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Abstract : Geochemical study of bottom sediments of the Periyar and Muvattupuzha rivers, Cochin

estuary and the adjoining nearshore continental shelf was carried out to understand the distribution and

enrichment pattern, sources, possible factors responsible for the enrichment and depletion of elements and

environmental contamination of the systems. The river sediments are sand to sandy silt, estuarine

sediments are sandy silt to clay and inner shelf sediments are mud. The study indicate that the sediment

texture is the major controlling factor in the distribution of elements here. The fine grained sediments of

the inner shelf and estuary are rich in MgO, CaO, Al, O- , TiO, , Fe, O- , Na, O, P, O/ , K, O, MnO, Li, Sc, V, Cr, Co,

Ni, Cu, Zn, As, Rb, Ta, Zr, Nb, Pb, LOI and poor in SiO, . The organic rich sediments exhibit a similarity in

the distribution of elements like Fe, O- , Al, O- , MgO, P, O/ , Cu, Ni, Co, Cr and V. The other possible factors

for the enrichment of certain elements are the presence of metal scavenging phases like Fe/Mn hydoxides

and the higher content of heavy minerals in the area. The higher concentration of Fe, O- , MgO, P, O/, Zn, Ba,

Pb, Cd, Bi and Cr in many samples indicates that all the sampling units are anthropologically contaminated,

with the Periyar river and it’s estuarine area showing maximum heavy metal contamination in the study

area.

+. Introduction

Geochemical studies of bottom sediments of water
bodies such as rivers, estuaries and marine basins are
very helpful in understanding the di#erent sediment
sources, element distribution pattern and evaluating
the environmental conditions existing in an area. The
areas on the south west coast of India which is a part
of south Indian Precambrian shield o#er an excellent
study area in this regard with a number of high
gradient perennial rivers, estuaries and lagoons, ab-
sence of deltas and a narrow continental shelf. It is
one of the heavily populated areas of the world. Many
geochemical studies were carried out on the shelf and
slope sediments of southwest coast of India (Siddique
and Chowdhury, +302 ; Marchig, +31, ; Murty et al.,
+31- ; Shankar et al., +321 ; Paropkari, +33* ; Manjuna-

tha and Shankar, +331), while only few studies on the

riverine and estuarine sediments have been presented

mainly dealing with trace metal chemistry (Venug-

opal et al., +32, ; Nair et al., +33* ; Padmalal and Seral-

athan, +33- ; +33/ ; Padmalal et al., +331). An in-

tegrated geochemical study incorporating major and

trace element composition of riverine, estuarine and

nearshore shelf areas has not been carried out so far in

this area. This paper reports the major and trace

element composition of selected riverine, estuarine

and nearshore sediments from Cochin area in India.

,. Study Area

The study area includes parts of the Periyar and
Muvattupuzha rivers, Cochin estuary and adjoining
nearshore continental shelf in the state of Kerala on
the central part of the southwest coast of India (Fig.
+). The area lies between latitude 3�./� to +*�+/�N and
longitude 10�*/� to 10�-*�E. The area has a tropical
humid climate with a temperature variation of +- to
.,� and the average annual rainfall is -*** mm
(Soman, +331).

-. Physiography and geology of the area

The study area is situated in the central part of the
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state of Kerala in India. It is a narrow strip of land on
the southwestern part of peninsular India with a /0*

km long coast and an average width of 2* km, which is
lying between Arabian sea on the west and Western
Ghats, a continuos mountain chain on the east. To-
pography of the area covers altitudes ranging from
below mean sea level to above -*** m in Western
Ghats area. It is characterised by .+ short and swift
flowing mansoon fed perennial rivers, which originate
from the Western Ghats and drain into either es-
tuaries or the Arabian sea. The most conspicuous

feature of this coast is the wide spread distribution of
estuaries and lagoons, thought to be the remnants of
the receding sea (Krishnan Nair, +330). Physiographic-
ally, the area can be divided into three well defined
natural divisions, viz. low lands or coastal plains,
midlands or the lateritic plateaus and gneissic high
lands. The coastal tract is a low lying featureless
plain country comprising depositional and denudatio-
nal landforms and the shoreline is characterised by
broad sandy beaches. The continental shelf is narrow
with an average width of only /* km. The Cochin

Fig. + Location map of sediment samples from Cochin inner shelf, estuary, Periyar and Muvattupuzha rivers on the SW

coast of India.
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estuary is the northern portion of Vemband estuary,
the largest estuary on the west coast of India with an
area of ,-- sq. km. The details of the two rivers are
given in Table +.

The Archaean metamorphic units in southern India
broadly comprise a granite-green stone terrain in the
north and a granulite terrain in the south (Omana and
Santhosh, +330). Study area occupies the southwest-
ern part of this large southern Indian granulite ter-
rain. The watershed areas of the Cochin estuary and
the catchment areas of the Muvattupuzha and Periyar
rivers are occupied by four major rock units. They
are +) Precambrian crystalline ,) Tertiary sedimentary
-) Pleistocene lateritic, and .) Recent to sub-Recent
sedimentary units (Padmalal et al., +331). The Precam-

brian crystalline rocks expose all through the high-

land western ghat area and a considerable portion of

the midlands, and they are mainly comprised of

massif charnockites, garnet biotite gneisses and horn-

blende gneisses. A large part of these rocks has

undergone polymetamorphic and polydeformational

activities. At many places the Precambrian crystal-

line rocks are intruded by acidic (granite and pegma-

tite) and basic (gabro and dolerite) rocks. The country

rocks have undergone extensive lateritizaton process

and this insitue laterites cover the Precambrian crys-

talline unit and Tertiary sedimentary unit at many

places, mainly in midland and coastal areas. The

Tertiary sedimentary rocks, which have very few

exposures in the coastal areas, are represented by

Vaikkom, Quilon and Warkalli formations, which in

turn are composed of sandstones, clays and lime-

stones. The coastal terrain, river mouths, estuary and

the nearshore shelf areas are underlined by a thick

succession of Quaternary sediments comprised of

sand, silt, clay, peat and shell beds and Tertiary sedi-

ments and the basement is made up of charnockite

(Nair and Rao, +32*).

.. Samples and Method of analysis

A total of -/ bottom sediment samples were collect-
ed using a stainless steel Vanveen grab at +.,/ km
interval from parts of the Periyar and Muvattupuzha
rivers, the Cochin estuary and the adjoining nears-
hore continental shelf on the south west coast of India

(Fig. +). Representative samples were taken from the
top +* cm of the grab samples and stored in plastic
bags. The depth of sampling ranges from - to +, m for
riverine and estuarine area and / to +0 m for the shelf
area. Samples were washed salt free with distilled
water, dried in an oven at /*� and powdered in an
agate mortar to less than +** mesh size. All the major
elements and some of trace elements such as Ag, Ba,
Be, Bi, Cd, Co, Cr, Cu, Mn, Mo, Ni, P, Pb, Sr, V, Zn were
determined using a SEIKO SPS-+,** inductively �
coupled plasma atomic emission spectrometer (ICP-
AES) at the Geological Survey of Japan, Tsukuba,
Japan. All other trace elements (As, Hf, Li, Nb, Rb, Sc,
Th, U, Y and Zr) were determined by a Yokogawa
Analytical Systems PMS-,** inductively coupled
plasma mass spectrometer (ICP-MS) at the GSJ. More
detailed description of the procedures is given in Imai
(+33*).

/. Results

The major and trace element compositions of
Cochin inner shelf sediments (Sample no. + to +*),
Cochin estuary (northern part) and Periyar river
(Sample no. ++ to ,*) and Cochin estuary (southern
part) and Muvattupuzha river (Sample no. ,+ to -/)
are given in Table ,, Table - and Table . respectively.
Figure , presents the spatial distribution of major and
trace elements in the above three sampling units.

/. + Major elements
Shelf sediments
The shelf sediments show distinctly higher concen-

tration of MgO, CaO and LOI and lower concentration
of SiO, than the estuarine or riverine samples. Rest of
the major elements exhibit a more or less similar
distribution to that of the estuarine area. Al, O-, TiO,,
Fe, O- , Na, O and P, O/ show moderately higher con-
centration, whereas K, O and MnO are similar or lower
than the estuarine sediments. In the shelf area, the
concentration of SiO,, MnO, CaO and K, O are higher
and MgO and P, O/ are lower in the nearshore zone. A
slight enrichment of TiO, , Al, O- and Fe, O- and sharp
depletion of Na, O is observed in the central part while
loss on ignition (LOI) is higher in the o#shore samples.

Table + Details of Periyar and Muvattupuzha rivers, India (Soman, +331).
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Table , Major and trace element composition of the bed sediments of Cochin inner shelf on the SW coast of

India (sample nos. + to +*).
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Table - Major and trace element composition of the bed sediments of Periyar river and it’s estuarine area on the SW

coast of India (sample nos. ++ to ,*).
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Table . Major and trace element composition of the bed sediments of Muvattupuzha river and it’s estuarine area on

the SW coast of India (sample nos. ,+ to -/).

Bulletin of the Geological Survey of Japan, vol. /, (2), ,**+

� 376�



Fig. , Variation of major and trace elements in the bed sediments of Cochin inner shelf, estuary, Periyar and

Muvattupuzha rivers on the SW coast of India.
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Periyar River and it’s estuarine area
Sediments exhibit a decreasing trend towards the

fresh water zones in case of TiO, , Al, O- , Fe, O-, MnO,
MgO and LOI. In this estuary - river system, most of
the samples show very high concentration of K, O and
SiO, and are depleted in MgO, LOI, Fe, O- , Al, O- and
TiO, than the nearby shelf, estuarine or river areas.

Muvattupuzha River and it’s estuarine area
SiO, and K, O contents show a marked increase in

the riverine sediments whereas Al, O-, Fe, O-, MnO and
MgO concentrations are higher in the estuarine sam-
ples than the riverine ones and a distinct enrichment
of these elements is found in the river-estuary mixing
zone. The river samples register a slight increasing
trend in the above elements towards the fresh water
zones. The estuarine sediments are rich in CaO, Na, O,
P, O/ and LOI and these elements register a clear dec-
reasing trend towards the river. TiO, is comparative-
ly enriched in the river-estuary mixing zone. The last
two stations (Nos. -. & -/) exhibit a di#erent trend

and these samples contain higher concentration of
Al, O-, Fe, O-, TiO,, MnO and LOI and lower SiO,, CaO
and Na, O than the rest of the Muvattupuzha river
sediments.

/. , Trace elements
Shelf sediments
Most of the trace elements such as Li, Sc, V, Cr, Co,

Ni, Cu, As, Rb, Ta and Pb show a distinct enrichment
in the shelf sediments than the estuarine or riverine
sediments in the study area. The elements like Sc, V,
Cr, Cu, Zn, Zr, Nb, Cd, Hf, Ta and Pb are clearly
enriched in the o#shore areas whereas As, Rb, Sr, Y,
Ba, Th and U are comparatively more in the nearshore
zone. Abnormally high concentration of Pb (12* ppm)
is noticed in the o#shore area. No significant trend is
observed in the aerial distribution of any other trace
elements in the area.

Periyar River and it’s estuarine area
All trace elements except Ba and Sr are found en-

Fig. , Continued.
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riched in the estuarine areas of the Periyar river than
it’s fresh water zones. The elements like Sc, V, Cr, Cu,
Zn, Sr, Rb, Y, Zr, Nb, Cd, Ba and U register an increas-
ing trend from the estuarine mouth to the fresh water
� estuary mixing zone. Some of the sampling sites in
this estuary - river system give very high concentra-
tion of Zn, Sr, Cd and Ba.

Muvattupuzha River and it’s estuarine area
The contents of Li, Sc, V, Cr, Co, Ni, Cu, Zn, As, Y,

Nb, Mo, Ta and Pb are higher in the estuarine samples
than the river samples. Coarse grained river sedi-
ments are found enriched in Ba and Sr. Fine grained
river sediments collected from the meandering cone
of the Muvattupuzha river show high contents of V,
Cr, Co, Ni, Cu, As, Zr, Nb, Hf, Ta and Th. Some of the
sediment samples of this estuary - river system contain
relatively high concentrations of Zn, Ba, Pb and Bi.

0. Discussion

The texture of the sediments varies considerably in
the study area. The river sediments are generally

silty sand to sand, estuarine sediments are sandy silt
to clay and inner shelf sediments are principally mud
in nature. The last two samples in the Muvattupuzha
River are muddy sand and clay. The geochemical
distribution patterns of various elements in the study
area indicate that the texture of the sediments is the
major controlling factor on sediment geochemistry.
The finer sediments like clay, mud, sandy mud, sandy
silt and silty sand from the inner shelf, estuary and
river show enrichment of most of the major and trace
elements in comparison with the sandy river sedi-
ments. The particle size has a significant role in the
accumulation and exchange process of elements be-
tween sediments and water in fresh water � sea
water mixing. The higher concentration in the fine
sediments is due to the increase in specific surface
area and to the surface properties of clay minerals
(Biksham et al., +33+).

The loss on ignition increases from rivers through
estuaries to shelf indicating the source of organic
matter is primarily detrital in nature. The thick trop-
ical vegetation in the catchment areas of rivers and
estuaries, presence of some mangrove patches on estu-

Fig. - A$liation of some major and trace elements with the organic rich sediments in the study area.

Geochemistry of sediments from the tropical southwest coast of India (SHAJAN)

� 379�



arine banks, high rate of primary production in trop-
ical estuaries and shelfs, prevailing anoxic condition
and fine particle size of sediments are important fac-
tors responsible for the higher concentration of organ-
ic matter in the estuary and shelf. Major elements like
Fe, O- , Al, O- , MgO and P, O/ and trace metals Cu, Ni,
Co, Cr and V exhibit strong association with LOI
distribution pattern (Fig. -). Li et al., (,***) have ob-

served close associations of trace elements with clay

minerals and organic content in the sediments of

Pearl river estuary, China. Trace metal enrichment in

estuarine and marine sediments also results from the

presence of metal scavenging phases like Fe/Mn hyd-

oxides during estuarine mixing. According to Cronan

(+303), Fe/Mn hydroxides help in the removal of sever-

al trace elements from natural waters by lattice sub-

stitution and surface adsorption process. The higher

content of some of the trace metals in Cochin inner

shelf and estuary resulted from the physico � chem-

ical flocculation of Fe and Mn hydroxides in the near

shore region and estuary (Paropkari, +33* ; Padmalal

et al., +331). Sholkovitz (+312) has emphasized the role

of flocculation in the enrichment of some of the trace

elements during estuarine mixing.

According to Dhanunjaya Rao (+323), the total
heavy mineral content in the beach sands of the area
comprises more than +/�, containing ilmenite, garnet,

rutile, sillimanite and little monazite and zircon. The
heavy mineral concentration results from the hinter
land geology, laterization of gneissose rocks, presence
of small streams and the sorting by waves and tides.
The heavy minerals such as ilmenite and rutile are
important Ti bearing minerals on the west coast of
India (Mallik, +31,). The moderately high concentra-
tion of TiO, in comparison with the world average
(Table /) throughout the study area could be attribu-
ted to the heavy minerals present in the area.

There are many factories such as a major fertiliser
plant producing K-P-N fertilisers, an oil refinery, a
rare earth element processing factory and zinc smelt-
ers on the banks of the Periyar river and a news print
factory on the Muvattupuzha riverbank. Besides
these, the high dependency on chemical fertilisers and
pesticides in agriculture in the catchment areas of
both rivers and estuary and the increased population
pressure and fast urbanization giving rise to the
heavy sewage e%uents, which are the possible anthr-
opologic factors leading to the high concentration of
some of the major and trace elements in the study
area. Sediment samples from the Cochin inner shelf
and estuary show moderately high concentration of
some of the elements like Fe, O- , MgO, P, O/ , Ba and Cr
and abnormally high concentration of Zn, Pb, Cd and
Bi in comparison with the world average values and

Table / Comparison of average concentrations of enriched elements in the study area with the global units and

nearby geological environments.

Bulletin of the Geological Survey of Japan, vol. /, (2), ,**+

� 380�



the shelf and river sediments from south India (Table
/). Periyar river sediments possess very high contents
of trace elements like Zn, Ba, Cd and Bi whereas
Muvattupuzha River shows excess concentration of
only Cd and Bi. There are many studies dealing with
the contamination of aquatic system by the artificial
release of heavy metals (Smith, +311 ; Forstner, +313).
The spatial distribution of the above elements indi-
cates that all the sampling units in the study area are
more or less anthropologically contaminated with the
lower reaches of the Periyar river and northern part
of Cochin estuary showing a maximum. An acute Pb
contamination is also noticed in the inner shelf area.
However, a significant portion of the dissolved phase
of various elements, especially heavy metals in each
sample has been washed o# during the initial wash-
ing of the sediment samples. Hence it is assumed that
the original contribution from anthropological sources
could be much higher than the present assessment.

1. Conclusions

Geochemical study of bottom sediments from parts
of Periyar and Muvattupuzha rivers, Cochin estuary
and the adjoining nearshore continental shelf indi-
cates that the fine grained sediments are enriched in
most of the major and trace elements investigated
such as MgO, CaO, Al, O- , TiO,, Fe, O-, Na, O, P, O/ , K, O,
MnO, Li, Sc, V, Cr, Co, Ni, Cu, Zn, As, Rb, Ta, Zr, Nb and
Pb and depleted in SiO, than the coarser sediments.
The spatial distribution patterns of various elements
in the study area indicate that the texture is the major
controlling factor on sediment geochemistry. Other
possible factors include organic matter content and
the presence of metal scavenging phases like Fe/Mn
hydoxides during estuarine mixing. Some of the nea-
rshore shelf, estuarine and river sediments posses
high content of TiO, due to the presence of heavy
minerals in the area. The distribution patterns of the
elements like Fe, O- , MgO, P, O/ , Ba, Cr, Zn, Pb, Cd and
Bi indicate that all the three sampling units are anthr-
opologically contaminated. The Periyar river and its
estuarine area show a maximum heavy metal contam-
ination in the study area. The statistical analysis of
geochemical data and mineralogical studies will be
further carried out to delineate the natural sediment
chemistry and anthropologic contribution in these
aquatic systems.
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