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Abstract 

Measurements of Terrestrial Gamma Radiation, Primordial Radionuclides and Gross Alpha were made in 
sediment sample collected from Athangarai Estuary (9'20'41.99"N - 78'59'55.92"E) in Palk Strait. Water, 
sediment and selected biota were subjected to 210Po determination. The Terrestrial Gamma radiation level in 
the estuary was 9.4k 3.0mRlh. The Primordial radionuclides levels in the estuarine sediment are 238U (0.9 Bql 
kg), 232Th (8.45 Bqlkg), 40K (289 Bqlkg). The Gross Alpha level in Athangarai Estuary was 6.4 mBq.g-I. In 
water, dissolved concentration of 2'0Po was found to be 1.2 mBqIl and in sediment (6.3 Bqlkg). Sediment 
samples of six different sizes grain ranging from 50 pm to 900 pm were subjected to analysis. Particles of 900 
prn registered activity between 6.9 Bqlkg and 186 Bqkg. The highest activity of 210Po 6.3 Bqlkg was in the 
upper layer sediment (0-5cm) and 5.3 Bqlkg at 5-10 cm and 3.8 Bqlkg at 10-15 cm. The 210Po activity in 
the biota was within the range of 12.3 and 345.8 Bqkg. The bivalve mollusc Meretrix casta of the estuary was 
identified to concentrate higher level of 2'oPo in their soft tissues, suggesting that it could be used as a sentinel 
organism for "'Po in an estuarine system. The significance of the results are discussed. 

Ecologists are concerned with the increasing radiation 
load reaching the environment both from the natural and 
artificial sources. Ionising radiation has been considered 
as an environmental hazard since the beginning of life on 
earth. The major contribution (97.7%) to the radiation 
exposure for mankind comes from natural sources. These 
include external sources such as cosmic rays and radiation 
from primordial radionuclides ('3sU and 232Th) and their 
decay products in the environment. In the recent years, 
there has been an upsurge of interest on the magnitude 
and variation of exposure of populations to radiation 
origin. 

Polonium-210 is an alpha emitter belonging to natural 
Uranium-238 series with a half-life of about 138.4 days. 
The main source of 'loPo entering into the environment 
is the exhalation of ?"Rn from the earth crust and its 
subsequent decay in the atmosphere resulting in "OPo 
deposition on the earth surface by rainout or fallout (Abe 
and Abe, 1980). The estuary plays a dominant role in the 
transport of heavy metals, pesticides and radioactive sub- 
stances from land to sea through the river. Most inves- 

of a study on bioaccumulation of Z1OPo in the abiotic and 
biotic components of an estuary. 

Materials and methods 

Athangarai Estuary (9'20'41.99"N- 78'59'55.92"E) 
is situated in Palk Strait 16 km east of Ramanathapuram 
(Tamilnadu) in the east coast of India and Vaigai River 
confluences with Palk Bay through this estuary. 

Samples of water, sediment, plants, seaweeds, crus- 
taceans, gastropods, bivalves and fishes were collected 
from the sampling sites of this estuary. The biological 
samples were washed thoroughly with distilled water to 
free them from attached sandlsilt. The soft tissue and 
muscle were separated from the specimens collected. The 
wet weights of the samples were recorded and then dried 
in an oven at 1lO"C overnight to obtain the dry weights. 

Primordial radionuclides and terrestrial gamma radia- 
tion were measured by Hyper Pure Germanium detector 
(HPGe) and terrestrial gamma level measurement by 
Scintillometer respectively. 

tigations on the distribution of natural radionuclides are Polonium-210 was estimated by the standard tech- 
limited to marine ecosystem and similar work on estuarine nique of acid digestion, spontaneous deposition of ?'OPo 
system is scanty. The present paper discusses the results from an acid solution on to both sides of a polished silver 
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disc, and counting in an alpha counting system (Flynn, 
1968). Deposition efficiency of "'Po on sea water and 
biological samples varied from 95 to 100 % with an 
average efficiency of 98 + 2%. 

Results and discussion 

The investigation on the gamma radiation level in 
Athangarai Estuary was 9.4k 3.0 pR/h. The "'Po 
concentration in estuary sediment was 6.3 Bqkg. On 
reaching water the radioisotopes of biologically essential 
elements spread rapidly to the sediment and biota. The 
""Po rich sediment therefore serves as a vital link in the 
transfer of 210Po from water to the living systems. The 
higher "'Po activity in the sediment samples may be 
attributed to the accumulation of organic,debris and par- 
ticulates which in general are enriched sources of ?I0 Po. 
The distribution co-efficient (Kd factor) evaluated for 
sediment was 5.2 x lo3. This is indicative of high 
affinity of "'Po to organic and mineral fractions of the 
sediment as also reported by other investigators (Cherry 
and Shannon, 1974; Skwarzec, 1988). Attempt was 
made to study "O Po concentrations in relation to different 
sediment size and depth (Tables 1 & 2). Sediment samples 
of six different grain sizes ranging from 50 pm to 900 pm 
were subjected to analysis. It was observed that each 
particles of 900 to 200 registered activity between 6.9 
and 26.2Bqkg. Higher activity of 186 Bqkg was in the 
smallest particle size of 50pm. 

The maximum activity was observed in the depth 
range of 0 to 5 cm and the activity decreased with increas- 
ing depth (Table 2). The highest activity of Po (6.7 
Bqkg) was in the in the upper layer of the sediment (O- 
5cm). At Kaiga also the activities of 210 Po and ?I0  Pb 
were higher in the surface soil and decreased with in- 
creasing soil depth and remained constant below 20 cm 
depth (Karunakara et al., 2000) 

Table I."O Po ronrentration in different grain size of 
Athangarai estuarine sediment (n=3) 

Grain Size (pm) Activity (Bq I kg) 

900 6.9 + 2.9 

450 9.5 + 5.1 

Table 2. Depthwise activity of Z'O Po (BqAg) in Athangarai 
estuarine sediment (n=3) 

0 - 5 (cm) 5 - 10 (cm) 10 - 15 (cm) 

6.7 rt 2.4 6.1 1.8 4.1 rt 1.3 

6.3 -+ 2.1 5.8 r 1.2 3.9 r 0.75 

5.9 rt 1.4 4.7 rt 0.95 3.6 -c 0.69 

Range (5.9 - 6.7) (4.7 - 6.1) (3.6 - 4.1) 

Mean 6.3 rt 1.6 5.3 +- 1.3 3.8 * 0.91 

?loPo concentrations in the Athangarai estuarine water 
was 1.2 mBq/l. (Table 3). The dissolved radionuclide 
concentrations in the water are similar to those reported 
by Hameed et al. (1995) for the Kaveri river water (1.02 
mBq1l). The seaweed Padina parvulla (brown algae), 
Ulva reticulata, Enteromorpha htestinalis, (green algae) 
and Cymadocea serrulata (sea grass) registered 12.3 Bql 
kg, 18.0 Bqkg, 15.1 Bqikg, 15.4 Bqkg respectively in 
Athangarai estuary. Among the sea weeds U. reticulata 
(18.0 Bqikg) showed higher activity than the Athangarai 
Estuary. 

The concentration of "O Po in the muscles and 
exoskeleton of the shrimp Fenneropenaeus indicus, crabs 
Scylla serrata and Portunus pelagicus, gastropod 

Table 3. ""Po activity and Concentration ,fartor in abiota 
and aquatic weeds of Atltangarai Estuary (n=3) 

Sample Athangarai Estuary 

2'0Po Activity Concentration 
(Bqlkg) factor 

Water (mBqll) 1.2 * 0.5 -- 
Sediment 6.3 * 0.6 - 
Seaweeds 

Brown algae 

Padina parvulla 12.3 rt 0.3 1.0 x lo4 

Green algae 

Ulva reticulata 18.0 * 1.5 1.5 x lo4 

Enteromorpha 
intestinalis 

Cymadocea 
serrulata 
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Potamides palustris (whole), soft tissue and shell of 
Srrombus canar i~ lm and bivalve Meretrix casta of 
Athangarai Estuary were found to be 112.5 Bqlkg, 90.7 
Bqkg, 40.5 Bqlkg, 18.7 Bqkg, 72.6 Bqkg, 10.4 Bqlkg, 
279.6 Bqkg, 5 1.0 Bqkg, 13.7 Bqkg, 345.8 Bqkg, 45.2 
Bqkg respectively (Table 4). 

Among the aquatic organisms the general pattern of 
accumulation was that ""Po concentrated in soft tissues 
and muscle to a higher degree (20.8 - 345.8 Bqkg) than 
in shells and bones (10.4 - 102.2Bq k g )  in the estuaries. 
It is well known that benthic fauna show unique charac- 
teristic of accumulating radionuclide in their internal com- 
partments by tens of thousand times than those in water 
through various physiological process (Bernhard and 
Zattera. 1974). Among the benthic organisms, molluscs 
in general and mussels and oysters in particular, have 
been identified as sentinel organisms. The soft tissue of 
the bivalve mollusc Meretrix casta of both the estuaries 
concentrated higher level of ""Po than the soft tissue of 
gastropods. The selected gastropods feed chiefly on veg- 

Table 4 .  2'" Po activity and concentration factor in 
crustaceans and trrolluscs qf Atlrangarai Estuary 

Sample Athangarai Estuary 

2'uPo Activity Concentration 
(Bqfkg) factor 

Crustaceans 
Shrimp 
Fenneropenaeics indicus 

Muscle 112.5 + 3.2  9.4 x lo4 
Exoskeleton 90.7 * 4.5 7.5 x lo4 

Crab 
Scylla serrafa 

Muscle 4 0 . 5 r 2 . 1 2  3 . 4 x 1 0 4  
Exoskeleton 18.7 * 1.5 1.5 x lo4 

Porfunus pelagicus 
Muscle 72.6 + 2.8 6 .0  x lo4 
Exoskeleton 10.4 r 1.1 8.7 x lo3 

Molluscs 
Gastropods 
Potamides palu.sfris 

Whole 279.6 + 6.4  2.3 x lo5  
Stronzbus canarium 

Soft tissue 51.0 r 2 .4  4 .2  x 10' 
Shell 13.7 r 1.3 1.1 x lo4 

Bivalves 
Merefrix rasta 

Soft tissue 345.8 + 5.2  2.9 x 10' 
Shell 41.2 r 2.7 3.4 x 10' 

etation whereas bivalves feed on organic particulates which 
are enriched with ""Po. Based on the accumulation pat- 
tern of ?loPo in various invertebrates Skwarzec and 
Falkowski (1988) concluded that accumulation is higher 
in the soft parts. The results of the present study also 
confirm this conclusion. The study also provides evidence 
to suggest that the bivalve M. casra could be used as a 
sentinel organism for 21uPo in the estuaries. 

The ""Po contents in the muscle and bone of fish 
of the Athangarai Estuary are presented in Table 5. The 
concentration of 2'"Po in fish muscle was in the range 
from 20.8 Bqlkg to 181.3 Bqlkg and in bone from 12.6 
to 102.2 Bqlkg. 

Table 5. ? ' V o  activity and concentration factor in Jshes 
qf Athangarai Estuary [n=3) 

Sample ""Po Activity Concentration 
(BNkg) factor 

Plankton feeders 
Sardinella longiceps 

Muscle 181.3 + 4.2 1.5 x 10' 
Bone 102.2 r 2.4 8.5 x 104 

Chanda lala 
Muscle 108 r 4.1 9.0 x 104 
Bone 29.1 r 1.5 2.4 x 104 

Tlzryssa rrralabarira 
Muscle 88.9 + 4.4 7.3 x I04 
Bone 51.7 + 1.5 4.3 x 104 
Carnivores 

Sphyraena barracuda ' 

Muscle 83.9 r 4.3 7.0 x 104 
Bone 37.0 + 2.9 3.0 x 104 

Tarhysurus jella 
Muscle 20.8 + 1.1 I .  7 x lo4 
Bone 12.6 + 0.8 1.0 x lo4  

Muraenesox bagio 
Muscle 76.5 * 3.2 6.3 x 104 
Bone 32.0 r 2.3 2.7 x lo4 
Omnivores 

Liza vaigiensis 
Muscle 44.5 + 3.2 3.7 x lo4  
Bone 33.6 r 2.8 2.8 x lo4  

Scolopsis vosrrleri 
Muscle 30.7 + 2.5 2.5 x 104 
Bone 22.9 =k 2.4 1.9 x 104 

Rlrynclrobatus djiddensis 
Muscle 30.5 r 2.7 2.5 x lo4  
Bone 27.8 + 2.5 2.3 x lo4  

No. of Analyses (n) = 3 
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Among fish, S. longiceps (plankton feeder) showed 
higher activity in Athangarai. Plankton being minute in 
size have a greater surface area and hence exhibit higher 
bioaccumulation of 'loPo. Fishes are potentially a signifi- 
cant pathway for transfer of radionuclides to humans. 
Lower concentration of "'Po in muscle is important in 
humans who consume mostly the muscle of fish. 

The concentration factors (CFs) of "OPo in the biotic 
components of the estuary were in the following range: 

seaweeds: lo3 - lo4 ; crustaceans : lo3 - lo4 ; mol- 
IUSCS: 104 - lo5 and fish: 104 - lo5 

The range of concentration factors were between lo3 
to lo5. Higher CFs are seen for the. soft tissues of 
molluscs as compared with crustaceans and fish. The 
order of CFs reported here for the biota agrees with the 
observations by several authors as indicated by 
Krishnamoorthy er al. (2004). This study provides a 
database on ?'OPo concentration in estuarine. ecosystem 
and in the soft tissues of the animals. 
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