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Abstract: Radioactivity concentration of Naturally Occurring Radioactive Materials (NORMs) in shore 
sediments (samples) collected along the coast of Accra were analyzed using a gamma spectrometry with a 
high purity germanium detector. The specific activity concentrations range from 8.60 Bqkg-1 to 61.01 
Bqkg-1 with a mean of 29.78 Bqkg-1 for 40K, 0.62 Bqkg-1 to 148.80 Bqkg-1 with a mean of 22.04 Bqkg-1 for 
226Ra and 0.17 Bqkg-1 to 732.60 Bqkg-1 with a mean of 108.60 Bqkg-1 for 232Th. The 40K concentration 
compares well with the world average value while that for 226Ra and 232Th does not. The average absorbed 
dose rate was estimated to range from 0.75 nGyh-1 to 509.38 nGyh-1 with an average of 77.02 nGyh-1, while 
the  average  annual  effective  dose  also  ranged  from  0.00 mSvy-1 to 0.63 mSvy-1 with an average of 
0.09 mSvy-1 was also estimated. The average radium equivalent activity and average external hazard index 
were also estimated to be 9.00 Bqkg-1 and 0.48 respectively and they both compare well with
internationally acceptable values.
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INTRODUCTION

Beach sand or soil is mineral deposits formed 
through   the   weathering   and   erosion  of  rocks. 
These   deposits   found   at   different   levels  within 
the  sand  contain  natural  radionuclides that contribute 
to  ionizing  radiation  exposure  on  earth. Studies
carried  out  on  radiation  hazards  arising  from  the 
use  of  sand  or  soil  has  shown  that  natural radiation 
is the largest contributor  to  external  dose  to  the
world   population  [1-3]. Research findings have
shown  that  natural  radioactive  elements  present  in 
soil  are  primordial  radionuclides  from  the 238U
series, 232Th series and 40K normally known as
Naturally  Occurring   Radioactive   Materials
(NORMs) [4]. 

Greater Accra, the capital of Ghana is where most 
economic activities take place. It has its capital to be 
Accra and is populated by 2,905,726 citizens within six 
districts and it covers an area of 3245km2. Greater 
Accra has a coastline of approximately 225km
stretching from Kokrobite on the west to Ada on the 
east [5]. The coastline of the Greater Accra Region is 
habited by individuals who survive by producing bricks 
for building purposes from the beach sand. The
coastline is also a very popular location for holiday 
makers and tourists.

For these reasons, it is important to verify the 
extent of any abnormality along the coast with respect 
to NORMs. There has been very little work done on the 
distribution of radionuclides and their concentration 
along the coastal belt of Ghana [6]. 

The aim of this work is to assess the activity 
concentrations of natural radionuclides in shore
sediment and also the annual effective dose rate to 
Ghanaians living along the coast of the Greater Accra 
Region and additional information for the evaluation of 
a baseline activity concentra tions trend of along the 
coast of Ghana. 

MATERIALS AND METHOD

Sample collection: Thirty-five (35) samples consisting 
of shore sediments were collected from seven (7)
different beach sites along the coast of the Greater 
Accra Region of Ghana (Fig. 1). At each site, samples 
of shore sediments were randomly collected from three 
(3) different locations at a depth of 0.20m (20cm) from 
the surface at intervals of 2m and transferred into 
polyethylene bags and labeled accordingly. The
background gamma dose rates at 1m above ground 
level were measured using Rados Universal Radiation 
Survey Meter, model RDS-200 and manufactured in 
Finland.
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Fig. 1: Geological location of sampling sites

Sample preparation: At the laboratory, the samples 
were air dried for one week then oven dried for 24 
hours at 105oC. They were then grinded into powder 
and sieved through a 2mm wire mesh. The samples 
prepared into a 1L Marinelli beaker and weighed,
sealed and labeled. The prepared samples were allowed 
to stay for four (4) weeks to allow secular equilibrium 
to be established between the long-lived parent and 
daughter nuclides. The samples were each counted on a 
High Purity Germanium Detector for ten hours
(36000s).

Sample analysis and calculation
Calibration of the gamma spectrometry system:
Before   analysis   of   the   sample,   the   detector   was 

calibrated with respect to energy and efficiency
calibration. The energy calibration related channel
number of the spectrometer to the energy of the
standard reference material. The calibration was
performed by matching principal gamma rays in the
spectrum of the standard to the channel numbers. The 
general relationship between energy and channel
number is given as: 

(1)

Where E is energy in keV, Cn is channel number, i = 0, 
1, 2, 3… n and Ai is calibration constant [7]. 

The calibration was carried out using a mixed
standard  containing  the  following radionuclides 139Ce,
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137Cs, 88Y, 57Co and 60Co homogenously mixed in a 
solid 1L marinelli beaker with corresponding
characteristic energies of 122 keV, 662 keV, 1836 keV, 
1172 keV and 1332 keV respectively. The expression 
of the energy (in keV) calibration was represented by 
the relationship below

(2)

Similarly, the efficiency calibration was performed 
using the mixed radionuclide standard in the 1L
Marinelli beaker by acquiring spectrum for ten hours 
(10 hrs). The net count rate was determined at photo-
peaks for all energies used for determining the
efficiency. The efficiency is related to the count rate of 
standard [8] as:

(3)

Where PE is the gamma-ray emission probability for 
energy E, ε (E) is the efficiency of the detector, NT is 
the total counts under a photopeak, NB is background 
count, ASTD is the activity (Bq) of calibration standard 
at the time of measurement and TSTD is the counting 
time of the standard [9]. The efficiency of the detector 
is related to energy by the expression:

(4)

Where ε(E) is the efficiency, a, b and c are polynomial 
constants and x is the energy (keV) of a particular
photopeak.

Below is a table showing the radionuclides used for 
the efficiency calibration (Table 1) and a graph showing 
the efficiency curve (Fig. 4) with the coefficient of
regression (R2). Thus the efficiency energy relationship 
expression which was used for the efficiency
calculation was obtained as

                    +0.0433 For x>100 keV (5)

Specific activity calculation: The gamma lines of
238.63, 351.92 and 1460.83 were used to determine
232Th, 226Ra and 40K respectively. The specific activity 
concentrations of 232Th, 226Ra and 40K in Bq/kg were 
determined using the following expression 

(6)

Where, Asp is the Specific Activity Concentration, λ is 
the  decay  constant,  Nsam is total net counts sampling 
in   the   peak   range,  PE  is   the  gamma-ray  emission 

probability, Td is decay time between the sample
preparation and counting, Tc is the counting time, ε(E)
is the total counting efficiency of the detector system, 
M is the mass of sample and the expression exp -(λ.Td)
is the correction factor for decay between sampling and 
counting [10]. 

Dose rate calculation: The absorbed dose rates at 1m 
(meter) above the ground were determined by applying 
the expression [1, 11]

(7)

Where, A (in nGy/Bq is Asp (Specific Activity
Concentration) for Th, K and Ra with dose conversion 
factors of 0.604, 0.0417 and 0.462 respectively. 

The annual Effective dose rate in an outdoor
environment was calculated by the following formula:

(8)

Where, ED is the annual effective dose in Sv, D is the 
absorbed dose rate in nGyh-1, T is the annual exposure 
time in hours of 8760, TC is the outdoor time
conversion factor of 0.2 and F is the dose conversion 
factor of 0.7 [1, 12, 13]. 

External hazard index: Shore sediments and other raw 
materials are used in building and other construction 
works usually by the coastal dwellers. The natural
radioactivity in these raw materials are usually
determined from 226Ra, 232Th and 40K contents.
Minerals from beach sand as well as soils and rejected 
light sands are used by industries and building
construction firms. Hence the gamma-ray radiation
hazards due to the specified radionuclides can be
assessed using indices [14]. The radium equivalent 
activity is an index that represents the specific activities 
of 226Ra, 232Th and 40K by a single quantity which takes 
into account the radiation hazards associated with them. 
This can be calculated using the equation below:

(9)

where ARa,  ATh and AK are the specific activities of 
226Ra 232Th and 40K in Bqkg-1 respectively. The Raeq is 
related  to  the  external  gamma  dose  and  internal 
dose due to radon and its daughters. The maximum
value of Raeq in building materials must be < 370Bqkg-1

for safe use. 
The external hazard index is derived from Raeq

expression through the supposition that its maximum
value  allowed  corresponds  to  the  upper  limit of Raeq
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(i.e. 370 Bqkg-1). The index value must be less than 
unity in order to keep the radiation hazard insignificant. 
This means the radiation exposure due to the
radioactivity   from   construction   material   is   limited 
to 1.0 mSvy-1. The external hazard index was
determined from the equation below:

(10)

where, ARa,  ATh and AK are the specific activities of
226Ra 232Th and 40K in Bq kg-1 respectively [15].

Table I: Radionuclides used for the efficiency calibration

Nuclide Energy (KeV) Half-life (days) Efficiency

Cobalt -57 122 271.83 0.04
Caesium-137 662 137.66 0.01
Cobalt -60 1173 1925.30 0.01
Cobalt -60 1333 1925.30 0.01
Yttrium-88 1836 106.63 0.01

RESULTS AND DISCUSSION

Table 1 shows the radionuclides used for the
efficiency calibration. 

The summary of the research carried out are
tabulated in Table 2 and 4 below.

Table 2: Mean specific activity concentration of 40K, 232Th and 226Ra
in the various shore sediment samples

Mean specific Activity concentration (Bqkg-1)
--------------------------------------------------------

Samples 40K 226Ra 232T h
Chorkor Beach 21.31 1.42 1.49
James Town Beach 14.67 0.82 1.04
Labadi Beach 43.97 140.80 732.60
Nungua Beach 41.17 4.05 8.64
Kokrobite Beach 17.76 3.74 6.63
Teshie Beach 61.01 2.85 9.66
Weija Beach 8.60 0.62 0.17
Average 29.78 22.04 108.60

Table 3: Comparison of specific activities of K, Th and Ra in Bqkg-1 in shore sediment samples from greater accra region and other studies in 
different beaches of the world

Specific activity (BqKg-1)
---------------------------------------------------------------------------------

Location 40K 226Ra 232T h Reference
SS-1 21.31 1.42 1.49 Current Work
SS-2 14.67 0.82 1.04 Current Work
SS-3 43.97 140.80 732.60 Current Work
SS-4 41.17 4.05 8.64 Current Work
SS-5 17.76 3.74 6.63 Current Work
SS-6 61.01 2.85 9.66 Current Work
SS-7 8.60 0.62 0.17 Current Work
Preta beach Southeastern Brazil 47-283 54-180 128-349 [18]
Visakhapatnam, India - 100-400 300-600 [19]
Northeast Coast, Spain 136-1087 5-19 5-44 [20]
Red seashore sediment, Egypt 98-1011 95.3-105.6 2.3-221.9 [21]
Beach sand, Al-Maidan, North Sinai, 77 108.0 146.0 [22]
Seabed sand, Tuen Mun Hong Kong 1210 27.7 29.8 [23]
Coastal Karnataka 55 249.2 489.6 [24]
Zircon, Bangladesh 472 6439.0 1324.0 [2]
Global recommended 100-700 7-50 10-50
Value range 370 35.0 40 [16]
Average value

Table 4: Absorbed dose rate, annual effective dose rate, radium equivalent activity and external hazard index of studied shore sediment samples
Absorbed dose Annual effective Radium equivalent External

Samples rate (nGyh-1) dose rate (mSv) activity (Bqkg-1) hazard Index
Chorkor beach 2.44 0.00 0.11 0.01
James-Town Beach 1.62 0.00 3.03 0.01
Labadi beach 509.38 0.63 56.41 3.22
Nungua beach 8.80 0.01 0.67 0.05
Kokrobite beach 6.47 0.01 0.51 0.04
Teshie beach 9.69 0.01 0.74 0.06
Weija beach 0.75 0.00 1.52 0.00
Average 77.02 0.09 9.00 0.48
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Potassium-40 (40K) content along the coast ranged 
between an average of 8.60 Bqkg-1 and 61.01 Bqkg-1.
Thorium-232 (232Th) and Raduim-226 (226Ra) contents 
ranged from an average of 0.17 Bqkg-1 to 732.60 Bq kg-

1 and 0.62 Bqkg-1 to 140.80 Bqkg-1 respectively. 
The mean absorbed dose rate in nGyh-1, the mean 

annual effective dose in mSvy-1, the radium equivalent 
activity in Bqkg-1 and the external hazard index for the 
various beaches are also shown in Table 4. 

The mean absorbed dose rate due to the presence of 
226Ra, 232Th and 40K in the shore sediment samples 
along the coast of the Greater Accra Region of Ghana 
was found to range between 0.75 nGyh-1 and 509.38 
nGyh-1 with an average of 77.02 nGyh-1.

The mean annual effective dose rate was found to 
range between 0.00 mSvy-1 and 0.63 mSvy-1 with an 
average of 0.09 mSvy-1 while the radium equivalent 
activity was ranging between 0.11 Bqkg-1 and 56.41 
Bqkg-1 with an average of 9.00 Bqkg-1. The external 
hazard index also ranged from 0.00 to 3.22, with an 
average of 0.48.

DISCUSSION

The average specific activity concentration of
226Ra, 232Th and 40K in this work compares well with 
similar results from other parts of the world as seen in 
Table 3.

With the exception of the sample taken from
Labadi beach, the averaged absorbed dose rates due to 
the presence of 226Ra, 232Th and 40K in the rest of the 
samples studied were found to be much lower than the 
world average value of 60 nGyh-1 and the average 
annual effective dose also compares well with the
worldwide average of 0.07 mSvy-1 [1]. The average 
annual effective dose rate along the coast was estimated 
to be 0.09 mSvy-1. This is lower than the International 
Commission for Radiological Protection value of 1.0
mSvy-1 for practices for members of the public. 

The average absorbed dose rate and average annual 
effective dose estimates from the Labadi beach sample 
are 509.38 nGyh-1 and 0.63 mSvy-1 respectively. These 
values are due to the presence of high activity
concentrations from 232Th and 226Ra which is attributed 
to a significant difference in sand properties, like
density, humidity and porosity.

The experimental results of radium equivalent
activity which indicate radiation hazards arising from
the various beach samples studied show that the
average Raeq values are below the internationally
acceptable value of 370 Bqkg-1. The estimated external 
hazard indices were all also less than unity, i.e. Hex=1.0.
This implies that activities involving the use of shore 
sediments (beach sand) are safe and do not attract any 
high levels of radiation exposure.

CONCLUSION

The  study  of  the  radionuclide  concentration 
levels in shore sediments along the coast of the Greater 
Accra Region in Ghana has been carried out. It is 
therefore envisaged that the levels of radioactivity
associated with the used of the beaches (shore
sediments) would not pose any hazards. The annual 
effective dose may not have any effect on the natural 
background ionization radiation of the environment; 
however it may increase over longer periods especially 
that of Labadi beach. 
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