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Abstract The radioactivity concentrations of 226Ra, 232Th and *°K were measured
by HPGe gamma-ray spectroscopy in beach sand and water samples collected from
and around the only coral reefed Island (St. Martin’s), in the Bay of Bengal. Average
activity concentrations of *°Ra, 2*Th and “°K are 15.53, 15.42 and 372.32 Bq kg~!
for beach sand samples, and 4.96, 4.67 and 22.78 Bq kg~! for water samples, respec-
tively. No artificial radionuclides (e.g., '**Cs, '*7Cs) were detected in any of the
analyzed samples. Lower activity concentrations of sand samples compared to those
of other coastal areas of the Bay of Bengal may be due to the thick coral reef of
this island. The estimated radiation hazard parameters including radium equiva-
lent activity, radiation hazard index, annual effective dose rate, absorbed dose rate
and excess lifetime cancer risk are lower than the permissible limits. In terms of
radiological parameters, this island is quite safe for tourism.
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15.1 Introduction

Beach sands are mostly composed of those minerals which are resistant to wave
abrasion, (e.g., quartz, feldspar). A combination of weathering, degradation and
fragmentation processes supply those wave resistant minerals to the coastal areas
(Papadopoulos et al. 2016 and the reference therein). A number of coastal areas in
and around the Bay of Bengal have already been reported for higher level of natural
radioisotopes (e.g., >*Ra, 2>Th and “°K) owing to the presence of wave resistant
placer minerals such as ilmenite, zircon, monazite, garnet, rutile etc. (Khan et al.
2019a, 2021; Rao et al. 2009; Mohanty et al. 2004; Kannan et al. 2002; Alam et al.
1999). These naturally occurring radionuclides (NORMSs) could cause numerous
radiological health risks including different types of cancers, kidney malfunction,
bone deformities etc. (e.g., Habib et al. 2022; Khan et al. 2019b and the references
therein) owing to the ionizing radiation emission and radon inhalation. Thus consid-
ering the highest contribution of external dose to the human by the natural radiation,
the assessments of radiological distribution along with their associated potential
health risks are of huge importance (Habib and Khan 2021; UNSCEAR 2000).
Unlike the other islands of the Bay of Bengal, St. Martin’s Island (Bangladesh)
is one of the few islands in the world which is surrounded by thick coral reefs. St.
Martin’s Islandis of great ecological importance as it is the only fossiliferous marine
island in the Bay of Bengal which possesses huge areas of sandy beach and mangrove
formations (Tomascik 1997). This is one of the most beautiful domestic and foreign
tourist destinations in Bangladesh since it possesses attractive natural sceneries, clear
sea-site, and natural beauties of coral colonies. Coral reefs as ‘rainforests of the sea’
engage only <0.1% of the world’s total marine area, but they supply accommoda-
tions, breeding environments and food to the more than 25% of all aquatic botanical
and zoological species (Islam et al. 2019 and the reference therein). Considering the
marine ecological significance, millions of peoples dependence (as tourists and/or
inhabitants) and scientific importance of coral reefs, several studies on heavy metal
accumulations in corals, marine sediments and sea water along with their associ-
ated health and ecological risk assessment have been performed (Joy et al. 2019;
Jafarabadi et al. 2017a, 2018a, b; Prouty et al. 2013; Mokhtar et al. 2012). Along
with the heavy metal distribution, n-alkanes, polycyclic aromatic hydrocarbons and
persistent organic pollutants distribution in coral-associated environmental compart-
ments have also been reported by Jafarabadi et al. (2017b, 2018c, d). Furthermore,
geochemistry and precise elemental ratios in coral skeletons and associated envi-
ronmental compartments have long been used to explain the climate change, to
reconstruct the temporal pollution history and to assess the sea water quality (Saha
et al. 2016, 2018, 2019; Lewis et al. 2018; Prouty et al. 2010). However, the studies
on NORMs distribution in the coral reefed Island and their associated radiological
health risks (Lin et al. 2019) coral reefs in the South China Sea) are very much
scarce. Islam et al. (2019) reported radioactivity concentrations of coral skeleton and
the marine sediments around the St. Martin’s Island, leaving the beach sand (or, soil)
and the seawater in and around the Island. Thus, geological variation and variability
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of environmental compartments (e.g., marine sediments, coral skeletons, seawater,
beach sands or soils) invoke similar radiological studies in various environmental
compartments in and around the coral reefs of the world to provide a comprehensive
scenario to the scientific community as well as to the tourists and local inhabitants.
Study of radiological health hazards owing to the NORM s is very much important
for the safety of the tourists as well as the local inhabitants. It is also essential to
measure the baseline level of NORMs in different environmental sections (e.g., beach
sand, water, marine sediment and coral backbone) before any pollution events (e.g.,
nuclear weapon test, nuclear reactor accidents etc.) commence nearby. However,
a comprehensive study on the distribution of NORMsin the beach-sand and water
samples across and around this island has not hitherto been done. Thus, the present
study aims at the determination of NORMs (**Ra, >*2Th and “’K) as well as search
for the anthropogenic radionuclides (e.g., '3*Cs, 137Cs) in beach sand and water
samples taken from the St. Martin’s Island’ssurroundings to evaluate the baseline
distribution of radionuclides and to estimate the potential radiological risks.

15.2 Materials and Methods

15.2.1 Area of Interest

St. Martin’s Island (area: ~8 km?) resides in the north-eastern side of the Bay of
Bengal and southernmost part of Bangladesh which is about 9 km south of the
Cox’s Bazar-Teknaf peninsula (Fig. 15.1). Length of this Island (south-north side) is
approximately 5.6 km and the width (east—west side) varies from 200 to 700 m. The
island is almost flat and is about 3.6 m above the average sea level (Akhtar 1992).
St. Martin’s Island represents the westernmost extent of the Arakan Yoma uplift and
it is ringed by a boulder field in the intertidal zone along the southern and western
shore of the Island (Khan 1964).

15.2.2 Sampling and Sample Processing

Samples (sand and water) were collected along the coast line of St. Martin’s Island
by January 2017. Beach sand samples were taken from 15 different sampling stations
(separated each other by >500 m) covering both the east and west side of the sandy
beaches as shown in Fig. 15.1. From each sampling points, approximately 1.5 kg of
superficial sand samples were taken (sampling depth: ~10 cm). Collected samples
were then instantly preserved in airtight clean and properly marked zip-lock polyethy-
lene bags and moved to the sample preparation laboratory for subsequent analysis.
After eliminating the extraneous matters including stones, gravels, pebbles, roots
and botanical debris, the samples were homogenously powdered, weight and dried
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Fig. 15.1 Map shows the sampling points at St. Martin’s Island, Bangladesh

(at 105 °C) until attaining the constant weight. Thereafter homogenous dried powder
samples (~250 g) were hermetically packed in a cylindrical plastic pot (dimensions
of the pot are identical to that of Khan et al. 2019b) and then sealed hermetically
to avoid the loss of NORMs (as radon) and subsequently stored for at least 28 days
at room temperature to attain the secular equilibrium among 2*U and ?*>Th decay
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series along with the respective daughter products (Habib et al. 2018, 2019) prior to
being measured. The details of the sampling preparation procedures were previously
reported elsewhere (Begum et al. 2022; Habib et al. 2018, 2019; Khan et al. 2022,
2019b).

Sea surface water samples were collected from 9 different spots (Fig. 15.1) around
the Island. From each spot, about 1.5 L of water was taken in clean, acid (diluted
HNO:3) rinsed and dried plastic container. The collected water samples in the plastic
container were immediately acidified (pH ~ 1) with nitric acid to prevent adsorption
of NORMs onto the walls of containers (Agbalagba and Onoja 2011) and transferred
to the sample processing laboratory. The collected samples were then poured into
cylindrical plastic containers of equal size and shape (of volume 260 ml). Sealing
and storing of the water sample containers prior to the gamma-ray counting are same
as those of sand samples.

15.2.3 Analytical Procedure

15.2.3.1 Radioactivity Measurement by Gamma Spectrometry

Analytical procedures of measuring the NORM s (**°Ra, >*2Th and *’K) and searching
the potential artificial radionuclides ('**Cs and '*’Cs) were identical to those of our
previous studies (Khan et al. 2019b; Majlis et al. 2022; Habib et al. 2018, 2019).
Briefly, coaxial p-type high purity Ge gamma detector with 40% relative efficiency
was used in this study. In direct measurement of *°Ra and**?>Th (measuring from
the activities of their progenies) and direct measurement of “’K were performed
by following Khan et al. (2019b). Other than the naturally occurring radionuclides
(*3%Ra, 22Th and “°K), artificial radionuclides such as '**Cs (604.5 and 795.8 keV)
and '¥’Cs (661.6 ke V) were also searched in each analyzed samples. Blank correction,
energy and efficiency calibration were similar to that of Khan et al. (2019b).

Radioactivity concentrations of NORMs in the beach sand and the seawater
samples were measured from the net count rate, counting efficiency and emission
probability of specific radionuclides and mass (for beach sand) or volume (for water
sample) of the sample by the Egs. (15.1) and (15.2):

Cpssample — CPSpg
ABq)=——"7—""" 15.1
(Bq) o(E) x P, (15.1)
A
AC (Bq kg ):E (15.2)

where, A is the radioactivity (in Bq); AC, radioactivity concentration (in Bq kg™!);
CPSgample» cOunts per second for the sample (in s71); cpsgg, Counts per second for the
background (ins™'); € (E, ), counting efficiency of the HPGe gamma-ray detector; P,,
the emission probability; m, sample mass (kg). In this study, the minimum detectable



374 R. Khan et al.

activity (MDA) for the gamma-ray measuring system was computed by the Eq. (15.3)
(Asaduzzaman et al. 2015; Khandaker et al. 2012, 2016, 2017):

CFX\/E

¢(E,) x Py x t x m

MDA (Bqkg™') = (15.3)

where, Cr is the statistical coverage factor (=1.64) for 95%confidence level; B is
the background counts over the region of interest for each radionuclide; ¢ (E,),
the absolute efficiency of the HPGe detector; P, the emission probability; t, the
measuring time in seconds and m, the mass of the sample (in kg).

15.2.4 Data Presenting Processes

Basic descriptive analysis was done for measured NORMs (variables) in our sample
suits. Pearson’s correlation analysis was performed to define the degree of association
and interdependency existing among the determined and estimated variables param-
eters both radionuclides and corresponding radiological hazard indices using SPSS
(version 20) software. The Inverse Distance Weighting (IDW) method was applied to
interpolate the measured parameters at unmeasured locations from the observations
of its values at nearby points by using ArcGIS 10.3software. It is commonly used for
displaying the spatial distribution of interested parameters in the determined beach
sand samples of the mapped area (Habib et al. 2018).

15.3 Results and Discussion

15.3.1 Distribution of Radionuclides

In beach sand samples, the radioactivity level (Table 15.1) of 236Ra, 32Th and “°K
were found to be 8.79 &+ 2.45 to 29.12 £ 2.66 Bq kg~! 8.68 & 3.41 to 24.72
+ 8.70 Bq kg~'and 166.17 & 68.01 to 472.53 + 74.44 Bq kg~!, respectively. The
obtained average values for these nuclides (Table 15.2) along with their standard devi-
ations were 15.53 £ 5.09, 15.42 4 5.61 and 372.32 + 78.87 Bq kg~!, respectively.
The activities of ?2°Ra, 2*Th and “°K across the sampling points did not vary widely
(Fig. 15.2, Table 15.2). Spatial distributions of *?Ra, 23>Th and “°K in our studied
area are showed by inverse distance weighting (IDW) map (Fig. 15.3). Figure 15.3a,
b, ¢ and d represent the spatial distribution patterns of activity contents of 2?°Ra,
232Th,*K and absorbed dose rate, respectively in the mapped area. In the Island,
radioactivity distribution maps show almost uniform partitioning. Touristic areas
(northern part of the Island: Jinjira and Uttarpara) possess relatively lower activity of
226Ra (Fig. 15.3a). This work pointed some trivial hot spots in some sites (eastern side



15 Spatial Distribution and Radiological Risk Quantification ... 375

Table 15.1 Radioactivity concentrations in beach sand (BS) and soil (SL) samples collected from
St. Martin Island, Bangladesh along with their associated radium equivalent activity (Raeq in Bq
kg_l), external hazard index (Hex), absorbed dose rate (D in nGy h~1), annual effective dose rate
(Egr in nGy h~!) and excess lifetime cancer risk (ELCR)

Sample | Activity concentrations (Bq kg™!) Radiological indices
ID 26R, | E 227 | £ 40 + Raeq | Hex D Eg ELCR
BS-1 945 |2.37 |16.27 |4.39 |264.38 |67.20 |53.07 | 0.143 | 25.44 |0.031 1.1_(3><
10
BS-2 14.17 |2.47 |15.18 | 1.40 |361.87 |70.86 |63.74 | 0.172 |30.97 |0.038 1,331x
10
BS-3 14.18 [2.29 |12.11 |1.40 |293.59 |64.91 |54.10 |0.146 |26.24 |0.032 l.ljx
10
BS-4 13.81 |2.35 | 8.68 |3.41 |416.90 |69.76 |58.32 | 0.158 |29.03 |0.036 1.231x
10
BS-5 16.66 |2.42 |14.23 | 1.48 |389.11 |68.41 |66.97 |0.181 |32.65 |0.040 1.4_}1x
10
BS-6 12.52 |2.59 |10.67 |1.42 |472.53 |74.44 |64.16 [ 0.173 |31.98 |0.039 1'%§X
10
BS-7 16.27 |2.45 |24.69 |4.58 |437.28 | 69.81 |85.25 |0.230 |40.99 |0.050 1.7§1x
10
BS-8 29.12 |2.66 [20.42 |1.61 [355.70 |71.14 |85.71 | 0.231 |40.87 |0.050 1.7flx
10
BS-9 18.25 |2.55 | 10.99 |1.37 |409.07 | 71.92 | 65.46 |0.177 |32.20 | 0.040 1.331x
10
BS-10 |13.86 |2.48 |12.61 |1.49 |355.77 |69.66 |59.29 |0.160 |28.97 |0.036 1.23><
10
BS-11 8.79 |2.43 |24.72 |8.70 |406.81 |71.53 |75.46 | 0.204 |36.29 |0.045 1.5§1x
10
BS-12 | 18.48 |2.49 |24.63 |4.93 |398.48 |70.06 |84.38 |0.228 |40.36 |0.050 1.7j><
10
BS-13 | 148 239 |14.8 |1.48 [429.92 |68.64 |69.07 |0.187 |33.84 |0.042 1,4461x
10
BS-14 |21.62 |3.15 |12.01 | 1.85 |427.25 |88.72 |71.69 |0.194 |35.14 |0.043 1.5_}1><
10
BS-15 |10.93 238 | 9.30 | 1.31 | 166.17 |68.01 |37.02 |0.100 | 17.71 |0.022 0.7§1x
10

Associated uncertainties are due to the counting statistics

of Dakhinpara) of the island showing relatively higher activity of measured radionu-
clides, except for “°K (which distributed mainly in the western side of Dakhinpara).
However, trivial hot spots and consequential minute inhomogeneous distribution of
NORMs do not essentially invoke any radiological risk.

The descriptive statistics of the measured values of our study are compared
to those of previously published works (Rudnick and Gao 2014; Huang et al.
2015; Ghosal et al. 2017; Alam et al. 1999; Kannan et al. 2002; Khandaker et al.
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2018; Kucukomeroglu et al. 2016; Shuaibu et al. 2017; Freitas and Alencar 2004;
Mahawatte and Fernando 2013; Margineanu et al. 2013; Islam et al. 2019) in Table
15.2. The radionuclides concentrations of St. Martin’s Island of this work are signif-
icantly lower than the other coastal areas known for higher background radiation
(e.g., Khandaker et al. 2018; Shuaibu et al. 2017; Freitas and Alencar 2004). Specific
activities of >*Ra and “°K of this study are comparable to those of beach sand
of Cox’s Bazar, Bangladesh (Alam et al. 1999) whereas activity concentration of
232Th shows opposite trend which implies that Th-rich monazite is less abundant in
St. Martin’s Island compared to the mainland (Cox’s Bazar) of Bangladesh. Disre-
garding the variation of activity concentrations, Kalpakkam beach, India (Kannan
et al. 2002) shows similar trend as those of Cox’s Bazar beach, Bangladesh with
our study. However, the activity concentrations in our study are significantly lower
than the other coastal areas of the Bay of Bengal, including Coastal Odisha, India
(Ghosal et al. 2017) and West coast, Sri Lanka (Mahawatte and Fernando 2013). A
reasonable assumption for such lower activity concentrations of our study compared
to those of other coastal areas of the Bay of Bengal (Alam et al. 1999; Kannan et al.
2002; Ghosal et al. 2017; Khan et al. 2017, 2018) can be explained in terms of coral
abundances and the ocean current dynamics around the St. Martin’s Island. Activity
concentrations of ?°Ra and *?Th in the beach sands of the present study are signif-
icantly lower (Table 15.2) than the marine sediments (Islam et al. 2019) around the
St. Martin’s Island, while the activity concentration of “°K are almost comparable
among them. >*?Th-radioactivity is ~1.8 times lower in the beach sand than that of
coral skeleton, whereas the specific activities of >?°Ra and “°K in beach sand are
comparable to those of coral skeleton. The comparable radioactivity concentration
of “°K in beach sands, marine sediments and coral skeleton may be explained in
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terms of K-solubility and the distribution of terrigenous minerals like K-feldspar
(KAISi30g) and mica (KAISisOyp).

Along with the beach sand samples, the radioactivity concentrations of sea surface
water samples were also measured for the 9 marine spots around the St. Martin’s
Islands. Specific activity level of *°Ra, >*Th and “°K in water samples with their
associated descriptive statistics and some relevant literature data (Zare et al. 2015;
Baltas et al. 2017; Almayahi et al. 2012) are presented in Table 15.3. In sea-water

Table 15.3 Radioactivity concentrations of water samples collected around the St. Martin Island
are compared to those of sea water in previous works

Sample ID | Activity concentration (Bq kg~!)
226Ra ‘ + ‘ 2327p ‘ + ‘ 40K ‘ +
This study
W-1 7.78 0.29 |3.89 |0.06 BDL
W-2 1.32 0.28 |5.68 |0.14 41.00 |1.59
W-3 BDL 0.68 |0.07 BDL
W-4 1.36 022 423 |0.13 BDL
W-5 BDL 548 |0.15 BDL
W-6 6.39 022 |4.64 |0.16 BDL
W-7 9.54 0.30 |10.41{0.17 BDL
W-8 0.56 022 |441 |0.12 BDL
W-9 7.78 0.29 [2.59 |0.10 BDL
Mean 4.96 4.67
SD (lo) 3.75 2.64
RSD (%) |75.6 56.5
Median 6.39 4.41
Min. BDL 0.68 BDL
Max. 9.54 1041 41.00
Literature data
Oman 2.50(2.19-2.82) | 1.90 (1.66 - 2.17) 141.48 (132.60 — 148.87)
Sea?
Black Sea |0.26 (0.16 —0.63) | 0.11 (0.07 - 0.17) 5.42 (3.44 - 6.20)
in Rize,
Turkey®
Northern | 3.46 (2.33 - 7.03) | 3.63 (1.58 — 8.64) 190.2 (150 — 220)
Peninsula,
Malyasia®

BDL.: Bellow detection limit
4 Zare et al. (2015)

b Baltas et al. (2017)

¢ Almayahi et al. (2012)
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samples the specific activities of 22°Ra, >*?Th and *°K were found to be below detec-
tion limit (BDL) to 9.54 = 0.30 Bq kg~' 0.68 = 0.07 to 10.41 = 0.17 Bq kg~ and
BDL to 41.00 % 1.59 Bq kg~'. respectively. None of the analyzed samples (both
sand and water) contains detectable amount of artificial radionuclides (here, '3*Cs
and'*’Cs). The average values of minimum detectable activities (MDAs) of 2?°Ra,
232Th, 49K, 3*Cs and '*’Cs in the determined sand samples are 0.48, 0.35, 18.8,
0.50 and 0.41 Bq kg™, respectively whereas for water samples MDAs for those
radionuclides are 0.52, 0.38, 20.2, 0.53 and 0.45 Bq L', respectively.

15.3.2 Radiological Risk Assessment

To assess the potential radiological risks owing to the natural radioisotope in beach
sand of this highly touristic area (St. Martin’s Island, Bangladesh), radium equivalent
activity (Raeg), radiation hazard index (H,y), absorbed dose rate (D), annual effective
dose rate (E¢) and excess lifetime cancer risk (ELCR) were calculated in the current
research.

15.3.2.1 Radium Equivalent Activity (Ra.,)

To assess the combined radiological threat to the population, Ra.q has widely been
used which is attained from the activity concentrations of >>Ra, >*>Th and “°K (Khan
etal. 2019b and the references therein). Most of the radiation dose received by human
being is due to the emission of gamma radiation from natural radiation sources (Tufail
2012), including “°K and the progeny of the 23U and 2*Th decay series. Owing to
the potential disequilibrium among??Ra and its progenies, radionuclides (**°Ra,
232Th) may not be evenly distributed in the environmental geochemical samples
(e.g., sediment, soil, sand, etc.) (Ahmed et al. 2014). Thus, for homogeneous exposure
calculation, the radioactivity concentrations are expressed as Raeq (in Bq kg™') which
can be calculated by the following expression:

Raeq(Bq kg’l) = Apgy, + 1.43A030,, + 0.077A40, < 370 (15.4)
where, Ass,. , Az, and Agg, are activity concentrations of 2°Ra, 232Th and *°K (in
Bq kg™"), respectively. In our studied area Raeq ranges from 37.02 to 85.71 Bq kg™

(Table 15.1) with a mean value of 66.25 + 13.33 (SD) Bq kg~! (Table 15.3), which
are significantly lower than the prescribed value of 370 Bq kg~! (UNSCEAR 2000).

15.3.2.2 Radiation Hazard Index (H,,)

External hazard index (H ;) has commonly been employed (Agbalagba et al. 2012;
Igbal et al. 2000) to estimate the external exposure, which is defined as follows:
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Aren, Aoz Asog
H. = a <1 15.5
«= 370 T 259 t 1810 = (15.5)

where, Hey is a dimensionless quantity, since the unit of the denominator of Eq. (15.5)
is also Bq kg™, (Farai and Ademola 2005). Corresponding to the upper allowable
value of Raeq, the highest permissible value of Hey can be <1 (Merdanoglu and
Altinsoy 2006). Tables 15.1 and 15.2 provide the Hex for the beach sand and soil
samples of our study, varying from 0.100 to 0.231 with an average value of 0.179 +
0.036. All the calculated values of He are less than 1, which implies that this island
is radiologically safe for the local inhabitants as well for the tourists.

15.3.2.3 Absorbed Dose Rate (D)

The geographical characteristics govern the distribution of radiation exposure in a
given place. Following UNSCEAR (2000) guideline, NORMs are supposed to be
homogeneously distributed and the absorbed dose rates (D)owing to the terrestrial
gamma radiations (from??Ra, >*>Th and °K) at 1 m above the ground level for
public can be estimated using the following Eq. (15.6):

D(nGyh™") = 0.462A226,, + 0.621A032,, + 0.0417Agg, (15.6)

where, 0.462, 0.621 and 0.0417 are the respective dose conversion factors trans-
forming the radioactivities of NORMsinto dose rates (in nGy h™!). The D-value in
air owing to the NORMs in the beach sand samples of our studied area range from
17.71 to 40.99 nGy h™! with a mean value of 32.18 nGy h™! (Table 15.2), which
are significantly lower than the permissible value of 55 nGy h™!for the public (Table
15.2) as prescribed in the UNSCEAR (2000). To pictorially represent the spatial
distribution of cumulative contribution of NORMs, in Fig. 15.3d, absorbed dose
rates are shown by IDW map.

15.3.2.4 Annual Effective Dose Rate (Ey)

Two aspects should be considered while calculating Eg in outdoor (UNSCEAR
2000)-(a) the conversion factor from absorbed dose in air to the effective dose
(0.7 Sv Gy‘l) and (b) the indoor occupancy factor (0.2). Therefore, the E¢ (in mSv
y~!) can be estimated by using the succeeding relation (15.7):

Ee 1y -1 -1 ;mSv -1
g(mSvy ) = D(nGyh ) x 8760hyr— x 0.7 x [ 10 0 nGy " x 0.2
(15.7)

Considering 8760 h as the total number of hours per year, the estimated Eg from
the beach sand samples vary from 0.022 to 0.050 mSv y~! with an average value of
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0.040 £ 0.008 mSv y~! which are significantly lower than the quoted world mean
value of 0.07 mSv y~! (Table 15.2).

15.3.2.5 Excess Lifetime Cancer Risk (ELCR)
The ELCR can be computed by the following Eq. (15.8) (ICRP 1990):
ELCR = Eg x ALT x RF (15.8)

where, average life time (ALT) is assumed to be 70 years and the risk factor (RF) is
5.0 x 107 for the public exposure (ICRP 1990). In this study, the computed values
of ELCR for exposure to beach sand samples were found to be varied from 0.76 x
10 to 1.76 x 107* with an average value of 1.39 x 10 4 0.27 x 10~ (Table 15.3),
which are considerably lower than the average for world value 2.90 x 10* (Table
15.2). All the estimated radiological hazard indices are within the permissible limits.
In terms of radiological safety, it can be concluded that the samples from St. Martin
tourist area do not endanger human health and threat to the ambient environment.

15.3.3 Correlation Matrix Analysis

To identify the source of radionuclides and their relationship with the radiological
hazard indices, the calculated correlation coefficients are appeared in Table 15.4. In
the current work, a significant positive relationship was found among the measured
radionuclides and risk indices which suggested that the emission of gamma radiation
is from all radionuclides. While the determined radionuclides show a weak degree of
association or insignificant correlation among them. It indicated that >*Ra and 2**Th
decay series exist in different mineral suites/rock types in the beach sand samples
and differences in geochemical behaviors of these radionuclides were assumed.

Table 15.4 Mutual correlation matrix of radionuclides and sand properties of the St. Martin’s
Island, Bangladesh

226Ra 232 40K Ragq Dose
226Ra 1
2327 0.16 1
40
K 0.259 0.223 1
Ragq 0.596" 0.764 0.688" 1
Dose 0.593" 0.726™ 0.735™ 0.998"" 1

* Correlation is significant at the 0.05 level (2-tailed)
** Correlation is significant at the 0.01 level (2-tailed)
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15.4 Conclusion

This study reveals the distribution of ionizing radiation emitting NORMs (**Ra,
232Th and “°K) in the beach sand and water of and around the only coral reefed island
in the Bay of Bengal for the first time. Artificial radionuclides (***Cs, '37Cs) have
not been detected in the present study. Activity concentrations of the radionuclides
are almost homogenously distributed across the island. The results of this study
are assessed to check the compatibility of international and national values. Unlike
the high background coastal areas of the world and the Bay of Bengal, activity
concentrations of coastal areas of the St. Martin’s island is significantly low and
are within the limit of UNSCEAR (2000). Coral reefs of this island are assumed to
obstacle the gathering of wave resistant heavy minerals (which are enriched with the
NORMEs). The estimated radiation hazard parameters including radium equivalent
activity (Raeg), radiation hazard index (H,y), absorbed dose rate (D), annual effective
dose rate (Eg) and excess lifetime cancer risk (ELCR) are lower than the admissible
recommended limits. Results of this study will form reference data for the only coral
reefed Island in the Bay of Bengal and will be considered as the baseline data for the
future works.
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