Int. J. Environ. Res., 4(1):99-120,Winter 2010
ISSN: 1735-6865

Environmental Significance in Recent Sediments Along Bay of
Bengal and Palk Strait, East Coast of India: A Geochemical
Approach

Sundararajan, M. " and Natesan, U.?

!National Institute for Interdisciplinary science and Technology, Council of Scientific and
Industrial Research, Thiruvananthapuram — 695019, India
2 Centre for Environmental Studies, Anna University, Chennai- 600 025, India

Received 15 Oct. 2008;

Revised 12 July 2009;

Accepted 22 July 2009

ABSTRACT: The surface sediment samples were analyzed for grain size carbonates (CaCO,) and
organic carbon (OC) to obtain a preliminary view of its environmental conditions near Point Calimere
along the southeast coast of Vedaranyam, India. The total concentrations of major elements namely,
Si, Al, Fe, Ca, Mg, Na, K and P in the surface sediments of Vedaranyam coast are estimated. The
element/Al ratios also are computed. The geochemical analysis for trace elements like Mn, Cr, Cu, Ni,
Co, Pb, and Zn has been carried out for the surface sediments. Normalization with Al values has been
done for all the trace elements and enrichment factors have been calculated. The studies indicate

geogenic origin for most of the elements.
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INTRODUCTION

Study of coastal ecosystem has attracted many
researchers of the world. Sediments are important
carriers of metals in the hydrological cycle and
they effectively collect or release metals into the
surrounding waters; thereby, they can reflect the
current quality of any ecosystem. Geochemical
studies lead to the understanding of the cycles,
fluxes, budgets, sources and sinks of chemical
elements in any particular area. Grain size
parameters provide an insight in to the nature and
the energy flux of the multi-various transporting
agents and their preview of depositional
environment. This helps in analyzing various
processes effecting erosion and deposition. The
earliest report on the sediments of the Bay of
Bengal was presented in a number of papers
(Sewell 1925, 1928, 1929 and 1932). International
Indian Ocean Expedition data on the Bay of Bengal
was presented in the form of an atlas (Wyrtki,
1971). The Bay of Bengal attracted a fair share
of attention with regard to its sedimentation

*Corresponding author E-mail:rajanmsundar77 @yahoo.com

geology, notably the origin and history of the
Bengal sediments (Stewart et al., 1965).

According to Pragatheeswaran et al. (1986),
the sediments off Chennai were more contaminated
by heavy metals and organic carbon than
Visakhapatnam shelf sediments.The enhanced
levels of Cu, Hg and organic carbon were attributed
to input from industrial sources including organo-
mercurial paint industry and oil refineries. Sarma
and Reddy (1988) reported on the distribution of
organic carbon, total nitrogen, total phosphorus and
total amino acids of Visakhapatnam harbor
sediments collected each month during 1986-1987.
Ramanathan et al. (1988) analyzed major and minor
element geochemistry of water, suspended and bed
sediments collected from the upper reaches of the
Cauvery estuary to understand the geochemical
processes in tropical estuarine systems.

Palanichamy et al. (1995) inferred that
industrial effluents pollute the waters of
Arumuganeri region, Gulf of Mannar; they also
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recorded higher suspended solids due to the
discharge of effluents from the chloro-alkalinity
industries and land drainage. Vanmathi (1995)
concluded that heavy metals, especially cadmium,
are significantly higher in Tuticorin coast than in
the other coastal regions, affecting the biota in
the region. Purnachandra Rao et al. (1998) studied
the clay minerals and the influence of source rock
and fluvial input on the shelf sediments of east
coast of India. Selvaraj (1999) recorded elevated
concentrations of Fe, Cu, Hg and Pb in the
Kalpakkam coastal waters and sediments; he
attributed the enriched levels of Pb, Cu, Cr, Cd
and Zn in sediments to mainly anthropogenic input
along the coast and Palar River. Enrichment of
metals in bottom sediments represents a critical
measure of health for any mangrove ecosystem.
Previous studies along Indian coast in mangroves
leaves and sediments were made by many
researchers (Kotmire and Bhosale, 1979;
Ramanathan, 1997; Periakali et al., 2000;
Lakshumanan, 2001 and Sarangi et al., 2002).
Studies in Mullipallam Creek were related with
mangrove seedling, management, mature
mangrove species, and documentation of the
degradation (Selvam 2003 and Janaki-Raman et
al., 2007), but little is known about how
mangroves, or the fauna in mangrove ecosystems
affect the distribution of trace metals. In this paper,
the geochemical parameters of sediments collected
at Vedaranyam are presented.The study area,
Vedaranyam coast, is located along the Southeast
of India and has a reverse “U” shaped structure.
The coastal stretch between Akkarapallivasal
and Muthupet lying between 10°15' N -10° 25’N
latitude and 79° 30" E -79° 55' E longitude was
considered as the study area (Tablel and Fig.
1). The coastal sands of recent age overlie the
Tertiary rocks.The geomorphologic features
observed in this stretch are sub aerial delta, strand
plain, crevasses, chennies, cuspate bars, estuarine
and swamps. The large part of the delta is occupied
by their distributory flood basins comprising brown
and reddish gray silty clay and fine sands. The
coastline of Nagapattinam is straightened by south
bound long shore currents from the Kollidam river
mouth to Point Calimere. From Point Calimere to
further south, the coastline forms a bay. These
soils occur in Nagapattinam taluk covering an
extent of 37 km2. This series consists of very dark
grey brown to dark grey brown soils derived from
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the alluvial deposits. The soils are very deep,
moderately drained, clay to sandy clay loam in
texture with deposits of sand in intermittent layers.
The soils are somewhat saline in nature due to
the influence of tidal waves.

Table 1. Details of Seabed Sampling Stations

Sample Latitude Longitude  Depth (m)
S1 10°24'99" 79°5378" 3.6
S2 10°22'82" 79°53'18" 4.7
S3 10°20'62" 79°5352" 4.7
S4 10°17'92" 79°51'85" 4.0
S5 10°15'62" 79°50'08" 4.0
S6 10°15'66" 79°47'36" 2.9
S7 10°15'89" 79°45'62" 2.3
S8 10°16'19" 79°4373" 2.0
S9 10°16'54" 79°41'69" 2.3

S10 10°17'28" 79°38'69" 2.2
S11 10°18'16" 79°34'69" 2.4
S12 10°19'15" 79°31'63" 2.7

MATERIALS & METHODS

Thirty six surface sediment samples were (12
samples in each season) from 12 stations during
different season’s viz., Pre monsoon, Monsoon and
Post monsoon were collected using Van Veen
grab sampling apparatus by traveling across the
study area, using fiber boat during July 2003,
December 2003 and February 2004 respectively.
The sampler was lowered to the Sea bottom from
an armature extending off the side of the boat, via
winch and cable. Sediment samples were stored
in plastic bags and kept in refrigeration at -4°C
until analysis.

During the first stage of work, sand and mud
(silt + clay) were estimated following the procedure
of Ingram (1970).Carbonate content (CaCO,)
was measured following the procedure of Loring
and Rantala (1992) and organic carbon (OC) was
determined following the procedure of Gaudette
etal. (1974). Major elements (Si, Al, Fe, Ca, Mg,
Na, K, and P) and trace elements (Mn, Cr, Cu,
Ni, Co, Pb, and Zn) were determined after
preliminary treatment and total decomposition of
sediments following the procedure of Loring and
Rantala (1992). The final solution was analyzed
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Fig. 1. Study area

using AAS (Varian Spectra AA220) which is
equipped with a detritum background corrector.
Further standard reference material MESS1 was
used to ensure the quality control and accuracy
of the analysis (Table 2).

The geochemical elements delivered to the
creek are not only from anthropogenic sources
but also by natural flux of elements from the
catchment areas. One of the popular methods to
distinguish the fraction of metals or enrichment
is by normalization with respect to Al (Kemp et
al., 1976; Van Metre and Callender, 1997 and
Loring, 1991). Moreover, Al is successfully and
widely used as a normalizer and it also compensates

for variations in the grain size and composition
because it represents the quality of alumino
silicates which is the most important carrier for
adsorbed metals in the aquatic environments. The
variability of the normalized concentrations is
expressed as enrichment factors (EFs), which is
a ratio of the content of the element in the
analyzed layer to the content corresponding to
the pre-industrial period: EF = (Cx/CAl)s/(Cx/
CAl)c where, (Cx/CAls ratio of concentration
of element x and aluminum in the sample, (Cx/
CAl)c ratio of concentration of element x and
aluminum in unpolluted sediments (Continental
crustal values, Taylor and McLennan, 1985). An
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Table 2. Comparison of MESS 1 values with the
present study

E lements Present MESS1 Recovery (%)
results

SiO, (%) 65.40 67.50 96.89
Al203 (%) 10.34 11.03 93.74
Na,O (%) 2.16 2.50 86.40
K20 (%) 2.15 224 95.98
CaOo (%) 0.67 0.67 99.26
MgO (%) 1.19 1.44 82.64
Fe,05 (%) 3.72 4.36 85.32
P,Os (%) 0.13 0.15 85.62
Mn (mg/kg)  505.20 513.00 98.48
Cr(mgkg) 68.20 71.00 96.06
Cu(mg/kg) 24.80 25.10 98.80
Ni (mg/kg) 28.20 29.50 95.59
Co(mg/kg)  10.40 10.80 96.30
Pb (mg/kg)  33.21 34.00 97.68
Zn (mgkg) 180.37 191.00 94.43

EF around 1.0 indicates that the sediment

originates predominantly from lithogenous material,
whereas an EF much greater than 1.0 indicates
that the element is of anthropogenic origin (Szefer
et al., 1996).

RESULTS & DISCUSSION

The textural characteristics of sediments
collected during different seasons are shown in
table 3.The surface sediments in the study area
during pre monsoon are generally clayey silt in
nature. Sand varies from 0.45 to 31.26% whereas,
siltand clay ranges from 54.58 t0 75.91% and 7.0
to 44.41%, respectively. On an average, sand is
very low (6.90%), silt is very high (62.11%) and
clay is moderate (30.99%). The sedimentary type
in the pre monsoon sample indicates that they are
mostly dominated by clayey silt. All the sediments
except S1 collected during pre monsoon show
clayey silt characteristics with clay ranging from
14.9 to 44.4 % and silt from 54.6 to 64.7 %. The
sediment at S1, which is sandy clayey silt, contains
15.8% sand with clay 22.1 % and silt 62.1%. The
distribution pattern at S4 indicates a high
percentage of sand (31.3%) with 61.8% of silt
leads to sandy silt nature.

During monsoon, a variation of 1.08 — 10.84%
is recorded for sand with an average of 4.09%.
Silt ranges from 46.7- 74.36% with an average of
59.94%. Clay content in monsoon season varies
from18.27 — 52.22% with an average of 35.96%.
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Except at S12, sediments from other stations
during monsoon season show clayey silt
characteristics. The sediments of station S12 are
silty clay with 46.7 % silt and around 1% sand.
The sample of station S1 records a high value for
sand (10.84 %) along with silt 62.46 % and clay
26.7 %. In the sediments from other stations, clay
varies from 18.27 % (S3) to 42.14% (S7). During
monsoon the distribution pattern is more or less
similar to that obtained for previous season, except
for a general increase in silt and clay content
attributable to additional sediment input from
river.Sand content in the post monsoon varies from
0.18 -25.16% with an average of 6.32%; silt
recorded an average of 63.35% with the range of
49.65 - 75.31%); clay content averaged to 30.33%
with a range of 8.98-50.11%. The sediments
collected during post monsoon season from
different stations indicate sandy silt characteristics
in stations S4 and S6 with sand content of 21.24%
and 25.16% respectively. All other stations point
out clayey silt characteristics with clay varying
from 18.04 to 50.11 %. Sand percentage is very
low in stations S8, S9, S1land S12.

Comparing the seasonal data on sediment
characteristics, it is seen that the characteristics
has changed at station S12 from clayey silt to silty
clay during monsoon season as this station is
located near Muthupet creek. Sand content is
more in stations S4 and S6 during post monsoon
season. Similar trend is observed during pre
monsoon also. At stations S1 and S2, the sandy
clay characteristic has changed to clayey silt type.
During monsoon season, the sand content is more
in most of the stations. The inflow of riverine input
might have changed the sediment nature during
monsoon. The distribution pattern is more or less
the same except for a general increase in silt
content attributable to additional sediment input
from river. The calcium carbonate and organic
carbon contents in the surface sediments collected
during different seasons from the study area are
givenin Table 4. The ranges of calcium carbonate
are 0.20 to 3.40%, 1.20 to 5.81%, and 2.60 to
6.61% with an average of 1.51%, 2.78% and
4.04% in pre monsoon, monsoon and post monsoon
respectively .When compared to pre monsoon
values, CaCO, content is higher during monsoon
and the highest during post monsoon season. The
station S12 (silty clay) records a maximum of
CaCO, during monsoon and post monsoon.
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Calcium carbonate in shelf sediments may be
derived as carbonate materials and particulate
matter from adjacent landmass, and through
inorganic and organic precipitation from the water
column. The major sources of carbonate in the
sediments of the study area are the shells and
broken shell fragments of organisms, mollusks and
also due to dilution of biogenic calcite by detrital
material in the sediments. Similar observations
were made by Sebastian et al (1990), in their study
on sediments of Mahe estuary, West Coast of
India. The association of sand particles with
CaCO, indicates the major contribution of shell
fragments to the sand fraction. The study of organic
carbon (OC) in the estuarine environment is
important for predicting the impact of
contamination. OC concentration varies from 0.41
t0 2.83% during pre monsoon, 0.05 to 1.83% during
monsoon, and 0.05 to 6.14% during post monsoon.
The OC content is less than 1% during monsoon
season in most of the stations except at stations
S11 and S12. OC content is high during post
monsoon and low during pre monsoon seasons.
Subba Rao (1960) revealed that the shelf sediments
of the east coast of India (Krishna and Godavari
basins) are very fine in nature, but show very low
organic matter in the silts and clays. The high
organic carbon content in the sediments of the
riverine part of the creek is due to fine nature of
the sediments and high rate of sedimentation.The
total elemental concentrations of major elements
viz. Si, Al, Fe, Ca, Mg, Na, K, and P in season
sediments of Vedaranyam coast are depicted in
Table 5.Si is one of the most abundant elements in

the earth’s crust and is the major constituent in
most rock forming minerals. Similarly in
sediments, it is present in quartz, feldspars and
clay minerals and as a wide variety of heavy and
light minerals. Analytical results of SiO, in seabed
sediments indicate that the detrital quartz present
in the study is more or less evenly distributed.
The mean concentration of Si during pre monsoon,
monsoon and post monsoon are 29.65%, 29.29%
and 29.64% respectively. Si concentration varies
from 27.04 to 33.42 % with a maximum at S8 in
different seasons. No significant variation in Si
content is observed in the three sampling periods.
Al is the third most abundant element in the earth’s
crust and is often associated with the broad
classification of minerals called alumino silicates.
These include the common sedimentary minerals
phyllosilicates, feldspars and amphiboles; Buckley
and Cranston (1991) inferred that the variation of
Al in sediments might be associated with changes
in the clay mineral content or with the content of
feldspars in the sediment. Estimated results of Al
in pre monsoon, monsoon and post monsoon have
mean values of 8.56, 8.71, and 8.65% and ranges
from 6.05 -10.48%, 7.08 — 10.62% and 7.19 —
10.73% respectively. Seasonal variation in Al
concentration is not much in sediments of the
study area. The higher concentration of Al in
the sediments could also be due to the
contribution from detrital mineral grains supplied
through the Marakorayar and Karalaiyar rivers
in addition to the precipitation of their dissolved
species under the prevailing estuarine condition.
This removal of dissolved river - borne aluminum

Table 4. Calcium carbonate and Organic carbon in Seabed sediments

Calcium Carbonate % Organiccarbon %
Pre Post

Station monsoon Monsoon monsoon Pre monsoon Monsoon Post monsoon
S1 2.50 3.13 3.20 1.02 0.05 2.99
S2 2.50 2.00 5.60 1.05 0.16 2.88
S3 1.88 2.40 3.10 1.32 0.10 2.93
S4 1.40 1.60 5.60 041 0.84 0.05
S5 1.00 1.20 3.00 1.04 0.58 3.19
S6 0.20 2.60 3.60 1.47 0.79 6.14
S7 1.60 1.80 2.60 2.83 0.79 5.31
S8 0.40 2.40 3.00 155 0.31 3.19
S9 0.20 2.60 3.20 2.34 1.05 413
S10 1.20 3.60 3.20 1.82 0.94 5.60
S11 1.80 4.20 5.80 2.06 1.83 5.95
S12 3.40 5.81 6.61 1.77 1.68 6.09

Mean 1.51 2.78 4.04 1.56 0.76 4,04
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by coagulation in the coastal areas is common
(Coonley et al., 1971; Holiday and Liss, 1976;
Sholkovitz, 1976 and Boyle et al., 1977).

Sodium is one of the poorly documented
elements in the marine and estuarine sediments
of the Indian coast. Sodium concentration in
surface sediments collected during the pre
monsoon varies from 2.43-5.39%, the average
being 3.41%. Monsoon records an average of
3.53% with the concentration varying from 2.46-
5.33% and post monsoon show an average of
3.82% with the variation from 2.65-5.44%.
Seasonal variation for Na concentration ranges
from 3.41 to 3.82 % with maximum during post
monsoon. Potassium is a common rock-forming
mineral and is associated with non-carbonate
minerals in the coastal sediments. The more
specific common mineral association of K is with
the mica minerals and potash feldspars. Pre
monsoon samples in the study area record an
average of 1.00%, 1.05%, 1.53%, with the
variation from 0.39 — 1.64%, 0.68 —-1.41%, and
0.36-2.56% in pre monsoon, monsoon, and post
monsoon respectively. The concentration of K in
S7 and S8 is below 1 % and is the highest at S6
during post monsoon.Ca is normally present in
silicate minerals at very low levels of 1%; hence,
its contribution to sediment composition from
detrital silicate minerals is relatively minor. The
minor source of CaO in the sediments is from
calcium rich shell material contributed by marine
life. The larger shell fragments of more than 2
mm size were removed by sieving before analysis;
hence, the contribution of Ca by shell fragments
is substantially minimized. However, whole of the
samples were used for CaCQO, determination and
so the total CaCO, content of the sample is much
higher than the Ca content in the sample. Estimated
concentration of Ca in pre monsoon shows an
average of 4.27% with a variation of 2.62-6.20%;
in monsoon it varies from 2.18-5.15% with an
average of 3.91%; and in post monsoon, Ca
records an average of 3.85% and ranges from
2.75-7.32%. The highest Ca concentration is
recorded at S6 during post monsoon and pre
monsoon seasons. During monsoon a maximum
of 5.15% is recorded at S8. The concentration of
Ca in the surface sediments is mostly of biogenic
origin and mainly attributed to the abundance of
skeletal components, which are dominated by
mollusks, bryozoans, and foraminifers and, to a
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certain extent, to the inflow of seasonal rivers that
enrich the Ca content.

Mg is present in silicate minerals at less than
1% concentration to as high as few tens of
percent. In detrital silicate sediments, the Mg
content is usually associated with certain phyllo-
silicates such as chlorites. Analytical results state
an average value of 0.11% in pre monsoon, 0.13%
in monsoon, and 0.10% in post monsoon. Mg in
the samples varies from 0.04-0.22%, 0.07-0.23%,
and 0.06-0.19% in pre monsoon, monsoon and post
monsoon. The concentration is below 0.25%.
Compared to other seasons, the Mg is found very
much less during post monsoon season. Fe can
be combined with a variety of anions to form
complexes and minerals. The common mineral
forms are present as silicates, oxides, sulphides
and phosphates. Under a variety of natural
environmental conditions, Fe also changes its
oxidation state steadily with changes in the amount
of oxygen and variations in pH conditions in the
agueous phases. Hence, this element provides
useful information on the present and past
depositional and environmental conditions
(Buckley and Hargrave, 1989). Analytical results
pertaining to the different seasons in the present
study record an average of 1.56%, 1.54%, and
1.46% of Fe in pre monsoon, monsoon and post
monsoon respectively. It varies from 1.42101.61%
in pre monsoon, 1.46 to 1.62% in monsoon and
0.96 to 1.64% in post monsoon.The iron
concentration in the sediments shows a low value
below 2% in all the seasons at all stations except
at S6 (0.96%). The higher concentrations of Fe in
the sediments are attributable to the contribution
from detrital mineral grains supplied through
adjacent rivers, in addition to precipitation of its
dissolved species. The removal of dissolved river-
borne iron by coagulation in estuaries is more
common (Coonley et al., 1971; Holiday and L.iss,
1976; Sholkovitz, 1976 and Boyle et al., 1977).The
surface sediments clearly show that the
concentration of P is the maximum at S1 in all the
three seasons. In pre monsoon, P concentration
varies from 0.10-0.49% with an average of 0.32%.
In monsoon, it ranges from 0.38-0.77% with an
average of 0.60% during post monsoon the
average concentration of P is 0.65% and it varies
from 0.43-0.83%.

Element/Al ratios of Pre monsoon, Monsoon
and Post monsoon are presented in Tables 6.
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Estimated average values of Si/Al are 3.56%,
3.44%, and 3.50% for pre monsoon, monsoon and
post monsoon respectively. There is not much
variation between the stations during all the
seasons. The mean values of Si/Al during the
seasons are observed to be slightly lower than the
upper crustal value of 3.83 (Taylor and McLennan,
1985). These values are produced due to different
quartz and K-feldspar (Si/Al=3.1) contents relative
to illite (Si/Al=1.7), the variations being induced
by variable texture and amount of opaline silica
(Calvert et al., 1993). In the study area, the
samples with high Si/Al ratios are generally coarse
grained and are manifested by a higher ratio of
quartz and feldspar, as that of clays. A higher
proportion of turbidite sands in these samples are,
probably, the cause for higher ratios. Estimated
Na/Al average in the sample indicates 0.41, 0.42,
and 0.46 in pre monsoon and post monsoon
respectively and the ratios show a variation of
0.30-0.89, 0.24-0.70, and 0.28-0.73 during
different seasons. The Na/Al ratios are slightly
higher than the CCV during all the seasons.
Estimated K/AI ratios in the seasonal samples
indicate average values of 0.12, 0.12 and 0.18 in
pre monsoon, monsoon, and post monsoon
respectively.Estimated ratios for Ca/Al in pre
monsoon vary from 0.29-0.90 with 0.52 averages;
in monsoon it varies from 0.25-0.72 with an
average of (0.47) and in post monsoon it varies
from 0.30-0.99 .The relatively higher Ca/Al ratio
in the pre monsoon is mainly due to the higher
CaCO, content and calcium-rich shell fragments.
According to Zeller and Wray (1956), the high
Ca/Al ratio could also be due to the precipitation
and extraction of CaCQO, separated by organisms
in warm water in tropical regions. This is well
supported by the high Ca/Al ratios in surface
sediments of the present study. Estimated ratios
of Mg/Al in the samples indicate average for pre
monsoon and post monsoon as 0.01 while
monsoon records 0.02.

Estimated average values of Fe/Al are 0.19,
0.18, and 0.17 for pre monsoon, monsoon and post
monsoon respectively. In sediments free from
authigenic Fe-bearing minerals, the Fe,0,/AlO,
ratio is known to be reasonably constant at average
of 0.18, as Fe is held in structural position with
alumino-silicates (Calvert, 1976). Any iron
exceeding the represented average Fe,O,/ALO,
ratio may, therefore, be used as an approximate
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measure of authigenic minerals of iron and iron
oxide coatings (on settling particles). Estimated
P/Al ratios in pre monsoon vary from 0.01-0.06
with an overall average of 0.04 in monsoon, P/Al
ratio varies from 0.04-0.10 with an average of
0.07. Post monsoon records an average of 0.08
and it ranges from 0.05-0.11. The relatively low
P/Al ratios and the lack of relationship between
P/Al and organic carbon suggest that organic
contribution of P in these samples is of minor
importance and that detrital phases mainly control
the P content. These observations correlate well
with earlier studies made on the slope regions off
Mangalore to Ratnagiri on the west coast of India
by Rao and Murty (1990), and on the east coast
by Purnachandra Rao et al. (1998).If S1, S11 and
S12 are excluded, a moderate increase of P/Al
with increasing organic carbon concentration is
observed in the samples. This suggests that P is
at least partly controlled by organic supply. Hence,
an additional P fraction must be present, which is
likely to occur in estuarine samples because of
the supply of detrital phosphorite from the
neighbouring land or shelf.The major element
concentrations can be summarized in the
decreasing order as Si > Al >Ca > Na > K > Fe
> P > Mg. There is not any change in the order
with respect to different seasons.

The concentration of trace elements in the
sediments is shown in Table 7. Mn is mostly found
in trace elements in the lattice structures of most
rock forming silicates or it occurs as major element
in carbonates and oxides. Mn is precipitated as
hydroxides in the estuarine and near shore areas
as the less saline river water rich in Mn mixes
with high saline low Mn seawater. However, the
deposited Mn in sediments are re-dissolved in the
pure water below the surface sediments due to
the biogeochemical processes and it can also
diffuse up to the oxidized sediment interface and
can be precipitated as oxide or oxy-hydroxide
(Buckley and Cranston, 1991). During monsoon
season, Mn records a high concentration of 870
mg/kg at S4, located near the mouth of
Serthalaikadu creek and a low concentration of
451.5 mg/kg at S7 (located between Serthalaikadu
creek and Muthupet lagoon). In post monsoon,
the high and low concentrations are observed at
S8 (583.7 mg/kg) and at S6 (280.6 mg/kg)
respectively. The pre monsoon concentration of
Mn is more than that of monsoon and post
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monsoon. Generally, the concentration of Mn is
high in the study area.

The geochemical reactions, which occur in
near shore sediments, are mostly controlled by the
physico-chemical conditions in the sediment water
complex, in particular the redox potential. Hence,
the low value of Mn at the riverine side and high
value near the lagoonal side are due to the physico-
chemical characters of the adjacent rivers and
wave action. The low input of river flow, stagnant
nature of the water column might control the
distribution of Mn in the Creek. Further, the
relationship between sediment texture and Mn also
indicates the same. The Mn content at the
sediment water interface is found to be highly
variable in the near shore region. Manganese is
very sensitive to variations in redox conditions
around +340 mV and is frequently exchanged
between the solid and dissolved phase if the
environment fluctuates between oxic and anoxic
conditions (Blazer, 1982).The total Cr concentration
in pre monsoon ranges from 6.00-13.20 mg/kg with
an average of 8.19 mg/kg. Monsoon records an
average, slightly lower (7.33mg/kg) than pre
monsoon. S11, located near the mouth of Muthupet
lagoon records a high value of 13.2 mg/kg and S2,
close to Vedaranyam records a minimum value of
6 mg/kg during pre monsoon. During post monsoon
a maximum and minimum of 84 mg/kg and 3.5 mg/
kg are recorded at S4 and S8 respectively. Samples
collected during all seasons revealed the same kind
of distribution pattern. In general, the concentration
of Cr is high near the mouth of the estuary but less
at the riverine end (Akkarapallivasal). Generally,
these near shore sediments show very minimal
concentration of manganese. Globally, the average
concentration of Cr in river-borne solids transported
in estuaries is relatively higher than that of near
shore sediments (Aston and Chester, 1976).

Cu usually occurs in silicates at trace levels,
but may precipitate as a major element in some
specific sulphides, oxides and it also complexes
readily with various organic components. Cu
reveals an average of 34.52 mg/kg in pre monsoon,
28.03 mg/kg in monsoon and 24.98 mg/kg in post
monsoon respectively. Cu concentration varies
from 28.90-41.90 mg/kg in pre monsoon, 20.80-
33.70 mg/kg in monsoon and 12.30-34.70 mg/kg
in post monsoon. High and low concentrations of
41.9 mg/kg at S7 and 28.9 mg/kg at S2 are
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observed in pre monsoon where as a high
concentration of 33.77 mg/kg at S6 and a low of
20.8 mg/kg at S10 are recorded in monsoon. Post
monsoon shows a high of 34.7 mg/kg and a low
of 12.3 mg/kg of Cu at S12 and S4 respectively.
On an average, pre monsoon records the highest
and post monsoon records the lowest. In general,
Cu concentration is lesser than the continental
crustal averages. Globally, the average
concentration of Cu in river-borne solids
transported in estuaries is relatively higher (2500
mg/kg) than that of near shore sediments (48 mg/
kg) (Aston and Chester 1976). The geochemical
reactions, which occur in the near shore sediments,
are mostly controlled by the physico-chemical
conditions in the sediment water complex, in
particular the redox potential.

The average concentration of Ni is 2000 mg/
kg in ultramafic rocks, 130 mg/kg in mafic rocks,
4.5 mg/kg in granitic rocks, 17 mg/kg in soils, 18
mg/kg in plant ash, and 1.5 ppb in fresh waters. Its
siderophile associations are with Mg and Co in mafic
and ultramafic rocks, and Co, Cu and Pb in sulphide
deposits. It is present in mafic minerals. Its
weathering products are Fe-oxides and nickeliferous
silicates. Its aqueous species are Ni** Nickel is
relatively immobile, limited to co-precipitation with
limonite and hydrolysis where pH > 6.5. The
distribution of Ni in igneous rocks is, as for other
metals, generally closely related to the distribution
of Mg and Fe (Rankama and Sahama, 1950). Ni
concentrations in the study area record an average
value of 33.81 mg/kg in pre monsoon, 32.85 mg/kg
in monsoon and 36.55 mg/kg in post monsoon. Ni
concentration of 57.5 mg/kg is recorded during pre
monsoon at S5 with the lowest concentration of
12.06 mg/kg at S6. Ni concentration is the highest
at S5 during all the seasons with the lowest at
S11.0nly during monsoon, S6 shows the lowest
concentration of Ni.

Cobalt is relatively scarce in the earth’s crust.
The average concentration of Co in ultramafic
rocks is 110 mg/kg, in mafic rocks 48 mg/kg, in
granitic rocks 1 mg/kg, in soils 10 mg/kg, in plant
ash 5 mg/kg, and in fresh water it is 0.1 ppb. Its
chalcophile associations are Mg and Ni in mafic
and particularly in ultramafic rocks. It is present
in mafic minerals. Its weathering products are
carbonates and hydroxides, adsorbed and co-
precipitated Mn oxides or, to a less extent, Fe



Environmental Significance in recent sediments

188G 00°¢L G906 S vy 6C'Ly 2814 0097 8LET Sr'vl Ues|iN
05599 08'T19 0,89 S0'Ly 9009 168 0LVT S9°€T S¥'GT Z1s
0T'¢. 09'T. ocel 9Z'6¥ 6209 6CEY 06'GT SreT 0G'eT T1S
09°¢. or'T. 0S'T. ET'LY €978 Z6'TS 0g'ST 90T 988 0TS
0,09 0€0. 0082 90°0§ ZTes 29'¢s 05'¢cC 0291 G091 6S
0C'v8 00'T. 0¢'68 €61y AR4S GGy 0T'¥T 096 ST'8T 8S
0095 0689 06'¢6 S8'Ly €597 L8TY SLcT 0867 0L0¢ LS
0L'Ly 0,99 06'G. €0y G8'Ge (4R S0'Ge GG'S g8'8 9S
06'GS 0769 0v'6. 0T'T¥ 6T v ey S'1¢ Ga'ee ggee GS
oLey 0989 060L L6°L€ 198y T9'Gy ST 067¢CT Sv'eT ¥S
0S'vv 0C'66 06°€6T STy Z6°ey 8 vy G.'9 Geel 08'6T €S
00'8¥% 08'G9 08'68 €GEY T0'EY 8¢y 00'GT Sr¢T GL'6 Zs
0S'¥S 09'6. 0€'e0T €61y 19'7¥ 9¢'6¥ §T'eC ST'GT 0s'L TS
wd W 1d wd N 1d wd N 1d uonelis
By /6w uz f/Hw ad B>/Bw 0D
659 gg8'¢ce 18'ce 86°17¢ €0'8¢ ¢Sve S6¢CT el 678 29'99% Si" /85 67079 uesiy
¢8°6¢ ¢19¢ 91'9¢ 0L'vE 0Lce 099¢ 099 069 0.8 0G6'8¢S 09°TES 0T8¢9 ZT1s
e LT Y9'eT 89'/¢ 0c'8¢ 06'¢ce ocee 0g9 08°.L 0C’eT 09°¢8¥ 09°/G¥ 0S'eLy T1S
8v7'9¢ 8L¢ce 8607 0S°G¢C 08'0¢ 0T'TE 0L's S7'9 ST9 0Tv¢s 0¢°€95 07'6€9 0TS
76°8¢€ ¥2'Ge re'Ge 06°8¢ 00'G¢ 0S8'TE Sv'9 GL'9 069 0¢'1¢Y 09°2sS 0T'899 6S
20°TE ¢ele 0t'6¢ 08°0¢ 0g'ce 0G'9¢ Sv'e Ge'L 08°L 0.°€8S 0" LvS 0T'LS9 8S
8L°€EE 800¢ cLve 09°G¢ ogce 06TV 0.8 0g'6 078 05'60S 0S'TS¥ 0t'L99 LS
9¢'1¢ 9g°/¢ 90¢T 09°¢c 0L¢ce ocee Sv'6 g8'8 00¢T 09°08¢ 09°69. 09’109 9S
00°T9 0¢'LS 09,5 0T'9¢ 00'6¢ 08'L€ S8'8 GL'6 G9°L 0T'LSY 0G°8¢. 09't¥9 GS
00°Gy 0€'Ty vL0v oe'cr 0G6'9¢ 00¢ce 008 06'9 069 00°0SY 00°0.8 0L'2SS ¥S
00°v€ 0€o0¢g ¢eee 00°G¢ 0§'.¢ 09v¢E ocy 009 0S°L 0C'sey (0 T4 0€209 €S
00°2y 0¢'8¢ /AWAS or' LT 0g'ee 06'8¢ ST9 0L'S 009 og'eoy 0S°0TS 08'€V9 Zs
00°8¢ 0e've Z¢91¢e 0L'T¢ 0T'6¢ 06'9¢ SG'g ST'9 Ge'L 09°TTS 0G'T€S oY L¥S TS
wd N Ad wd N Ad wd N Ad wd W Ad uoneis
B /6w IN B /6w nO Bybw 1D Bx/bw U

SIUBWIPAS Pagess 8y} Ul Siuswia|e soel] /. a|qel

110



Int. J. Environ. Res., 4(1):99-120,Winter 2010

oxides. Its aqueous species are Co?* and organic
complexes. Cobalt is one of the more important
trace elements in animal nutrition. Mobility of Co
is intermediate, controlled mainly by adsorption
and co-precipitation with Fe and Mn oxides. During
pre monsoon Co concentration ranges from 7.5
mg/kg to 22.35 mg/kg at S5 the average being
14.45 mg/kg. Monsoon shows a range of 5.55
mg/kg at S6 to 23.55 mg/kg at S5 with an average
of 13.78 mg/kg. During post monsoon the high
and low concentration of 25.05 mg/kg at S6 and
5.25mg/kg at S4 occurs with an average of 16
mg/kg. There is not much variation in average Co
concentration (13.78 to 16 mg/kg) during different
seasons.Cobalt levels in surface sediments
collected during three seasons and the
corresponding average values are listed in Table
7. When compared with the average value of shale
(19 mg/kg), Bulk Continental Crustal value (29
mg/kg) (Taylor and McLennan, 1985), and upper
continental crustal value (17 mg/kg) (McLennan
2001), cobalt concentration is less in the sediments.
The concentrations of cobalt in granites (1 mg/
kg), basalts (35 mg/kg), soil (8 mg/kg), limestone
(0.1 mg/kg) and sandstone (0.3 mg/kg) (Bowen,
1979), which are the main lithogenic sources for
metals in marine and marginal marine sediments,
are compared with the results of the study area.
The comparison shows that Co concentrations in
the samples of the study area are lower than the
values of the geological source materials for the
marine sediments. This indicates that the
concentration of Co present in the sediments of
the study area is associated with lithogenic origin
with little contribution from external sources. The
concentration does not vary much. However,
maximum values are observed at the S5. Aslight
increase is observed during post monsoon.

Pb occurs in the nature as Pb sulphide and it
is extremely insoluble, especially under reducing
conditions it is readily adsorbed by organic matter.
Lead is generally toxic to vegetation and animal
life when present in its ionic form. Mobility of Pb
is relatively low, restricted by tendency for
adsorption on to Mn- and Fe-oxides and insoluble
organic matter, but assisted by formation of soluble
organic complexes and anion complexes. Its
chalcophile associations are Ag in precious metal
deposits and Fe, Zn and Cu in many other sulphide
deposits and F in rock forming silicates. It is
present in mica and potash feldspar. Its weathering
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products are cerussite, anglesite, and pyromorphite,
plumbojarosite over sulphide ores, and Mn- and
Fe-oxides and pyromorphite in soils. Its aqueous
species are Pb?*, PbCQO,, Pb (OH)*, Pb (CH),,
soluble organic matter and complex with CI- and
HCO,. The average Pb concentration in the study
area in 45.54 mg/kg in pre monsoon, 47.29 mg/kg
in monsoon, and 44.45 mg/kg in post monsoon.
Pb concentration does not vary much during
different seasons. During pre monsoon, the high
concentration is recorded at S9 (52.62 mg/kg)
located in between serthalaikadu and Muthupet
lagoon. The lowest concentration (37.52 mg/kg)
is shown at S6, serthalaikadu mouth. The high
concentration is at S8 (54.54 mg/kg) and the low
concentration (35.85mg/kg) is at S6. Post monsoon
records a high value at S9 and a low value at S4.
When compared with the average value of shale
(20 mg/kg) and Bulk Continental Crustal value (8
mg/kg) (Taylor and McLennan, 1985), the lead
concentration is higher in the sediments. The
concentrations of lead in granites (24 mg/kg),
basalts (3 mg/kg), limestone (8 mg/kg), soil (35
mg/kg) and sandstone (10 mg/kg) (Bowen, 1979)
were compared with the sediments of the study
area. It indicates that the lead concentrations of
the samples of the study area are slightly higher
than the values of geological source materials
mentioned above.

Zinc is an essential trace metal and is an
important component for plants and human. Its
chalcophile associations are Cu, Pb, Ag, Au, Sb,
As and Se in base metals and precious metal
deposits, and Mg in some silicates. It is present in
mafic minerals. Its weathering products are zinc
sulphates, carbonates, hydrated silicates and zinc
clay minerals over zinc sulphide ores, Feand Mn-
oxides and organic matter in normal soils. Its
aqueous species are variable partition between
Zn*, Zn (OH),, soluble organic complexes and
floating live organisms. The mobility of Zn is
moderately high, limited by its tendency to be
adsorbed by MnO, and by insoluble organic matter
(Krauskopf, 1979). The spatial distribution patterns
for the 3 periods indicate that there is much
variation in the seasonal samples. Zinc
concentration in the study area reveals an average
of 90.65 mg/kg in pre monsoon, 72mg/kg in
monsoon and 58.87 mg/kg in post monsoon. It
ranges from 68.7 to 193.90 mg/kg during pre
monsoon. During monsoon it ranges from 61.8 to
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99.20 mg/kg and during post monsoon from 43.70
to 84.20 mg/kg. The concentration is the lowest
during post monsoon season and the highest during
pre monsoon season. The concentration is high at
S3 except during post monsoon where S8
dominates.Trace element analysis of surface
sediments during the three seasons of sampling
shows the following trend: Pre monsoon Mn >
Zn >Pb >Cu >Ni >Co >Cr; Monsoon &
Post monsoon Mn >Zn >Pb >Ni >Cu >
Co > Cr. Itis seen that the pattern remains the
same for monsoon and postmonsoon
seasons.Normalization of trace elements with Al
values was done for all samples.The metal/Al
ratios and enrichment factors for pre monsoon,
monsoon and post monsoon are presented in Tables
8 — 10. The EF close to 1 point out the crustal
origin, while those with factor >10 are considered
to be of non-crustal source.

Mn/Al ratios in the study area range from45.19
to 106.44 x 10~ (Average= 73.16 x 10*) during
pre monsoon with the highest at S4. It ranges from
45.09 to 122.91 x 10* (Average= 68.9 x 10*) in
monsoon with the highest at S4. During post
monsoon it ranges from 37.71 to 79.99 x10* with
an average of 54.58 x 10 (highest at S8). The
Mn/Al value is slightly higher during pre monsoon
than in succeeding seasons. The ratio is higher than
the average continental crustal value and average
shale. The enrichment factor for pre monsoon,
monsoon and post monsoon ranges from 0.47 to
1.11,0.47t0 1.28 and 0.39 to 0.83 respectively. Cr/
Al ratios vary from 0.62 to 1.26 x10-* with respect
to different stations during pre monsoon season
with an average of 0.96 x 10+, It ranges from 0.61
to 1.07 x10* during monsoon and 0.47 to 11.68 X
10 during post monsoon with an average of 0.61
x 10* & 1.66x10* respectively. Cr/Al records
monsoonal minimum and is high during post
monsoon. High values are observed at S4 except
during monsoon. Enrichment factor for Cr gives
an average of 0.09 during pre monsoon, 0.08 in
monsoon, and 0.16 in post monsoon. The calculated
Cu/Al ratios in the study area record an average of
4.11x10“(3.15 to 4.86x10*), 3.29x10* (1.96 to
4.52x10%) and 2.90x10* (1.71 t0 4.22x10*) for pre
monsoon, monsoon and post monsoon respectively.
The enrichment factors range from 0.62 to 0.95 in
pre monsoon, 0.38 to 0.89 in monsoon and 0.34 to
0.83 in post monsoon the mean Cu/Al values of
surface sediments collected during the three
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seasons are lower than the values of upper
continental crust confirming the lower enrichment
of Cu in the present study. Ni/Al ratios vary from
1.24 t0 6.14x10*, 1.34 to 5.83x10*, and 1.69 to
6.26x10* with an average of 4.04x10, 3.85x10*,
and 4.31x10 for pre monsoon, monsoon, and post
monsoon respectively. Enrichment factors vary
from0.16t00.83,0.17t00.76, and 0.22 t00.81 in
pre monsoon, monsoon and post monsoon
respectively. Estimated Co/Al values for different
seasons range from 0.90 to 2.57x10#, 0.59 to
2.29x10*, and 0.73 to 3.37x10* for pre monsoon,
monsoon and post monsoon respectively. Higher
values are observed at S3 (2.57x 10%), S7 (2.27 x
10) and at S6 (3.37 x10*#) during pre monsoon,
monsoon and post monsoon with an average of
1.71x10*, 1.60x10*#, and 0.98x10* respectively.
Enrichment factor ranges from 0.47 to 1.35 in pre
monsoon, 0.31 to 1.20 in monsoon and 0.38t0 1.77
in post monsoon.

An estimate of Pb/Al ratios for various seasons
shows a variation of 3.84 to 6.99x10, 3.80 to
7.59x10*, and 3.95 to 5.93x10* respectively for
pre monsoon, monsoon and post monsoon the
average being 5.44x10+, 5.53x10*, and 5.21x10*.
Enrichment factors in the study area record an
average of 2.72, 2.77, and 2.61 in pre monsoon,
monsoon and post monsoon respectively. Zn/Al ratio
in the seasonal samples ranges from 6.99 to
25.01x10%, 6.66 t0 12.56x10*, and 5.37 t0 11.54x10°
4 with an average of 11.01x10#, 8.46x10*“ and
6.86x10* in pre monsoon, monsoon, and post
monsoon respectively. Enrichment factor shows an
overall average of 1.02, 0.78, and 0.64 with a
variation of 0.65 to 2.33, 0.62 to 1.16, and 0.5 to
1.07 in pre monsoon, monsoon, and post monsoon
respectively. The Zn/Al ratios show positive
correlation with Mn/Al and Fe/Al indicating co-
precipitation of Zn along with Fe:, Mn and oxy-
hydroxides. The mean Zn/Al values of surface
sediments collected during sampling periods are
higher compared to the values of upper continental
crust and average shale, confirming the enrichment
of Zn in the study area. Comparison with the
enrichment factor of average shale (Calvert and
Pedersen, 1993) shows enrichment of Zn in the
study area and the range from 1 to 4 indicates
anthropogenic input of the element. It is interesting
to note that enrichment factor values over the crust
in the study area decreases in the following order
for trace elements in different seasons:



99-120,Winter 2010

Int. J. Environ. Res., 4(1)

abe.asne 1sn1o

80 4 R A v0'e 116 899 121 bS 1T
[eUBUNUOD

080T o0z v 06T 0LL 0T'S 0z°0T 02'96  9eys abesany

201 1011 2l¢ G 060 LT €50 v0'y 18°0 Ty 600 9T'el 9.0 9T 8L ues

yL0 v0'8 8¢ 89'g 60 18T 0’0 90°€ 80 8Ty 0T'0 20T 9,0 6 €L 1S

590 669 0T €Ty 890 62T 170 09°¢ 29°0 1€ 210 9z'1 L0 61" Gv 1S

190 €L €9 sz'§ 170 060 50 STy 29°0 sTe 900 290 190 89" 79 0TS

180 '8 962 26'S 60 18T 250 86°€ 69°0 pSe 80°0 80 8L0 T8l 6S

0Tt 88TT  20°€ €09 1Z1 e 150 16°€ $6°0 98y 010 v0'T 16°0 w18 8s

1670 vr0T  €ET 59y 121 0e'z 9€'0 sl'z 16°0 99'y 600 60 LL0 6T 7L LS

2L0 AV T3 yge 8v'0 16°0 9T'0 vz T 190 ov'e 210 €TT 790 19°T9 9s

LU0 '8 97T sy €21 €T 8L0 009 10 v6e 80°0 80 0L0 ST° 29 ss

680 /56 80€ 9T'9 880 89'T L0 0SS %80 ey 600 €60 80 9vL ¥S

€ez 8157 16C 28's ST 15T 50 8T'v 88°0 vy 010 1670 18°0 28l €s

LT sgvT  6vE 669 580 19T 080 ¥T'9 60 8Ly 010 660 1T ¥ 90T zs

2T 9T'ET  YT'E 8Z'9 050 960 250 €0y 260 oLy 600 60 €L0 SL°69 18

uoosuow aid

43 .01) 43 (.0TX)Ivad 43 -01) 43 (7o) 43 -01) 43 G000 43 .01 uonelrs

Iv/uz 1V/00 IVAN IV/nO V4D IV/UIN

UOO0SUOW 81 d — SIUSLUIPaS Pageas Ul SJUSLUB|S 9.1 10] 1010.) JUSWIYDLIUS 1USLUS|S pUe UoNeZIjew.Iou | "8 9|qel

113



Environmental Significance in recent sediments

abeaane

580 6T v0'E 116 89'9 121 vSTT
[eI1SNJd [RIUB U UOD

080T 00'Z 06'T 0L 0T'S 0201 02'96 afeus afeaany

80 98  LL'T €S  ¥80 09'T 050 S8€  ¥90  62€ 800  S80 2.0 689 ues |\

290 999  0LC  68S  LLO A /€0 18Z 690  2ZSE  L00  vL0 090  1Z.S zts

90  90.L  8¥Z %Y  S90 €T TO  ¥€T  9¥0  9¢Z 800  LLO  L¥O  60SH 1S

290 €19 8T 9%V €50 00T o¥0  60€ 80 96T 900  TI90 G50  SO€ES 0TS

9,0 Tg8 0TS 129 00T 69'T €50 2Ty /S0 2Z6Z 800 640 190  SG¥9 6S

260 886  08E  65L 0.0 ve'T 60 08¢ 680 2ZSv  OT0 20T 6,0 619 8S

v,0  G6L  89C &S 0TI 87 SY0  L¥E €40 €€ 0T0  L0T  ¥S0 TS /S

90 0L 06T  08E  IE0 650 8e0  ¢Z6Z 0.0  LSE 600  ¥60  G80  8SI8 9S

290 1.9 STz 6y 0TI 62 Z/0 99§ S50  2Z8Z 600  S60  SL0  TLTL S

060 696  vFE 889 960 Z8'1T 9,0 €8S €0  vLE  OTO0  L60  8ZT 16T S

9T'T 9521  8/C 956 680 69'T 050 €8¢ 890  8¥E  L00 9.0 690 G99 €S

80 OY8  ¥LZ  6v'S  ¥80 65T €90 68¥ 850  .l6C  L0O €40 890  ¥I'SO zs

860 650T /6C €S 90T 202 650  9S¥ 9,0  /8E 800 280 €0  LOL 1S

UOOSUO|A

. (,-0TX) . (,OTX) s (,0TX) 1 (,-0TX) 5 (,-0TX) 5 (,-0TX) i (,.0TX) -

IvV/uz IvV/ad IV/0D IV/IN Iv/nND V1D IV/UIN

UOOSUO|A — SIUSLUIPSS PaCeas Ul SJUSLLIBJa 80e.] 40) 10198) JUSLLIYDIIUS JUSLLSJS PUE UOITeZIewWIouU |V "6 3|0.L

114



Int. J. Environ. Res., 4(1):99-120,Winter 2010

abeuane

%80 28T 0 U6 89'9 2T vSTT
|e1snJo |elusuiluo)d

0801 002 06T 042 0TS 0Z'0T 0z'96 aleys abesany

¥90 989 09 TS 860 81T S50  IEY 150 06 9T0 99T 950 8SVS uesy

$90 269 05C  T0G 280 95T o  /Te  2/0  69¢€ L00 L0 850 GZ9S e1s

$90 €L O0vZ  08v 280 5T 2Z0 69T  ¥S0  GLT 900  T90 6v0 ETLY 1S

¥90 989  0ZZ 6V SLO el vr0  OVE V0 8€C S00 €50 150 §88Y 018

S90  00L 68T LS LET 652 850  6Yy  §90  E€€¢E L00  ¥0 050 998Y 6S

0T vSTT /8T SLS 20T £6°T S50  SZY €80  ZT¥ SO0 /KO €80 66%6L 8S

650 889  €LZ  S¥S 9.0 ST 050  S8€ 1§50 26 0T0 660 090 €085 TAS

650  2v'9  96C  €6'G  LLT I£°€ $§0  TZv 290  8TE ¢T0  [TT 60 LLUE 9s

050  /£S /6T  G6E 80T 902 90  98S Y0 157 800  S80 9¥0 6V sS

950 809  ¥9Z 825G 80 €40 180 929  vE€0  TLT STT  89TT S90 1§29 vS

150 &89S 65C  8TS w0 ¥8'0 S50  vgy 190  ZTE S00 250 950 €S €S

950  ¥0'9  vLZ  8Y'S 660 68°T 690  82S E&Y0 6T 800 /L0 €50 90§ zs

990  ¥I'L Sz 6vS 09T S0°€ G590 867 950  ¥8% L00 €0  0L0 ¥0/9 1S

UOOSUO|A 150d

o (,.0TX) o (,.0TX) s (,.0TX) a (,0TX) i (,.01X) i (,.0TX) i (,0TX) wonus

Iv/uz Iv/dd Iv/00 IVAN Iv/no Iv/40 IV/UN

UOOSUOWL 1S0d - SIUBLIPaS Pagesas Ul SIUSLLS|e 8981 10) 1010 JUSLUYDLIUS JUSLWIS|S pUe Uoiiezijew.ou |y 0T ajgeL

115



Sundararajan, M. and Natesan, U.

Pre monsoon Pb >Zn>Co >Cu >Mn >Ni >Cr
Monsoon Pb >Co >Zn >Mn >Cu > Ni >Cr
Post monsoon Pb > Co >Zn >Cu > Mn > Ni >Cr

Manganese concentration, however, does not
show any relationship with coarse fraction, fine
fraction, organic matter and CaCQO,.The lithophile
associations of Mn are Mg and Fe in silicates, under
mafic minerals. In the present study, Mn does not
show any relationship with Fe and Mg. Hence, the
lithogenic contribution of Mn cannot be estimated
because of its modification due to contamination
from point and nonpoint sources. However, when
compared with the average value of shale (850 mg/
kg) and Bulk Continental Crustal value (1400 mg/
kg) (Taylor and McLennan 1985), which are
considered to be the main baseline for near shore
sediments, the manganese concentration is less in
the study area. The results of trace metals analysis
are compared with those in other coastal regions
around the world (Table 11). The major oxide data
for surface sediments are plotted (Fig. 2). inALO -
CaO* 1 Na,0-K,0 (A-CN-K) compositional
space (molecular proportions). In the entire
sediments plot on a trend parallel to the AlL,O,-
Ca0*+Na,O join, suggesting that the sediments
represent the products from granite and
charnockite sources (Fedo et al., 1996) (Fig. 3).
Paleo-weathering conditions can also be
determined with the help of a K,0-Fe,03-Al,0,
ternary diagram (Wronkiewicz and Condie,
1989).The present study in comparison to the CIA
of granite, typical illite, montmorillonite, average
shale and kaolinite (ranges from Nesbitt and
Young, 1982). Note that CIA for kaolinite is 100.
CIA values for the sediments of the present study
vary between 21 to 45 for pre monsoon, post
monsoon and monsoon samples (Fig. 4).

CONCLUSION

The mouth of the creek is dominated by sand
particles, which is due to the accretion nature of
the coastal area. The fine nature of the sediment
in the middle of the study area Kodikarai to
Serthalaikadu creek is due to both estuarine
processes and human activities. The mangroves
present in the study area promote decomposition
of organic matter by microbial activities, which in
turn increase the fine fraction of the sediments.
The low values of carbonate during sampling
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seasons in the middle of the shelf are due to the
nature of the substratum. The major sources of
carbonate materials for the sediments in the
creek are shell fragments and calcareous tests
of organisms. It is also due to dilution of biogenic
calcite by detrital material in the sediments.The
high organic carbon content in the sediments of
the riverine part of the creek is due to fine nature
of the sediments and high rate of sedimentation.
The association of sand particles with CaCO,
indicates the major contribution of shell fragments
to the sand fraction. The strong positive
correlation between mud sediments and organic
matter is due to the terrigenous nature of the
latter. There are no significant differences in the
characteristics of sediment texture, CaCO, and
OC contents during the different seasons.
Seasonal variations of the major elements in the
sea bed sediments are less. The order of major
elements concentration during the seasons can
be summarized as Si >Al >Ca>Na>K >Fe>
P > Mg The order of the elements concentration
remains same during all the seasons.

The concentration of Mn is high near the mouth
of the estuary but less at the riverine end
(Akkarapallivasal). The highly inconsistent Mn
contents in the surface sediments of the present
study upholds the idea that Mn-oxy-hydroxide flocs
are transported laterally during saline bottom water
inflow and deposited in quiescent parts of the
estuary. Ni concentration is the highest at S5 during
all the seasons with the lowest at S11. Lead
concentration in the study area does not vary much
during different seasons. When compared to the
CCV, the lead concentration is more in the study
area. The zinc concentration is highest during pre
monsoon season and lowest during post monsoon.
The distribution pattern of the elements during the
different seasons is summarized as Pb > Zn > Co
> Cu > Mn > Ni > Cr for Pre monsoon, Pb > Co
>Zn > Mn > Cu > Ni > Cr for Monsoon and Pb >
Co>Zn>Cu > Mn > Ni > Cr for Post monsoon.
Major oxide geochemistry indicates a homogenous
and un-weathered source for the sediments of the
present study areas. Studies on paleo weathering
indicate the source for the sediments in the study
area are charnockite and tonalitic gneisses. Pre
monsoon, monsoon, post monsoon samples show
a relatively very low degree of alteration in
sediments.
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Table 11. Comparison of trace metals in sediments with various coastal regions around the world and
southeast coast of India

Study areas” Fe Mn Cr Cu Ni Co Pb Zn
1 0.4- 53-655 15-186 7.0-27 19-76 21-56  83-225 31-260
2 384 - 74-1480 14-937 16-134 - 19-578 54-2880
3 1.92 - - 7.0 12 7.6 17 33
4 3.10 530 61 15 24 12 20 65
5 3.77 1098 77.3 53.47 32.63 - 50.68 322
6 3.30 410 155 190 28 8 140 250
7 3.75 - 2315 112 4.7 - 135 176
8 - 700 87 25 36 14 21 84
9 1.26 305 177 57 24 15 16 73
10 0.8- 148-329 61-120 30-62 33-55 9.2-19 11-185 17-35
11 gilr;g 431.5 75 2481 34.27 8.85 18.72 58.53
Thisstudy (Average) ~ 1.25 54452  9.49 2017 3440 1474 45.76 73.84

All elements are in Ig-1, except Fe in %

*Study areas: (1) Gulf of Agaba (Red Sea)-Abu-Hilal (1987); (2) Palos Verdes Peninsula, Southern California—Hershelman et
al. (1981); (3)Halifax Bay—Knauer (1977); (4) China Shelf Sea—Yiyang and Ming-cai (1992); (5) Tokyo Bay—Fukushima et al.
1992; (6) Narragansett Bay—Goldberg et al. (1977); (7) Boston Harbor-Bothner et al. (1998); (8) Gulf of St.Lawerence-Loring
(1978, 1979); (9) Tuticorin coast, Gulf ofMannar (Jonathan et al. 2004); (10) Chennai coast, southeast coast ofIndia—
Thangadurai et al. (2005): (11)Northern part of Point calimere coast, southeast coast ofIndia—Stephen pichaimani et al. (2007)
A-CN-K I” Qoffoo'f. I

Post-monsoon

A

A-CN-K
Fre-monsoon

Fig. 2. The major oxide data for Seabed sediments are plotted in Al,O,~(CaO* 1 Na,0)-K,0O (A-CN-K)
compositional space (molecular proportions)
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REFERENCES

Abu-Hilal, A. H. (1987). Distribution of trace elements
in near shore surface sediments from the Jordan Gulf
of Agaba (Red Sea). Mar. Poll. Bull., 18(4), 190-193.

Aston. S. R. and Chester, R. (1976). Estuarine sediment
process. Estuarine chemistry. Academic press, 37-50.
Blazer, W. (1982). On the distribution of iron and
manganese at the sediment/water interface;
thermodynamic vs kinetic control. Geochem
Cosmochim Acta., 46, 1153-1161.

Bothner, M. H., Buchholtzten Brink M. and Manheim,
F. T. (1998). Metal concentrations in surface sediments
of Boston harbor changes with time. Marine
Environmental Research., 45 (2), 127-155.

Bowen, H. J. M. (1979). Environmental Chemistry of
the Elements, Academic Press, London, 333.

Boyle, E. J., Edmond, J. M. and Sholkovitz E. R. (1977).
Mechanisms of iron removal in estuaries. Geochim
Cosmochim Acta., 41, 1313-1324.

Buckley, D. E. and Hargrave, B. T. (1989). Geochemical
characteristics of surface sediments. In: Investigations
of Marine Environmental Quality in Halifax Harbour
(Nicholls, H. B., ed.)’, Can. Tech. Rep. Fish. Aqua Sci.,
1693, 9-36.

Buckley, D. E. and Cranston, R. E. (1991). The use of
grain size information in marine geochemistry, In:
Principles, Methods and Applications of particle size
analysis, Syvitski, J. M. (Ed.), Cambridge Univ. Press,
New York. Geol. Survey of Canada Contrib., 12689 ,311-
33L

Calvert, S. E. (1976). The mineralogy and geochemistry
of near shore sediments. In: Riley JP, Chester R (eds)
Chemical oceanography, Academic Press, London. 187-
280.



Int. J. Environ. Res., 4(1):99-120,Winter 2010

Calvert, S. E. and Pedersen, T. F. (1993). Geochemistry
of recent oxic and anoxic marine sediments:
Implications for the geological record. Mar Geol., 113,
67-88.

Coonley, L. S., Baker, E. B. and Holland, H. D.
(1971).1ron in the Mullica River and in Great Bay New
Jersey. Chem Geol., 7, 51-63.

Fedo, C. M., Eriksson, K. and Krogstad, E. J. (1996).
Geochemistry of shales from the Archean Buhwa
Greenstone Belt, Zimbabwe: Implications for
provenance and source-Area weathering.
Geochimicaet Cosmochimica Acta., 60, 1751-1763.

Fukushima, K., Saino, T. and Kodama, Y. (1992). Trace
metal contamination in Tokyo Bay, Japan. Sci Total
Environ., 125, 373-389.

Gaudette, H. E., Flight, W. R., Toner, L., and Folger, D.
W. (1974). An inexpensive titration method for the
determination of organic carbon in recent sediments.
J. Sed. Petrol., 44, 249-253.

Goldberg, E. D., Gamble, E., Grifiin, J. J., and Koide, M.
(1977). Pollution history of Narragansett Bay as
recorded in its sediments. Estuarine Coastal Shelf Sci.,

5,549-561.

Hershelman, G. P., Schafer, H. A., Jan, T. K. and Young,
D. R. (1981). Metals in marine sediments near a large
California municipal outfall. Mar Poll. Bull., 12(4), 131-
134,

Holliday, L.M. and Liss P.S. (1976). The behaviour of
dissolved iron, manganese and zinc in the Beaulieu
estuary. Estuarine Coastal. Mar. Sci., 4, 349-353.

Ingram, R. L. (1970) . Procedures in Sedimentary
Petrology.Wiley. NewYork, USA.

Janaki-Raman, D., Jonathan, M. P., Srinivasalu, S.,
Armstrong-Altrin. J. S., Mohan, S. P. and Ram-Mohan,
V. (2007). Trace metal enrichments in core sediments in
Muthupet mangroves, SE coast of India: Application
of acid leachable technique. Environ. Poll. 145, 245-
257.

Jonathan, M. P., Ram-Mohan, V. and Srinivasalu, S.
(2004) Geochemical variations of major and trace
elements in recent sediments, off the Gulf of Mannar,
southeast coast of India. Environ. Geol., 45, 466-480.

Kemp, A. L. W,, Thomas, R. L., Dell, C. I. and Jaquet, J.
M. (1976). Cultural impact on the geochemistry of
sediments in Lake Erie. Can. J. Fish. Aquat. Sci., 33,
440-462.

Krauskopf, K. B. (1979). Introduction to Geochemistry,
McGraw-Hill, 617.

Knauer, G. A. (1977). Immediate industrial effects on
sediment metals in a clear environment. Mar. Poll. Bull.,

8(11), 249-254.

119

Kotmire, S.Y.and Bhosale, L. J. (1979). Some aspects
of chemical composition of mangrove leaves and
sediments. Mahasagar Bull. Natl. Inst. Oceanogr. 12,
149-151.

Lakshumanan, C. (2001). Modeling organic carbon
deposition, degradation and preservation in sediments
of Pichavaram mangrove wetlands, southeast coast of
India. Ph.D. Thesis unpubl, Anna University, Chennai,
India 188.

Loring, D. H. (1978). Geochemistry of zinc, copper and
lead in the sediments of the estuary and Gulf of
St.Lawrence. Can. J. Earth Sci., 15, 757-772.

Loring, D. H. (1979). Geochemistry of cobalt, nickel,
chromium and vanadium in the sediments of estuary
and Gulf of St. Lawrence. J. Can. Sci., 21, 1368-1378.

Loring, D. H. (1991). Normalization of heavy-metal data
from estuarine and coastal Sediments. ICES J. Mar. Sci.,
48,101-115.

Loring, D. H., and Rantala, R. T. T. (1992). Manual for
the geochemical analyses of marine sediments and
suspended particulate matter. Earth Sci. Rev., 32, 235-
283.

McLennan, S. M. (2001). Relationship between the
trace element composition of sedimentary rocks and
upper continental crust. Geochem. Geophys. Geopsyst.,
2,1-29.

Neshitt , H. W. and Young, G. M. (1982). Early Proterozoic
climates and platemotions inferred from major element
chemistry of lutites. Nature, 299, 715-717.

Palanichamy, S., Vanmathi, G. and Gnanasekaran, K. S.
A. (1995). Physico-chemical characteristics of
Arumuganeri coast (Gulf of Mannar), Proc. National
Symp. Electrochem. Marine Environ-ment, Madras,
India, 86-91.

Periakali, P., Eswaramoorthi, S., Subramanian, S. and
Jaisankar P. (2000). Geochemistry of Pichavaram
mangrove sediments, southeast coast of India. J. Geol.
Soc. India. 55, 387-394.

Pragatheeswaran, V., Loganathan, B., Ramesh, A. and
Venugopalan, V. K. (1986). Distribution of heavy metals
and organic carbon in sediments off Madras and
Visakhapatnam. Mahasagar-Bull. National Inst.
Oceangr, 19 (1), 39-44.

Purnachandra Rao, V., Mohan Rao, K., Vora, K. H.,
Almeida, F., Subramaniam, M. M. and Souza, C.GA. (1998).
A potential phosphorite deposit on the continental margin
off Chennai. Curr. Sci., 74 (7), 574-577.

Ramanathan, Al., Subramanian, V. and Vaithyanathan,
P. (1988). Chemical and sediment characteristic of the
upper reaches of Cauvery estuary, East coast of India.
Indian J. Mar. Sci., 17, 114-120.



Sundararajan, M. and Natesan, U.

Ramanathan, A. L. (1997). Sediment characteristics of
the Pichavaram mangrove environment, southeast
coast of India. Indian J. Mar. Sci., 26, 319-322.

Rankama, K. and Sahama, T. G. (1950). Geochemistry,
Univ. of Chicago press, 912.

Rao, C. H. M. and Murty, P. S. N. (1990). Geochemistry
of the continental margin sediments of the Central West
Coast of India. J. Geol. Soc. India, 35, 19-37.

Sarangi, R. K., Kathiresan, K., and Subramanian, A. N.
(2002). Metal concentrations in five mangrove species
of the Bhitarkanika’, Orissa, east coast of India. Indian
J. Mar. Sci., 31 (3), 251-253.

Sarma, K. G. S. and Reddy, B. S. R. (1988). Longshore
sediment transport near Visakkapatanam port, India.
Ocean and Shore Manag., 11, 113-127.

Sebastian, S., George, R. and Damodaran, K. T. (1990).
Studies on the distribution of organic matter and
carbonate content of sediments in Malle estuary,
Northern Kerala. J. Geol. Soc. India, 36, 634-643.

Selvaraj, K. (1999). Chemistry of coastal waters and
geochemical characteristics of surface sediments off
Kalpakkam, Bay of Bengal. Ph.D Thesis, Univ. of
Madras, Chennai, India, 179. (Unpublished).

Selvam, V. (2003). Environmental classification of
mangrove wetlands of India, Curr. Sci., 84 (6), 757-765.

Sewell, R. B. S. (1925). A study of the nature of the sea
bed and on the deep sea deposits of the Andaman Sea
and Bay of Bengal. Mem. Asiatic Soc. Bay of Bengal.,
9,27-50.

Sewell, R. B. S. (1928). The temperature and salinity of
the coastal waters of the Andaman Sea. Mem. Asiatic
Soc. Bay of Bengal., 9, 131-206.

Sewell, R. B. S. (1929). Temperature and salinity of the
surface waters of the Bay of Bengal and Andaman Sea.
Mem. Asiatic Soc. Bay of Bengal., 9, 207-356.

Sewell, R.B.S. (1932). Temperature and salinity of the
deeper waters of the Bay of Bengal and Andaman Sea.
Mem. Asiatic Soc., Bay of Bengal, 9, 357-424.

Sholkovitz, E. R. (1976). Chemical and Physical
processes controlling the chemical composition of
suspended material in the river Tay estuary. Estuarine
Coastal. Mar. Sci., 8, 523-547.

Stewart, R. A., Pilkey, O. H. and Nelson B. W. (1965).
Sediments of the northern Arabian Sea. Mar. Geol., 3,
411-427.

Stephen-Pichaimani, V.,. Jonathan, M. P., Srinivasalu,
S., Rajeshwara-Rao, N. and Mohan, S. P. (2008).
Enrichment of trace metals in surface sediments from

120

the northern part of Point Calimere, SE coast of India.
Environ. Geol., 55 (8), 1811-1819.

Subba Rao, M. (1960). Organic matter in the marine
sediments off east coast of India. Bull. Assoc. Petrol.
Geol., 44,1705-1713.

Szefer, P, Glasby, G. P., Szefer, K., Pempkowiak, J. and
Kaliszan, R. (1996). Heavy-metal pollution in superficial
sediments from the southern Baltic sea of Poland. J.
Env. Sci. Health., 31A, 2723-2754.

Thangadurai, N., Srinivasalu, S., Jonathan, M. P.,
Rajeshwara-Rao, N. and Santhosh-Kumar, R. (2005).
Pre-tsunami chemistry of sediments along the inner
continental shelf off Ennore, Chennai, southeast coast
of India. Indian J. Mar. Sci., 34 (3), 274-278.

Taylor, S. R. and McLennan, S. M. (1985). The
continental crust: Its composition and evolution.
London, Blackwell Publs . 312.

Vanmathi, G. (1995). Trace metals in Tuticorin coast,
Proc. National Symp. Electrochem. Marine
Environment, Madras, India, 92-96.

VanMetre, P. C. and Callender, E. (1997). Water-quality
trends in white rock creek basin from 1912-1994
identified using sediment cores from white rock lake
reservoir, Dallas, Texas. J. Paleolimnol., 17, 239-249.

Wronkiewicz, D. J. and Condie, K. C. (1989).
Geochemistry and provenance of sediments from the
Pongola Super group’, South Africa; Evidence for a
3.0-Ga- old continental craton. Geochim Cosmochim
Acta., 53, 1537-1549.

Wyrtki, K. (1971). Oceanographic Atlas of the
International Indian Ocean Expedition. Washington,
DC: National Science Foundation, USA.

Yiyang, Z. and Ming-cai, Y. (1992). Abundance of
chemical elements in sediments from the Huanghe River,
the Changjiang River and the continental shelf of
China. Chin. Sci. Bull., 37:23.

Zeller, E. J. and Wray, J. L. (1956). Factors influencing
the precipitation of calcium carbonate. Bull. Amer.
Assoc. Pet. Geol., 40, 140-152.



