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ABSTRACT 

R ~ S U M F :  

The activity concentration of natural and anthropogenic radionuclides in soil and 
rock, and in benthic algae, corals and oysters across the St. Martin’s island of 
Bangladesh were investigated together with physicochemical parameters and 
texture of soi1 with an aim of evaliiating the radioecology of the island. Soi1 and rock 
samples froni the twenty-two locations of the island, eleven species of benthic al ae, 
six species of corals and two species of oysters were analyzed. The activity of ”Ra 
in soi1 was found in the range of 7.22-103.8, in benthic algae 2.5-9.7, in coral 5.5-10 
and in oyster 4.2-11.5 Bq kg-’. The activity of 232Th in soi1 was found in the range 
of 14.56-216, in benthic algae 1.3-12.6, in coral 4.4-15.6 and in oyster 3.2- 
8.4 Bq kg-’; and the activity of “K in soi1 was in the range of 322-732, in benthic 
algae 17.1-45.5, in coral 21-146 and in oyster 24-32 Bq kg-‘. The external radiation 
dose rate due to activity concentration of natural radionuclides in soil was assessed. 
The activity of anthropogenic I3’Cs was found below detection limit. 

La radioactivité dans l’environnement de l’île Saint-Martin, Bangladesh. 
Nous avons étudié la concentration de l’activité de radionucléides anthropogéniques 
dans le sol et les roches, dans les algues benthoniques, les coraux et les huîtres de l’île 
Saint-Martin, Bangladesh ; en même temps, nous avons considéré les paramètres 
physico-chimiques et la texture du sol, le but étant d’évaluer la radioécologie de l’île. 
Nous avons analysé des échantillons du sol et de roches venant de 22 endroits de l’île, 
onze espèces d’algues benthoniques, six espèces de coraux et deux espèces d’huîtres. 
Nous avons trouvé que l’activité de ”‘Ra dans le sol était dans la fourchette de 
7,22-103,s Bq kg-’, dans les algues benthoniques de 2 5-9,7, dans le corail de 5,510,  
et dans les huîtres de 4,2-11,s. En ce qui concerne ’”Th, nous avons obtenu dans le 
sol la fourchette de 14,56416, dans les algues benthoniques 1,-3-12,6, dans le corail 
4,&15,6, dans les huîtres 3,244, toujours en Bq kg-’ ; l’activité de 4”K se situait 
dans le sol entre 322 et 732 Bq kg-’, dans les algues benthoniques entre 17,l et 453,  
dans le corail entre 21 et 146, dam les huîtres entre 24 et 32. Nous avons mesuré le 
débit de dose, pour le rayonnement externe dû à la concentration de l’activité des 
radionucléides naturels dans le sol. Nous avons constaté que l’activité du I3’Cs 
anthropogénique est au-dessous de la limite de détection. 

1. Introduction 

St. Martin’s Island is a coral rich island of Bangladesh, lies about 12 km off from 
the main land of Bangladesh towards south, situated between 92” IS’E-92’2 I’E 
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Figure 1 - Shrdy area and sampling locations of Si. Martin's island of the bay of Bengal, Bangladesh. 

Région éhrdiée et emplacements des échantillons de l'île Saint-Martin, baie du Bengale, 
Bangladesh. 

longitude and 20"34"-20"38'N latitude in the north-eastern part of the Bay of 
Bengal (Fig. 1) .  The island presents a variety of physiographic features-rocky 
platform, sandy beach, sand dunes, a lagoon, marshes, a tumble, crenulated 
shoreline and coral clusters. The rocks are made of argillaceous limestone, 
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calcareous sand Stones, fossiliferous conglomerates and coralline limestone and 
are lie in the form of a thin sheet and also in the shape of big rough boulders 
(Chowdhury et al., 1992). The island exposes a sequence of marine sedimentary 
rock ranging in age from the late Miocene to recent. The fossiliferous marine 
horizon, the southern part formation presumably of late Miocene age, is the most 
important and is overlain by coquina bed of Pleistocene age, and alluvium and 
beach sands of Holocene age. Fishing in the reefareas is one of the main economic 
activities. People of the island use the fossil coral as buoy and building material 
thus destroying the fossil coral, on the other hand living corals are extracted for 
being sold as show pieces. Local people are exploiting large quantity of coral every 
year for commercial purposes. Reef is under threat of destruction as a result of 
human activities like agricultural practices, destructive fishing methods, tourist 
activities and extraction of rocks etc. It is evident that bivalve mollusks have been 
the most commonly used bioindicators to date, because bivalves confirm well to 
the basic prerequisites of an indicator species, are often consumed as seafood, and 
are ubiquitous in most coastal marine ecosystems. Mussels, oysters and clams are 
the species most frequently chosen, and their use has lead to “Musse1 Watch” type 
pollution monitoring programs throughout the world. Macro (Benthic) algae, 
which enter the human diet, consist of Rhodophyceae (red), Chlorophyceae 
(green) and Phaephyceue (brown) species, red and green algae are directly 
consumed in many countries, but brown algae are largely taken for conversion into 
alginates. There are exceptions, some Phaephyceae are consumed in China, Japan 
and other far-eastem countries, but probably not in large quantities. 

The present work initiate a environmental radioactivity assessment program 
for St. Martin’s island of the bay of Bengal, with the aim of establishing a baseline 
map of radioactivity background levels in the island environment. The activity of 
radionuclides in soil and rock, algae, coral and oyster collected from the island 
were studied in respect of physico-chemical parameters of the area. 

2. Materials and methods 

2.1. Collection andpreparation of sample 

Soi1 and rock samples were collected from the 22 stations of the island at a depth 
of 1.5 cm from the surface using a soil corer. The samples were weighed and 
transported to the laboratory in sealed plastic sample bags. They were air-dried, 
ground and again dried in an oven at 10.5 “C for 24 hours and passed through a 
2 mm mesh sieve to collect the finely powdered sample. The known amount of 
samples were then packed in plastic containers, sealed and kept stand for 4 weeks 
to reach secular equilibrium between the 226Ra and 232Th series and most of their 
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respective progeny. A portion of the soil samples were used for the rneasureinent 
of physico-chernical parameters. Eleven species of seaweed (algae) samples were 
collected from the exposed rock surfaces of the island during the lowest low tide. 
They were washed with clean seawater and kept in plastic bags. The algae later 
rinsed in de-ionized double distilled water to remove much of the adventitious 
salts, dried in oven at 80 "C for 24 hours. The dried product was broken by hand 
into small pieces, ground to a fine powder in a porcelain cup, weighed and packed 
in the plastic containers. During the lowest low tide six species of coral and 
two species of oyster were collected from the intertidal zone at a depth of about 
1 meter with the aid of hammer and chisel. The samples were washed with clean 
seawater, sun-dried and taken to the laboratory for identification, preparation and 
measurement. 

2.2. Measurement 

The detection and measurement of the radionuclides in soil, algae, coral and oyster 
samples were carried out by y-ray spectrometry using 1 1  1 cm3 intrinsic p-type 
coaxial HPGe detector with a relative efficiency of 23% and a resolution of 
1.77 keV (FWHM) for the peak of 1332 keV of 6oCo. The full-energy-peak 
efficiency of the detector was measured using the TAEA reference samples 
IAEAFISH FLESH MA-B-3RN, IAEA-312 soil sample and IAEARG samples 
of uranium, thorium and potassium radionuclides (AQCS, 1995). The y-ray 
energies of 212Pb (238.63 keV), 212Bi (727.17 keV), 208Tl (583.2 keV) and 228Ac 
(338.4, 91 1 and 969 keV) were used to determine the activity of 232Th. The 
y-ray transitions of 2'4Bi (609.3, 1120.3 and 1764.5 keV) and 214Pb (295.2 and 
351.9 keV) were used to determine the activity of 226Ra. The "K and 137Cs 
radionuclides were rneasured from their respective y-ray energies 1 460 and 
661.66 keV, respectively (IAEA, 1989; ICRP, 1983; Ibrahiem rt al., 1995). The 
geornetry of the counting samples was the same as that of the standard samples and 
the counting time for al1 the samples were 50 O00 s. The absorbed gamma dose rate 
in outdoor air due to natural radionuclides from the soil at one meter above the 
surface was estimated using the conversion factor given in UNSCEAR (1988). 

3. Results and discussion 

The physico-chernical parameters viz. pH, salinity, temperature, electric 
conductivity and organic matter in the soil and rock samples are shown in Table 1. 
The activity concentration of 226Ra, 232Th and 4oK in dry weight of soil and rock 
and the outdoor absorbed dose rate at one meter above the ground surface was 
calculated from the activity concentrations of natural radionuclides are shown in 
Table II. The dose rate due to natural radionuclides in soil and rock at one meter 
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TABLE 1 

Physico-chemical parameters and texture of soi1 of the St. Martin's island. 
Paramètres phyyico-chimiques et texture du 501 de l'île Saint-Martin. 

No or Tampling I ( u t i « n \  22 Organii cdrhon, qc O 09-0 10 

No of $ampleu 66 Organic matter, % 0 15-051 

pH ot the \« i l  7 XI -8  7x rand.  % 90 2-99 12 

Salinity [%O)  19.4847 74 Si][, % O 28-3 64 

0 1 2 4 d 5  Electiic conductibit) p î  cin-' 2 6 - 6 6  Claq, % 

above the ground surface is in the range 0.31 mSv a-' to 1.84 mSv a-' with an 
average value of 0.53 mSv a-'. 

in soi1 and rock, the activity concentration of " K  is ranged from 322 f 2 5  to 
732 I 20 Bq kg-' with an average of 480 I 88 Bq kg-'. The lowest value was found 
in the sandy soi1 of the western Coast while the highest value was observed in the 
iniddle of the island. In Our previous works on Cox's Bazar area beach (2 I "25'N, 
92" 1 O'E), the average activity of 40K in soi1 was observed 458.23 i 30.22 Bq kg-' 
(Alam et al., 1999), in the salt pans soil of Cox's Bazar (21"30", 92"O'E), 
Moheshkhali (21 "30'N, 92'55'E) and Chakaria (2 1 "45'N, 92"O'E) was in the range 
of 383 f 35 to 652 I 66 Bq kg-' (Alam et al., 1997a), and in sediments of 
the Karnaphuli estuary (22"20", 9 i "5 1'E) of the bay of Bengal in the range of 
1 18 k 20 to 608 f 76 Bq kg-' (Alam et al., 1997b). 

The activity of 226Ra in soil and rock of the island is ranged from 7.22 f 0.86 
to 103.75 1 6 . 3 3  Bq kg-' with an average of 23.15 f 17.8 Bq kg-', lowest value 
was observed in the eastern Coast, while the highest value was in the western coast. 
The observed value of 226Ra is higher than that of sediments of Cox's Bazar beach 
soi1 which is i-anged from 10.85 k 1.64-27.33 f 2.61 Bq kg-' with an average of 
18.89 f 2.16 Bq kg-' (Alam et ul., 1999), and from the Karnaphuli river estuary 
which is ranged from 5.87 I 1.21-27.85 k 1.71 Bq kg-' (Alam et al., 1997b). 

The activity of 232Th observed in soi1 and rock of the island is ranged from 
14.56 I 1 .S8 i n  Dakhinpara for sandy soi1 to 2 16 f 9.75 Bq kg-' at western coast 
of Siradia area for coastal sand with an average of 45.12 i 38.82 Bq kg-' which 
is higher than that of the activity of 232Th in the Cox's Bazar beach soi1 (36.67 k 
4.26 Bq kg-'; Alam et al., 1999) and in sediment of the Karnaphuli estuary 
(10.44 _+ 2.3 1 to 64.02 f 8.13 Bq kg-'; Alam clt id., 1997b). In soil and rock, the 
activity of '37Cs was below detection limit of 40 niBq kg-'. 
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TABLE II 
Activity of radionuclides (Bq kg-' dry wt) in soi1 and rock of St. Martin's island. 

Activité de radionucléides (Bq kg-' sec) dans le sol et les roches de l'île Saint-Martin. 

I 

2 

3 

4 

5 

6 

7 

X 

9" 
9b 

1IF 

lob 
1 1  

12 

13 

1 4a 

I qb 

15 

16 

17 

1% 

19 

20 

21 

22 

14.91 13 .34  

20.54 i 3.77 

19.95 I 3.96 

26.90 f 3.49 

34.06 f 2.73 

15.81 * 1.90 

10 .84i  1.81 

13.53i l.hE 

28.37 i I .8 1 

19.72 * I .69 

21.37 i 2.40 

22.05I3.71 

13.37 i 3.35 

103.8i6.33 

23.71 f 3.72 

21.57 k 4.0 

14.92 I 29.7 

7.22 I 0.86 

13.52 I 1.82 

22.29 * 1.90 

22.45i3.19 

21.42 13 .26  

20.83 i 2.68 

26.09 i 1 . Y  1 

13.461 1.13 

41.28 * 5.08 

35.85 I 5.39 

29.21 * 4.56 

44.50k 5.21 

67.35 i 3.86 

1537 f 2-45 

17.92 f 2.48 

26.10f2.80 

43.54 * 3.52 

57.54 I 3.02 

49.26 i 3.35 

24.6i i 6.19 

30.68 1 5 . 6 5  

216.0 i 9.75 

71.82I5.60 

26.97 f5 .43  

20.44 * 4.48 

14.56 f 1 .5X 

23.70 f 2.54 

46.98 I 3 . 9 2  

49.43 i 6.02 

39.38 i 4.78 

45.41 i 5.21 

55.73 i 2.06 

34-55 * 2.28 

417 1 2 7  

484 * 28 

425 1 2 7  

409 i 28 

322 i 25 

495 i 27 

460 i 25 

434 f 27 

557 f 30 

410 f 24 

457 I 28 

421 i 25 

497 + 29 

541 -+ 28 

492 1 2 8  

599 * 29 

372 * 24 

565i14  

472 f i 6  

497 f 14 

421 2 f X  

546 I 19 

732 * 20 

358 I 6.4 

587 i 9.4 

0.45 

0.47 

0.40 

0.5 1 

0.64 

0.33 

0.32 

0.39 

0.57 

0.57 

054 

0.78 

0.41 

1.84 

O 69 

0.46 

0.31 

0.32 

0.37 

0.54 

0.53 

0.5 1 

0.62 

0.55 

0.48 

'Soi1 sample, rock sample. 

3.1. Concentration of radionuclides in benthic algue 

For many reasons marine macro algae are excellent organisms for use in 
monitoring programs. Algae are key links in benthic food webs and are of direct 
economic importance to man as well their size and sedentary nature facilitates 
rapid collection of large amounts of material. The activity of 40K in the seaweed 
was observed in the range of 17.1 k 1.045.5 1 4 . 2  Bq kg-' with an average 
of 26.65 19 .32  Bq kg-' of wet weight. Higher concentration of "K was found 
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TABLE III 
Activity of radionuclides (Bg kg-' wet weight) of benthic algae samples of St. Martin's island. 

Activité de radionucléides (Bq kg-' humide) dans des algues benthoniques de l'île Saint-Martin. 

l Griii~ilorio . s p  3.4 i 1.6 2.3 _+ 0.9 17.3_+ 1.2 

2 Dic/yo/a cillolata 4 . 0 i  1.8 1.3 f 0.6 17.1 f 1.0 

3 Dicr?oru dii.horonui 9.0 2.2 9.4 i 2.3 4 I .7 ? 3.d 

4 Dictyoptcris uuswuiiis 6.0 i 2.3 12.6 15.1 45.5 * 4.2 

5 Sirrgu,~suni ilicofilium 4.8 f 1.4 6.2 i 2.4 25.2 i 3.0 

6 SaryussomJÏEipendulu 

1 Pudidina ,si?. 

8 Surgussum ienerimum. 

9.7 f 2.3 3 . 9 i 3 . 1  20.0 i 1.2 

7.3 i 2.2 7 5 i 4.3 28.0 * 3.7 

5.8 i 2.0 3.0 i 5.2 21.2 * 2.2 

9 Hwlroc1uthru.s c1iirhru.r. 8.2 i 2.4 4.4 i 3.7 24.2 I 2.6 

10 Crysymeniu sp, 2.5 i 0.5 5.0 -t 2.3 30 f 3.4 

l 1 Hypiiro .sp. 3.6 I i .2 5.7 f 0.6 23 f 2.2 

in Dictyopteris austruilis. The activity of 226Ra is ranged from 2.5 k 0.5-9.7 i 
2.3 Bq kg-' of wet weight. The lowest activity was found in Ctysymenia sp. and 
the highest activity was found in Snrpssarn filipendula. These species were 
mostly found growing on the boulders and rocks of back rock pools and sheltered 
calm rock pools of the intertidal and sub littoral zone. The activity of 232Th in these 
seaweed's is ranged from 1.3 f 0.6-12.6 I 5.1 Bq kg-' of wet weight. Higher 
concentration was observed in Dictyopteris crustmilis. Table III shows the activity 
concentration of radionuclides present in various species of benthic algae. In algae, 
the activity of 137Cs was below detection limit. 

3.2. Concentration of radionuclides in corals and oysters 

The activity of radionuclides in corals is shown in Table IV. The activity of 226Ra 
I found in coral samples is in the range of 5.5 i 1.4-10 i 1.8 Bq kg- with an 

average of 8.63 I 1.64 Bq kg-', the highest activity of 226Ra was observed in 
P. ckredula..The activity of 232Th in coral i ç  ranged from 4 . 4 I  1.2-15.6 f 
2.5 Bq kg-' with an average of 10 i 3.8 Bq kg-' and the activity of 40K is ranged 
from 21 f 5-146 k 1 1  Bq kg-' with an average of 77.5 k 42 Bq kg-'. The highest 
activity of 232Th and 40K was observed in Cyphustretr seruiliu. 

The radioactivity of oysters is shown in Table V. The activity of 226Ra in 
the oyster shell is ranged from 6.2 k 1.5-1 1.5 i 2.0 Bq kg-' with an average of 
8.85 i 3.75 Bq kg-'. The activity of 232Th in the oyster shell is ranged from 
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TABLE N 
Activity of radionuclides (Bq kg-' dry wt) in coral samples of the St. Martin's island. 

Activité de radionucléides (Bq kg-' sec) dans des échantillons du corail de l ' î le Saint-Martin. 

1 itp/uir<w irun.\wrsu 5.5 * 1.4 4.4 i I .2 68 I 6 

2 Faviites katicwa 9.9 i 1.7 9.5 * 1.5 7 4 i 8  

3 Platj,gyru ,\irien.\i.y 8.8 I 1.8 I I .h * 2.0 96 i 8 

4 Gonimtren syp. x.9 * f.2 7 . 9 I  1.8 21 i5 

5 Pdurdula l o i  1.8 11.0 i 2.1 60 i 7 

6 Cyphrrîfreo serailia 8.6 i 1.7 1 5 6  * 2 5  1 4 6 I t l  

TABLE V 
Activity (Bq kg-' dry weight) of oyster samples of the St. Martin island. 

Activité (Bq kg-' sec) d'échantillons d'huîtres de i'ûe Saint-Martin. 

Cru.wo.,treu .sy. 

1 shelf 

2 soft tissue 

Succo.sirea ~ p .  

1 skll 

2 sofl tissoe 

11.5 f 2.0 7.7 I 1 . 5  24 i 3.1 

4 . 2 i  1.0 3.2 * O . ?  30* 1.7 

6.2i 1.5 4.4 f 1.2 28 * 3.5 

4.6+ 1.2 8.4 * 1.8 32 i4.0 

5.4k 1.2-7.7 I 1 .5 Bq kg-' with an average of 6.55 I 1.63 Bq kg-' and the activity 
of 4"K is ranged from 24 f 8.6-28 I 9.5 By kg-' with an average of 2 6 1  
2.83 Bq kg-'. The activity of 226Ra in the soft tissues is in the range of 4.2 I 
1.04.6 I I .2 with an average of 4.4 I 0.28 By kg-', 232Th in the soft tissues is 
ranged from 3.2 I 0.7-8.4 I 1.8 Bq kg-' with an average of 5.8 13.68 Bq kg-' and 
the activity of "K is ranged from 30 I 3.7-32 1 4 . 0  Bq kg-' with an average of 
31 I 1.41 By kg-'. 

4. Conclusion 

The activity concentration of naturally occurring radionuclides observed in the soi1 
and rock of the St. Martin's island was within the range of world value published 
in the UNSCEAR (1988). Low level of activity concentration of naturally 
occurring radionuclides was observed in the samples of algae, corals and shell and 
soft tissues of oyster of the island. The activity of anthropogenic I3'Cs was not 
observed in any of the samples of soil, rock, algae, corals or oyster of the island. 
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