and about 10.5 km
southeast of Effon Alaye (EKkiti State). It is located just at the
north of the 7° 35'N latitude and slightly west of the 5° 00' E
longitude. The general elevation of the area is between 457.0
and 487.5 m. Tkogosi warm and cold spring is an historic
feature. The unique natural occurrence that causes two
different springs of different temperatures (warm and cold)
from close collection of rocks, flow at different directions,
meet again at a point and flow in the same direction, makes
the place an attraction for tourism and recreation

Radiological Assessment

Estimation of annual effective dose Eg4 (Sv y!) to an
individual due to the ingestion of the natural radionuclides
present in the spring water was determined using the
following relation by Alam et al. (1999)

25
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Ed = ACALCf 1

Where A, is the activity concentration of the radionuclide in
the well or borehole Water (Bq L!), A; is the consumption
per annum or annual intake of drinking water and Cr is the
ingested dose conversion factor for radionuclides (Sv Bq™),
which varies for different radionuclides and the age of
individual.

The total effective dose D (Sv y!) to an individual was
established by summing contributions from all radionuclides
present in the water samples, i.e °K, 23U and 2**Th.

D = Y AAC 2

The conversion factors used in this work were taken from
EC Directive 96/29 (European Commission Directive,
1996). The annual effective dose values were calculated for
three different age groups (0-1yr, 7-12yr, >17yr) i .e babies,
Children and Adult.

The annual intake of water for the three different age groups
was extracted from the publication of World Health
Organization (WHO, 2003).The committed effective dose
Ca which is a measure of the total effective dose received
over an average life time of 50 years was calculated for the
age >17 years due to the ingestion of radionuclides using the
relation

CdZSOXD 3

Where D is the total effective dose to an individual
The annual Effective Dose due to exposure of these

radionuclides from the soil was estimated taking into
consideration the conversion coefficient from absorbed dose
in air to effective dose and the outdoor occupancy factor. The
former gives the equivalent human dose in Sv y! from the
absorbed dose rate in air (nGy h™'), while the latter gives the
fraction of the time an individual is exposed. In this work, an
occupancy factor of 0.3 was used (i.e. an individual is
assumed to spend an average of 8 hours outdoor) and 0.7 Sv
y! was used for the conversion co efficient according to
UNSCEAR report of 1988, 1993 and 2000. Hence the annual
effective dose rate, Hg, in units of uSv y’!, is calculated using
the following relation:

Hgy = D(y) x N(h) X Of x C¢ 4
Where D(}) is the calculated absorbed dose (nGy h'), N(h)
is the number of hours in a year () Oris the occupancy factor
(i.e. 0.3) and Cris the conversion co efficient or factor (0.7
Sv Gyh).
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FIGURE 1: THE MAP OF IKOGOSI ((Source:

http://www.maphill.com/nigeria/ekitiwest/ikogosi)

RESULTS AND DISCUSSION

The activity concentrations of the naturally occurring
radionuclides in the water samples and sediment samples are
shown in Table 1 below.

Table 1: Activity Concentrations of Radionuclides in
Both Water and Sediment Samples.

Sample Codc Activity Concentrations
SN K-40 U-238 Th-232
(Ra-226)  (Ra-228)
Water (Bq L)

1 warm spring water 57.24+14.36  8.2443.68  6.4042.43
2 cold spring water 62.53+21.08  9.87+4.56  7.29+3.01
3 meeting point(warm/cold)  67.50+19.87  11.14+3.78  8.24+2.61
4 water outside the resort 40.14£17.83 8.15+2.84 5.71£1.32
Range 40.14£67.59  8.15%11.14  5.17+8.24
Mean 56.88+18.29 9354372  6.914+2.34

Sediment (Bq kg™)
5 from warm spring 230.22436.58 19.20+4.82 16.1243.41

6 from cold spring 222.13429.74 21.03+6.55 14.23%5.14

7 from meeting point 246.21£34.93 28.32+598 11.97+4.12

8 from outside the resort 136.31£17.01  17.98+£7.64 9.57+3.15

Range 136.31- 17.98 — 9.57 -
246.21 28.32 16.12

Mean 208.72429.57 21.63£6.25  12.97+96

Activity Concentrations in Water Samples

The activity concentration of natural radionuclides which
includes “°K, 238U, and 23Th had been detected in the water
samples collected in the study area. “°K was found to record
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the highest activity concentration in every sample analyzed.
The concentrations obtained for K-40 ranged from 40.14 +
17.83 to 67.59 = 19.87 Bq L'! with a mean of 56.88 + 18.29
Bq L, for U-238 ranged from 8.15 + 2.84 to 11.14 + 3.78
Bq L with a mean of 9.35 + 3.72 Bq L"!, for Th-232 ranged
from 5.71 + 1.32 to 8.24 + 2.61 Bq L' with an average of
6.91 + 2.34 Bq L. “K recording the highest activity
concentration is not strange because it is a naturally
occurring radionuclide which abounds in the earth crust. The
specific activity due to 2*2Th is relatively low in the water
samples investigated compared to 2**U because 2**U is more
mobile than 23>Th NCRP (1987)

100

M K-40
5 ® U-
238
l #Th-
0 o - <8 e 232

warm cold meeting spring
spring  spring point water
Various Sourses of Water Samples

Activity Concentration (Bq L-1)

Figure 2 Activity Concentration of Primordial
Radionuclides in the Water Samples

Table 2: Annual Effective Dose for Three Different age
Groups and Committed Effective Dose

Table 3: Radionuclides and their Ingested Dose Conversion

Factor
Radionucli Ingested Dose Conversion Factor Per Age Group
de (0- (1- - (7- (12- >17yrs
Dyr 2)yrs T)yrs 12)yrs 17)yrs Sv/Bq
Sv/B Sv/Bq Sv/Bq Sv/Bq Sv/Bq
q
K 6.2E-8 4.2E-8 2.1E8 1.3E-8 7.6E-9  62E9
214B4 1.4E9 74E-10 3.6E-10 2.1E-10 1.4E-10 1.0E-10
214pp 27E9 1.0E-9 52E-10 3.1E-10 2.0E-10 1.4E-10
24Ra 2.7E-6  6.6E-7  3.5E-7 2.6E-7 2.0E-7  6.5E-8
26Ra 47E-6 9.6E-7  6.2E-7 8.0E-7 1.5E-6  2.8E-7
28Ac 74E9 2.8E-9 1.4E9 8.7E-10 53E-10 4.3E-10
B2Th 4.6E-6 4.5E-7 3.5E-7 29E-7 2.5E-7  23E-7

Table 4: Annual Water Consumption for Different Age Groups

K-40. Activity ~ U-238 Th-232  Annual Annual Annual Committ
Conc BqL'  Activity  Activity —Effectiv Effecti Effecti ed
Conc Bq ConcBq e Dose, ve ve Effectiv
L! Lt (0-1y) Dose, Dose(> e
mSvy! (7-12y) 17y) Dose(>1
mSvy mSv y! 7y)
! mSvy!
WA SPINg 57941436 824 +368 640 1363EF  367E  276F  13800E
water 243 5.69 1.55 1.16  58.00
cold spring ¢, 5340108 987456 729% 1599%  434% 354 177.00%
water 3.01 7.32 2.45 1.64  82.00
meetingpoint ¢, sob1987 11.1453.78 824  1885E szt 495t 24750+
(warm/cold) 2.61 643 213 143 71.50
Water 40141783 s1s+284 s7iE 13a1E 275 2600% 131.00%
outside  the 132 487 1.03 101 50.50

resort

AGE GROUP ANNUAL WATER

W) CONSUMPTION (Iy™)
0-1 2.0E2
12 2.6E2

2-7 3.0E2

7-12 3.5E2

12-17 6.0E2

>17 7.3E2

Source: WHO, 2003

Annual Effective Dose Equivalent Eq (Sv/y)

In this study, only three age groups were considered for the
different age groups infant (0-1 y), Children (7-12 y) and
Adult >17 y)

The variation for different age groups with ingested dose
conversion factor was provided by IAEA (1996) and shown
in Table 3 while the variation in the annual consumption rate
of water was supplied by WHO (2003) and shown in Table
4. From the result, it was discovered that the annual effective
dose equivalent ranges from 2.62 + 1.01 to 4.95 £+ 1.43 with
amean of 3.47 £ 1.31 mSv y! for adults (>17y), 2.75 £ 1.03
t05.72 £2.13 mSv y*! with a mean value of 4.12 = 1.79 mSv
y! for children (7-12y), and 13.41 + 4.87 to 18.85 + 6.43
mSv y ! with a mean value of 15.47 + 6.08 mSv y’! for infants
(0-1y). These values are extremely higher than the 1 mSv y
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' recommended by the NCRP 1993. It was observed from the
result that the annual effective dose equivalent is high for
infants, this may be due to the radio-sensitivity of their
various organs.

Committed Effective Dose

The committed effective dose was only evaluated for the
adult age groups over an average life span of 50 years. The
range of the values obtained was 131.00 = 50.50 to 247.50 £
71.50 mSv y! with a mean of 173.25 £ 65.50 mSv y’!

>
v
£
-
[=
()]
©
2
=]
g mO-1yr
Q
oo 2 2 D N 7-12YR
8 & & & & =
e & & & @ @>17YR
2 K S
° R b‘oQ N
£ & S & &
w$® < QoQ \&0
T &
=] Q/Qa X
< &
<
Water Samples

Figure 3 Annual Effective Dose for Three Different
age Groups

Activity Concentration in Sediment

The same three primordial radionuclides found in the water
samples were also detected in the sediment samples, i.e., the
sediment samples also contained the activity of “°K, 233U,
232Th. From Table 1, K-40 had the highest activity among
the three (3) radionuclides present while Th-232 had the
least activity. The activity concentration of the radionuclides
in the sediment samples compared reasonably well with the
worldwide average concentrations of 400 Bq kg™!, 40 Bq kg~
.40 Bq kg, for “°K, 238U and 232Th respectively as reported
by UNSCEAR, 1988. The activity concentrations of 238U
and 2*?Th are relatively low compared with that of *°K and
this can be explained by the fact that, “°K is an essential
element it is abundant in the earth crust. The high percentage
activity concentrations of “°K can be attributed to the
presence of quartz that characterized the soils. This is
consistent with Ahmed et al. (2006) who noted that the
activity concentrations of “’K in sedimentary rocks depends
upon the relative amounts of feldspar, mica and clay
minerals that make up the mineral-aggregate sediments. It

can equally be enhanced in the soil with the application of
chemical-base fertilizer.
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S ) A\ -
] & & & O BU-238
5 K K KX S
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Figure 4: Activity Concentration of Primordial
Radionuclides in the Sediment Samples

Absorbed Gamma Dose Rates in Sediment Samples

The evaluation of the absorbed gamma dose rates in air for
the sediment sample was calculated also using this equation
(UNSCEAR (2000).

D = 0.042A4; + 0.462A4,+ 0.604A 1, 5

Where Ak, Au, and Aty are the specific activity concentration
for “K, 238U and 2*’Th respectively in Bq kg and 0.042,
0.462 and 0.604 (nGy h™! per Bq kg™!) are the concentration-
to-dose conversion factors. Using equation 5, the absorbed
gamma dose rate in air for the sediment was determined and
the results are presented in Table 5.

This evaluation is summarized in Table 5 while the variation
of the absorbed dose rates due to the individual natural
radionuclide in sediment samples is shown in Fig 5.

Table 5 Absorbed Dose Rate in Air and Annual Effective
Dose Equivalent for Sediment Samples from the Study
Area

Sediment Total Absorbed Annual Effective
Samples Dose Rate in Air Dose Equivalent
(nGy h) (mSv y™h)
warm spring 28.2845.81 0.052+0.011
cold spring 27.63+4.64 0.05+0.009
meeting point 29.74+5.97 0.055+0.011
spring(control) 19.78+6.13 0.036+0.011
Mean 26.36+5.64 0.049+0.010

https://dx.doi.org/10.4314/njpap.v8il.3
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The total absorbed dose rate from measured activity
concentrations in the sediment samples was less than the
world average value of 60 (UNSCEAR, 2000)
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Figure 5 Absorbed Gamma Dose Rate for Radionuclides
in Sediment Samples

The annual effective dose equivalent recorded for the
sediment samples was calculated using equation 4 and the
result is presented in table 5. The value ranges from 0.036 +
0.011 mSv y! to 0.055 + 0.011 mSv y! with a mean value
estimated at 0.049 = 0.010 mSv y'!. This value is lower and
about 70 % of the world average of 70 pSv y! UNSCEAR
(1988).

However, this annual effective dose equivalent is just about
4.9 % of the 1.0 mSv y! recommended by the International
Commission on Radiological Protection (ICRP, 1992) as the
maximum permissible limit for members of the public. This
value clearly establishes the fact that there is no potential
danger to the health of the Ikogosi people due to radiological
hazards from the sediments.

CONCLUSION

The activity concentrations of natural radionuclides, namely
40K, 238U and 2**Th found both in the sediment and water
samples collected from Ikogosi spring resort were measured.
The mean absorbed gamma dose rate for the sediment
samples is 26.36 + 5.64 nGy h!. These values are less than
the world average of 60. The mean annual effective dose
equivalents as a result of the ingestion of the spring water
from the study area are 3.47 = 1.31 mSvy!, 4.12+ 1.79 mSv
yland 15.47 £ 6.08 mSv y! for for adult, children and
infants respectively. These values are extremely higher than
the 1 mSv y' recommended by the NCRP 1993. It was

observed from the result that the annual effective dose
equivalent is extremely high for infants and this may be due
to the radio-sensitivity of their various organs. The mean
committed effective dose is 173.25 + 65.50 mSv y!

The annual effective dose equivalent for the sediment
samples is 0.049 = 0.010 mSv y!. The value is less than the
world average 70 uSv y'! given by UNSCEAR (1988). It was
also found that the activity concentration for the meeting
point water sample contributes the highest possible radiation
risks. The results showed that the tourists and populace
living around Ikogosi spring resort are safe in respect to
radiation exposure from the natural environment.

However, in the case of ingestion of water from the spring,
the result showed an enhanced activity concentration in
Ikogosi spring. The effective dose in the water is high
compare to the NCRP recommendation of 1 mSv y! NCRP
(1993). 1t is therefore recommended that the Ikogosi water is
not safe for human consumption, most especially the infants.
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