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ABSTRACT 

 
The Akathumuri – Anchuthengu – Kadinamkulam backwater complex and the 

Vamanapuram River which debouch into these with their adjoining nearshore area, is 

quite representative of a wetland facing many of the environmental crises at large. This 

inter-connected brackish water body has depth not more than 5 m.  The water body has a 

permanent connection with the Arabian Sea through the Muthalapozhi inlet.  The 

Vamanapuram River which originates from ChemmunjiMottai at about 1717m above 

MSL in the southern part of Western Ghats debouches into this estuary at Chirayinkizh 

after covering 81 km.  The main objectives of the study are to understand the textural, 

mineralogical, geochemical and hydrochemical analysis of the wetland to identify nature 

and source of water and sediment pollution.   

The sediment samples of the Vamanapuram River exhibits a scale of particle sizes series 

from pebbles to mud, while the estuarine floor is carpeted by fine sand and Muthalapozhi 

nearshore region with very coarse sand. Hydrodynamics condition for the river show low 

to very high energy and estuarine environment mostly concentrated in moderate to high 

condition and nearshore showed mostly high energy.  The CM pattern indicates that the 

sediments of the river were derived under shallow agitated fluvial (deltaic) environment 

while estuarine sediments were from both fluvial (sediments discharged by rivers) and 

marine environments.  The nearshore sediments are mainly by wave action.  Micro-

texture of quartz grains reveals the dominance of mechanical features consisting of edge 

abrasion and conchoidal features indicating transportation and deposition of under fluvial 

environment. In estuarine and near shore environment dissolution etching, pressure 



solution and honey comb structure are seen inferring the sediments had undergone 

intense chemical alteration with prolonged diagenetic changes under marine 

environment. 

The mineralogical study indicates that heavy minerals in the study area might have been 

derived from Khondalites and Charnockites rock in the hinterland. These heavy mineral 

deposits are governed by the presence of the host rock in the proximity (Western Ghats), 

existing river (drainage pattern), topography and coastal arrangements (beach).  In the 

present study, mostly aeolianand marine actions and shape of coastal geomorphology 

have played an important role in the concentration of heavy minerals. The distribution 

pattern exhibited by opaque, sillimanite, garnet, zircon and rutile suggests that difference 

in specific gravity, settling velocity and differential transportation has played a major 

role in their distribution.   

The provenance plot TiO2 vs Al2O3 of Amajor (1987) shows that the sediments of the 

Vamanapuram River and the A-A-K were derived from the same origin and falls in 

Basalt +Rhyolite/Granite and Rhyolite/Granite+ Basalt field suggesting their mafic to 

felsic source rock composition. CIA values for the river sediment and estuarine 

sediments indicating strong weathering while the nearshore sediments reported an 

average weathering.  The bivariate plots of Al2O3+K2O+Na2O against SiO2 for the three 

different environments differentiate the climate conditions as reasonably semi-arid 

climatic conditions for the river sediments and arid to a semi-arid condition in the 

estuarine samples.  In the nearshore sediments showed a border climatic condition from 

semi-arid to semi-humid.  The geochemical and hydrochemical studies show less 

contamination for the sediments and water in the wetland ecosystem.No major pesticide 

contamination (Organochlorines) has been observed in the present study area. 



The change detection study for the present study area showed an alarming threat to the 

wetland ecosystem.  Out of all seven LULC classes, major changes have occurred in 

buildup (103.8 km2) and beach (1.7 km2) which showed a continuous increase and at the 

same time forest (39.6 km2), vegetation (24.7 km2), water body (8.1 km2) and barren land 

(26.1 km2) area were lost.  The complete disappearance of paddy is a clear indication of 

the slowdown in the agrarian dynamism of this region and its quick transition towards 

non-cropping barren fields or housing settlements.  The reduction in forest cover also is 

another factor.  The reduction in forest cover is another factor aggravating the intensity 

of flood havocs.  Natural tropical forest acts as an effective sponge for reducing the 

quick rainwater runoff and prevents flash floods. 
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INTRODUCTION 

 Wetlands are ecotones that occupy a transitional position between dry land and 

open water.  Wetlands are the most imperative natural feature that modifies human 

history and culture.  These are the areas of earth that taught humans the art of cultivation 

about 10,000 years back.  It is true to say that human beings are molded and human 

cultures were modified in the vicinity of wetlands (Wade and Lopez-Gunn, 1999).  

Geologically, individual wetlands are ephemeral features of the earth’s surface, subject 

to change.  For the agriculturists these are the areas to be drained and cultivated, for the 

historians, they are the cradle of the ancient civilizations.  For the sociologists, these are 

the place for the survival of the huge population of third world countries as well as the 

source all the epidemics in this area.  Botanists describe these as areas where we can see 

plants adapted to wetness and dryness and for zoologist, these are areas for the survival 

of certain migratory birds and native animals, most of them are in the brink of extinction.  

For the developers these are the areas to be filled and build housing amnesties.  For the 

urban planner these are the areas that should be used for wastewater treatment. 

 Wetlands were once considered marginal waterlogged lands, harboring hazardous 

disease (Keddy, 2000, Dugan, 2005).  Misunderstandings over their ecology and 

functioning lead to their perception as a hazardous wasteland.  The term "wetland" 

means different things to different people because wetlands occur in all the climatic 

zones of the world, and there are about fifty definitions of wetlands in current usage 

(Dugan, 2005).  One of the first widely used wetland classifications systems derived by 

Cowardin et al., (1979) defines wetland into marine (coastal wetlands), estuarine 

(including deltas, tidal marshes and mangrove swamps), lacustrine (lakes), riverine 

(along rivers and streams) and palustrine (marshy –marshes, swamps and blogs) based on 
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their hydrological, ecological and geological characteristic.  Mitsch and Gosselink 

(1986) defined wetlands as “the land transitional between a terrestrial and aquatic system 

where the water table is usually at or near the surface, or the land is covered by shallow 

water”.  The US Environment Protection Agency (2005) gave two different definitions of 

wetlands.  They are (1) “Wetlands are marshy areas where there is much moisture in the 

soil” and  (2) "Wetlands are lands transitional between terrestrial and aquatic systems 

where the water table is usually at or near the surface or where shallow water covers the 

land and where at least one of the following attributes holds: like a) the land 

predominantly supports aquatic plants at least periodically; b) undrained hydric soils are 

the predominant substrate; and c) at some time during the growing season, the substrate 

is saturated with water or covered by shallow water".  The Ramsar Convention (1971) 

defines wetland  under the text of the Convention (Article 1.1) as “areas of marsh, fen, 

peat land or water, whether natural or artificial, permanent or temporary, with water that 

is static or flowing, fresh, brackish or salt, including areas of marine water the depth of 

which at low tide does not exceed six meters”.  Article 2.1 provides that wetlands: "may 

incorporate riparian and coastal zones adjacent to the wetlands, and islands or bodies of 

marine water deeper than six meters at low tide lying within the wetlands". 

 Wetland ecosystems are dominated by the influence of water; they possess 

characteristics of both terrestrial and aquatic ecosystems and properties that are unique of 

their own.  Wetlands are amongst the most productive ecosystems on the earth and 

provide many important services to human society.  Wetlands exhibit enormous diversity 

according to their genesis, geographical location, water regime and chemistry, dominant 

species, soil and sediment characteristics.  Scientists often refer to wetlands as the 

“kidneys” of the earth and forest as the “lungs” of the earth.  These provide a livelihood 

to the residents in the area in the form of agricultural products, fish, fuel fiber, fodder and 
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a host of another day to day necessity.  The wetland occurs from tundra to tropics, 

however, the percentage of earth’s surface composed of the wetland is not known.  The 

UNEPC World Conservation Monitoring Centre has estimated about 5.7 million km2 of 

the earth surface is wetland which is in agreement with Mitsch and Gosselink (2015) 

who estimated about 4% to 6% of the Earth’s land surface.  Mangroves cover 

approximately 240,000 km2 of the coastal area, and 600,000 km2 of coral reefs remain 

worldwide.   

 India support and sustain diverse and unique wetland habitats which extends from 

high altitude Himalayan lakes, followed by wetlands situated in the flood plains of the 

major river systems, saline and temporary wetlands of the arid and semi-arid regions, 

coastal wetlands such as lagoons, backwaters and estuaries; mangrove swamps; coral 

reefs and marine wetlands, and so on.  It is anticipated that freshwater wetlands alone 

support 20 percent of the known range of biodiversity in India (Deepa and Ramachandra, 

1999).  In addition to these, a large number of man-made wetlands also contribute to the 

faunal and floral diversity.  The current spatial spread of wetlands in India is 58.2 million 

hectares (including areas under wet paddy cultivation) as wetlands (Parikh and Parikh, 

1999). 

Table 1.1   Extent of wetlands in India 

Wetlands in India 
Area 

(million ha) 
Area under wet paddy cultivation 40.9 

Area suitable for fish culture 3.6 

Area under capture fisheries 2.9 

Mangroves 0.4 

Estuaries 3.9 

Backwaters 3.5 

Impoundments 3.0 

Total area 58.2 

Source : Prasad et al., 2002 



4 
 

1.1 Ramsar Convention 

 The Convention on Wetlands, popularly as the “Ramsar Convention” is an 

intergovernmental treaty adopted on 2 February 1971 in the Iranian city of Ramsar.  The 

official name of the treaty was the Convention on Wetlands of International Importance, 

especially as Waterfowl Habitat.  It is the first of the modern multilateral environmental 

agreements on the conservation and sustainable use of natural resources, whose mission 

is “the conservation and wise use of all wetlands through local, regional and national 

actions and international cooperation, as a contribution towards achieving sustainable 

development throughout the world”.  The Convention entered into force in 1975 and as 

of January 2016, there are 169 Contracting Parties and more than 2,220 wetlands 

designated as “Ramsar Sites”, covering 2.14 million square kilometers, larger than the 

surface area of Mexico.  India joined the Convention on October 1981, and presently 

have 26 wetlands declared as Ramsar sites. 

Table 1.2   List of Ramsar wetlands in India 

Sl. 
No. 

Name of 
Ramsar Site 

State Type 
Total 
Area 

(in ha) 

1 Kolleru Lake 
Andra 

Pradesh 
Freshwater Lake 90,100 

2 Deepor Beel Assam Freshwater Lake 4,000 

3 
Nalsarovar Bird 
Sanctuary 

Gujarat Freshwater Lake 12,000 

4 Pong Dam Lake 
Himachal 
Pradesh 

A water storage reservoir created in 
1975 on the Beas river. 

15,662 

5 
Chandertal 
Wetland 

Himachal 
Pradesh 

High altitude lake on the upper 
Chandra valley flowing to the 
Chandra river of the Western 
Himalayas. 

49 

6 Renuka Wetland 
Himachal 
Pradesh 

A natural Wetland with freshwater 
springs and inland subterranean karst 
formations. 

20 

7 Wular Lake 
Jammu & 
Kashmir 

Freshwater Lake 18,900 

8 Tsomoriri 
Jammu & 
Kashmir 

Freshwater to brackish water Lake 12,000 



5 
 

9 Hokera Wetland 
Jammu & 
Kashmir 

Natural perennial Wetland 
continuous to the Jhelum basin. 

1,375 

10 
Surinsar-Mansar 
Lakes 

Jammu & 
Kashmir 

Freshwater Composite Lake 350 

11 
Ashtamudi 
Wetland 

Kerala Estuarine Wetland 61,400 

12 
Sasthamkotta 
Lake 

Kerala Freshwater Lake 373 

13 
Vembanad-Kol 
Wetland 

Kerala Brackish Water 151,250 

14 Bhoj Wetland 
Madhya 
Pradesh 

2 continuous Human made Wetlands 3,201 

15 Loktak Lake Manipur Freshwater Lake 26,600 

16 Chilka Lake Orissa Brackish Lake 116,500 

17 
Bhitarkanika 
Mangroves 

Orissa Mangrove Wetland 65,000 

18 Harike Wetland Punjab 
Shallow water reservoir with thirteen 
islands, at the confluence of 2 rivers. 

4,100 

19 Kanji Wetland Punjab 

A permanent stream, the Kanji Bein, 
converted by construction of a small 
barrage in 1870 into a water storage 
area for irrigation purposes. 

183 

20 Ropar Punjab 

A human made wetland of lake and 
river formed by the 1952 
construction of a barrage for 
diversion of water from the Sutlej 
River. 

1,365 

21 
Keoladeo 
National Park 

Rajasthan 
A complex of ten artificial, seasonal 
lagoons, varying in size. 

2,873 

22 Sambhar Lake Rajasthan Saline Lake 24,000 

23 
Point Calimere 
Wildlife and Bird 
Sanctuary 

Tamil 
Nadu 

A coastal area consisting of shallow 
waters, shores, and long sand bars, 
intertidal flats and intertidal flats and 
intertidal forests, chiefly mangrove, 
and seasonal, often-saline lagoons, as 
well as human-made salt exploitation 
sites. 

38,500 

24 Rudrasagar Lake Tripura Freshwater Lake 240 

25 
Upper Ganga 
River 

Uttar 
Pradesh 

A shallow river stretch of the great 
Ganges with intermittent small 
stretches of deep-water pools and 
reservoirs upstream from barrages. 

26,590 

26 
East Calcutta 
Wetlands 

West 
Bengal 

Complex of natural and human made 
Wetlands 

12,500 

Source : Krishnakumar et al., 2017 
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1.2 Classification 

 Formation of the wetland is a function of climate (precipitation, temperature and 

wind), hydrology, chemistry (water and soils), geomorphology (landform and soil parent 

material) and biology (fauna and flora).  Wetland development is dynamic as different 

types of wetland represent transitions from one type to another.  As a result, wetland 

often shares characteristics of more than one type form sub form or type.  Three main 

factors characterize a wetland are water, substrate and biota.  Of the three, water has 

special status because neither substrate nor biota of wetland can develop in the absence 

of specific hydrologic conditions.  Wetlands are classified according to their location 

such as marine, riverine, estuarine, lacustrine and palustrine, saline and freshwater type, 

dominant vegetation like herbaceous or woody, temporary or permanent hydrological 

regimes, and human intervention (natural/modified/created by humans). 

Table 1.3 Wetland Classification System (MoEF, 1990) 

INLAND WETLANDS 

1. Natural 1.1 Lakes/Ponds 

1.2 Ox-bow lakes/Cut-off meanders 

1.3 Waterlogged (Seasonal) 

1.4 Playas 

1.5 Swamp/Marsh 

2. Man-made 2.1 Reservoirs 

2.2 Tanks 

2.3 Waterlogged 

2.4 Abandoned quarries 

2.5 Ash pond/Cooling pond 

COASTAL WETLANDS 

3.   Natural 3.1 Estuary 

3.2 Lagoon 

3.3 Creek 
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 3.4 Backwater (Kayal) 

3.5 Bay 

3.6 Tidal flat/Mud flat 

3.7 Sand/Beach/Spit/Bar 

3.8 Coral reef 

3.9 Rocky coast 

3.10 Mangrove forest 

3.11 Salt marsh/Marsh vegetation 

3.12 Other vegetation 

4. Man-made 4.1 Salt pans 

4.2 Aquaculture ponds 

 
 
 Realizing the importance of wetlands in India, the Ministry of Environment, 

Forests and Climate Change (MoEFCC) has adopted the final wetland classification 

system and published a Directory of Wetlands in 1990 (Ministry of Environment and 

Forest, 1990). 

1.3 Status of wetlands in India 

 India has 1.5 million hectares of natural wetland which spreads from the high 

altitude Himalayan lakes to the flood plains of the major river systems, followed by the 

saline and temporary wetlands of the arid and semi-arid regions, coastal wetlands which 

includes lagoons, backwaters and estuaries; mangrove swamps; coral reefs and marine 

wetlands, and so on.  Moreover the ministry of Environment and Forests, Government of 

India (1990) estimated that India has, 2.6 million hectors of manmade wetland and 0.6 

million hectors of mangrove vegetation (Garg et al., 1998).  The results of the nationwide 

wetland inventory reveal that there are 27,403 wetland units in the country occupying 7.6 

million hectares, of which coastal wetlands occupy 4 million hectares and remaining are 

the inland wetlands.  A large number of man-made wetlands constructed for the need for 
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irrigation, water supply, electricity, fisheries and flood control also contribute to the 

faunal and floral diversity.  Freshwater wetlands alone support 20 percent of the 

biodiversity in India (Deepa & Ramachandra 1999). 

1.4 Status of wetlands in Kerala 

 The wetlands in Kerala are broadly divided into inland wetlands which cover 

about 34199.57 ha and coastal wetlands about 93730.50 ha.  These are either natural or 

man-made.  A recent study identified 1,25,822.4 ha wetlands in the state covering 14 

districts against the total area which was calculated as 12790.07 ha (CESS, 1998 and 

CESS, 2013).  The recent areal study estimates that there are 1762 wetlands in the State.  

In addition to this, 2592 wetlands smaller than 2.25 ha has also been identified.  The 

major wetland types included were River/Stream (65162 ha), Lagoons (38442 ha), 

Reservoirs (26167 ha) and Waterlogged (20305 ha) areas, thus the total wetland area 

estimated was 160590 ha.  (Anon, 2010). 
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Fig. 1   State wise number of wetlands in India Source Bassi et al., 2014 
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Table 1.4   Areas under Wetlands of Kerala  
 

Wetlands Area (ha) No of Units 

Inland Wetlands 
Natural 2180.00 11 

Man-made 32019.57 53 

Total  34199.57 64 

Coastal Wetlands 
Natural 85671.50 86 

Man-made 8059.00 07 

Total  93730.50 93 

Grand Total  127930.07 157 

Source: Nair et al., 2001 
 

1.5 Significant of wetlands 

 Wetlands can be thought of as “biological supermarket” as they produce great 

quantities of food that attract many animal species.  The complex dynamic feeding 

relationship among the organism inhabiting wetland environments are refined to as food 

webs.  The combination of shallow water, high level of inorganic nutrients, and high 

rates of primary productivity are ideal for the development of an organism that forms the 

base of the food web.  Another function of the wetland is biogeochemical cycling which 

involves the biological, physical and chemical transformation of various nutrients within 

the biota, soils, water and air.  Wetlands are very important in this regard particularly 

relating to nitrogen, sulfur and phosphorous.  In anaerobic and chemically reduced 

wetland soils and the muddy sediments of aquatic habitat like estuarine, lakes and 

streams which support microbes that function in nitrogen and sulfur cycling.  Upon death 

and decay nitrogen and sulfur in plant and animal, biomass is released into the 

atmosphere where it once again becomes available to certain plants and their associated 

nitrogen-fixing bacteria in the soil.  On the other hand, phosphorous does not have a 
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gaseous form, but vascular plant in wetland transform inorganic forms of phosphorus 

into organic forms in their biomass as they grow.  Thus wetlands provide the 

circumstances needed for the elimination of both nitrogen and phosphorus from surface 

water.  

 Wetlands store carbon within live and preserved plant biomass instead of 

releasing into the atmosphere as carbon dioxide, a greenhouse gas affecting global 

climate.  Therefore wetlands worldwide help to moderate global climatic conditions.  

Wetlands play an important role in the hydrological cycle as they can receive, store and 

release water in various ways – through groundwater and surface water as well as 

biologically through transpiration by vegetation. Wetlands improve water quality 

including that of drinking water by intercepting surface runoff and removing or retaining 

inorganic nutrients, processing organic wastes and reducing suspended sediments before 

they reach open water.  As runoff water passes through wetlands they retain or process 

excess nitrogen and phosphorous, decomposes organic pollutants, trap suspended 

sediments that would otherwise clog waterways and affect fish and amphibian egg 

developments.  Wetlands also reduce environmental problems such as algal blooms, dead 

zones, fish kills, etc that are associated with excess nutrient loading.  In addition to 

improving water quality through filtering, some wetlands maintain stream flow deriving 

dry periods others replenish groundwater.  Due to their low topographic position 

relatives to uplands, wetlands store and slowly release surface water and distribute them 

more slowly over floodplains.  This combined water storage and slowing action lowers 

flood heights and reduces erosion downstream and on adjacent land.  It also reduces 

flood and prevents water logging of agricultural lands.  Wetlands at the margin of lakes, 

rivers, bays and the ocean help protect shoreline and stream banks against erosion.  

Wetland plants hold the soil in place with their roots, absorb the energy of waves and 
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break up the flow of a stream or river currents.  Wetlands provide a green barrier to 

protect the coastline and the coastal communities that line there.  

1.6 Threat to wetland ecosystem 

 Wetlands are currently subjected to acute pressure owing to rapid development 

activities and indiscriminate utilization of land and water.  As a result, the system is 

being degraded especially in the tropics at an alarming rate of around one percent per 

year.  Though there was no quantitative estimation on the rate of destruction of wetlands 

in Kerala, the quantitative degradation of the ecosystem is more or less well understood.  

The wetlands of Kerala are facing major issues mainly related to pollution, 

eutrophication, encroachment, reclamation, mining and biodiversity loss. 

1.6.1 Urbanization – Urbanization exerts significant influence on the structure and 

function of wetlands, mainly through modifying the hydrological and sedimentation 

regimes, and the dynamics of nutrients and chemical pollutant.  Poor management of 

water bodies, lack of concrete conservation plans rising pollution, and rapid increase in 

localized demands for water are pushing these precious eco balances to extinction. 

1.6.2  Pollution in wetlands is mainly due to agricultural runoff of pesticides, fertilizers, 

industrial and municipal wastewater discharge which causes eutrophication.  High 

nutrient content stimulates undesirable algal growth in the surface water and it is more 

expensive to purify this water for drinking and other industrial uses.  Eutrophication can 

reduce or eliminate fish population and also result in the loss of many cultural services 

provided by the wetland. 

1.6.3  Mining - In order to meet the demand from the construction sector, indiscriminate 

mining of sand from river basin estuaries and even paddy fields in almost all the areas. 
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1.6.4  Industrial effluents – Effluents from the industries situated on the banks of the 

river and wetlands are the main sources of chemical pollution of wetlands of Kerala.  

These effluents contain a large number of toxic ingredients such as acids, alkali, heavy 

metal suspended solids and a number of other chemicals, which have immediate and 

long term effects on the organism.  Depending on the natural and anthropogenic inputs in 

an area, the association of heavy metals varies with different fractions of the sediments. 

1.6.5  Retting of coconut husk – It is a widespread activity causing organic pollution of 

the wetlands of Kerala.  Retting results in the release of large quantities of organic 

substances like pectin pentose, fat and tannin by the activity of bacteria and fungi.  The 

decomposition of pectin results in the production of hydrogen sulfides- the basis of the 

nauseating smell in and around retting zone.  High organic content, high biological 

oxygen demand, low oxygen and high sulfide are characteristics of retting zones. 

1.6.6  Waste disposal – Municipal solid waste and sewage are the major pollutants of 

almost all wetlands and are the major pollutants of almost all wetlands.  These are the 

major source of pathogens in the system.  The urban waste includes hospital wastes, 

market and slaughterhouse wastes and sewage and wastes generated from other 

commercial and residential areas including overflow from latrines.  It also contains large 

quantities of nondegradable solid wastes, mainly plastic bags and containers.  

1.6.7  Petroleum hydrocarbon – The wetland ecosystem in Kerala is also threatened by 

petroleum hydrocarbon (PHC) pollution.  Numerous oil tankers and other vessels plying 

through the waters are major sources of pollution.  The input of PHC to the aquatic 

system is purely of anthropogenic nature.  It is found mostly in the form of unburned fuel 

and oil and the tarry nature of these residues adheres to the respiratory system of aquatic 

organisms.  The oil spread as a film over water inhibits the free exchange of oxygen with 
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atmosphere and light penetration resulting in impairment of primary production.  Oil and 

grease spills from the boats used for water transport, fishing and tourism are other 

sources for PHC pollution.  Washout from motor workshops, bus stand, boat building 

yard, etc situated on the outer reaches of the wetlands and the construction wastes are 

also sources of PHC pollution. 

1.6.8  Land-use changes – Wetlands are currently subjected to acute pressure of rapid 

developmental activities.  Unauthorized encroachment of wetland areas for non- wetland 

purposes is still continuing in areas adjacent to low land paddy fields, mangrove areas, 

and other backwater areas.  The unscientific land use and agricultural practices along 

with forest clearing in upland and in wetland areas exert major pressure on wetland 

leading to soil erosion.  This causes siltation leading to salinity intrusion, ecosystem 

change and biodiversity loss.  The eroded soil contains a large amount of nutrients which 

cause eutrophication.  The wetland loss has been responsible for bringing to the verge of 

extinction of countless species of medicinal and economically important plants and 

animals. 

1.7 Objectives 

 The main objectives of this study are 

• To identify nature and source of water and sediment pollution. 

• Spatio - temporal changes of the wetland ecosystem with respect to land use 

land cover changes using remote sensing and GIS techniques. 

• To estimate rate of sedimentation of the estuaries using isotope techniques. 

1.8 Study area 

 The Vamanapuram River originates from Chemmungi mottai in the Western 

Ghats at a height of about 1717 m above mean sea level.  The river has a length of 88Km 
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and drainage area of 687 sq.km.  The river cascades over a 13-meter fall known as the 

Meenmutti waterfall.  After traversing a distance of 7 km Kalaiparai Ar join and further 

downstream other two tributaries Pennivadi Ar and Ponmudi Ar joins the mainstream 

near Kallar, as the river enters Anapara the main tributary, Chittar joins the river and 

when it reaches Vamanpuram it meanders and Kilimannor Ar joins further downstream.  

Finally, the river drains into the Akathumuri-Anchuthengu estuary near Chirayinkil 

district.  The river flows through highland midland and low land covering 34 panchayats.  

The River Basin is bounded by Nedumangad Taluk of Thiruvananthapuram district in 

the South, Kottarakkara Taluk of Kollam districts in the North, Tamil Nadu in the East 

and the Lakshadweep Sea in the West. 

 The Akathumuri-Anchuthengu-Kadinmakulam (AAK) tract is almost parallel to 

adjoining Lakshadweep Sea and opens to the sea through an inlet at Muthalapozhi near 

Perumathura.  The construction of breakwaters has caused a permanent opening to the 

sea for the Akathumuri-Achuthengu-Kadinamkulam estuary.  Earlier this interconnected, 

shallow brackish water tract whose depth is not more than 5m was seasonally connected 

with the Arabian Sea through the opening of the sandy bar at Muthalapozhi.  For rest of 

the year a temporary spit forms at the mouth rendering the estuary “blind’’.  After the 

construction of breakwaters and due to dredging activities natural condition has changed 

and opened the way for continuous mixing of fresh and seawater.  The estuary is 

connected with Veli Lake on the south by Parvathyputhen Ar.  The Vamanapuram River 

is the only freshwater source of the estuary.  Estuarine encroachment and reclamation, 

sand mining, retting of coconut etc., are the potential sources of environmental 

degradation in the AAK estuary (Arunkumar and Joseph, 2006). 

 Muthalapozhi coast is part of NW-SE trending almost straight coast between Veli 

and Varkala.  The near shore study area extending from Thumba (lat. 90.66’35” N: long. 
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760.36’00” E) – Neduganda (lat.80.69’75” N: long.  760.73’83” E) sector is a part of a 

high energy sandy coast adjoining a tidal inlet at Muthalapozhi.  The area is of 17 Km 

long with an average width of about 200 m and comprises the inner shelf zone up to 20 

m isobaths.  The seafloor is smooth, with an average seaward gradient of approximately 

1:77 between the inshore area and 30m isobath. The inlet has divided the coast into 2 

distinct sediment cells as south and north of the harbour where construction of 

breakwaters has aggravated the erosion situation along the north.  Being eroding coast 

seawalls and groins has been constructed towards the north of the tidal inlet.  As part of 

inlet stabilization, seawalls were also constructed in the south side, close to the inlet.  

 

Fig. 1.2   Study area map showing sample location 
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1.9 Geology of Kerala  

 The Kerala region is an important segment of the South Indian Precambrian 

Granulite terrain, where major units of the Archaean continental crust, such as granulites, 

gneisses and greenstones are provided.  Geologically, Kerala State is occupied by 

Precambrian crystallines, acid to ultrabasic intrusive of Archaean to Proterozoic age, 

Tertiary (Mio-Pliocene) sedimentary rocks and Quaternary sediments of fluvial and 

marine origin.  The Kerala region forms a part of the South Indian Granulite Terrain 

(SIGT).  The southern part of the State, south of Achankovil Shear Zone, exposes an 

assemblage of migmatised metasedimentary and meta-igneous rock.  From north of the 

Achankovil Shear Zone up to the southern flank of the Palghat Gap, the rocks are 

predominantly charnockites, granulites, schists. Gneisses intruded by acid and alkaline 

plutons, constitute the northernmost parts of the state.  

 The bulk of the rocks of Kerala, especially the granulites and associated gneisses 

belong to Precambrian.  Sporadic late Precambrian-early Palaeozoic granites and 

associated pegmatites and Meso- Cenozoic dykes intrude these rocks.  The on-land 

sedimentary formations are confined to Neogene period only.  This indicates that the 

geologic column of the region is far from complete, with hardly any representation of 

rocks of the great periods belonging to Palaeozoic, Mesozoic and early Cenozoic eras of 

the Geologic Time Scale.  The Tertiary sedimentary formations of Kerala unconformably 

overlie the Precambrian.  The offshore sediments of Kerala constitute over 400cm of 

Late Cretaceous to Quaternary age.  The rock types of Kerala region are mainly 

classified into three:  

 1.   Precambrian rocks  

 2.   The Tertiary formations  

 3.   The Quaternary formations  
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 A number of radiometric age determinations of rocks from the Kerala region 

have helped in classifying the rocks into broad age groups.  The oldest rocks, so far dated 

in Kerala, are the Charnockites, which yielded U-Pb Zircon age of 2950Ma.  These also 

happen to be the most widespread rock unit in the State.  Charnockites and associated 

gneisses occupy most part of the Western Ghats and the midland regions of the State.  

The largest patch of Khondalite group of rocks is noticed south of Achancovil shear in 

south Kerala.  These rock units occur as a linear belt, wedged between charnockite 

massifs on both sides and have recorded ages of ca.2100-2830Ma, although there is a 

whole-rock model age of 3070Ma (Soman 2002). 

1.10 Geology of Study Area  

 Geologically the study area comes under a Precambrian metamorphic shield of 

the South Indian Granulite Terrain.  The major rock types seen in the study area are 

Garnetiferous Biotite Gneiss (GBG), Charnockite and khondalite.  In some areas 

quartzo- feldspathic gneisses also occur.  Laterite constitutes important litho unit in the 

study area.  

 Garnetiferous biotite gneiss is medium to coarse-grained, light coloured banded 

rock. Banding is due to the presence of light and dark coloured minerals.  Light coloured 

minerals are quartz and feldspar and the dark coloured minerals are garnet and biotite.  

Major minerals in the garnetiferous biotite gneiss are quartz, feldspar, garnet and biotite.  

Charnockite is a gray to greenish-black rock which is medium grained with equigranular 

texture.  The rock is massive and extremely hard. It contains quartz, hypersthenes, 

garnet, feldspar and biotite.  Garnet-sillimanite gneiss, containing varying amounts of 

graphite and some quartz and orthoclase has been termed Khondalite.  In Khondalites, 

sillimanite occurs as hair like needles, as also broken crystals; graphite forms nests or 
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pockets and calcite, biotite, are generally present.  Laterite is a weathering product of 

rocks, extensively developed in semihumid and humid inter-tropical regions.  It is rich in 

secondary oxides of iron, aluminium or both, with or without quartz and clays, but 

devoid of primary silicates.  It is porous and shows vermicular structure. Important 

deposits of bauxite, nickel, manganese, iron ores and china clay are associated with 

laterite.  
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METHODOLOGY 

2.1 Sample Collection 

 This study covers a spectrum of subject components pertaining to sediments and 

water resources of Akathumuri-Achuthengu-Kadinamkulam estuarine system along with 

its near shore regions and the Vamanapuram River which debouche into this wetland.  

Various procedures adopted for data generation include sample collection, sample 

processing and analysis.  Detailed fieldwork has been carried out during the period of 

March 2015 to March 2016 which covers the two seasons namely pre-monsoon and post-

monsoon.  Base map generated from the survey of India toposheet were used for fixing 

the sampling sites.  A total of 35 surface sediment and water samples (14 from 

Vamanapuram River and 21 from the A-A-K estuary) were collected for textural, 

mineralogical and geochemical studies.  An additional 14 sediment samples were 

collected from the Muthalapozhi near shore region, upto a depth of 20m, during the post-

monsoon period only. Stainless steel Petersons grab was used to collect bottom sediment 

samples.  The samples were carefully transferred, labeled and preserved for analysis. 

2.2 Granulometric Analysis 

 The collected surface samples were subjected to textural analysis outlined by 

Folk and Ward (1957). The samples containing a significant amount of silt and clay was 

subjected to sieving and pipetting as suggested by Carver (1971). A known quantity of 

sample was dispersed overnight in 0.025 N of sodium hexametaphosphate, using 63µm 

sieve the coarser sand fraction was separated from the sediments by wet sieving. The 

aliquot was collected in a graduated measuring jar of 1 liter and volume made up. The 

filtrates were pipette out at fixed time interval and the aliquots were oven-dried to 

constant weight at 60o. The sand fraction was subjected to dry sieving using a standard 
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set of ASTM Endecott sieves at half phi interval in a mechanical Ro Top sieve shaker for 

15 minutes. The grain size parameters such as mean size, median, mode, standard 

deviation, skewness and kurtosis were calculated using Gradisat software. 

Mean size (Mz) 

Mean size = φ16 +φ 50 +φ 84 
       3 

Mean Type of Mean 

-∞ - -1 Gravel 

-1 - 0 Very coarse sand 

0 - 1 Coarse sand 

1 - 2 Medium sand 

2 - 3 Fine sand 

3 - 4 Very fine sand 

4 - 8 Silt 

8 - ∞ Clay 

 
Sorting (Standard deviation σ) 

Standard deviation (σ) = 
∅  ∅

 + 
∅  ∅

.
 

 According to Folk and Ward (1957) the divisional points based on standard 

deviation are given below: 

 Standard Deviation  Sorting  

 <0.35 Very well sorted  

 0.35 - 0.50 Well sorted  

 0.50 - 0.71 Moderately well sorted  

 0.71 - 1 Moderately sorted  

 1 - 2 Poorly sorted  

 2 - 4 Very poorly sorted  

 >4 Extremely poorly sorted  
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Skewness (Sk) 

Skewness (Sk) = 
∅ ∅ ∅

(∅ ∅ )
 + 

∅ ∅ ∅

(∅ ∅ )
 

 Skewness value Type of skewness  

 1 - 0.3 Very fine skewed  

 0.3 - 0.1 Finely skewed  

 0.1 - 0.10 Nearly symmetrical  

 -0.10 -  -0.30 Coarse skewed  

 -0.30 - -1 Very coarse skewed  

 

Kurtosis(Kg)  

Kurtosis (Kg) = 
∅ ∅

. (∅ ∅ )
 

 

 Kurtosis value Type of Kurtosis  

 <0.67 Very platy kurtic  

 0.67 - 0.90 Platy kurtic  

 0.90 - 1.11 Meso kurtic  

 1.11 - 1.50 Lepto kurtic  

 1.5 - 3 Very lepto kurtic  

 <3 Extremely lepto kurtic  

 

 The grain size classes like pebbles, granules, various size grades of sand and mud 

were separated following the size limits of Wentworth 

2.3 CM Pattern  

 The interrelation between the statistical parameters has been successfully used to 

delineate the environment of deposition. According to Passega, (1957), the study of a 

large number of samples representing different depositional environment reveals that 

coarse fraction of clastic sediment is more representative of the depositional process than 
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the fine fraction. He developed CM pattern, which records a combination of two values; 

a) C - indicates the coarseness and is one of the percentile value. This parameter is an 

approximation of maximum grain size. b) M- medium, which explains 50% of the 

sample. 

2.4 Linear Discriminating Function (LDF) 

 Sahu’s (1964) linear discriminating function of Y1 (Aeolian beach), Y2 (beach 

shallow agitated water), Y3 (Shallow marine, fluvial) and Y4 (turbidity, fluvial) were 

used to decipher the process and environment of deposition. Linear discriminate function 

(LDF) analysis of sediment samples was carried out using the following equations: 

1) Aeolian/beach:  

 Y1 =-3.5688 M+ 3.7016 r2
 –- 2.0766  SK+ 3.1135 KG 

 If Y is >-2.7411, the environment, Beach but if Y is <-2.7411, the environment is 

Aeolian. 

2) Beach /Shallow agitated water  

 Y2 (B: S: M) = 15.6534 M + 65.7091 r2 +18.1071SK + 18.5043 KG, if Y is > 

63.3650, the environment is shallow marine. 

3) Shallow marine / fluvial environment  

 Y3(S: M: F) =0.2852M -8.7604 r2- 4.8932 SK + 0.0482 KG if Y is >- 7.4190, the 

environment is shallow marine but Y is < -7.4190 Y is environment is fluvial. 

4) Fluvial / Turbidity  

 Y4 (F: Turb) =0.7215 +0.403 r2 + 6.7322 SK +5.2927 KG 

  If Y is > 10000 the environment is turbidity but if Y is < 10000, the environment 

is t fluvial. Where Y is the discriminate function, Mz is mean grain size, σI is 

graphic standard deviation (sorting), Sk is skewness and Kg is graphic kurtosis. 



24 
 

2.5 Micromorphology of Quartz grain 

 The study of micromorphological of quartz grains using Scanning Electron 

Microscopy (SEM) techniques for relating micro texture of the samples to specific 

sedimentary environments.  Quartz grains from sand fraction of the treated samples are 

separated by sieving using 63 μm sieve based on Carver (1971) method.  The quartz 

grains are then hand-picked after examination using stereo zoom binocular microscope 

and then treated with stannous chloride solution to remove the iron stains.  The selected 

quartz grains mounted on stubs, sputter-coated with silver tape are examined using a 

Hitachi S-3400N Variable Pressure Scanning Electron Microscope (SEM) with Deben 

Peltier Cool stage.  The various micro textures seen in the sample have been analyzed and 

studied in detail by comparing with the published literatures.   

2.6 Mineralogy 

 About 50g of the sediment sample was washed with distilled water to remove the 

fractions greater than 63µ and afterward it was treated with dilute HCI to remove shell 

fragments and iron coatings on the grains.  It is then washed with distilled water and 

dried in a hot air oven. Sieved fractions from +45 to 230 mesh size were taken up for 

heavy mineral separation.  The separation was carried out in three fractions viz, medium 

sand, fine sand and very fine sand.  The sediments were separated using bromoform 

(CHBr3; Sp. Gr. 2.89 g/cc) and separating funnel.  The minerals thus separated were 

washed with acetone, dried and weighed to find out the total heavy and light mineral 

contents.  The heavy minerals were then boiled for a few minutes with dilute HCl and a 

tinge of stannous chloride to remove the Fe/Mn coating.  After the heavy sand separation, 

the separated heavies were mounted on slides and were studied under a polarized 

microscope for identification of heavy minerals.  Well-baked canada balsam was poured 
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on the glass slide and the heavy mineral grains were speckled over and allowed the grains 

to sink in.  A cover glass was placed carefully above it without the formation of air 

bubbles.  After sufficient cooling, the slides were cleaned with acetone to remove the 

excess canada balsam sticking on the glass slide.  The individual minerals in each slide 

were studied under a Leitz petrological microscope.  To determine the relative abundance 

of heavy minerals in the samples, each mineral were identified and their percentage was 

calculated.  

2.7 Organic Carbon 

 The determination of total organic carbon is an essential part of ecological 

assessment since its presence or absence can distinctly influence how chemicals will react 

in the soil or sediment. Carbon can be present in three forms namely elemental, 

inorganic, or organic forms. Carbon is usually derived from weathering of the parent 

rock, decomposition of plant and animal matter, or by addition through anthropogenic 

activities.  They along with metal ions and hydrous oxides form water-soluble and 

insoluble complexes.  They interrelate with clay minerals and bind particles together, 

absorb and release plant nutrients and hold water in the soil environment.  The organic 

carbon content of sediment samples was determined by using a modified Elwakeel and 

Riley (1957) which is based on the oxidation of organic carbon with chromic acid and 

titrimetric determination of the oxidant consumed. 

 O.5 gm of powdered sediment sample is taken and treated with 10ml of 1N 

K2Cr2O7 solution and 20 ml of conc: H2SO4 (mixes with 1.25 gm Ag2SO4 is mixed with 

500ml H2SO4). It is kept aside for half an hour and then diluted by adding 200 ml of 

distilled water, followed by adding 4 or 5 drops of ferroin indicator.  The solution is 

titrated against the 0.5 N ferrous ammonium sulfates and the colour changes to brilliant 
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red wine indicating the end point. The volume of ferrous ammonium sulfate is noted as T. 

A blank solution is prepared by taking all the reagents in the same amount as above and 

titrated against ferrous ammonium sulfate and is noted as S. The percentage of organic 

carbon is calculated using the equation 10(1-T/S). 

2.8 Calcium Carbonate (CaCO3)  

 The percentage of CaCO3 in sediment samples is estimated using Hutchinson and 

Mcheman (1947) method. The principle involves, treating the sample with a known 

quantity of HCl and estimating the excess of HCl by back titration with standard NaOH 

using phenolphthalein indicator. A 1 gm of sample is taken in an Ermelyer flask and 50 

ml of 0.2 N dilute HCl is added to it.  After half an hour about 25 ml from the dissolved 

carbonate solution is transferred into another flask and added 3 to 4 drops of 

phenolphthalein indicator.  It is then titration against 0.2 N NaOH solutions and the 

endpoint is indicated by light pink colour. 

2.9 Geochemistry   

 Major and minor element concentrations are determined by adopting the X-ray 

fluorescence spectrometry method following the procedures given by Calvert (1990).  

Bruker model S4 Pioneer sequential wavelength-dispersive X-ray spectrometer equipped 

with a goniometer having 4 kW Rh X-ray tube was used to measure different peaks and 

background counts for the major elements.  The sample preparation procedure includes 

the powdering of the dried samples using mortar and pestle.  The powder sample passing 

through 230 mesh is dried overnight at 110 °C to remove the moisture content.  These 

dried powder samples are heated in a muffle furnace at 950 °C for one hour in order to 

eliminate the volatile constituents and Loss on Ignition (LOI) is calculated.  Pressed 
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pellets (20 ton hydraulic pressure) are prepared by filling collapsible aluminium cups 

with boric acid and finely powdered sample. 

2.10 Hydrochemistry 

 Due to the varying period of time that may lapse between sample collection and 

analysis, storage arrangements were made to avoid undesirable loses, contamination or 

other changes that could affect the results of the analysis.  Physico chemical parameters 

like pH, Temperature, Eh, TDS and conductivity was measured institute using Eutech  

650 portable water quality meter, with an accuracy of ± 0.002 pH units, ±0.5oC 

temperature, ±0.2 mV, ±1% TDS units and  ±1% conductivity units.  Additional samples 

were collected for estimation of DO and BOD in narrow mouthed glass bottles of 125ml 

and 300ml capacities respectively.  The bottles were rinsed with the representative 

samples before collecting it.  The DO in the sample was fixed immediately after 

collection, using chemical reagents.  Samples for BOD were stored in dark at a 

temperature < 40C and as soon as possible after sampling.  The metals samples were 

acidified to below pH 2 with conc. HNO3. Samples were transported to the laboratory 

preferably within 28 hours.  Preservation of samples and estimation of various water 

quality parameters were done as per standard procedures reported in APHA (APHA 

2000) 
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Table 2.1   List of physico-chemical parameters studied in water samples and  
details of the methodology followed 

Sl 
No 

Parameters Method Instrument 

1 
pH, Conductivity, 
TDS 

 
Portable water 
quality meter 
(Eutech  650) 

2 DO(mg/ L ) 
Modified Winkler's method APHA 

1995) 
 

3 
BOD (mg/ L) 
 

Unseeded dilution technique 
incubation at 20± 1 °C for 5 days 

(APHA 1995) 
 

4 
Total Alkalinity (mg/ 
L) 

Volumetric analysis Grasshoff 
(1999) 

 

5 Total Hardness 
EDTA titration using Eriochrome 

Black T indicator 
 

6 Major elements  

Microwave Plasma 
Atomic Emission 

Spectroscopy 
(MPAES) 

7 Minor elements  

Inductively coupled 
plasma mass 
spectrometry 

(ICP-MS) 

7 
Silicates, Phosphate, 
Nitrate (NO3), Nitrite 
(NO2), Ammonia NH3 

 
Contnous Flow 
Analyser (CFA) 

 

2.11 Land use/Land cover change detection (LU/LC) 

 For land use/land cover change detection study, Survey of India toposheets of 

1:50,000 scale for the related region with No.58D/9, 58D/10, 58D/11,58D/14, 58H/1, 

58H/2 were georeferenced to WGS-1984 and UTM Zone-43N coordinate system. The 

geo-referenced toposheets were mosaicked from which the area of study is clipped.  The 

Landsat satellite images (Landsat 7 & Landsat 8) for the year 2000 and 2019 were 

downloaded from the website https://glovis.usgs.gov.  The images are projected to WGS-

1984 and UTM Zone-43N Coordinate System.  ERDAS Image 2015 was used to 

perform land use/cover classification.  The clipped of the study area from the toposheet 

is classified by extracting each class and is geo processed in Arc GIS and rasterized to 
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obtain the LU/LC map of 1967.  Similarly, the LU/LC Maps of 2000 and 2019 were 

created from satellite images by supervised classification using maximum likelihood 

classifier in ERDAS imagine.  The result of the classified images is categorized into 

seven feature classes based on the USGS-LULC Classification System at Level I 

category. Seven classes identified for the study from the area are water body, forest, 

vegetation, built-up, paddy, barren, and beach.  The resultant LU/LC maps of the years 

1967, 2000 and 2019 are interpreted and analysed for change detection by post-

classification method.  The transition analysis and transition matrixes are created for the 

classified images to get a better and precise knowledge on the major transitions happened 

through the time period.  The accuracy of the classifications was obtained using the error 

matrix and overall kappa statistics.  
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RESULT AND DISCUSSION 

3.1 Texture 

 Texture refers to the size shape and three dimensional arrangements of particles 

that make up the sediments.  Textural analysis is the measure of description of grain size 

distribution and has mainly three objectives, description, comparison of sediments and 

consequent interpretation.  Grain size analysis is one of the important and widely used 

sedimentological tools to unravel the hydrodynamic conditions of an aquatic 

environment.  The focus of textural studies is to discriminate between sediment layers 

based on the environment of deposition, like riverine, aeolian, beach sands and gravels.  

Several studies have been done in order to understand, grain size parameters to 

differentiate environments of deposition (Folk and Ward, 1957).  Grain size distribution 

bears fundamental relationship with the physical forces involved in mechanism of 

transport and deposition of sediments.  The coarser sediments are found in high-energy 

environments while finer sediments clog at low energy regimes.  The grain size analysis 

of clastic sediments is very important because it is the basic descriptive measure of the 

sediment, it is the characteristic of sediments deposited in certain environments, it may 

yield information about the physical mechanisms acted on the sediments during 

deposition, and the grain size may be related to other properties such as permeability, 

mineralogy, geochemistry etc.  The characteristics of grain size distribution of sediments 

may be related to the source materials, process of weathering, abrasion and corrosion of 

the grains and sorting processes during transport and deposition.  Parameters like 

roundness, sphericity, surface texture, detrital heavy mineral ratio, biogenic components 

and syngenetic minerals, that quantify grain, further aid to identify the environment. 
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 The sediment samples of the Vamanapuram River exhibits a continuum of 

particle sizes series from pebbles to mud, while bigger particles like cobbles and 

boulders are expelled from the present study because of the difficulty in measuring size 

classes.  The result of grain size analysis of the river sediments are presented in the Table 

3.1.  The river sediments are characterised by high amount of pebbles in the upper stream 

reaches which ranges from 14 - 30% (av 6.7) in the pre monsoon and 16 - 34.7% in the 

post monsoon (av 6%) and it radically vanishes as the river enters the mid land.  The 

highest percentage of pebble was noticed in the Kallar region (V5) for both the season.  

River sediments are marked by high amount of granules throughout its course 0.1 - 46% 

(av 16.5%) and 0 – 52.9% (av 15.8%) for the two representative seasons.  The sand 

fraction varies from 47 – 90% (av 68.6%) for pre monsoon and 41.6 – 89.5% (av 70.9%) 

in the post monsoon season and it is clearly evident that, every fractions of sand shows a 

similar trend downstream.  The mud fraction varies from 7.8% and 10.7% in the river the 

for the two seasons.  According to Folk and Ward (1970) classification the sediments of 

the river ranged from slightly gravelly sand to muddy gravelly sand (Fig. 3.1).  

 A gradual decrease in the grain size along the downstream direction is a 

prominent feature observed in the present study, is mainly due to the differential 

transport mechanism of the river, which is governed by the variation in mean discharge, 

speed of water and seasonal variation (Mohan 1990).  The grain size variation in the 

Vamanapuram River can be explained by the following process, larger grain rolls faster 

and further at a long angle of the slope than the smaller particles and the latter will be 

thrown further in the transporting medium, this gives to differential sorting process and 

result in polymodal distribution of grains (Brush 1965; Taira and Scholle 1979).  The 

average grain size of the sediments is bigger in the upstream which is forbidden by the 

velocity of the river.  The current condition in the upstream is comparatively more rapid 



32 
 

due to the topography hence large size materials are transported.  As the distance 

increases together with speed reduction grain size material transported becomes smaller.  

Yasin et al., (2015) reported similar condition from Kendari Basin, Indonesia.  Moreover 

sand mining and check dams constructed across the river in many places for ground 

water recharge in the Chiranyinkezhu Thaluk also restricts the speed of water causing 

deposition of sediments abruptly.  

 As the river enters the estuary the grain size varies from coarse sand to fine sand, 

which ranges from very coarse sand to very fine sand.  Table 3.2 furnishes the grain size 

variations of AAK estuarine sediments for the two seasons. In the surface sediments very 

fine sand contributed the highest average of 10.7% followed by medium sand 8.8%, fine 

sand 6.2%, coarse sand 2.8% and very coarse sand 0.6% for the premonsoon season.  

Among the finer particles clay contributed the highest percentage which ranged from 

3.5% to 86.8% (av 43.5%).  Silt showed a similar trend as that of sand with an average of 

28.5% (6.7 -71.5%).  For the post monsoon season the grain size parameter of the 

estuarine sediments did not record any marked changes.  The average percentage for 

very coarse sand was 0.5%, coarse sand 3.5%, medium sand 8.01%, fine sand 6.3%, very 

fine sand 10.4%, silt 29.6% and clay 41.7%.  Folk and Ward (1970) classification for the 

estuarine sediments showed a wide spectrum from clay to muddy sand (Fig. 3.1). 

 Estuarine hydrodynamic are characterised by complex formation of unsystematic 

water movement due to the tidal cycle which contribute to major extend of sediment 

distribution pattern.  The granulometric variations in the AAK estuary demonstrate the 

multifaceted of the flow pattern prevailing within the estuary.  Though coarser fractions 

encountered in the river sediment are totally missing, high percentage of sand at the river 

mouth and inlet are due to the sustainable amount of  sand  supplied by the  river  and the  
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Table 3.1   Percentage of various grain size fractions in sediments of Vamanapuram River 
 

(A) Pre monsoon V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 Average 
Pebble 22.91  19.7 14 30.2 0 0 0 0 0 0 0 0 0 6.7 

Granule 15.8 8.3 3.2 24 9.3 24.7 7.5 45.4 46.1 3 20.3 1.5 21.9 0.1 16.5 
Very Corse Sand 19.7 23.6 8.5 18.4 14.6 17.8 28.6 16.2 20.7 1.8 16.7 1.7 16.9 0.2 14.7 

Corse Sand 17.4 37.3 12.1 16.6 21.8 21.4 28.1 16.2 13.9 6 25.1 3.1 18.8 0.7 17.0 
Medium Sand 13 21.9 24.2 14.6 15.8 22.9 19.7 15.6 9.9 50.3 24.9 8.4 22.4 42.1 21.8 

Fine Sand 3.5 2.3 5.9 4.3 3.4 4 7.9 3.1 1.6 19.9 2.8 31.7 7.6 30.3 9.2 
Very Fine Sand 1.1 1.1 4 1.5 1 1.9 2.1 2.2 1.6 9.8 1.6 33.9 3.5 16.9 5.9 

Total sand 54.7 86.2 54.7 55.4 56.6 68 86.4 53.3 47.7 87.8 71.1 78.8 69.2 90.2 68.6 
Silt 3.1 1.2 3.2 3.6 1.5 3.5 1.7 0.9 3 3.8 4.4 11.8 5.6 6.9 3.9 

Clay 3.6 4.3 5.6 3 2.5 3.9 4.4 0.4 3.2 5.4 4.1 7.9 3.4 2.9 3.9 
 
 
(B) Post monsoon V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 Average 

Pebble 0 20.7 16.8 24.93 0 0 0 0 0 0 0 0 0 4.8 
Granule 52.9 6.6 25.7 7.72 5.4 6.5 24.2 38.9 0.3 7.6 0 16 2.2 14.9 

Very Corse Sand 20.8 21.6 24.7 15 6.4 29.7 31 42.5 0.4 16.5 0.4 16.4 3.3 17.6 
Corse Sand 13.1 21.1 12.7 16.6 14.8 32.3 18.7 9.7 7 29.5 2 13.8 6.1 15.2 

Medium Sand 6.1 17 8.1 16.1 24.6 20.2 13.9 1.3 56.4 28.1 52.3 24.7 10.8 21.5 
Fine Sand 0.9 4.3 1.6 5.4 28 3.5 3.7 0.4 17.9 8.7 21.6 10.5 26.5 10.2 

Very Fine Sand 0.8 1.7 0.6 0.7 9.6 1.7 1.2 0.5 7.8 2.6 9.5 6.5 23.1 5.1 
Total sand 41.7 65.7 47.7 53.8 83.4 87.4 68.5 54.4 89.5 85.4 85.8 71.9 69.8 69.6 

Silt 1.4 2.9 6.9 9.8 4.2 2 3.3 2.3 3.8 2.4 4 3.8 18.3 5.0 
Clay 4.1 4.2 2.9 3.9 6.9 4.2 4 4.4 6.4 4.5 10.1 8.2 9.6 5.6 
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Table 3.2   Percentage of various grain size fractions in sediments of AAK estuary (a) Pre monsoon (b) Post monsoon 
 

(a) Pre monsoon 
Grain 
Size 

K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 K12 K13 K14 K15 K16 K17 K18 K19 K20 K21 Avg 

Very 
Coarse 
Sand 

0.00 0.30 0.90 0.00 0.00 0.10 0.20 0.20 1.40 0.70 3.00 2.70 0.00 0.10 0.10 0.20 0.00 0.20 1.30 0.20 0.80 0.59 

Coarse 
Sand 

0.00 0.40 0.60 0.10 0.10 0.10 2.10 1.50 10.60 3.00 14.60 14.50 0.10 0.40 0.20 0.40 0.20 1.00 4.60 0.90 2.70 2.77 

Medium 
Sand 

0.00 0.40 0.30 0.90 0.50 0.20 13.60 6.70 23.50 9.60 23.00 50.10 0.20 3.30 0.30 0.90 1.90 3.00 12.50 26.00 7.90 8.80 

Fine 
Sand 

0.00 0.50 0.40 1.30 1.50 0.60 16.70 3.00 5.30 20.90 7.90 8.80 8.70 10.20 0.50 1.80 3.00 2.80 6.30 17.80 12.10 6.20 

Very 
Fine 
Sand 

0.70 0.50 0.70 1.80 5.70 1.90 34.50 15.40 11.30 24.30 9.80 6.20 20.40 48.10 9.30 2.60 3.30 2.10 2.60 19.70 3.70 10.70 

Sand 0.70 2.10 2.90 4.10 7.80 2.90 67.10 26.80 52.10 58.50 58.30 82.30 29.40 62.10 10.40 5.90 8.40 9.10 27.30 64.60 27.20 29.05 

Silt 71.50 11.10 33.20 13.70 32.50 27.40 14.30 36.00 15.50 17.60 27.90 6.70 66.50 15.00 46.20 25.20 27.70 61.80 18.10 12.40 17.30 28.46 

Clay 27.70 86.80 64.00 82.10 59.70 69.70 19.60 37.10 32.30 23.80 13.40 11.00 3.50 22.90 43.40 68.80 64.00 28.90 54.60 46.40 55.50 43.58 
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(b) Post monsoon 

Grain 
size 

K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 K12 K13 K14 K15 K16 K17 K18 K19 K20 K21 Avg 

Very 
Coarse 
Sand 

0.10 0.4 0.70 0.3 0.00 0.00 0.10 0.40 0.50 2.50 3.70 0.10 0.70 0.10 0.10 0.2 0.0 0.1 0.3 0.1 0 0.50 

Coarse 
Sand 

0.10 0.2 0.5 2.2 0.00 0.10 1.90 3.50 5.40 34.00 18.10 0.50 3.40 0.50 0.20 0.1 0.2 0.4 0.8 0.7 1.2 3.52 

Medium 
Sand 

0.10 0.2 0.2 8.20 0.20 0.50 10.80 18.20 18.80 43.70 28.70 1.40 12.60 4.20 0.20 0.1 0.6 1.5 1.6 6.4 10 8.01 

Fine 
Sand 

0.10 0.4 0.5 6.00 0.70 1.40 24.40 7.10 11.20 6.70 7.90 3.80 28.70 8.20 0.70 0.3 1.8 3.3 3.1 6.2 10.2 6.32 

Very 
Fine 
Sand 

0.20 0.3 0.7 4.90 3.00 2.00 38.00 11.00 5.30 3.40 12.20 10.30 39.50 61.50 10.50 1.0 1.8 2.0 2.2 4.8 3.5 10.39 

Total 
Sand 

0.60 1.5 2.6 21.60 3.90 4.00 75.20 40.20 41.20 90.30 70.60 16.10 84.90 74.50 11.70 1.7 4.4 7.3 8.0 18.2 24.9 28.73 

Silt 49.00 9.2 19.7 19.20 53.90 38.80 17.80 21.40 54.30 6.20 11.60 30.60 10.30 10.90 42.60 61.9 29.4 21.7 20.0 53.0 39.5 29.57 

Clay 50.40 89.3 77.7 59.20 42.10 57.20 6.90 38.20 4.60 3.60 17.40 53.20 4.80 14.70 45.60 36.5 66.2 70.9 72.1 29.8 35.7 41.72 

Mud 99.40 98.5 97.4 78.40 96.00 96.00 24.70 59.60 58.90 9.80 29.00 83.80 15.10 25.60 88.20 98.4 95.6 92.6 92.1 82.8 75.2 71.29 

 



36 
 

 

 

 

   
 

Fig 3.1   Textural nomenclature of surface sediments from Vamanpuram River,  
AAKestuary and Muthalapozhi near shore  (Folk and Ward 1957) 
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winnowing action of the wave.  The sediments carried by the river are deposited in the 

estuary whereas, in the estuarine region northward and southward movement of 

sediments are controlled by the mixing of fresh and sea water.  Here the deposition of 

sediments were coming from the two different environment namely river and sea. 

Similar techniques was used by Venkatraman et al., (2014) to explain the grain size 

trends of Tirumalairajan River Estuary, east coast of India.   

 The grain size components determined for sediment samples recovered from the 

3 transects of Muthalapozhi near shore region are furnished in Table 3.3.  The 

Muthalapozhi near shore region is carpeted with very coarse sand to clay particles and 

percentage of sand ranges from 92.73 % to 99.36 % with an average value of 98.12 % 

and classified as sand based on Folk and Ward (1970) and Flemming (2000) (Fig. 3.1).  

The sand percentage was found in the order M3> M2> M1.  In transect M1 and M2 very 

fine sand fraction occurs at the depth of 10m followed by medium sand  for the deeper 

zones where as in the northern transect M3 the scenario becomes vice versa ie medium 

sand occupies the lower depth upto 10m which is followed by very fine sand in the 

deeper zones.  The silt varied from 0.14 % to 1.10 % (avg 0.59 %) and clay ranges from 

0.28 % to 6.19 % (avg 1.26 %). 

 The percentage of sand reported for near shore sediments are in concordance with 

the reported data from Adimalathura to Kovalam (90 to 99.7%) which is situated further 

south of the present study area (Silpa et al., 2019).  The difference in grain size observed 

from north to south transect of the study area is attributed to the presence of varying 

morphological features present and difference in the hydrodynamic conditions of the 

area.  The wave energy regime exhibits highest energy for off Thiruvananthapuram 

region  with  steep  gradient  for  the  near  shore bathymetry  and medium size sediments  
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Table 3.3   Percentage of various grain size fractions in sediments of Muthalapozhi near shore sediments 
 

  Beach 5m 10m 15m 20m 

M1 

Very Coarse sand 0.5 4.6 0 0.3 1.8 
Coarse sand 1.8 19.3 0.3 1.7 26.9 

Medium Sand 8.6 47.9 1.6 40.6 63.9 
Fine Sand 19.6 21.8 1.2 18.5 5.2 

Very fine sand 68.7 4.6 95.2 31.7 1.3 
Total sand 99.2 98.2 98.3 92.8 99.1 

Silt 0.7 0.8 1.3 1.3 0.6 
Clay 0.2 1 0.4 6 0.3 

M2 

Very Coarse sand Nil 0 0 0.5 2.8 
Coarse sand Nil 0.7 0.6 5.1 31.5 

Medium Sand Nil 25.8 9.1 69.2 54.1 
Fine Sand Nil 47.3 37 12.5 3.6 

Very fine sand Nil 25.3 50.9 10.5 4.2 
Total sand Nil 99.1 97.6 97.8 96.2 

Silt Nil 0.6 0.6 0.5 0.8 
Clay Nil 0.3 1.8 1.7 3.1 

M3 

Very Coarse sand 0.5 0.2 1.9 0.2 0.1 
Coarse sand 14.8 2.1 25.1 2.4 0.5 

Medium Sand 80.6 48.1 64.7 24.2 7 
Fine Sand 2.4 26.4 5.1 5.3 12.3 

Very fine sand 0.2 16.2 2.2 67 79 
Total sand 98.5 93 99 99.1 98.9 

Silt 0.5 0.5 0.8 0.6 0.8 
Clay 0.9 0.2 0.3 0.3 0.3 
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(Baba and Kurian 1988; Thomas and Baba 1986).  The studies on beach sediments from 

Poovar-Varkala sector shows highest energy regime with open beaches and the tidal 

inlets holding medium to coarse sand, while pocket beaches are of fine grained (Silpa et 

al., 2016). 

 The textural parameters like mean size, standard deviation, skewness and kurtosis 

of the river, estuarine samples and the near shore sediments are presented in Tables 3.4, 

3.5 and 3.6. 

3.1.1 Mean 

 Mean grain size is a reflection of the competency of the transporting system and 

is the statistical average expressed in phi (ф) units.  The mean size for the Vamanapuram 

River sediments varies from -0.2 to 3.6 φ (av 0.6 φ) for pre monsoon and -0.6 – 3.1 φ (av 

0.8 φ) for post monsoon indicating the sediments as very coarse sand to very fine sand.  

The downstream profile of the mean values shows a similar trend for both the season, 

with an increase towards the mouth (Fig. 3.2 a).  From the profile it is evident that the 

competency of the river fluctuates at many places due to both natural and manmade 

obstructions causing the coarser particles to settle down first.  Abrupt decreases of phi 

mean in many locations (V4, V9 and V13) may be accredited to the local turbulence 

resultant from the presence of boulders and check dam constructed.  The downstream 

decrease in grain size or increase in phi mean in the direction of transportation is resulted 

due to the phenomenon of transport and abrasion which act simultaneously causing 

decrease in grain size (Pettijohn, 1987, Seralathan, 1979).  However it is understood that 

the fluctuation in competency of the river due to factors like the seasonal discharge, 

physiography, fluvial morphology etc also brings about a decrease in mean size of the 

sediments (Maya, 2005). 
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 The mean size in the pre monsoon season for the estuarine samples ranges from 

2.79 – 10.84 ф (av 7.29) representing fine sand to clay (Fig. 3.2 b).  33% of the 

sediments are clay followed by coarse silt about 19% and fine silt 28.5%.  In the post 

monsoon season the mean size ranges from 1.53 (medium sand) – 10 ф (clay) with an 

average mean size of 6.9 ф.  28 % of the samples are clay followed by 19% of medium 

silt and 14% of very fine silt.  The distribution pattern of the mean size for the both the 

season shows a similar pattern.  A considerable increase in the mean size of the estuarine 

samples than that of river may be due to the high percentage of silt and clay.  However at 

the juncture where the river enters the estuary and at the inlet the mean size is 

considerably low.  The lower mean size in the mouth region may be attributed to the 

constant wave and tidal action that carry away the finer particles offshore leaving behind 

the coarser. Also the river current loses its energy while entering the estuary, the 

variation in salinity, increase of depth and constant resistance offered by the waves also 

causes the sudden deposition of coarser sediments.  A similar pattern was noticed by 

Seralathan (1979) and Mohan (1990) in their respective study area. 

 The mean size values for the near shore ranges from 1.267 to 3.726 ∅ (medium 

sand to very fine sand) with an average values of 2.54, 2.23 and 2.27 respectively for the 

three transect (Fig. 3.2 c).  Such variations are attributed to the admixture of sand, silt 

and clay in different proportions. The variations in mean size reveal the differential 

energy conditions, resulting in their deposition. Transition zones from the finer phi 

values to coarser phi values demarcate the mixed sediment size grade. The sediments 

that have >90% of sand suggests the relict nature of the sediment, probably the part of 

the paleo shoreline. The presence of relict sediments at seaward stations of the innershelf 

region suggests the modern detrital sediments from land that are probably trapped by the 
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estuary thereby detrital sediments that escape from these marginal body may spread as a 

continuous blanket across the innershelf.  Manokaran (2014) found coarse sand to fine 

silt in the shelf sediments from Tammenapatana to Singarayakonda south east coast of 

India. 

 

 

 

Fig. 3.2   Variations of mean size in the sediments of (a) Vamanapuram River 
(b) AAK estuary (c) Muthalapozhi near shore 
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Table 3.4   Statistical parameters for the surface sediments of Vamanapuram River (a) pre monsoon (b) post monsoon 
 

Pre 
monsoon 

Mean Sorting Skewness Kurtosis Description 

V1 -0.376 
very coarse 

sand 
2.052 

very poorly 
sorted 

0.277 fine skewed 1.12 leptokurtic 
muddy sandy 

gravel 
V2 0.587 coarse sand 1.519 poorly sorted 0.205 fine skewed 1.87 very leptokurtic Gravelly sand 

V3 0.394 coarse sand 3.077 
very poorly 

sorted 
0.201 fine skewed 1.43 leptokurtic 

muddy sandy 
gravel 

V4 -0.221 
very coarse 

sand 
1.943 poorly sorted 0.278 fine skewed 1.04 mesokurtic 

muddy sandy 
gravel 

V5 -0.367 
very coarse 

sand 
1.717 poorly sorted 0.043 symmetrical 0.73 platykurtic Sandy gravel 

V6 0.379 coarse sand 2.318 
very poorly 

sorted 
0.206 fine skewed 1.65 very leptokurtic Gravelly sand 

V7 0.574 coarse sand 1.911 poorly sorted 0.433 very fine skewed 1.90 very leptokurtic Gravelly sand 

V8 -0.321 
very coarse 

sand 
1.493 poorly sorted 0.397 very fine skewed 0.78 platykurtic Sandy gravel 

V9 -0.446 
very coarse 

sand 
1.747 poorly sorted 0.525 very fine skewed 1.33 leptokurtic 

muddy sandy 
gravel 

V10 2.089 fine sand 1.879 poorly sorted 0.488 very fine skewed 2.83 very leptokurtic 
Slightly gravelly 

sand 

V11 0.458 coarse sand 2.282 
very poorly 

sorted 
0.168 fine skewed 1.84 very leptokurtic 

Gravelly muddy 
sand 

V12 3.691 very fine sand 2.564 
very poorly 

sorted 
0.493 very fine skewed 3.40 

extremly 
leptokurtic 

Slightly gravelly 
muddy sand 

V13 0.535 coarse sand 2.468 
very poorly 

sorted 
0.262 fine skewed 1.60 very leptokurtic 

Gravelly muddy 
sand 

V14 2.543 fine sand 1.342 poorly sorted 0.313 very fine skewed 1.88 very leptokurtic 
Slightly gravelly 

sand 
Average 0.68  2.02  0.31  1.67   

 
Post Mean Sorting Skewness Kurtosis Description 
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Monsoon 

V2 -0.668 
Very coarse 

sand 
1.692 poorly sorted 0.612 

very fine 
skewed 

1.63 very leptokurtic 
Muddy sandy 

gravel 

V3 0.084 coarse sand 2.13 
very poorly 

sorted 
0.302 

very fine 
skewed 

1.53 very leptokurtic Gravelly sand 

V4 -0.361 
Very coarse 

sand 
1.85 poorly sorted 0.516 

very fine 
skewed 

1.48 leptokurtic 
Muddy sandy 

gravel 

V5 0.16 coarse sand 2.856 
very poorly 

sorted 
0.276 fine skewed 1.35 leptokurtic  

V6 1.886 Medium sand 2.592 
very poorly 

sorted 
0.219 fine skewed 2.58 very leptokurtic 

gravelly muddy 
sand 

V7 0.606 coarse sand 1.796 poorly sorted 0.344 
very fine 
skewed 

1.99 very leptokurtic Gravelly sand 

V8 0.052 coarse sand 2.103 
very poorly 

sorted 
0.482 

very fine 
skewed 

1.86 very leptokurtic gravelly sand 

V9 -0.632 
Very coarse 

sand 
1.917 poorly sorted 0.489 

very fine 
skewed 

3.78 
extremely 
leptokurtic 

Muddy sandy 
gravel 

V10 2.083 Fine sand 2.034 
very poorly 

sorted 
0.603 

very fine 
skewed 

3.29 
extremely 
leptokurtic 

slightly gravely 
muddy sand 

V11 0.89 coarse sand 2.121 
very poorly 

sorted 
0.287 fine skewed 2.41 very leptokurtic Gravelly sand 

V12 2.387 Fine sand 2.066 
very poorly 

sorted 
0.745 

very fine 
skewed 

3.24 
extremely 
leptokurtic 

muddy sand 

V13 1.174 Medium sand 3.013 
very poorly 

sorted 
0.261 fine skewed 1.75 very leptokurtic 

gravelly muddy 
sand 

V14 3.131 very fine sand 2.639 
very poorly 

sorted 
0.261 fine skewed 2.32 very leptokurtic 

slightly gravely 
muddy sand 

Average 0.83  2.22  0.42  2.25   
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Table 3.5   Statistical parameters for the surface sediments of AAK estuary 
 

(a) Pre monsoon 
Sample Mean  Sorting  Skewness  Kurtosis  

K1 6.79 Medium silt 2.9 Very poorly sorted 0.82 Very fine skewed 0.59 Very Platykurtic 
k2 10.84 Clay 1.4 poorly sorted -0.68 Very coarse skewed 2.35 Very Leptokurtic 
k3 9.65 Clay 2.4 very poorly sorted -0.72 Very coarse skewed 0.77 platykurtic 
k4 10.53 Clay 1.9 Poorly sorted -0.73 Very coarse skewed 2.19 Very Leptokurtic 
k5 9.31 clay 2.9 Very poorly sorted -0.79 Very coarse skewed 0.69 platykurtic 
k6 9.86 clay 2.3 Very poorly sorted -0.76 Very coarse skewed 0.88 platykurtic 
k7 5.23 Coarse silt 3.4 very poorly sorted 0.68 Very fine skewed 1.14 leptokurtic 
K8 7.03 fine silt 3.5 very poorly sorted 0.40 symmetric 0.65 Very Platykurtic 

K9 5.40 Coarse silt 4.2 
Extremely poorly 

sorted 
0.46 Very fine skewed 0.52 Very Platykurtic 

K10 5.58 Coarse silt 3.8 very poorly sorted 0.64 Very fine skewed 0.69 Platykurtic 
K11 3.88 Very fine sand 3.4 very poorly sorted 0.43 Very fine skewed 1.29 leptokurtic 
K12 2.79 fine sand 2.8 very poorly sorted 0.73 Very fine skewed 2.60 Very Leptokurtic 
K13 4.16 Very coarse silt 0.9 Moderately sorted -0.15 coarse skewed 1.24 leptokurtic 
K14 5.90 Coarse silt 3.4 very poorly sorted 0.78 Very fine skewed 0.82 platykurtic 
K15 7.84 fine silt 3.1 very poorly sorted -0.01 symmetric 0.52 Very Platykurtic 
K16 9.66 Clay 2.5 very poorly sorted -0.71 Very coarse skewed 0.98 mesokurtic 
K17 9.23 Clay 2.7 very poorly sorted -0.53 Very coarse skewed 0.79 platykurtic 
K18 6.68 Medium silt 3.2 very poorly sorted 0.65 Very fine skewed 0.72 platykurtic 

K19 7.79 fine silt 4.1 
Extremely poorly 

sorted 
-0.67 Very coarse skewed 0.54 Very Platykurtic 

K20 7.00 fine silt 3.7 very poorly sorted 0.07 symmetric 0.49 Very Platykurtic 
K21 7.91 fine silt 3.9 very poorly sorted -0.62 Very coarse skewed 0.55 Very Platykurtic 

Average 7.29  3.0  -0.03  1.00  
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(a) Post monsoon 
Sample Mean  Sorting  Skewness  Kurtosis  

K1 8.73 Very fine silt 2.4 Very poorly sorted -0.16 Coarse skewed 0.56 Very Platykurtic 
k2 10.43 Clay 0.3 very well sorted 1.21 Very fine skewed -3.14 Very Platykurtic 
k3 10.19 Clay 2.2 very poorly sorted -0.80 Very coarse skewed 2.09 Very Leptokurtic 
k4 8.51 Very fine silt 3.8 Poorly sorted -0.84 Very coarse skewed 0.65 Very Platykurtic 
k5 7.36 fine silt 3.0 Very poorly sorted 0.44 Very fine skewed 0.48 Very Platykurtic 
k6 9.11 clay 2.7 Very poorly sorted -0.62 Very coarse skewed 0.61 Very Platykurtic 
k7 3.67 Very fine sand 2.0 very poorly sorted 0.43 Very fine skewed 2.58 Very leptokurtic 

K8 6.01 Medium silt 3.7 very poorly sorted -0.09 symmetric 0.60 Very Platykurtic 
K9 3.48 very fine sand 1.7 Poorly sorted -0.36 Very coarse skewed 0.94 mesokurtic 

K10 1.53 Medium sand 1.6 Poorly sorted 0.57 Very fine skewed 2.87 Very Leptokurtic 
K11 4.04 Very coarse silt 3.9 very poorly sorted 0.70 Very fine skewed 1.08 mesokurtic 
K12 8.39 Very fine silt 3.3 very poorly sorted -0.49 Very coarse skewed 0.60 Very Platykurtic 
K13 3.01 Very fine sand 1.6 Poorly sorted 0.18 fine skewed 2.89 Very Leptokurtic 

K14 5.00 coarse silt 2.7 very poorly sorted 0.72 Very fine skewed 4.20 
Extremely 

Leptokurtic 
K15 7.97 fine silt 3.0 very poorly sorted -0.11 Coarse skewed 0.54 Very Platykurtic 
K16 6.85 Medium silt 2.9 very poorly sorted 0.80 Very fine skewed 0.48 Very Platykurtic 
K17 9.61 Clay 2.4 very poorly sorted -0.66 Very coarse skewed 0.84 Platykurtic 
K18 10.00 Clay 2.4 very poorly sorted -0.75 Very coarse skewed 1.22 Leptokurtic 
K19 10.08 Clay 2.4 very poorly sorted -0.75 Very coarse skewed 1.34 Leptokurtic 
K20 6.61 Medium silt 3.4 very poorly sorted 0.55 Very fine skewed 0.67 Platykurtic 
K21 6.23 medium silt 3.5 very poorly sorted 0.14 fine skewed 0.63 Very Platykurtic 

Average 6.99  2.6  0.01  1.08  
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Table 3.6   Statistical parameters for the Muthalapozhi near shore sediments 

 
Transect Depth Mean Description Sorting Description Skewness Description Kurtosis Description 

M1 

Beach 3.31 Very Fine Sand 0.682 
Moderately Well 

Sorted 
-0.567 

Very Coarse 
Skewed 

1.073 Mesokurtic 

5 1.72 Medium Sand 0.985 Moderately Sorted -0.020 Symmetric 0.897 Platykurtic 

10 3.73 Very Fine Sand 0.166 Very Well Sorted 0.000 Symmetric 0.738 Platykurtic 

15 2.68 Fine Sand 1.820 Poorly Sorted 0.361 Very Fine Skewed 1.834 Very Leptokurtic 

20 1.28 Medium Sand 0.601 
Moderately Well 

Sorted 
0.159 Fine Skewed 1.216 Leptokurtic 

Avg  2.54 Fine Sand 0.851  -0.013  1.152  

M2 

5 2.58 Fine Sand 0.694 
Moderately Well 

Sorted 
-0.184 Coarse Skewed 0.822 Platykurtic 

10 3.14 Very Fine Sand 0.648 
Moderately Well 

Sorted 
-0.056 Symmetrical 0.953 Mesokurtic 

15 1.93 Medium Sand 0.827 Moderately Sorted 0.404 Very Fine Skewed 1.787 Very Leptokurtic 

20 1.27 Medium Sand 0.856 Moderately Sorted 0.236 Fine Skewed 1.670 Very Leptokurtic 

Avg  2.23  0.756    1.308  

M3 

Beach 1.45 Medium Sand 0.420 Well Sorted -0.206 Coarse Skewed 0.888 Platykurtic 

5 2.14 Fine Sand 1.111 Poorly Sorted 0.080 Symmetrical 1.601 Very Leptokurtic 

10 1.32 Medium Sand 0.625 
Moderately Well 

Sorted 
0.127 Fine Skewed 1.225 Leptokurtic 

15 3.02 Very Fine Sand 0.980 Moderately Sorted -0.729 
Very Coarse 

Skewed 
0.627 Very Platykurtic 

20 3.43 Very Fine Sand 0.589 
Moderately Well 

Sorted 
-0.563 

Very Coarse 
Skewed 

1.382 Leptokurtic 

Avg  2.27  0.745  -0.258  1.145  
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3.1.2 Sorting (Standard Deviation) 

 Sorting depends on the size range of the sediment, rate of deposition and strength 

and variation in energy of the deposition agent.  Poorer sorting indicates variable current 

velocities and turbulence during deposition, while good sorting indicates smooth, stable 

currents (Amaral and Pryor, 1977).  The standard deviation for the river sediments varies 

from 1.3 – 3.1 (av 2.0) and 1.7 – 3 (av 2.2) for pre and post monsoon (Fig. 3.3 a).  In 

general the sediments are poorly sorted to very poorly sorted.  In pre monsoon period more 

than 50% of the sediments are poorly sorted while it decreased to 30 % in post monsoon 

season.  There is a slight decrease in standard deviation values as the river flows 

downstream and a slight increase is noticed when it reaches the estuary.  The mean size 

variations disclose diverse energy condition and average kinetic energy of the depositing 

agent (Sahu 1964).  The mean value and poor sorting indicate nearness to the source and a 

reduced amount of transport of the sediments (Joseph et al., 1997).  For the estuarine 

samples the sorting ranges from 0.9 to 4.2 (av 3) and 0.3 to 3.9 (av 2.6) for the two 

representative seasons (Fig. 3.3 b).  76% of the total studied samples are very poorly sorted.  

The presence of poorly sorted sediments may be due to the mixing of two or three modes in 

equal amounts.  The lesser energy condition in the estuary acts as a trap for the sediments 

which prevent an effective sorting.  Similar condition was reported for the Vellar estuary 

(Mohan 1990).  In the near shore region (Fig. 3.3 c), sorting ranges from very well sorted to 

poorly sorted (0.166 to 1.820∅).  Majority of samples show standard deviation values 

ranges from 0.601 to 0.980  (moderately sorted).  Sand rich samples are moderately well 

sorted.  The prevalence of moderately well sorted sediment samples reveals the continuous 

reworking of sediments by waves and currents (Srinivasa Rao et al., 1990). Further the 

occurrence of moderately and moderately well sorted sediments with high sand content, 
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characteristics of beach environment and also the presence of relict sand in the form of 

palaeoshoreline.  The distribution pattern of sorting coefficient shows that the sediments are 

better sorted.  The variations in the sorting values are likely due to continuous addition of 

finer/coarser materials in varying proportions.  The considerable number of poorly sorted 

sediments indicates near source region.  

 

 

 

Fig. 3.3   Variations of sorting in the sediments of (a) Vamanapuram River 
(b) AAK estuary (c) Near Shore 
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 Skewness is the degree of symmetry, that is if the samples are weighted towards the 

coarse end-member, then they are said to be positively skewed (lop-sided toward the 

negative phi values), and towards the fine end are said to be negatively skewed (lop-sided 

toward the positive phi values).  Friedman, (1967) pointed out that variation in the sign of 

skewness is due to varying energy conditions of the sedimentary environments.  In general 

the river sediments are usually positively skewed, beaches show a more normal distribution 

with a slight positive or negative skew (Friedman, 1979).  Positive skewness is due to the 

competency of the unidirectional flow of the transporting media where the coarse end of the 

size frequency curve is chopped off, resulting the accumulation in sheltered environments 

while negative skewness is caused by the amputation of the fine grained end of the curve 

due to the winnowing action (Valia and Cameron, 1977), (Duane, 1964).  Negatively 

skewed sediments are affected by higher energy depositing agent, and are subjected to 

transportation for a greater length of time, or the velocity fluctuation toward the higher 

values occurred more often than normal (Sahu, 1964). 

 Most of the river samples are fine to very fine skewed which ranges between 0.04 

and 0.53 (av 0.31) and from 0.22 to 0.75 (av 0.42) for the pre monsoon and post monsoon 

respectively (Fig. 3.4 a).  The positive skewness of the sediments may be due to the 

presence of fine sediments and it specifies that the transportation of sediments is commonly 

in downstream direction. Similar phenomenon has been reported for the river Kangsabati, 

West Bengal where the sediments in the upper and middle course are fine to very fine 

skewed (Bhattacharya et al., 2016)  In the estuarine samples skewness varies from -0.01 - 

0.8 (av -0.03) and -0.09 to 1.21 (av 0.01) for the two representative seasons (Fig. 3.4 b). 

38% of the samples are very fine skewed in both the season where as 42% of the samples 

shows very coarse skewed in pre monsoon which reduces to 38% in post monsoon. 
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Skewness of the near shore sediments ranges from -0.729 to 0.404 which are very 

coarse skewed to very fine skewed (Fig. 3.4 c).  In general, most beach sediments are 

slightly negative skewed since small proportion of coarse grains always accompanies.  

Strongly very fine skewed to fine skewed sediments generally imply the introduction of fine 

material.  Very fine skewed nature of sediments indicates excessive riverine input.  Positive 

skewness of sediments indicates the deposition of the sediments in sheltered low energy, 

whereas negative skewed sediments indicate deposition at high energy environments 

(Rajasekhara Reddy et al., 2008).  The major part of the inner shelf is carpeted with 

negatively skewed sediments.  It is confined to the near shore stations, which support the 

high energy conditions where the fines are removed by winnowing action of waves and 

currents.  Symmetrical sediments are also noticed for certain samples showing the 

possibility of the absence of extreme conditions like wave breaking tidal variations, 

seasonal supply of detrital materials etc. 
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Fig. 3.4  Variations of skewness of the sediments (a) Vamanapuram River  
(b) AAK estuary and (c) Muthalapozhi near shore  

 

3.1.4 Kurtosis  
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leptokurtic to extremely leptokurtic (1.3 – 3.8, av 2.2) for the post monsoon season (Fig. 3.5 

a).  Kurtosis values for the estuarine samples varies from 0.49 – 2.6 (av 1) indicating very 

platykurtic to very leptokurtic for pre monsoon and from -3.14 – 4.20 (av 1), very 
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platykurtic to extremely platykurtic for post-monsoon (Fig. 3.5 b).  More than half of the 

sediments show platykurtic. The kurtosis values replicate discrepancy in the velocity of the 

depositing medium and it is considered that values greater than unity suggest greater 

fluctuations in the energy conditions of the depositing medium (Verma and Prasad, 1981).  

It is proven that if the central part of the grain size distribution if well sorted than the 

average in the tails, the sediments will be leptokurtic in nature and vice versa in case of 

platykurtic (Folk and Ward 1957; Cadigan 1961).  High and low values of kurtosis can be 

related to poorly and very poorly sorted sediments (Manokaran et al., 2014). 

 In the near shore area (Fig. 3.5 c), the kurtosis values ranges from a minimum of 

0.627 to 1.834 (very platykurtic to very leptokurtic).  Frequency distribution of the kurtosis 

values shows that a maximum number of samples are leptokurtic in nature.  Apparently, the 

kurtosis values indicate that majority of samples contain a wide range of sediment size with 

sub equal proportions of different size classes.  Spatial distribution of kurtosis 

approximately follows the pattern of mean size with sand rich sediment zones coinciding 

with zones of leptokurtic in nature.  The dominance of finer size and platykurtic nature of 

sediments reflects the maturity of the sediment grains.  The variation in the kurtosis values 

is a reflection of the flow characteristics of the depositing medium (Karudu et al., 2013). 

Friedman (1962) suggested that extreme high or low values of kurtosis imply that part of 

the sediment achieved its sorting elsewhere in a high energy environment.  Sujatha and 

Singarasubramanian (2013) reported that leptokurtic to very leptokurtic sediments occur if 

they are sorted in high or low energy and transported to new zone where the reversal of 

energy take place with mixing of finer or coarser sediments occur depending on the energy 

condition. 
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Fig. 3.5   Variations of skewness of the sediments (a) Vamanapuram River  
(b) AAK estuary and (c) Muthalapozhi near shore 
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saltation mode of transport of sub aqueous bank.  RS segment comprises the finest sediment 

indicating the suspension mode of transport and corresponds to the protected section of 

channel for the deposition of such type of sediments.  Passega and Byramjee (1969) 

distinguished three basic limits, Cr (C - rolling), Cu (C - uniform suspension) and Cs (C- 

graded suspension).  Thus the analysis of CM pattern has brought out three transporting 

process like traction, saltation and suspension. 

 Majority of the samples in the upper reaches, especially sediments having low 

percentage of clay show marked deviation from the standard segments in the CM pattern.  

The CM pattern worked out for the river samples (Fig. 3.6 & 3.7) reveal that they are 

transported and deposited under rolling and bottom suspension and rolling under tractive 

and beach deposits.  Most of the sediments fall in the segment between N and O.  The 

segment NO represents the coarsest bed load materials which are larger than 2000 microns 

of C.  The rolling mode of transportation takes place in the gravel rich sediments and this 

occurs due to the competency of the river due to their high gradient.  The estuarine 

sediments (Fig. 3.8 & 3.9) falls in PQ to RS sector which indicate graded suspension with 

no rolling to uniform suspension.  The sediments are transported under tractive current.  

These designate the change in hydrodynamic condition and comparatively more percentage 

of mud particles in the estuarine sediments. 

 The CM plot for the Muthalapozhi near shore (Fig. 3.10) shows that most of the 

sediment samples fall in the intermediate position between O and R. The OR segment 

exhibits that the Muthalapozhi offshore sediments underwent the bottom suspension and 

rolling and graded suspension. The plots occupy the zone of tractive current and beach 

deposits.  
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Fig. 3.6   CM pattern for Vamanapuram River for premonsoon 
 
 
 
 
 

  

 
 

 
 

Fig. 3.7   CM pattern for Vamanapuram River for post monsoon 
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Fig. 3.8   CM pattern of AAK estuary  for premonsoon 
 
 

 
 
 

  
 

 
Fig. 3.9   CM pattern of  AAK estuary for post monsoon season  
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Fig. 3.10   CM pattern for Muthalapozhi near shore sediments 

 
3.1.6 Hydrodynamic condition 

 The hydrodynamic condition of deposition basically distinction between aggregated 

fine fraction and non aggregated coarse fraction.  It was proposed by Pejrup (1988) 

employed to understand particle size distribution and hydrodynamic condition of the 

deposition.  According to Pejrup (1988) section I indicate low hydrodynamic conditions and 

sections II to IV show increasing condition from moderate to very high. The hydrodynamic 

condition for the studies three environment are shown in the Fig. 3.11.  River shows 90% 

sand in pre monsoon and 50-90% in post monsoon which are deposited in low to very high 

energy condition.  But in the estuarine environment the hydro dynamic condition mostly 

concentrated in moderate to high condition for both the seasons.  Only one sample in the 

pre monsoon and post monsoon season falls in the very high energy condition which is due 

to the inlet where high tidal activity takes place. 
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Fig 3.11   Hydrodynamic conditions for the (a) Vamanapuram River (b) AAK estuarine surface sediment (c) Muthalapozhi  

nearshore
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3.1.7 Linear Discriminate Function 

 The correlations between statistical parameters are the basis of LDF driven 

deductive logic that produces the depositional processes and the environments. The “Mean 

Size” is an indication of fine-sands depositing at moderately low energy environment while 

the “standard deviation” yielding information on the level of ever-changing kinetic energy 

or the transport velocity of the transporting mean.  Skewness or asymmetrical distribution 

profile indicates the input mode and/or transport channel and energy environment as a 

function of direction and the absolute value of it.  On the other hand, kurtosis is a reflection 

of the degree of change in flow characteristics of the depositing medium, and; therefore, it 

is a more subtle element to watch as it also has implications on the maturity of the sand.  

Sahu (1964) state that depositional environment and the process of deposition has high 

degree of correlations with all of statistical elements.  The LDF values for the river, estuary 

and near shore sediments are depicted in Tables 3.7, 3.8 and 3.9. 

 All the samples of the river were deposited under beach and shallow agitated 

process with respect to Y1 and Y2 values for pre and post monsoon.  With reference to Y3 

values all the samples of the pre monsoon and 92% of samples in the post monsoon season 

falls under fluvial (deltaic) environment.  According to Y4 values 64% of samples were 

deposited under turbid environment in the pre monsoon and which the same amount of 

samples are deposited under fluvial (deltaic) condition in post monsoon.  76 and 71% of the 

estuarine samples are deposited under beach process and all samples were deposited in 

shallow agitated water with reference to Y1 and Y2 for the two seasons. 95% of samples in 

both the season falls under fluvial (deltaic) environment with respect to Y3 values while 

80% in pre monsoon and 76% in post monsoon showed turbid environment.  The results of 
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the present study indicate that the sediments were derived from both fluvio (sediments 

discharged by rivers) and marine environments. 

 For the Muthalapozhi near shore region 57% of the samples have Y1 values that are 

greater than -2.7411 which imply beach environment and rest in aeolian process. The 

discrimination between beach and shallow agitated marine environment (Y2) imply all 

samples are shallow agitated marine environment.  Further the values for Y3 exhibits the 

fluvial (deltaic) and shallow marine condition of deposition.  The linear discriminate 

function at the present study shows that about 90 % of samples were deposited by turbidity 

process and 10 % of samples by fluvial action.  The sediments deposited in this region are 

mainly by the wave action. It can be inferred that the sediments in the present day beaches 

must have been deposited in a shallow marine environment and marine deterioration must 

have led to the development of the present day shorelines. 
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Table 3.7   LDF values for the Vamanapuram River sediments 
 

(a) Pre monsoon 
Sample 

No 
Y1 

Remarks-
Y1 

Y2 Remarks-Y2 Y3 Remarks-Y3 Y4 Remarks-Y4 

V1 19.85257 Beach 296.6104 Sh. Agitated water -38.2959 Fluvial (deltaic) 5.845616 Turbidity 

V2 11.83324 Beach 199.0626 Sh. Agitated water -20.9591 Fluvial (deltaic) 10.75523 Fluvial (deltaic) 

V3 37.67529 Beach 658.3972 Sh. Agitated water -83.7451 Fluvial (deltaic) 5.390429 Turbidity 

V4 17.43014 Beach 268.9241 Sh. Agitated water -34.4458 Fluvial (deltaic) 5.705668 Turbidity 

V5 14.40907 Beach 202.2767 Sh. Agitated water -26.1063 Fluvial (deltaic) 2.705578 Turbidity 

V6 23.24296 Beach 393.2394 Sh. Agitated water -47.8911 Fluvial (deltaic) 8.222575 Turbidity 

V7 16.49528 Beach 292.0036 Sh. Agitated water -33.8556 Fluvial (deltaic) 11.92947 Fluvial (deltaic) 

V8 10.9883 Beach 162.9919 Sh. Agitated water -21.5241 Fluvial (deltaic) 5.64991 Turbidity 

V9 15.92417 Beach 227.5878 Sh. Agitated water -29.3691 Fluvial (deltaic) 8.995484 Turbidity 

V10 13.40539 Beach 325.8616 Sh. Agitated water -32.5856 Fluvial (deltaic) 18.33743 Fluvial (deltaic) 

V11 23.02475 Beach 386.4594 Sh. Agitated water -46.2227 Fluvial (deltaic) 9.106685 Turbidity 

V12 20.71192 Beach 561.522 Sh. Agitated water -58.7877 Fluvial (deltaic) 21.30668 Fluvial (deltaic) 

V13 25.06853 Beach 442.9242 Sh. Agitated water -54.4122 Fluvial (deltaic) 8.152891 Turbidity 

V14 2.791281 Beach 198.5834 Sh. Agitated water -16.4929 Fluvial (deltaic) 13.16115 Fluvial (deltaic) 

  

61 



62 
 

 
 

 
(a) Post monsoon 

Sample 
No 

Y1 
Remarks-

Y1 
Y2 Remarks-Y2 Y3 Remarks-Y3 Y4 Remarks-Y4 

V2 16.78 Beach 218.88 Sh. Agitated water -28.19 fluvial(deltaic) 11.11 fluvial(deltaic) 

V3 20.64 Beach 333.27 Sh. Agitated water -41.12 fluvial(deltaic) 8.38 turbidity 

V4 17.49 Beach 255.93 Sh. Agitated water -32.54 fluvial(deltaic) 9.66 turbidity 

V5 33.25 Beach 568.42 Sh. Agitated water -72.69 fluvial(deltaic) 5.82 turbidity 

V6 25.73 Beach 522.77 Sh. Agitated water -59.27 fluvial(deltaic) 13.80 fluvial(deltaic) 

V7 15.26 Beach 264.53 Sh. Agitated water -29.67 fluvial(deltaic) 12.00 fluvial(deltaic) 

V8 20.98 Beach 334.60 Sh. Agitated water -41.00 fluvial(deltaic) 11.36 fluvial(deltaic) 

V9 26.60 Beach 310.31 Sh. Agitated water -34.58 fluvial(deltaic) 21.34 fluvial(deltaic) 

V10 16.86 Beach 376.16 Sh. Agitated water -38.44 fluvial(deltaic) 21.28 fluvial(deltaic) 

V11 20.37 Beach 359.25 Sh. Agitated water -40.44 fluvial(deltaic) 13.50 fluvial(deltaic) 

V12 15.83 Beach 391.33 Sh. Agitated water -40.20 fluvial(deltaic) 22.18 fluvial(deltaic) 

V13 34.31 Beach 651.91 Sh. Agitated water -80.39 fluvial(deltaic) 8.18 turbidity 

V14 21.30 Beach 554.36 Sh. Agitated water -61.28 fluvial(deltaic) 13.51 fluvial(deltaic) 
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Table 3.8   LDF values for the AAK Estuarine sediments 

 
(a) Pre monsoon 

Sample 
No 

Y1 
Remarks-

Y1 
Y2 Remarks-Y2 Y3 Remarks-Y3 Y4 Remarks-Y4 

K1 7.276202 Beach 688.9257 Shallow  Agitated -76.2976 Fluvial(deltaic) 10.15643 Fluvial(deltaic) 
K2 -22.4073 Aeolian 335.1674 Shallow  Agitated -11.392 Fluvial(deltaic) 14.84392 Fluvial(deltaic) 
K3 -8.66264 Aeolian 540.1215 Shallow  Agitated -45.3987 Fluvial(deltaic) 3.780459 Turbidity 
K4 -15.9108 Aeolian 429.1322 Shallow  Agitated -24.9307 Fluvial(deltaic) 12.83695 Fluvial(deltaic) 
K5 0.811562 Beach 681.3809 Shallow  Agitated -65.0615 Fluvial(deltaic) 1.776816 Turbidity 
K6 -11.7787 Aeolian 495.6738 Shallow  Agitated -38.619 Fluvial(deltaic) 4.571346 Turbidity 
K7 26.73172 Beach 883.4189 Shallow  Agitated -104.196 Fluvial(deltaic) 9.683019 Turbidity 
K8 20.83237 Beach 923.6449 Shallow  Agitated -105.83 Fluvial(deltaic) 6.308179 Turbidity 
K9 46.98423 Beach 1267.022 Shallow  Agitated -155.956 Fluvial(deltaic) 2.57584 Turbidity 
K10 34.8254 Beach 1068.471 Shallow  Agitated -129.076 Fluvial(deltaic) 6.114506 Turbidity 
K11 31.58908 Beach 843.3952 Shallow  Agitated -101.057 Fluvial(deltaic) 7.872284 Turbidity 
K12 26.33385 Beach 632.2899 Shallow  Agitated -72.9568 Fluvial(deltaic) 17.43532 Fluvial(deltaic) 
K13 -7.6576 Aeolian 138.7518 Shallow  Agitated -5.12746 Shallow marine 8.200468 Turbidity 
K14 23.50275 Beach 896.5083 Shallow  Agitated -105.404 Fluvial(deltaic) 9.083386 Turbidity 
K15 8.80649 Beach 755.944 Shallow  Agitated -80.8333 Fluvial(deltaic) 4.513064 Turbidity 
K16 25.43113 Beach 428.9062 Shallow  Agitated -51.4188 Fluvial(deltaic) -1.64525 Turbidity 
K17 -1.67863 Beach 640.8991 Shallow  Agitated -60.2469 Fluvial(deltaic) 4.224417 Turbidity 
K18 14.66411 Beach 796.9659 Shallow  Agitated -90.2213 Fluvial(deltaic) 8.904135 Turbidity 
K19 37.91244 Beach 1231.411 Shallow  Agitated -142.667 Fluvial(deltaic) -2.83649 Turbidity 
K20 25.86983 Beach 998.3234 Shallow  Agitated -115.436 Fluvial(deltaic) 2.766779 Turbidity 
K21 31.12591 Beach 1123.294 Shallow  Agitated -128.055 Fluvial(deltaic) -1.69183 Turbidity 
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(a) Post monsoon 

Sample 
No 

Y1 
Remarks-

Y1 
Y2 Remarks-Y2 Y3 Remarks-Y3 Y4 Remarks-Y4 

K1 -7.87 Aeolian 520.97 Shallow Agitated -46.96 Fluvial (deltaic) 5.85 Turbidity 
K2 -49.26 Aeolian 131.48 Shallow Agitated -3.69 Shallow marine -0.96 Turbidity 
K3 -10.38 Aeolian 500.09 Shallow Agitated -35.26 Fluvial (deltaic) 11.12 Fluvial (deltaic) 
K4 25.69 Beach 1058.43 Shallow Agitated -117.21 Fluvial (deltaic) -1.79 Turbidity 
K5 6.79 Beach 708.19 Shallow Agitated -76.84 Fluvial (deltaic) 7.3 Turbidity 
K6 -1.35 Beach 639.12 Shallow Agitated -60.53 Fluvial (deltaic) 2.55 Turbidity 
K7 9.07 Beach 379.62 Shallow Agitated -36.49 Fluvial (deltaic) 17.61 Fluvial (deltaic) 
K8 30.81 Beach 994.3 Shallow Agitated -116.57 Fluvial (deltaic) 1.43 Turbidity 
K9 2.55 Beach 265.86 Shallow Agitated -23.94 Fluvial (deltaic) 3.83 Turbidity 

K10 11.98 Beach 260.04 Shallow Agitated -25.24 Fluvial (deltaic) 19.06 Fluvial (deltaic) 
K11 42.9 Beach 1080 Shallow Agitated -133.44 Fluvial (deltaic) 7.3 Turbidity 
K12 12.44 Beach 835.1 Shallow Agitated -88.71 Fluvial (deltaic) 1.68 Turbidity 
K13 7.88 Beach 280.74 Shallow Agitated -23.45 Fluvial (deltaic) 17.58 Fluvial (deltaic) 
K14 20.78 Beach 649.25 Shallow Agitated -65.91 Fluvial (deltaic) 27.78 Fluvial (deltaic) 
K15 7.61 Beach 739.19 Shallow Agitated -78.01 Fluvial (deltaic) 4.13 Turbidity 
K16 7.34 Beach 697.78 Shallow Agitated -77.54 Fluvial (deltaic) 9.38 Turbidity 
K17 -8.35 Aeolian 544.09 Shallow Agitated -46 Fluvial (deltaic) 4.59 Turbidity 
K18 -8.34 Aeolian 555.74 Shallow Agitated -45.44 Fluvial (deltaic) 6.22 Turbidity 
K19 -8.97 Aeolian 546.93 Shallow Agitated -43.79 Fluvial (deltaic) 7.03 Turbidity 
K20 19.55 Beach 874.74 Shallow Agitated -100.61 Fluvial (deltaic) 7.42 Turbidity 
K21 23.99 Beach 902.45 Shallow Agitated -104.32 Fluvial (deltaic) 3.95 Turbidity 
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Table 3.9   LDF values for the Muthalapozhi near shore sediments 
 
Sample 

No 
Depth Y1 Remarks Y1 Y2 Remarks-Y2 Y3 Remarks-Y3 Y4 Remarks-Y4 

M1 

Beach -5.580 Aeolian 91.995 Shallow Agitated -0.304 Shallow Marine 4.064 Turbidity 

5 0.280 Beach 106.944 Shallow Agitated -7.867 Fluvial (deltaic) 5.464 Turbidity 

10 -10.898 Aeolian 73.791 Shallow Agitated 0.857 Shallow Marine 6.583 Turbidity 

15 7.664 Beach 300.048 Shallow Agitated -29.932 Fluvial (deltaic) 12.734 Fluvial (deltaic) 

20 0.214 Beach 69.198 Shallow Agitated -3.518 Shallow Marine 8.286 Turbidity 

M2 

5 -4.494 Aeolian 83.959 Shallow Agitated -2.543 Shallow Marine 4.781 Turbidity 

10 -6.558 Aeolian 93.317 Shallow Agitated -2.464 Shallow Marine 6.761 Turbidity 

15 0.354 Beach 115.596 Shallow Agitated -7.331 Shallow Marine 13.298 Fluvial (deltaic) 

20 2.900 Beach 103.156 Shallow Agitated -7.132 Shallow Marine 11.046 Fluvial (deltaic) 

M3 

Beach -1.340 Beach 47.037 Beach -0.080 Shallow Marine 4.290 Turbidity 

5 1.743 Beach 145.710 Sh. Agitated water -10.517 Fluvial (deltaic) 10.060 Fluvial (deltaic) 

10 0.285 Beach 71.297 Sh. Agitated water -3.608 Shallow Marine 8.134 Turbidity 

15 -3.771 Aeolian 108.845 Sh. Agitated water -3.954 Shallow Marine 0.206 Turbidity 

20 -5.474 Aeolian 91.819 Sh. Agitated water 0.760 Shallow Marine 5.857 Turbidity 
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3.2 Micromophology of  Quartz grain 

 The micromorphological analysis of quartz grain implies the study of form and 

surface of sand grains.  It is based on the idea that transformation of grain surfaces is a 

gradual process and terrigenous minerals innate from bedrock minerals get hold of features 

governed by the mode of transport and accumulation.  Quartz can be a good indicator of 

sedimentation environment because of its properties like high resistance to weathering, 

unique chemical composition and crystal structure.  Quartz and feldspar are the most 

important light minerals present in the study area, among which quartz occupies the major 

portion.  Quartz can identified based on its low relief, absecnce of perfect cleavage low 

interference colour etc.  Rahman and Ahmed (1996) have classified microtextures into four 

groups such as  (a) mechanical formation of conchoidal, pitted surface, breakage blocks, 

upturned plates, grooves and furrows etc., (b)  Mechanical/ chemical processes - relief 

feature, V form impact marks, angular outline etc. (c) Dissolution chemical process – 

calvities, solution pits etc. (d) Precipitation chemical process – silica forms, precipitation 

and crystalline out growth.  SEM studies of quartz grains are useful in understanding the 

depositional environments, the mode of transport and the digenetic processes of coastal, 

fluvial, glacial sediments (Ambre, et.al, 2005). 

 The quartz grains exhibit shapes like angular, subangular, sub-rounded and rounded 

suggesting their different distance and duration of transport (Narayana et.al 2010).  Quartz 

grain from the upstream portion of the Vamanapuram River showed mostly angular to 

subangular shape (Fig. 3.12 a, b & c).  As the river moves down wards the sediments are 

weathered and their angularity decreases and presence of more mechanical feature are 

evident.  Shape of the grains indicates their long transport in 

high-energy environment or longer fluvial transport towards the littoral zone (Narayanan et 



67 
 

al., 2010).  In the estuarine environment both mechanical as well as chemical features are 

prominent.  Features like conchoidal fracture, grooves and furrows, v marks where 

prominent in the estuarine quartz grains. In the near shore environment dissolution chemical 

process features like calvities, solution pits etc. and precipitation chemical process features 

like silica forms, precipitation and crystalline out growth where common.  Presence of 

byproducts indicates the dominance of chemical weathering in this environment coupled 

with mechanical features.  Different types of micro features formed in the three 

environments of the study area have been interpreted.  

3.2.1 Conchoidal Fractures  

 The broken surface of quartz grains show concave structures which result from 

brittle deformation due to compressive contact between two surfaces. Conchoidal fracture 

patterns vary in size from regular dish shapes to trough like or irregular elongated fan-like 

depression.  The broken surface later smoothens by natural process.  Conchoidal fractures 

on the quartz grains indicate that the quartz grains were mainly derived from crystalline 

source rocks (Madhavraju et al 2009).  The conchoidal fracture was seen common in the 

three environments (Fig. 3.12 a).  The conchoidal fractures are developed due to intense 

transportation in high energy surf zone. The prevalence  of high  energy  in  the  southern 

coast  is supplemented  by  the  steep  gradient  of  the near shore bathymetry, high energy 

wave conditions, erosive beaches and beach cliffs (Silpa et al.,2016). Similar results were 

reported by Udayaganesan et al., (2011).   

3.2.2  V-marks  

 V marks are formed by grain to grain collision and their abundance increases when 

grains are subjected to long  time in moderate to high energy aqueous agitation (Manickam 
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and Barbaroux 1987).  These features are seen in grain from shallow marine, high energy 

fluvial environment and deltaic environment (Higgs 1979). V shaped pattern are formed by 

both mechanical and chemical process.  Pattern formed by mechanical process shows 

irregular shape and random orientation.  During mechanical process one grain strikes the 

other in a linear motion producing a set of V marks.  Latter the second collision result in 

another set of V with different orientation (Krinsley and Donahue 1968).  V shapes formed 

by chemical process are formed by etching showing regular edges and oriented pattern. The 

abundance and size of V are subjected to the time and intensities of sub angular agitation.  

V’s less than 50%of the grain are formed by fluvial environment (Margolis and Kennett 

197).  V marks where present in the river environment as well as in the near shore (Fig. 

3.12  h & i).   

3.2.3 Grooves  

 Frequent set of deep parallel grooves with elongated scratches and trough showing 

crescent nature are observed reflecting transportation in traction current.  Grooves are later 

modified by fracture and by solution activities.  Grooves were common on the samples 

studied (Fig. 3.12 d). 

3.2.4 Precipitation features 

 These are mainly authigenitic crystals or adhering particles which modifies the 

general relief of grains. They may appear as small convex projection with radial or circular 

configuration on grain surface or like needle or small globular deposits deposited on the 

grains. Silica globules might have formed in inertial zone by deposition and periodic 

evaporation of inter-granular water.  In the present study, precipitation features where 

common in the near shore and estuarine samples (Fig. 3.12 i). 
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3.2.5 Cracks  

 Cracks are formed due to mechanical process.  Deeper cracks may be formed due to 

thermal stress due to quick cooling, impact with other grains surface and those cracks 

formed in the skin of the grain may be caused due to expansion after formation of the brittle 

skin formed by accumulation of altered materials.  The separations between the cracks are 

less than 10 µm and they form polygonal plates.  They have the appearance similar to mud 

cracks (Fig. 3.12 n). 

 Angular grains, irregular projections, breakage block and conchoidal fracture 

suggest their source from the crystalline rock of the source area and shorter distance of 

transport.  Similar reasons were reported for the Chaliyar river sediments (Hariharan 2001).  

Also sub rounded grains in the lower reaches suggest collision induced combinations of 

particles.  Formation of chemical surface features on Vamanapuram River and estuarine 

quartz grain suggests conditions favorable for chemical weathering in hot humid 

environment. V-shaped marks, which are generally, accepted fluvial grain-to-grain collision 

micromorphological features. The quartz grain of the near shore and estuarine sediments 

show both conchoidal fractures and etched marks indicating high energy environment as 

well as longer residence time of sediments in the depositional basin and 

the pitted appearance indicates post-depositional events (Anil 2004).  
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Fig. 3.12   Micromorphological features of quartz grain from Vamanapuram River, 
AAK estuary and Muthalapozhi near shore. (a) Angular grain with conchoidal 
fracture from the upstream portion of Vamanapuram River (b) Sub angular quartz 
grain from lower reaches of Vamanapuram River (c) Sub rounded quartz grain from 
Muthalapozhi near shore, (d) Grooves with bulbous edges, (e) & (f) Parallel striations, 
(g) Crescentic mark, (h) &(i) V marks (j) Solution pits (k) Etched surface (l) 
Precipitation crystals (m)  Arch steps  furors with adhering particles  (n) Cracks 
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3.3 Mineralogy 

 A mineral is a homogeneous naturally occurring solid, inorganic substance with a 

definable chemical composition and an orderly internal arrangement of atoms.  Heavy 

minerals are group of minerals having high specific gravity (greater than 2.89g/cm3).  These 

minerals generally occur in minor concentration in terrigenous rocks.  In their parent rocks 

they are present either as essential rock forming minerals (amphiboles, pyroxenes, micas) or 

as accessory minerals such as zircon, tourmaline, apatite etc. occurring wide variety of rock 

types.  There occurrence are reported from the beaches, river, backwaters, sand dune, buried 

channel, relict sand bodies, shallow offshore areas and so on.  Important economic deposits 

of heavy minerals are formed by the process of mechanical concentration in suitable 

locations. Heavy minerals can be broadly divided into two groups - opaque and non-opaque 

minerals. The opaques are also called as ore minerals, predominate in the heavies and 

consist of oxides, sulphides and other so called ore minerals. The non-opaque are the rock 

forming silicates which include ultra stable minerals such as zircon, rutile, tourmaline and 

meta stable minerals such as epidotes, monazites, garnet, kyanite, sillimanite, sphene and 

staurolite.  The ultra stable minerals are most resistant to physical and chemical degradation 

(Pettijohn et al. 1987). 

 It is now more than 100 years since the study of heavy minerals established and the 

era of modern heavy mineralogy begins with the classic work of Rubey (1933) who first 

explained the size distribution of heavy minerals in sedimentary deposits using settling 

velocity equation.  The Indian coastline is noticeable for the various types and grades of 

mineral deposits and beach sands contain the most economically important heavy mineral 

accumulations.  In India, beach sand mineral exploration and exploitation started in 20th 
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century after the accidental discovery of monazite from the beach sands of Travancore State 

by a German Scientist, Schombery.  

3.3.1 Heavy mineral percentage 

 The total heavy mineral percentage for medium, fine and very fine fractions of the 

Vamanapuram River (Table 3.10 ) ranged from 6-41% (av 20%), 8-77% (av 39%) and 28-

58% (av 43%) and light fraction  showed 58-94 (av 79%), 22-9% (av 60%), 41-71% (av 

56%) for the premonsoon and for the post monsoon it varies from 3-52% (av 17%), 9-34% 

(av 22%) and 17-53% (av 38%).  The total light mineral varies from 47 – 96% (av 82%), 65 

- 90 (av 77%) and 46 – 82 (av 61%).  The weight percentage of the heavy mineral shows a 

decreasing trend in the medium and fine fraction along downstream and a linear trend in the 

very fine fraction.  The very fine fraction contributes the major portion of the heavy 

minerals in the Vamanapuram River compared to the coarser fraction.  In general it can be 

stated that the upstream registers the high amount of heavies and shows a progressive 

decrease along the downstream except in few locations.  The result shows that heavies get 

deposited were ever the competency of the river decreases.  The construction of check dams 

and dykes constructed for the purpose of irrigation and water conservation may be reason 

for the increase in heavy percentage along the down-stream.  This has caused abnormal 

anomalies along various locations downstream.  

 The heavy mineral percentages for the AAK estuary are presented in the Table 3.11.  

The average heavy mineral percentage for the pre monsoon and post monsoon are 12.8 and 

9.7% for the medium fraction, 10.6 and 12% for fine fraction and 13.2 and 9.6% for very 

fine fraction respectively.  The spatial distribution of the heavy minerals shows similar 

pattern in both the seasons with few anomalies.  At the river mouth there is an increase in 
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the very fine fraction compared to the coarser fraction during the post monsoon season.  

Heavier minerals settle quickly during deposition while the minerals having less specific 

gravity will be carried still further down and deposited. After the outbreak of monsoon the 

competency of the river increase and sand particles are washed down into the estuary where 

they settle down.  Similarly high percentage of heavy minerals in the estuarine mouth is due 

to the input from the near shore area.  In the present study area the estuarine head and 

mouth are separated by a very short distance leaving behind the two flanks of the estuary a 

calm environment for the deposition of heavies.  This may be reason for the high anomalies 

of heavy minerals in the location K4 and K16.  Similarly a high percentage of heavy is 

noticed in the very fine fraction for location K20 and K21.  The Parvathyputhanar joins the 

estuary at this point which may the source of heavy minerals at these locations.  Similar 

process has been explained for the Paravur, Nadayara and Ashtamudi estuaries (Anooja et 

al., 2013).  The average heavy mineral percentage of Ashtamudi Estuary is 14.2% and for 

Kayamkulam lagoon is 10.845% which is fed by the Pallikkal River having a total heavy 

mineral content of 11.01%. In the case of Paravur Estuary the heavy mineral percentage is 

14.87 while the Ittikara River which empties into it has 10.88%. The Nadayara Estuary 

which lies to the north of the present study area shows a similar percentage of heavy 

mineral (7.32%) as that of the Ayroor River which empties into the estuary.  

 The sand fraction of the Muthalapozhi offshore sediments has been analyzed for 

various heavy and light minerals (Table 3.12).  The total heavy mineral content in the 

medium, fine and very fine sand fractions varies from 1.15 to 1.37 % (avg: 1.47%), 4.01 to 

33.08% (avg: 13.69%)  and 14.06 to 45.80% (avg: 21.68%) respectively.  The total light 

mineral content varies from 98.49% to 99.84% (avg: 98.52%), 54.08 to 99.71% (avg: 

79.17%) and 32.59 to 99.53% (avg: 78.33%) respectively.  
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3.3.2 Heavy mineral assemblage 

 The heavy mineral suite of the study area contains a wide spectrum of minerals such 

as opaques, garnet, sillimanite, topaz, zircon, rutile, biotite, monazite, hypersthene and 

hornblende (Table 3.13).  Of these opaques constitute the major minerals in the estuary and 

the near shore environments, while garnet was found abundant in the river sediments.  

Garnet showed a decreasing concentration in the order from very fine > medium > fine.  It 

was followed by sillimanite and opaque.  A minor portion (less than 1%) of zircon, rutite, 

and monazite was also notices.  Topaz was found (1.5%) only in the fine fraction.  The 

scenario of heavy mineral distribution was different in the estuarine samples where 50% of 

the sand constitutes opaque as the major fraction followed by garnet (20%) in the medium 

fraction, sillimanite (13%) in the fine and topaz (21%) in the very fine fraction. Topaz was 

encountered in the fine and very fine fraction only.  A similar pattern was observed for the 

distribution of zircon in the estuarine samples but muscovite showed enrichment in the very 

fine fraction (10%) only. In the near shore sediment opaque showed equal distribution in 

M1 (46%) and M2 (49%) transect at the same time, sillimanite constituted 60% in the M2 

transect. Topaz, rutile and zircon are the second abundant minerals present in this 

environment. Although biotite, monazite and hypersthene are found as minor minerals in 

transect M1 and M2, hornblende is reported only in transect M1.   

 The opaque minerals are sub rounded to well rounded and progressively enriched in 

finer grades. Opaque minerals studied under reflected light shows that ilmenite constitutes a 

major part of the population followed by minor amount of magnetite and hematite. Garnet 

often found in the dodecahedral crystal habit, having vitreous to resinous lustre and does 

not have cleavage hence show conchoidal fracture.  Garnet present in the river were sub 

rounded pinkish to colourless in colour.  Sillimanite is slender, prismatic and colourless 
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under plane polarized light and they show high relief, straight extinction, moderate 

birefringence and biaxial positive optical characteristics.  Topaz appears as angular irregular 

or sometimes rounded grains. Basal fragments usually display faces of perfect (001) 

cleavage.  The surface of the grains is commonly marked by cresent-shaped indentations.  

Pleochroism and birefringence are weak and shows parallel extinction.  Monazite grains are 

rounded to sub rounded with honey yellow colour under plane polarised light. It shows 

weak pleochroism in shades of yellow or rarely green and has high relief.  Zircon is a trace 

mineral constituent of most granite and felsic igneous rocks.  It shows vitreous to 

adamantine lustre, conchoidal to uneven fracture, tabular to prismatic crystals.  But 

irregular to massive grains were also present.  It can be distinguished by the absence of 

cleavage, interference colour, pleochroism, straight extinction and high relief. 

3.3.3 Provenance  

 The prismatic character of sillimanite in the study area suggests their derivation 

from Khondalitic suits of Western Ghats. The zircons are found as rounded to subrounded 

in nature which indicates that the sediments are formed by long transport, recycled and 

reworked. The sediments that are delivered into the sea by river will be redistributed by 

waves and currents according to their densities, size and shape. The monazite grains are 

colourless to yellow characterised by rounded to sub rounded in shape.  This ultrastable 

mineral during weathering and its presence indicates that they are derived from 

Charnockites. Rutile is dark red to brownish in colour with prismatic shape and also found 

as rounded shape and anhedral form, which indicates that the sediments are immature and 

may be derived from adjoining acidic igneous and metamorphic rocks. Presence of rounded 

rutile in few samples indicates that they are sourced from reworked sediments. Bluish green 

hornblende is characteristics of metamorphic rocks. The occurrence of substantial amount 
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of hypersthene also supports the role of charnockites in contributing sediments to the 

offshore region. Biotite can be derived from all of the above mentioned crystalline rocks. 

 These heavy mineral deposits are governed by the presence of the host rock in the 

proximity (Western Ghats), existing river (drainage pattern), topography and coastal 

arrangements (beach).  In the present study, mostly aeolian & marine actions and shape of 

coastal geomorphology have played important role in the concentration of heavy minerals. 

The distribution pattern exhibited by opaque, sillimanite, garnet, zircon and rutile suggest 

that difference in specific gravity, settling velocity and differential transportation have 

played a major role in their distribution.  The present study is in accordance with the 

previous studies on the presence of heavy minerals and its distribution in Kerala by many 

researchers.  In the study area two types of garnets are identified colourless and pink which 

is a characteristic feature of Khondalite suite (garnet-sillimanite-graphic gneisses and 

schists) of Western Ghats.  The presence of garnet as a major mineral in the river sediments 

has also been reported by Anooja et al., (2013) in their study.  The depletion of garnet in the 

estuarine and near shore as compared to the river may be due to the post depositional 

oxidation due to exposed condition of the garnet.  Heavy mineral assemblages of Vembanad 

Lake were studied by Mallik (1984) and these assemblages indicate that the sediments 

derived from charnockites, granite gneiss, khondalite and pegmatites.  Jacob (1956) has 

explained the occurrence of ilmenite and garnet sands on the Chowghat-Ponnani coast.  

Nambiar and Unnikrishnan (1989) have reported that the coastal placers between 

Trivandrum and Muttam might have evolved through the reworking of sediments brought 

from different sources of long shore currents.  Unnikrishnan et al. (1990) have attributed the 

heavy mineral distribution in the off Chavara area to the cause of a product of the grain size 

of sediment and the depositional environment.  Thrivikramaji and Anirudhan (1991) have 
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reported the addition of sediment from offshore to the beaches of Chavara - Kayamkulam 

area by means of landward migration of sediments particularly during monsoon. Suresh 

Babu and Thrivikramiji (1993) identified the factors like cliffs, shore processes, long shore 

currents etc. are responsible for the concentration of modern beach placers along Kerala 

coast.  According to the observation of Nayak (1997) a spatial concentration of high density 

minerals is always found near the river mouth and low density minerals farther away in the 

sea.  Placer mineral deposit in inner shelf of Quilon was studied by Prakash (2000) and its 

content varies from 1-12% and concluded that the sediments in the southern shelf and outer 

inner shelf of northern shelf have high content of heavy mineral deposits.  Kurian et al., 

(2000) studied the heavy mineral hydrodynamic process of the south west coast of India and 

found that the beach sectors north of the headlands have very low concentrations.  Black et 

al., (2004) asserted that the high concentration of black sands at Chavara coast was due to 

special characteristics of wave and current processes on the inner shelf that were bringing 

black sands to the beach.  The suspension and enrichment of heavy sands at Chavara were 

studied by Prakash et al. (2007).  Bernstein et al., (2007) studied beach sands around the 

town of Chavara in SW India and concluded that they are characterized by ilmenite with 

elevated TiO2, high MgO and low MnO contents.  Garnets have low grossular components 

and the heavy mineral assemblage is dominated by sillimanite–kyanite in addition to 

ilmenite.  Ravindra Kumar (2010) investigated the relationship between heavy mineral 

placer deposits and hinterland rocks of southern Kerala and concluded that the mineralogy 

and patrogenesis of hinterland rocks are important for deciphering provenance for placer 

minerals.  Heavy mineral distribution and characterisation of Ilmenite of Kayamkulam - 

Thothapally barrier island were carried out by Nallusamy et al., (2013) and they interpreted 

that the total heavy mineral content decreases with depth.  Anooja et al., (2013) reported 
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garnet and pyribole free suite in beaches and coastal plains of Kollam and nearby areas are 

primarily derived from neogene sedimentary deposits, evolved during rising phases of the 

sea level in the late quaternary period.   
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Table 3.10   Heavy mineral percentage of Vamanapuram River  
(A) Premonsoon (B) Post monsoon 

(A) Medium Sand Fine Sand Very Fine Sand 
Sample 

No 
Heavy 

(%) 
Light (%) 

Heavy 
(%) 

Light (%) 
Heavy 

(%) 
Light (%) 

V1 19.01 80.99 33.58 66.42 33.10 66.90 
V2 34.11 65.89 49.87 50.13 51.83 48.17 
V3 15.89 84.11 44.19 55.81 36.41 63.59 
V4 17.18 82.82 32.17 67.83 39.15 60.85 
V5 36.14 63.86 50.91 49.09 54.76 45.24 
V6 28.17 71.83 52.63 47.37 58.16 41.84 
V7 11.66 88.34 24.99 75.01 54.72 45.28 
V8 27.21 72.79 34.30 65.70 43.97 56.03 
V9 41.15 58.85 35.54 64.46 45.35 54.65 

V10 5.27 94.73 77.47 22.53 47.97 52.03 
V11 28.93 71.07 45.48 54.52 43.53 56.47 
V12 9.32 90.68 45.57 54.43 45.57 54.43 
V13 6.38 93.62 17.05 82.95 28.18 71.82 
V14 8.97 91.03 8.47 91.53 20.86 79.14 

Average 20.67 79.33 39.44 60.56 43.11 56.89 
 

(B) Medium Sand Fine Sand Very Fine Sand 
Sample 

No 
Heavy 

(%) 
Light (%) 

Heavy 
(%) 

Light (%) 
Heavy 

(%) 
Light (%) 

V2 17.33 82.67 16.51 83.49 21.67 78.33 
V3 17.36 82.64 26.63 73.37 17.36 82.64 
V4 21.73 78.27 34.90 65.10 44.04 55.96 
V5 37.26 62.74 51.32 48.67 56.13 43.87 
V6 8.87 91.13 14.61 85.39 43.09 56.91 
V7 9.87 90.13 32.13 67.87 40.36 59.64 
V8 28.35 71.65 32.53 67.47 45.52 54.48 
V9 19.53 80.47 24.22 75.78 31.13 68.87 

V10 18.35 81.65 11.37 88.63 46.88 53.12 
V11 52.29 47.71 52.72 47.28 53.73 41.57 
V12 3.76 96.24 24.22 75.78 53.73 46.27 
V13 8.13 91.87 14.15 85.85 36.53 63.47 
V14 9.63 90.37 9.23 90.77 23.89 76.11 

Average 19.42 80.58 26.50 73.50 39.54 60.10 
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Table 3.11   Heavy mineral percentage of Akathumuri-Anchuthengu-Kadinamkulam 
Estuaries (a) Pre monsoon (b) Post monsoon 

 
(A) Medium Sand Fine Sand Very Fine Sand 

Sample 
No 

Heavy 
(%) 

Light (%) 
Heavy 

(%) 
Light (%) 

Heavy 
(%) 

Light (%) 

K1 14.16 85.84 14.05 85.95 15.44 84.56 

K2 15.13 84.87 10.46 89.54 6.22 93.78 

K3 13.36 86.64 2.25 97.75 2.36 97.64 

K4 1.59 98.41 10.68 89.32 30.39 69.61 

K5 19.22 80.78 6.18 93.82 13.71 86.29 

K6 55.41 44.59 22.09 77.91 4.18 95.82 

K7 25.23 74.77 3.55 96.45 8.25 91.75 

K8 1.98 98.02 11.47 88.53 8.92 91.08 

K9 4.21 95.79 14.68 85.32 21.26 78.74 

K10 11.74 88.26 39.10 60.90 25.28 74.72 

K11 8.68 91.32 19.21 80.79 30.90 69.10 

K12 4.70 95.30 6.29 93.71 24.95 75.05 

K13 3.53 96.47 6.43 93.57 4.12 95.88 

K14 2.02 97.98 2.17 97.83 5.21 94.79 

K15 25.74 74.26 4.17 95.83 9.31 90.69 

K16 49.47 50.53 27.70 72.30 13.42 86.58 

K17 7.17 92.83 3.69 96.31 7.28 92.72 

K18 1.12 98.88 2.52 97.48 9.13 90.87 

K19 3.42 96.58 3.04 96.96 6.99 93.01 

K20 0.80 99.20 5.74 94.26 13.24 86.76 

K21 0.11 99.89 8.03 91.97 15.69 84.31 

Average 12.80 87.20 10.64 89.36 13.16 86.84 
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(B) Medium Sand Fine Sand Very Fine Sand 
Sample 

No 
Heavy 

(%) 
Light (%) 

Heavy 
(%) 

Light (%) 
Heavy 

(%) 
Light (%) 

K1 30.66 69.34 28.48 71.52 27.51 72.49 

K2 38.52 61.48 5.27 94.73 4.82 95.18 

K3 22.04 77.96 12.72 87.28 3.54 96.46 

K4 3.74 96.26 11.53 88.47 5.43 94.57 

K5 7.15 92.85 38.32 61.68 11.12 88.88 

K6 10.23 89.77 16.31 83.69 3.33 96.67 

K7 0.76 99.24 3.18 96.82 6.83 93.17 

K8 1.19 98.81 4.86 95.14 4.78 95.22 

K9 4.33 95.67 10.95 89.05 8.20 91.80 

K10 1.09 98.91 1.90 98.10 23.16 76.84 

K11 7.75 92.25 16.31 83.69 6.57 93.43 

K12 6.32 93.68 10.67 89.33 9.87 90.13 

K13 1.20 98.80 1.13 98.87 5.73 94.27 

K14 0.30 99.70 5.17 94.83 1.14 98.86 

K15 19.15 80.85 14.86 85.14 0.72 99.28 

K16 20.47 79.53 30.12 69.88 8.15 91.85 

K17 21.79 78.21 3.31 96.69 9.74 90.26 

K18 0.52 99.48 4.83 95.17 7.14 92.86 

K19 2.57 97.43 14.91 85.09 17.75 82.25 

K20 1.57 98.43 10.32 89.68 15.56 84.44 

K21 1.66 98.34 6.23 93.77 20.24 79.76 

Average 9.67 90.33 11.97 88.03 9.59 90.41 
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Table 3.12   Distribution of Heavy and light minerals in three size fractions of 
Muthalapozhi near shore sediments 

 

 

  

Sample 
name 

Depth 

Medium Fine sand Very fine sand 

Light 
mineral 

(%) 

Heavy 
mineral 

(%) 

Light 
mineral 

percentage 
(%) 

Heavy 
mineral 

percentage 
(%) 

Light 
mineral 

percentage 
(%) 

Heavy 
mineral 

percentage 
(%) 

M1 

Beach 98.85 1.15 95.99 4.01 85.93 14.06 

5 m 99.67 0.33 95.23 4.77 32.59 67.40 

10 m 92.47 7.53 90.24 9.76 98.39 1.95 

15 m 98.53 1.47 77.80 22.20 93.39 6.60 

20 m 96.62 3.38 54.08 45.92 55.85 44.14 

M2 

5 m 99.72 0.28 98.27 1.73 92.83 7.16 

10 m 99.53 0.47 99.71 0.29 91.18 8.81 

15 m 99.24 0.76 83.98 16.02 80.32 19.67 

20 m 98.49 1.51 79.53 20.47 88.50 11.49 

M3 

Beach 99.86 0.14 82.70 17.30 47.03 52.96 

5 m 99.84 0.16 96.49 3.51 79.68 20.31 

10 m 98.99 1.01 95.57 4.43 99.53 0.46 

15 m 98.92 1.08 91.70 8.30 97.27 2.72 

20 m 98.63 1.37 66.92 33.08 54.19 45.80 

Average  98.52 1.47 79.17 13.69 78.33 21.68 
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Table 3.13   Distribution of heavy minerals in the three environments 

 
Fraction Major (>5%) 

Minor Minerals (1 -
5%) 

Trace Minerals (<1%) 

River 

Medium 
Garnet, Opaque, Biotite, 

sillimanite 
Rutile Muscovite 

Fine 
Garnet, Opaque, 

sillimanite and Biotite 
Hypersthene 

Hornblende, Rutile and 
Muscovite 

Very 
Fine 

Garnet, Opaque and 
Sillimanite  

Biotite and Muscovite 

Estuary 

Medium 
Opaque, Garnet, 

Sillimanite 
Biotite 

 

Fine 
Opaque, Garnet, 

Sillimanite   

Very 
Fine 

Opaque, Sillimanite, 
Topaz, Muscovite 

Zircon and Biotite Monazite 

M1 

Medium 
Sillimanite, opaque and 

topaz 

Zircon, Garnet, 
Monazite, 

Hypersthene 
Biotite, Hornblende 

Fine Opaque,  sillimanite 
Zircon, rutile and 

topaz 
Hypersthene, Biotite, 
Monazite, Hornblende 

Very 
Fine 

Opaque,  Sillimanite and 
Topaz 

Zircon 
Rutile,, Hypersthene, 
Monazite and Biotite 

M2 

Medium Opaque and Sillimanite, 
Zircon, Topaz and 

Rutile 
Monazite, Garnet and 

hornblende 

Fine Sillimanite and Opaque Topaz 
Monazite, Rutile and 

Biotite 

Very 
Fine 

Opaque Sillimanite and 
topaz 

Zircon and rutile 
 

M3 

Medium Sillimanite and opaque 
Zircon, topaz and 

garnet 
Rutile 

Fine 
Sillimanite, topaz and 

zircon  
Rutile 

Very 
Fine 

Opaque Sillimanite and 
topaz 

Zircon 
Monazite, Rutile and 

Biotite 
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3.4 Geochemistry 

 Geochemistry is the science elucidating the method that modify major geological 

system of earth in the past and present.  Geochemistry evolved as a science in the 1950’s 

when chemical analysis of elements was possible.  Since then it has made head advances in 

number of domains counting terrestrial and planetary procedures, formation of planetary, 

changes in ocean and climate to mention only few important issues.  Modern geochemistry 

includes studies on the quality and quantity of elements and their transmission based on 

their atomic properties in mineral, ore rocks, soil, water and atmosphere.  In the recent past 

there has been mounting curiosity in heavy metal contamination in rivers, estuaries and 

offshore due to their toxicity and its impact on the ecosystem.  Metals enter the environment 

and ocean by natural process and process derived from human activity.  These metals are 

then removed by adsorption, precipitation and incorporation onto sediment particles and 

then to biogenic materials.  High attraction of metals with organic matter, metal oxides and 

clay minerals helps to accumulate them in benthic sediments over time.  Thus sediments 

represent one of the ultimate sink for heavy metal.  

3.4.1 Organic Carbon 

 The distribution total organic carbon in three environments are shown in the Fig. 

3.13 The total organic carbon in the river sediments is indicated by 0.25% to 2.57% (av 

0.66%) in the premonsoon and 0.17 to 3.49% (av1.84%) in the post monsoon.  The 

estuarine sediments reported 3.04 % to 14.8% (av 7.89%) in pre monsoon season and 0.17 

% to 13.37% (av 7.44%) in the post monsoon season. The organic carbon content in the 

surface sediments of Muthalapozhi near shore sediments shows marked variation in 

different sampling stations, which ranged from 0.05% to 4.76% with an average of 1.91%.  
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Also highest value for OC (4.76%) was observed in the beach sediments for transect M1 

while the lowest (0.05%) at a depth of 20m for transect M3.  A sudden decrease of OC 

compared to the other transects is observed in M3 whereas in M2 transect a decreasing 

tendency towards depth was observed.  In the river the organic carbon content is much 

lesser than that in the estuary which is due to the abundance of coarser clastics sediment.  

The spatial variations in the organic carbon content of sediments in the estuary during two 

different seasons did not showed marked variations whereas variations was observed within 

the sampling station.  The present study showed obvious granulometric control with lower 

values of OC in coarser sediments and higher values in fine sediments.  This is attributed to 

the enhanced surface area of finer particles which absorb and trap finer organic debris.  

Higher concentration of organic carbon was noticed for the Kadinamkulam estuary than the 

other two estuaries in the study area.  This may be attributed due to the coconut husk retting 

activity as well as biological activities in the estuaries.  The  main  carbon  species that 

contribute OC in sediments are carbohydrates,  fats,  and  proteins  from decomposing  

biota,  humic  acids  from  decomposing  humus,  and  carbonates  from detritus.  The 

factors like depth, temperature, organic productivity and oxygen content also influence the 

distribution of organic matter.  In additional to this organic carbon rich sewage sludge also 

increases OC in the sediments.  

 



Fig. 3.13   Percentage of organic carbon in (a) Vamanapuram River, 
(b) AAK estuary and (c) Muthalapozhi near shore sediments

 

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

V1

O
C%

0

2

4

6

8

10

12

14

16

K1 K2 K3 K4

O
C%

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5

Beach

O
C%

89 

Percentage of organic carbon in (a) Vamanapuram River, 
(b) AAK estuary and (c) Muthalapozhi near shore sediments

V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13

Sampling Locations

(a) Pre monsoon

Post monsoon

Average

K4 K5 K6 K7 K8 K9 K10 K11 K12 K13 K14 K15 K16 K17 K18 K19 K20Sampling Locations

(b)
Premonsoon
Post monsoon
Average

Beach 5m 10m 15m 20m Average

Depth

(c)

 

 

 

Percentage of organic carbon in (a) Vamanapuram River,  
(b) AAK estuary and (c) Muthalapozhi near shore sediments 

V14

Pre monsoon

Post monsoon

K20 K21

Premonsoon
Post monsoon

Average

M1

M2

M3



90 
 

3.4.2 Calcium Carbonate (CaCO3) 

 The carbonate content in the sediment originates from both allocthonous and 

autochthonous sources. The sources of calcium in fluvial and deltaic environment are 

calcium minerals and sediments derived from continental rocks, shells and test fragments of 

calcareous organisms and inorganic and organic precipitation from overlying water.  

Percentages of calcium carbonate in the Vamanapuram River sediments are shown in the 

Fig. 3.14.  The percentage of calcium carbonate is found to be high in post monsoon (3.5%) 

than in the pre monsoon samples (1.21%).  The downstream variation of CaCO3 shows a 

linear pattern with slight increase at the lower reaches of the river.  The average percentage 

of calcium carbonate in the estuarine sediment varied from 1.6 – 6.4% (av 3.72%) in pre 

monsoon and 0.6 to 6.95% (av 2.4%) in post monsoon.  In the near shore sediments the 

average CaCO3 reported was in the order M2>M1>M3.  CaCO3 content in M1 transect 

varied from 1.03 to .35% (2.65%), in M2 1.67 to 4.02% (2.98%) and in M3 from 1.82 to 

3.27% (2.29%).  M2 transect showed high average CaCO3 in all the depth except for 15 m 

where it recorded the lowest concentration (1.67%).  The spatial distribution shows that 

highest percentage in the estuarine sediments was reported for the inlet.  The variation of 

CaCO3 in the wetland may be due to physic-chemical process due to the mixing zone of 

estuary.  In this wetland plenty of shelled organisms lives and deposit their exoskeleton to 

the surface after their death.  This calcareous skeleton sometimes may remain 

undissolveded and occur as fragments in sediments. This is the major reason for higher 

percentage of carbonate in the estuarine sediments.  Also photosynthesis and respiration by 

plants and organism intake carbon dioxide and co precipitate calcium carbonate (Sajan, 

1988).   



Fig. 3.14   Percentage of calcium carbonate in (a) Vamanapuram River, 
(b) AAK estuary and (c) Muthalapozhi near shore sediments
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3.4.3 Major Elements  

 The major elements concentrations analyzed by XRF of the studied samples are 

SiO2, Al2O3, Fe2O3, MnO, MgO, CaO, Na2O, K2O, TiO2 and P2O5 Table (3.14).  No 

significant variations in major element concentration were observed between the two 

seasons in estuarine and river sediments. The findings show that SiO2 constitute the major 

portion of the oxide elements followed by Al2O3 and Fe2O3 in river and estuarine 

environments for studied two seasons.  The surface samples shows enrichment in SiO2, 

Al2O3, Fe2O3, TiO2 and P2O5 than the average shale value for the two environments, while 

Na2O shows high enrichment in estuarine sediments and marginal in river sediments.  The 

summarized geochemical of the Muthalapozhi near shore sediments reveals that SiO2 

constitutes 85% of the oxides followed by Al2O3, FeO, CaO and TiO2. Other than SiO2, 

TiO2 and CaO are greater in near shore samples when compared to shale value. The highest 

average for SiO2 was shows in the southern transect M3 (90.19%) which also coincides with 

the percentage of sand in this sector. The M1 transects shows highest average value for 

TiO2 (1.94%) than the other two. The lower content of calcium was noticed in the bar 

mouth, transect M2 (1.88%) which can be attributed to the effects of turbulence of the tidal 

flow which hamper the growth of organism. The other two transect showed similar trend.  

High concentration of Fe2O3 may be due to the discharge of municipal sewage.  Fe is found 

mostly as Fe2+ in ferro-magnesian silicates, such as olivine, pyroxene, amphibole and 

biotite, and as Fe3+ in iron oxides and hydroxides.  Oxidising and alkaline conditions 

promote Fe precipitation, whereas acid and reducing conditions favour the solution of Fe 

compounds.  Heavy minerals present in west coast of India contain minerals like ilmenite 

and rutile which are important Ti bearing minerals.    The   provenance   for   the   placer  

minerals  are  identified  as  charnockite,  
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Table 3.14   Major element concentration in study area (a) Vamanapuram River (b) AAK estuary and (c) Muthalapozhi near 
shore 

 
(a) SiO2 TiO2 Al2O3 MnO Fe2O3 CaO MgO Na2O K2O P2O5 

V1 72.48 0.68 12.54 0.06 7.12 0.40 0.49 0.65 1.86 0.14 

V2 74.05 0.68 12.40 0.05 6.41 0.38 0.47 0.77 1.89 0.10 

V3 67.13 1.12 15.16 0.07 8.62 0.31 0.44 0.29 1.06 0.12 

V4 69.27 0.93 14.26 0.07 8.75 0.33 0.46 0.26 0.72 0.10 

V5 67.60 1.25 12.25 0.16 13.04 0.65 1.27 0.60 1.08 0.10 

V6 74.17 0.88 13.74 0.03 4.47 0.33 0.45 0.60 1.60 0.07 

V7 75.75 0.52 13.04 0.02 3.99 0.24 0.20 0.56 1.60 0.08 

V8 70.36 1.05 13.08 0.05 8.83 0.25 0.30 0.34 0.99 0.10 

V9 78.05 1.02 9.19 0.05 7.11 0.24 0.36 0.27 0.61 0.07 

V10 70.87 1.42 15.76 0.01 4.61 0.28 0.35 0.50 1.53 0.07 

V11 71.64 4.11 9.36 0.10 10.00 0.88 0.79 0.35 0.52 0.23 

V12 56.83 1.41 23.17 0.03 5.47 0.32 0.55 0.86 2.09 0.14 

V13 66.00 0.57 16.07 0.02 7.86 0.75 0.27 0.64 1.12 0.14 

V14 47.01 1.11 23.68 0.03 7.59 0.57 0.94 1.31 2.31 0.17 

Average 68.66 1.19 14.55 0.05 7.42 0.42 0.52 0.57 1.35 0.11 

Shale 
value 

27.5 0.46 8.8 0.085 4.72 1.6 1.5 0.59 2.66 0.07 
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(b) SiO2 TiO2 Al2O3 MnO Fe2O3 CaO MgO Na2O K2O P2O5 
K1 36.11 0.74 26.74 0.06 9.43 0.21 0.78 1.21 0.67 0.15 
K2 36.85 0.73 26.25 0.10 9.24 0.27 0.86 1.28 0.61 0.15 
K3 37.35 0.69 27.73 0.14 10.40 0.22 0.83 0.90 0.73 0.17 
K4 54.25 0.77 19.92 0.08 7.24 0.32 0.65 0.97 0.43 0.13 
K5 33.58 0.68 23.03 0.05 9.70 0.30 0.91 1.71 0.61 0.13 
K6 32.36 0.63 20.71 0.03 8.70 0.47 0.88 2.17 0.63 0.12 
K7 69.82 0.89 13.22 0.01 3.74 0.40 0.62 1.13 0.50 0.12 
K8 38.20 0.67 19.40 0.01 6.92 0.41 0.99 2.16 0.75 0.16 
K9 65.36 0.83 13.86 0.02 4.78 0.43 0.71 1.31 0.67 0.13 

K10 61.16 0.93 15.21 0.01 5.03 0.63 0.77 1.50 1.04 0.15 
K11 34.74 0.80 21.89 0.03 6.31 0.99 1.00 1.80 0.94 0.19 
K12 51.23 1.01 18.86 0.03 6.03 0.50 0.83 1.71 1.35 0.16 
K13 71.51 0.82 9.23 0.02 2.54 5.69 1.10 1.02 0.76 0.14 
K14 54.99 0.67 13.72 0.03 3.45 2.08 1.20 3.41 0.71 0.19 
K15 44.98 0.85 17.98 0.04 7.55 2.35 1.72 1.87 1.09 0.17 
K16 30.41 0.63 18.77 0.04 6.00 0.48 1.31 3.11 0.53 0.11 
K17 29.81 0.57 17.24 0.07 6.94 1.08 1.39 3.70 0.62 0.11 
K18 30.59 0.55 15.61 0.06 5.78 0.79 1.29 4.12 0.50 0.11 
K19 28.08 0.58 14.40 0.04 5.54 0.65 1.14 4.39 0.38 0.12 
K20 44.72 0.88 19.06 0.04 5.93 0.42 1.13 3.17 0.43 0.12 
K21 48.32 0.66 11.27 0.03 3.82 0.62 0.78 3.91 0.27 0.10 

Average 44.49 0.74 18.29 0.04 6.43 0.92 0.99 2.21 0.68 0.14 
Shale 
value 

27.5 0.46 8.8 0.085 4.72 1.6 1.5 0.59 2.66 0.07 
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(c) SiO2 TiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O P2O5 

M1 B 88.97 1.75 3.33 1.26 1.65 0.39 0.32 0.22 0.08 

M1 5 78.04 2.61 5.72 2.85 3.56 1.22 0.99 0.84 0.19 

M1 10 80.78 2.3 3.77 2.58 4.11 1.01 0.94 0.45 0.14 

M1 15 91.68 2.11 1.09 1.61 1.2 0.34 0.27 0.01 0.06 

M1 20 93.88 0.94 1.27 0.71 1.16 0.15 0.17 0.04 0.05 

M2 5 88.74 0.42 1.42 0 0.67 3.45 0.56 0.38 0.28 

M2 10 84.88 1.17 3.56 1.61 3.51 0.71 0.61 0.45 0.11 

M2 15 93.33 0.76 1.53 0.74 1.32 0.35 0.28 0.09 0.05 

M2 20 91.99 0.53 1.35 0.79 2.01 0.43 0.32 0.1 0.06 

M3 B 93.26 0.51 1.11 0.54 1.79 0.29 0.2 0.13 0.06 

M3 5 83.62 1.98 4.12 1.85 2.88 0.81 0.6 0.58 0.12 

M3 10 85.82 0.73 3.31 1.7 3.08 0.82 0.87 0.58 0.11 

M3 15 91.19 0.5 0.76 1.08 2.62 0.54 0.54 0.06 0.08 

M3 20 97.04 0.18 0.47 0.58 0.43 0.11 0.35 0.03 0.04 

Average 88.80 1.18 2.34 1.28 2.14 0.76 0.50 0.28 0.10 

Shale value 27.5 0.46 8.8 4.72 1.6 1.5 0.59 2.66 0.07 
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khondalite and gneissic rocks along with factors like cliffs, shore processes, long shore 

currents (Unnikrishnan 1998; Soman 1997; Thrivikramiji, 1993).  In organic-rich lake 

sediments, microorganisms are able to take up and release P, depending on redox conditions 

(Gachter et al 1988).  It is widely accepted that sedimentary P cycling is linked mainly to 

the Fe cycle in lake and marine systems and a significant decrease in P sorption to Fe(III) 

oxides occurs at pH >6.5 (Mortimer 1942; Sundby et al., 1992). 

3.4.4  Minor Elements 

 Coastal and estuarine regions are the important sinks for many pollutants and they 

accumulate in organisms and bottom sediments (Szefer et al., 1995) hence, they play an 

important role in determining pollution pattern of aquatic environment (Casas et al., 2003).  

Sediment reflect the history of pollutants deposition and a record of catchment inputs 

(Mwamburi, 2003; Singh et al., 2005). The sources of these metals may be natural like 

weathering of soils and rocks and atmospheric deposition or anthropogenic which include 

discharge of agricultural, municipal, residential or industrial waste products into water 

bodies (Khaled et al., 2006; Demirak et al., 2006) 

The minor element concentration in the studied three elements are given in the 

Table 3.15.  Among the minor elements Cr was above average shale value in the river 

sediments (149 ppm) and marginally higher in the estuarine sediments (99 ppm), while it 

showed lower limits in the near shore sediments.  Among the three transects M1 showed the 

highest value of 76 ppm and M2 and M3 showed similar pattern of 44 ppm.  Chromium 

(IV) is the most toxic form for bacteria, plants and animals, after release in the pore waters 

they migrate downward into the reducing zone and precipitations again as Cr (OH)2 (Kumar 

and Edward 2009; Jonathan et al., 2010).  Zr shows highest average concentration in all the 
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sampling locations than the average shale value.  High Field Strength Element Zr, is highly 

resistant to weathering and alteration process.  The high concentration of Zr in the study 

area is due to the heavy mineral content in the study area, which is adjacent to the largest 

heavy mineral deposit of Chavara where the heavy minerals include ilmenite (35-64%), 

zircon (2-17%), sillimanite (4-9%), rutile (2-11%), monazite (1-2%) and leucoxene (1-2%) 

Unnikrishnan et al., (2000). V exceeds the limit in river while its concentration was within 

the limits for the estuary.  In the near shore sediments M1 showed higher value than the 

average shale while the other two transect was below the limit. 

Table 3.15   Minor element concentration in the study area 

 Cr Zr V La Rb Sr Y 

River 149.2 654 174.5 44.8 45 84.24 5.2 

Estuary 99.3 869.5 127 45.8 50 112 12 

M1 76 4900 150.8 68.6 15.6 141 10.4 

M2 44 1828 98.5 28.6 17.9 129.4 2.25 

M3 43.8 1793.6 99.8 33.8 17.2 133.2 4.8 

Average 
shale 

90 160 130 43 140 170 26 

 

 Though other studied rare earth elements like Rb, Sr and Y are within the limits, Rb 

and Y showed highest average for the estuarine samples when compared with the other 

sampling stations.   
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3.4.5   Contamination Factor 

CF is determined by using the metal content in sediment and continental shale as 

background value (Turekian and Wedepohl, 1961). It gives the level of contamination of 

sediments by a metal and is calculated as follows: 

    CF = Cmetal / C background value 

 Where CF<1 refers to low contamination, 1≥CF≥3 means moderate contamination, 

3≥CF≥6 indicates considerable contamination and CF>6 indicates very high contamination. 

CF values shows that Zr is considerably contaminated in river and estuary and it is very 

high contamination in near shore sediments.  V shows moderate contamination for river and 

low contamination for estuarine whereas La shows moderate contamination in estuarine and 

river sediments (Table 3.16).  In the near shore sediments V and La shows similar patter 

with moderate contamination in the river and for transect M1 of the near shore sediments, 

while the other two transect shows low contamination.  The estuarine sediments show low 

contamination for V and moderate contamination for La. But the other rare earth elements 

like Rb, Sr and Y show low contamination in studied three environments.  The earlier 

reported work of Kadinamkulam and Ashtamudi estuaries show low contamination for Fe, 

Mn, Cu, Zn and Pb (Baijulal 2011).  High CF values for Cr have been reported for the west 

coast of India than the east coast (Chakraborty et al., 2014).  Among the estuaries of the 

west coast highest CF value was reported for Ulhas estuary CF (14.18) followed by Tapti 

(6.07) and Narmad (5.69) (Rokade, 2009; Chakraborty et al., 2014).  The CF values 

reported for trace metal in cochin estuary are  Cr -3.77, Ni -2.85, Cu - 1.73, Zn - 5.95, Pb - 

1.9, Cd - 92.86, Mn -1.91, Fe - 0.83 and Co - 2.61 (Martin et al., 2012). 
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Table 3.16   CF and PLI values of the studied samples 

 
Cr Zr V La Rb Sr Y PLI 

River moderate considerable moderate moderate low low low perfection 

Estuary moderate considerable low moderate low low low perfection 

M1 low very high moderate moderate low low low perfection 

M2 low very high low low low low low perfection 

M3 low very high low low low low low perfection 

 

3.4.6 Pollution Load Index (PLI)  

 Pollution load index for a particular site has been evaluated following the method 

proposed by Tomlinson et al.,(1980) and is expressed as  PLI= (CF1*CF2*……..CFn) 1/n 

where ‘n’ is the number of metals under study and CF is the contamination factor. PLI< 1 

indicates no pollution and > 1 indicate pollution. Normally greater than 1 is considered in 

the case of pollution.  The PLI is estimated from the CF values of the metals taken together 

for the wetland sediments indicate no pollution for the studied elements (Table 3.16).  

3.4.7 Geo accumulation index 

 The geo accumulation index (Igeo) is to assess the quantification of metal 

contamination in sediments following Muller (1979). 

    Igeo = log2 [Cn/ (1.5 x Bn) 

 Where, Cn= measured concentration of heavy metal in the sediments. 

  Bn = geochemical background value in average shale of element n. 

Geo accumulation index indicate unpolluted to moderately polluted for Cr, V, La, 

Rb, Sr and Y in the three environment and Zr shows unpolluted to moderately polluted in 
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river and estuarine environment while extremely polluted to moderately to strongly polluted 

(Table 3.17). 

Table 3.17   Igeo values of the studied samples 

   Cr, V, La, Rb, Sr, Y Zr 

River    Unpolluted to moderately polluted  From unpolluted to moderately polluted  

Estuary    Unpolluted to moderately polluted  From unpolluted to moderately polluted  

M1    Unpolluted to moderately polluted  Extremely polluted  

M2    Unpolluted to moderately polluted  Moderately to strongly polluted  

M3   Unpolluted to moderately polluted  Moderately to strongly polluted  

 

 The wetlands are globally considered as the disposal site of waste water runoffs, 

treating sites for industrial and urban sewages and wetlands sediments are considered as 

long term sink for heavy metals.  Thus the study of sediment history explains the rate of 

contamination (Zhang et al., 2011; Krishna et al., 2019).  The pollution assessment of the 

wetland sediments using contamination factor (CF), pollution load index (PLI) and geo- 

accumulation index (Igeo) indicate less contamination and healthy environment of the 

wetland sediments. Inorganic scavengers like Al and Fe along with OC are the dominant 

factors controlling trace metal distribution and high content of Zr, V and Cr could be due to 

the heavy mineral distribution along the coastal tract of Kerala whose source rocks are the 

charnockite, khondalite and gneissic rocks of the Western Ghat (Soman 2002).  Chavara 

deposit have estimated to have ilmenite (35-64%), zircon (2-17%), sillimanite (4-9%), rutile 

(2-11%), monazite (1-2%) and leucoxene (1-2%) (Unnikrishnan et al., 2000). 
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3.4.8 Provenance 

 The geochemical composition is linked to the source rock and is broadly used to 

investigate the sources and provenance of the sediments, as they are the dominant factor 

that controls the composition of sediments along with secondary processes such as 

weathering, transport, diagenesis etc (Taylor and McLennan 1985; Cullers et al., 1987; 

Wronkiewicz and Condie 1987).  In the bivariate plot between Al2O3/TiO2 the source is 

categories based on their relative contribution of granite and basaltic provenance.  The ratio 

of Al2O3/TiO2 is effectively used as an index of provenance because of their similar 

behavior during weathering and low solubility.  The higher values of Al2O3/TiO2 ratio (21-

70) suggest that the sediments are derived mostly from felsic rock, 3 to 8 for mafic igneous 

rocks and  8-21 for intermediate rocks and  for felsic rocks (Hayashi et al., 1997) The 

provenance plot TiO2 vs. Al2O3 of Amajor (1987) shows that the sediments of the 

Vamanapuram River and the A-A-K were derived from the same origin and falls in Basalt 

+Rhyolite/Granite and Rhyolite/Granite+ Basalt field suggesting their mafic to felsic source 

rock composition (Fig. 3.15).  In the Vamanapuram River sediments Al2O3/TiO2 ratio 

ranges 9 to 28.2 indicating intermediate rock while estuarine sediments showed values from 

11.3 to 40.5 which indicate intermediate to felsic source rocks (Girty et al. 1996).  In the 

near shore sediments 79% of the samples showed Al2O3/TiO2 values less than 3.  Based on 

the K2O/Na2O vs SiO2/Al2O3 plot shows the river samples are clustered near to the PAAS 

while the estuarine and near shore sediment are clustered nearer to UCC.  The abundance of 

SiO2 and Al2O3 noticed in the three environments suggest felsic composition for the source 

rock in the provenance. (Asha and Pandit 2012).   
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Fig. 3.15   The provenance plot TiO2 vs. Al2O3 after Amajor (1987) 

  

(a) 

(b) 

(c) 



103 
 

3.4.9 Source area Weathering 

 Chemical weathering indices are used in studies of both ancient and modern 

sediment to characterizing weathering profile.  They use bulk major elemental oxides into 

single metric.  In addition to providing better perceptive of elemental mobility, weathering 

indices are used for evaluating soil fertility and development, signifying the impact of 

climate on bedrock weathering, modification coupled with neotectonic delineation and to 

enumerate engineering properties of regolith.  The chemical weathering rate on continents 

are regulated by many factors including source rock type, climate regime tectonics, 

topographic setting, vegetation cover, soil development and human activities.  Chemical 

Index of Alteration (CIA) is widely used to quantify chemical weathering intensity in 

drainage basin.  It was proposed by Nesbitt and Young (1982) to reconstruct paleoclimate 

from Early Proterozoic sediments.  CIA is calculated by  

CIA= [(Al2O3)/( Al2O3 +CaO=Na2O+K2O)]x100 

Where CaO represent CaO of the silicate fraction only 

 The unweathered upper continental crust shows CIA values of 50 and roughly 100 

for highly weathered materials, with complete removal of alkali and alkaline-earth 

elements. CIA values for average shales ranges from 70 to 75 having composition of 

muscovite, illites and smectites.  CIA values for the river sediments ranged from 80.2 to 

91.3 with an average of 86.1 and for the estuarine sediments it ranged between 56.5 and 

93.8 with an average of 81.9 indicating strong weathering (Fig. 3.16).  The near shore 

sediments reported values of 19.1 to 60.3 with an average of 42.8.  The weathering index 

for the three transect was in the order of M1>M2>M3.  CIA values less than 50 reflect cool 

and / or arid conditions (Fedo et al., 1995). 
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 On the Al2O3 – (CaO + Na2O) – K2O (A-CN-K) diagram of Nesbitt and Young 

(1982), shows the weathering trend for the river and estuarine sediments are parallel to the 

A-CN line indicating the removal of Ca-Na bearing minerals from the parent rock and K 

bearing minerals are less affected. The advantage of A-CN-K diagram is that it enables to 

estimate the source rock composition by back ward protrusion of the line to a point on the 

feldspar line passing through the weathered samples.  The intersection point of this trend 

line provides an approximate ratio of plagioclase to K feldspar in the source rocks.  Plotting 

our data in the trend line the river samples reaches the A apex more than the estuarine 

sediments indicating strong weathering. The diagram showed that the source area for the 

river and estuarine samples had similar composition indicated by trend lines of gabbro and 

tonalite.  The analyzed samples of Muthalapozhi near shore plot very close to the 

plagioclase and K-feldspar tie lines, suggesting very poor weathering conditions or albitic-

rich sources with less K mobility.  The degree  of weathering of samples in the studies three 

environment are different indicating non steady state of weathering condition permitting 

active erosion in the source area which gradually decreases downstream.   
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Fig. 3.16   A-CN-K diagram showing the weathering trend after Nesbitt and Young 
(1982) 

 

3.4.10 Paleoenviroment and Paleoclimate   

 High degree of chemical weathering suggests the decrease in tectonic activity and/or 

the change of climate towards warm and humid conditions.  These conditions are more 

favorable for chemical weathering in the source region (Wronkiewicz and Condie 1987; 

Jacobson et al., 2003).  Many workers have recognized the use of SiO2/(Al2O3+K2O+Na2O 

ratio put forth by Suttner and Dutta, 1986 in studying paleoclimatic condition.  The 

bivariate plots of Al2O3+K2O+Na2O against SiO2 for the three different environment 

differentiate the climate conditions under which the sediments were deposited (Fig. 3.17 a, 

b & c).  The plot displays reasonable semi-arid climatic conditions for the river sediments 

and arid to semi arid condition in the estuarine samples.  In the near shore sediments 

showed a border climatic condition form semi arid to semi humid.  The higher and more 
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uniform values of CIA may be influenced by tectonism, as it is produced in stable tectonic 

conditions undergoing steady state weathering (Nesbitt et al., 1997). 
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Fig. 3.17   Bivariate plots of Al2O3+K2O+Na2O against SiO2 differentiating 
paleoclimate of the study area (Suttner and Dutta, 1986). 

 

3.4.11 Radiocarbon Dating 

 Carbon dating was done for the core sample taken from the core taken from the 

estuarine mouth. The results of 14C dating of the samples from the study area are given in 

Table 3.18.  Based on the present study the age ranges from 2760 to 2210 Yrs BP indicating 

late Holocene period for the estuarine sediments and the rate of sedimentations estimated is 

0.05 cm /year.  The textural group reveals sandy mud having sand 49.5%, silt 49.1% and 

clay 1.4 %.   

Table 3.18   Showing radiocarbon dating results in the present study 

Depth Age 

196-198 cm 2760± 140 cal years BP 

170-172 cm 2490 ± 90 cal years BP 

150-152 cm 2210 ± 120 cal years BP 
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Nair (1999) has divided the Kerala coast into three: submergent, emergent and 

stable types and the coastline of Thiruvananthapuram is a mixed coast consisting both 

elements of submergence and emergence, but largely emergent.  Coastal landform of the 

north appears to be controlled by the uplift of the Tertiaries forming coast parallel estuaries 

of Akathumuri-Anchuthengu and further south along the coast the topography subdued with 

a coastal feature coalesces into a subdued topography further south along the coast with the 

appearance of mud flats, recent strands upto 1.5 km wide and the coast parallel 

Kadinamkulam estuary.  Geomorphology of the stretch from south of Akathumuri-

Anchuthengu is indicative of a prograded coast up to Kovalam promontory. 

The Holocene period began around 12,000 14C years ago and continued to present.  

This period evidence numerous marine transgression and regression which resulted in the 

shifting of coast line all over the world (Shajan 1998).  Also a series of cooling event took 

place among which the most recent is the Little Ice Age of 1300- 1850 AD (de Menocal et 

al., 2001).  Paleoclimate studies revealed that Holocene period experience extreme climatic 

condition due to changes in temperature and rainfall (Mayewski et al., 2004).  Early to 

middle Holocene witnessed heavy rainfall which brought huge volume of sediment to the 

estuarine basin.  Early Holocene witnessed high rainfall 9.5 – 10 Kyrs BP but excessive rain 

started approximately 8.5 Kyrs BP and continued till 5.5 Kyrs.  A mid Holocene sea-level 

position was at 3 m below the present MSL during 4570-5200 years BP and it continued to 

fall again by 3m around 3600 years B.P., before reaching the present position as reported by 

Gayes et al. (1992).  Evidence of Increased Summer Monsoon (ISM) and development of 

mixed C3/C4 plant during the Early to Middle Holocene has been reported form Bay of 

Bengal (Contreras-Rosales et al., 2014) and from the southern Kerala by Kumaran et al., 

(2014).  The uniform peat belt formation along the southern coastline indicate that it took 
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place in a short period of time between the middle and late Holocene when sea level rise 

stabilization accompanied with high rain fall (Mohan et al., 2017).  Earlier Kumaran et al., 

1995 reported carbonaceous clay beds with lenses of peat in the Warkalli Formation and 

Krishnan (1982) aged this formation as Late Miocene.  The palynofloral assemblages from 

this formation showed affinity to mangrove swamp and/or coastal vegetation and the 

presence of fungal remains indicate warm humid climate with heavy rainfall during the 

deposition (Kumaran et al., 1995) 

The Holocene sediment is characterised by soft compact clay rich in organic 

material but the present study reveals that these are late Holocene to recent sediments 

containing least organic matter content which range from 0.71 to 1.2 % brought by the 

Vamanapuram River with equal amount of silt and clay.  The lower concentration of 

organic materials remarkably points to the fact that, time span was not favoring intensive 

growth and accumulation of organic matter in the source area.  The result of the present 

study goes hand in hand with the findings of Guleria et al., (2008) who reported maximum 

precipitation followed by aridification (age 2888 ± 78 14CYrs BP) after the 

neotectonic/eustatic event which formed the Vembanad Estuary and shift of Meenachil 

River.  Sarkar et al., (2000) and Ramesh (2001) observed that during 3900 to 3000 14CYrs 

BP the climate was enhanced by the summer monsoon and later followed by an arid 

condition. Also Jayalakshmi (2005) proposed a dry climatic condition during the period 

2180 ± 70 14CYrs BP from the absence of evergreen forest pollens.  She also identified 

farming activity by the presence of human rich sediments.   
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3.5  Hydrochemistry 

 Water, the most important basic need of humans, covers about 70% of the Earth.  

The total amount of water on the world is about approximately 1.4 billion Km3 of which 35 

million km3 is fresh water and about 24.4million km3 are locked up in the form of ice.  

“India's freshwater resources comprise river systems, groundwater, and wetlands.  Each of 

these has a unique role and characteristic linkages to other environmental entities” (MoEF, 

2006).  Unfortunately they are the most vulnerable to contamination as they pass through 

cities, industrial and agricultural centers. 

Kerala is one among the populated region in the world and the population is 

increasing at a rate of 14% per decade. The rivers of Kerala have been increasingly polluted 

from the industrial and domestic waste and from the pesticides and fertilizer in agriculture 

(Balachandran., 2005). The rivers of Kerala are monsoon fed and fast flowing. Located in 

the high rainfall tropical region, Kerala experiences two monsoon seasons with an average 

annual rainfall of 3000 mm (CWRDM., 1995). Monsoon flows contribute to almost 90% of 

the annual yield, leaving only about 10% to the lean flow period. But due to steep and 

undulating topography, rainwater is not that much retained on the land thereby denying the 

advantages of having high rainfall to a great extent (CWRDM., 1995). Industries discharge 

hazardous pollutants like phosphates, sulphides, ammonia, fluorides, heavy metals and 

insecticides into the downstream reaches of the rivers. The major water quality problem 

associated with rivers of Kerala is bacteriological pollution (SPCB., 2000). The demand for 

water in Kerala is mainly for domestic use, irrigation, preservation of salt-water intrusion, 

generation of electricity, inland navigation and other sectors like inland fisheries, water 

sports and tourism. Projected water supply is one of the basic needs of the community 

(KSCSTE, 2005).  In Trivandrum, about 300 medium and large scale and about 2000 small 
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scale industries are discharging effluents directly into the saline or fresh water bodies. 

Industrial and municipal waste disposal has impacted on the water quality and biotic 

communities in coastal water bodies, wetlands, mangroves etc. It is estimated about one 

million cubic meters of sewage is generated daily in the coastal areas and about 30,000 

cubic meters of this reaches surface water bodies in the coastal areas (SPCB., 2000). 

3.5.1 Hydrogen ion concentration (pH) 

 pH is the measure of acidity or alkalinity of the water body and it indicates the 

degree of pollution.  Photosynthetic activity of the plants during the day increases the pH 

and respiratory activity lowers them (Verma et al., 1984).  pH is an important parameter for 

determining physical and chemical parameters of the aquatic system, playing an important 

role in the life process of the organism.  The pH depends on to air temperature, dust from 

atmosphere, aerosols, industrial effluents, sewage, distribution of biota, species composition 

and life processes of animal and plant communities inhabiting the water body, 

photosynthetic activity river water discharge, sea water intrusion, bio chemical process, 

water turbulence etc (Singh & Singh, 1993; Pandey et al., 1995). 

The minimum, maximum and average pH values estimated in the surface water 

samples for the Vamanapuram River and AAK estuary are given in the Fig. 3.18 a & b.  pH 

recorded for the Vamanapuram River water varied from 6.13-7.33 (av 6.6) and 7.01 – 8.05 

(av 7.3) for premonsoon and post monsoon.  The river water showed slightly acidic nature 

in the pre monsoon. About 42%of the sampling station showed slightly lower values than 

the prescribed limits for drinking water.  The pH values during the post monsoon period for 

the river were within the prescribed limits (6.5-8.5) for drinking water standard as per BIS.  

The surface water pH for the estuary ranged from 6.65 to 8.11 (av 7.31) in the premonsoon 
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and 6.62 to 8.14 (av 7.4) in the post monsoon.  The Akathumuri-Anchuthengu (K1 to K8) 

reported slightly acidic nature than the Kadinamkulam estuary.  The Akathumuri estuary 

reported an average of 6.96 and 6.99, Anchuthengu estuary 6.8 and 6.9 and Kadinamkulam 

estuary 7.6 and 7.9 for premonsoon and post monsoon respectively, while Vamanapuram 

River mouth showed 7.23 and 7.35.  All the values are lower than the reported values of 

1983, where Akathumuri recorded a pH of 7.44, Anchuthengu 7.53, Kadinamkulam 7.18 

and lower reaches Vamanapuram River 7.17 (Nair et al., 1983).  The pH levels of the 

estuaries were with the limits set for aquatic life (6.5 – 9) and irrigation (5.5 – 9) but only 

Kadinamkulam estuary showed values within the limits for domestic use (7 - 9) (USEPA, 

1975 and ICMR 1975). 

pH of natural water is governed by the bicarbonate-carbonate-CO2 equilibrium.  

High carbonates cause calcium and magnesium ions in solution (Bauder et al., 2004).  

Lower pH can be caused by deposition of acid forming substance during precipitation. Most 

of the metals become soluble in acidic water and this will negatively affect the life of 

aquatic organisms present in the ecosystem. A high organic content will tend to decrease 

the pH because of the carbonate chemistry. As microorganisms break down organic 

material, the by product will be CO2 that will dissolve and equilibrate with the water 

forming carbonic and (H2CO3).  Due to the permanent opening of the Muthalapozhi inlet 

increased fresh water salt water mixing in the estuary.  The buffering activity due to the 

presence of carbonate and bicarbonate influenced a rise in the hydrogen ion concentration 

in the estuary.  The estuarine water is within the pH level set for irrigation and domestic use 

by ICMR (5.5 to 9 and 7 to 9). 
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3.5.2 Conductivity 

 Conductivity of natural waters is the capability to conduct electric current which 

depends on temperature and the number, mobility, valence and the type of ions present.  It 

is an effective tool in detecting water pollution and the degree of mineralization in water 

(Chandra et al., 1996).  The spatial variations in surface water electrical conductivity values 

of river and estuary during different seasons of the study period is given in the figures 3.18 

c & d.  The observed ranges of electrical conductivity during premonsoon and postmonsoon 

seasons for the river are 48.5 - 199 mS/cm (av 111.5 mS/cm) and 12.79 – 33.7 mS/cm (av 

22.1 mS/cm) and for estuary are 20.1- 52.6 mS/cm (av 39.7 mS/cm) and 12.8 – 33.7 mS/cm 

(av 22.1 mS/cm) respectively.  High conductivity noticed in river water during premonsoon 

may be due to the high air and water temperature, low rainfall that favored the 

concentration of river water with high amount of total dissolved solids in the form of 

inorganic ions.  The conductivity values shows a crimped nature downstream but as the 

river enters the estuarine zone, sudden decrease in the conductivity can be noticed (V14) 

and then it gradually increases.  The high conductivity for estuary was observed at station 

K13 during pre monsoon, may be due to mixing of seawater containing high salt content at 

the bar mouth.  Similarly low conductivity noticed at station K11 during postmonsoon may 

be due to the freshwater input from the river.  In general high conductivity during 

premonsoon may be due to the intrusion of sea water, fresh water discharge and evaporation 

coupled with low flow rate.  Most of the inorganic substances are in the ionized form in the 

water.  These electrolytes disassociate into cations and anions imparting conductivity to the 

water and give a practical estimation of dissolved mineral content in the water. Hence 

electrical conductivity increases with salt and is an indicator of pollution (Dar et al., 2012). 

3.5.3 Total Dissolved Solid (TDS) 



115 
 

 TDS accounts various types of mineral salts composed mainly of carbonates, 

bicarbonates, chlorides, sulphates, phosphates and compounds of silica, calcium, 

magnesium, sodium and potassium.  Total dissolved solids are either in the ionized state or 

in non-ionized state and are the sum of organic salts and small amount of organic matter 

present excluding the colloids and gases.  Higher concentration of dissolved solids increase 

the density of water, influences osmoregulation of fresh water organisms, reduces solubility 

of gases and utility of water for drinking, irrigation and industrial purposes. Total dissolved 

solids contain different kinds of nutrients and have been proved to be a very useful 

parameter in determining the productivity of an estuarine ecosystem.  Primary sources for 

TDS in receiving waters are agricultural and residential runoff, leaching of soil 

contamination and point source water pollution discharge from industrial or sewage 

treatment plants. More exotic and harmful elements of TDS are pesticides arising from 

surface runoff. 

 The TDS values ranged from 16.82 to181.6 mg/l with an average of 104.4 mg/l in 

the pre monsoon and19.82 to 116.6mg/l with an average of 47.8 mg/l.  The concentration of 

TDS was found to be within the permissible limit of drinking water (500 mg/l) for all the 

studied locations in the river (BIS 1991).  The lowest concentration was recorded for V4 for 

both the season.  This is the origin for one of the first order stream of Vamanapuram River 

that originate in the high range of Western Ghats.  The seasonal spatial variations in the 

total dissolved solids content of surface water in AAK estuary during pre monsoon varied 

from 19341 to 53110 mg/l (av 41288 mg/l)  and 1899 to 4293mg/l (av 16476mg/l) in 

postmonsoon seasons (Fig. 3.18 e & f).  Among the seasons, the total dissolved solids 

content in the surface water samples recorded its maximum during premonsoon for river 

and estuary.  The excess amount of total dissolved solids may indicate pollution from an 
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external source and this disturb the ecological balance and causes suffocation in aquatic 

fauna.  Hence TDS are considered as very useful parameter in determining the productivity 

of the aquatic systems.  Classification of the water samples based on the TDS content shows 

best quality in both the seasons and can be used for irrigation without any treatment. 

3.5.4 Alkalinity 

 Alkalinity of water is the acid neutralizing capacity and an index of nutrient status in 

the water.  It occurs mainly due to the presence of carbonates, bicarbonates and hydroxide.  

The occurrence of carbon dioxide in water is related to alkalinity.  A water body having 

alkalinity above 50 mg/L can be considered as productive system (Moyle 1949).  Natural 

alkalinity itself is not harmful to human beings but excess alkalinity can cause eye irritation 

in human and chlorosis in plants.  The maximum permissible for drinking water is 600 

mg/L as per IS 10500:2012. 

 The observed ranges of total alkalinity in the Vamanapuram River during pre 

monsoon and post monsoon seasons are 37.5 to 97.5 (av. 67.71 mg/L) and 10 to 97.5mg /L 

(av. 22.7 mg/L) and for AAK estuary are 25 to 80 mg L-1 (46.1 av. mg/ L) and 32.5 mg/L 

to 87.5 mg/L (av. 61 mg/L) respectively (Fig. 3.18 g & h).  Prasanna and Ranjan (2010) 

reported that alkalinity in natural waters was due to the presence of free hydroxyl ions and 

hydrolysis of salts formed by weak acids and strong bases such as carbonates and 

bicarbonates.  A total alkalinity level of 100-200mg/l will stabilize the pH level but if pH is 

above 8.3, alkalinity is mostly in the form of carbonate and below 8.3 it is present mostly as 

bicarbonate (CPCB., 1999). 

3.5.5 Total Hardness (TH) 
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 Hardness in water is a variable constituent and is contributed by alkaline earth 

metals such as calcium, magnesium, iron, manganese, strontium, carbonates and 

bicarbonates.  Hence hardness can be considered as the measurement of polyvalent cations 

in water.  Among these divalent cations of calcium and magnesium are the predominant 

ones causing permanent hardness and bicarbonates and carbonates induce temporary 

hardness.  Temporary hardness and permanent hardness caused by sulphates and chlorides 

can be removed by boiling (Murugesan and Rajakumari 2005).  The principal natural 

sources of hardness in water are dissolved polyvalent metallic ions from sedimentary rocks, 

seepage and runoff from soils. 

 Hardness in water protects against cardiovascular diseases and below 300mg/l is 

considered portable, but beyond this limit causes gastro intestinal irritation (ICMR 1975). 

The total hardness for the fresh water stretch of the wetland was 6 to 1240 mg/l in the pre 

monsoon and 6 to 500 mg/l in the post monsoon with an average of 100 mg/l and 46.3 mg/l 

respectively (Fig. 3.18 i).  The maximum permissible limit of hardness in drinking water is 

500mg/l (BIS 1991).  All the samples were within the limit for both the season except V14 

which exceeds the limit 2-fold in pre monsoon and was marginal for post monsoon season. 

The sudden variation in hardness may be due to the mixing of fresh and brackish water as 

this location is mouth of the river, where it empties into the estuary.  The total hardness in 

the surface water samples at different study stations of AAK estuary ranged from 330 – 

2430 mg/L (av 1311 mg/l) in the pre monsoon and 400 – 638 mg/l (494 mg/l) in the post 

monsoon (Fig. 3.18 j).  This result may be due to low base flow and higher rate of 

evapotranspiration, addition of sewage, detergent and large scale use might increase harness 

of water.  Among the two seasons, the total hardness in the surface water recorded its 

maximum during pre monsoon season and it showed a decreasing trend from Akathumuri 
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estuary to Kadinamkulam estuary while the post monsoon samples showed a linear trend.  

The Kadinamkulam estuary recorded an average of 920 and 549mg/l for the studies two 

seasons, which showed a vast decrease in the total hardness than the earlier reported 

average of 1546 mg/ l and 1062 mg/l by Baijulal (2011).  The decrease in hardness may be 

due to the permanent opening of the Muthalapozhi inlet and also due to the de siltation to 

reopen the arterial waterway TS Canal which connects Kovalam in the south to Shoranur in 

the north.  Water with hardness of 0 to 50 mg/ l is classified as soft water, 50 to 150 mg/l as 

moderately hard, 150 to 200 mg/l as hard and >300 mg/l as very hard.  Based on the 

hardness classification (Fifield & Haines, 1995) 92 % of Vamanapuram river samples falls 

in soft water category for both the seasons and the remaining 8 % comes under very hard 

water.  The surface water of the AAK estuary falls in very hard category for both the 

season. 

3.5.6 Dissolved Oxygen (DO) 

 Dissolved oxygen refers to the level of free, non-compound oxygen present in water.  

It is an important parameter in assessing water quality and productivity of aquatic 

ecosystem because it affects solubility of nutrients in water (Susan et al., 2005).  Dissolved 

oxygen measurements are extremely important for maintaining aerobic conditions of 

overlying water column, assessing productivity of aquatic system and are also a good 

indicator of pollution status of the system.  Dissolved Oxygen enters waters through the air 

or as a plant byproduct, during photosynthesis from phytoplankton, algae, seaweed and 

other aquatic plants.  DO levels fluctuate with temperature, salinity, pressure changes, 

season, location and water depth.  Inorganic reducing agents such as ammonia, nitrite, 

ferrous iron and certain oxidisable substances also tend to decrease DO in water.  The 

presence of biodegradable organic matter in sewage generally reduces DO in water due to 
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microbial activity (Binu 2008).  Another disadvantage of dissolved oxygen in water is the 

increased rate of corrosion in industrial systems.  

 In the present study the mean value of DO for the Vamanapuram River was 6.8 and 

9.4 mg/L, lowest value was 2.9 and 5.1 mg/L and highest value was 12.5 to 14.2 mg/L for 

pre monsoon and post monsoon respectively (Fig. 3.18 k).  The lowest value was recorded 

for location V14and highest for V6.  Minimum value required for drinking water is 6mg/L 

(BIS 1992).  64% of pre monsoon samples and 85% of post monsoon samples in the river 

were above the minimum required limit for DO. A slight depletion in DO was observed 

along the downstream direction of the river.  The improved levels of DO exhibited at 

majority of the stations during post monsoon may be due to low temperature, mixing of 

oxygenated rainwater, turbulence as well as atmospheric reoxygenation.  Depletion of DO 

values during pre monsoon may be due to the increase in temperature, decrease in flow rate 

and increase utilization of oxygen by micro organisms for decomposing organic matter. 

 The concentration of DO varied from 2.1 to 13.12 (av 6mg/L) in the AAK estuary 

for pre monsoon and 7.7 to 18.9 mg/L (av 13.1 mg/L) for post monsoon (Fig. 3.18 l).  

Highest values were recorded for K12 (pre monsoon) and K5 (post monsoon). Lowest were 

noticed in stations K15 (pre monsoon) and K10 (post monsoon).  The DO was notices in the 

order Akathumuri > Achuthengu > Kadinamkulam. Akathumuri recorded 8.6 16.2 mg/L in 

the pre monsoon and post monsoon while Achuthengu estuary record 7 and 13 mg/L and 

Kadinamkulam showed the least 3.5 and 12mg/L.  The earlier reported values of DO are 

5.35 mg/L, 3.19 mg/L and 4.65 mg/L for Akathumuri, Achuthengu and Kadinamkulam 

estuary (Nair 1983).  Also Baijulal (2011) observed that DO content in Kadinamkulam 

estuary fluctuated between 0.29 to 5.9 mg/L with an annual average of 2.9mg/L. 

Comparison with the earlier studies it can be understood that DO values for the estuarine 
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water have shown  homogeneous increased during the past decades.  All these variation 

were predominantly due to decrease in the intense retting activity.  The concentration of DO 

in AAK estuary is controlled by natural and anthropogenic factors like disposals of sewage 

and domestic waste, tidal influence, salinity variations and freshwater discharges.  In the 

present study area anthropogenic activities like sand mining in the river, dredging activity in 

the inlet, harbor activity, pisciculture, retting activity and dumping of waste like poultry 

waste, domestic waste and seepage into the estuary are noticed which can contribute in 

depletion of DO. 

3.5.7 Biological Oxygen Demand (BOD) 

 BOD is the measure of DO consumed for biodegradation of organic matter in a 

given volume of water. BOD in an aquatic system ultimately supports the growth of micro 

organism (Onda, et al, 2012).  It is an essential parameter in water pollution control 

management and evaluation of self-purification capacity (Trivedy et al., 1998).  The BOD 

of a water body depends on temperature, extent of biological activities, concentration of 

organic matter and oxidation of sulfides, ferrous iron and ammonia.  Unpolluted natural 

water has a BOD of 5mg/L or less and raw sewage has less than 150-300mg/L.  The BOD 

values should be below 2 mg/ L for drinking and less than 3 mg /L for bathing, swimming 

and recreation (BIS 1991).  The values obtained in the present investigation for the 

Vamanapuram River are 0.5 to 9.3 and 0.2to 7.7 mg/L for pre monsoon and post monsoon 

respectively.  The seasonal BOD values fluctuated from 0.3 to 9.2 mg/L in pre monsoon 

and 1.9 to 13.1mg/L in post monsoon for the AAK estuary  (Fig. 3.18 m & n)..  The higher 

BOD values obtained in the present study may be due to the impact of leaf litter, domestic 

wastes and anthropogenic activities which increases biological activity leading to the 
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concentration of oxidisable organic matter.  Also scant rainfall, humid temperature, reduced 

water flow also increases BOD values. 
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Fig. 3.18 Physico chemical parameters of surface water from Vamanapuram River 
and AAK estuarine 
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3.5.8 Nitrite (NO2) and Nitrate (NO3) 

 Nitrogenous material and ammonia in natural water gets oxidized by aerobic 

bacteria to nitrite and then to nitrate.  Nitrite is rapidly oxidized to nitrate in oxygenated 

water and this reaction is reversed under oxygen depleted water.  Low levels of naturally 

occurring nitrate can be normal, but excess amounts can pollute water.  Common sources of 

nitrate are livestock waste, and human waste associated with septic and municipal 

wastewater systems.  Inorganic nitrates come from fertilizers containing ammonium nitrate 

and potassium nitrate.  Nitrate is colorless, odorless and tasteless that can have serious 

health effects if consumed at high levels.  Nitrite is a related contaminant with similar 

physical properties to nitrate that is associated with nitrate and the sources of nitrate.  In 

unpolluted water oxidized nitrogen is in the form of nitrate with minor amount of nitrite.  

The permissible limit of nitrate in drinking water is 45 mg/L and nitrite is <5 mg/L (WHO 

1985 and IS-1050-2012).  An adult consumes 75mg/day of nitrate naturally in the form of 

vegetable.  Greater than 2mg/L of nitrate or nitrite in surface water indicate agricultural 

contamination from fertilizers and manure seepage and greater than 10mg/L considered 

human hazardous.  Nitrate gets reduced to nitrite in human saliva.  Nitrite oxidizes iron in 

blood from ferrous iron to ferric iron causing a condition called methemoglobinemia, which 

causes oxygen deficiency in blood.  Long term exposure to high levels of nitrate or nitrite 

causes diuesis, increased starchy deposits, and hemorrhanging of spleen.  Researchers are 

yet to confirm whether nitrates or nitrites have the potential to cause cancer from life time 

exposure in drinking water.  

 The values of nitrite-nitrogen content recorded in the surface water samples of the 

river and estuary during the study period are depicted in Fig. 3.19 a & b.  The distribution 

of N02-N in Vamanapuram River varied from 2.4 to 8.6 and 2 – 71.7 mg/L for the studied 
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two seasons. The average values registered were 4.3 mg/L and 17.3 mg/L for pre and post 

monsoon.  A minimum value was recorded for location V8 in pre monsoon and V4, V9 and 

V11 for post monsoon. Maximum value was recorded for V9 in pre monsoon and V14 in 

post monsoon. This is in agreement with the findings of Mini (2003) who reported seasonal 

average of 0.007 to 0.015 mg/L for the same river.  In the estuary, the spatial variations in 

the nitrite-nitrogen content of surface waters don’t vary considerably.  The nitrite-nitrogen 

content in the surface water samples of AAK estuary ranged from 1.3 - 269.5 µg/L with an 

average concentration of 17.5 µg/ L in the pre monsoon and 1.3 - 742.8 µg/ L (av 41.3 µg/ 

L) in the post monsoon.  The highest nitrite-nitrogen content was recorded at location K18 

during premonsoon and K20 during postmonsoon season.  The study indicate an increase in 

the nitrite content in the Kadinamkulam estuary from 10.84 to 37.4 µg/ L in the 

premonsoon and 14.86 to 96.7 µg/ L in the post monsoon (Baijulal 2012).  These stations 

are in the Kadinamkulam estuary which receives organic rich land drainage and sewage 

directly from the Parvathyputhan Ar. High concentration of nitrite in the postmonsoon is 

ascribed to the rainfall from NE monsoon, reduction of nitrate, oxidation of ammonia, and 

bacterial decomposition while lower concentration in the pre monsoon endorsed due to 

attenuation of river discharge, oxidation to nitrate and increased utilization by bacteria (Nair 

et al 1984; Koshy & Nayar, 1999 Mini 2003,  Baijulal, 2012).  

 Nitrate is more significant than nitrite as it is essential for plankton growth.  Nitrate 

contributes about 68% of available nitrogen.  In the nitrogen cycle process decline of nitrate 

and increase in ammonia occurs due to denitrification process (Mechalas 1974).  The 

seasonal values ranged from 1.2 -346.8,  28.5 – 674.7 mg/ l in the river water and  1.8 to 

607.7 mg/ l, 12 to 1800 mg /l in the estuarine water during pre monsoon and post monsoon 

(Fig. 3.19 c & d).  The seasonal averages for pre monsoon are 38.5, 74.7 mg /l and 235.5, 
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233 mg/ l for the river and estuarine water respectively.  The lowest concentration of 

nitrate-nitrogen was shown in the upstream portion V1 and V2.  The stations are located in 

the reserve forest area where human activity is minimal.  The station V3, situated in the tea 

estate of the Ponnmudi region recorded highest concentration.  The clearly indicates that 

practice of using increased amounts of nitrogen based fertilizers led to higher concentration 

of nitrate in surface waters.  A similar study conducted on the dissolved nutrients in the 

Vellayani freshwater lake showed a three time increase in the NO3-N concentration than 

Sasthamkotta Lake.  The authors pointed out that intensive use of fertilizer exponential rise 

in the quantity of N-P-K consumption during the period 1961-2010 are responsible for the 

nutrient input (John et al., 2014).  High concentration of nitrate occurs due to the 

accumulation of nitrogenous matter in bottom sediments.  Nitrates get regenerated and 

released by fresh water influx and discharge (Nair et al 1983; Roy and Kumar 2001).  The 

elevated concentration of nitrate during post monsoon season might be due to the river 

water discharge after the monsoon which carries heavy sewage, sediment water interactions 

and coconut husk retting activities.  Present study were supported by studies of Pillai 2008; 

CESS 2011; Baijulal 2011; John et al.,2014 in various estuaries and lakes in Kerala.  More 

than 5 mg /L nitrate-nitrogen concentrations stimulate algal growth deletion of oxygen and 

indicate eutrophication in estuaries (Panday and Mukherjee, 1994). 
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3.5.9 Phosphate (P) 

 Phosphorous is a minor element in natural water and dissolved concentration seldom 

exceeds 0.2mg/L.  It is an essential nutrient for animal, plant and microbial forms of life.  

Phosphorous in animal waste, waste water effluent, storm water runoff, sewage are the main 

cause of algal blooms and eutrophication.  In water supply and industrial cooling water 

system phosphorous compounds are used for corrosion control.  It is also used in production 

of fertilizers, insecticides and synthetic detergent.  Before the use of phosphate detergent 

human waste such as urine, feces and food waste contributed the source of inorganic 

phosphorous.  Phosphorous in the environment is cycled between organic and inorganic 

forms.  Conversion of organic phosphorus to inorganic phosphorous and vice versa is 

carried out by microorganisms.  Inorganic phosphate concentration is a useful index of the 

state of eutrophication of water bodies.  The two limiting growth nutrients for plants are 

soluble P and soluble N, the former being more limiting nutrient due to its fewer sources 

and less mobility.  Any increase in ambient levels of P increases the potential for 

eutrophication. 

 The seasonal values for the total phosphorous content in the Vamanapuram River 

ranged from 5.8 – 60.2 µg /L (av 24.9 µg /L) and 26.4 to 90.5 µg /L (av 64.3 µg /L) for pre 

monsoon and post monsoon.  The total phosphorous content in the surface water samples of 

AAK estuary ranged from 5.1 to 33.77 µg /L (av 12.9 µg /L) for pre monsoon and 11.56 – 

48.7 µg /L (av 21.3 µg /L) for post monsoon Fig. 3.19 c & d..  The seasonal distribution of 

PO4-P in the Vamanapuram River corroborates with the findings of Mini (2003) for this 

river.  The level of phosphate in the AAK estuary stands lower than the maximum 

permissible value of 78µg /l as suggested by the United States Environmental Protection 

Agency USEPA (1979) for lake and reservoirs.  The concentration of PO4-P lower than 1 
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mg L·1 is sufficient for eutrophication and capable of supporting rich plankton flora, above 

2 mg /L was considered as pollution indicator and > 5 mg/ L was undesirable but not 

harmful (Vollenweider, 1968 and Sahu, 1991 ).  Post monsoon period showed the highest 

phosphate concentration followed by the pre monsoon, this was well established in the work 

of Meera (2008) and Pillai (2008).  The monsoonal rainfall leading to massive 

transportation of sediment resulted in a gradual rise in the phosphate concentration with 

slightly higher values in the post monsoon period.   

3.5.10   Potassium 

 Potassium occurs widely in the environment in various minerals like feldspar 

chlorine mineral (carnalite and sylvite) and some clay.  It gets dissolved in natural waters 

through weathering processes and ends up in seawater.  Potassium from dead plant and 

animal material is often bound to clay minerals in soils, before it dissolves in water and is 

readily taken up by plants again.  It plays an important role in nerve functions and health 

effects include kidney dysfunction, heart disease, coronary artery disease, hypertension, 

diabetes, adrenal insufficiency.  Plants contain about 2% potassium (dry mass) on average, 

mosquito larvae contain between 0.5 and 0.6% potassium, and beetles contain between 0.6 

and 0.9%.  Potassium salts may kill plant cells because of high osmotic activity.  Potassium 

is weakly hazardous in water, but it spread swiftly because of its relatively high mobility 

and low transformation potential.  The concentration of potassium in river water fluctuated 

between 1.8 and 34.4 (av 10.9 ppm) in pre monsoon and 0.63 to 2.84 ppm (avg 1.6 ppm) in 

post monsoon (Fig. 3.19 g & h) and in the estuary it ranged between 20 – 1010 ppm (avg 

441 ppm) and 200 to 6460 ppm (avg 2125 ppm).  Veena (2013) report potassium 

concentration in the ground water of Vamanapuram River basin as 1 – 800 ppm in the pre 
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monsoon and 0 – 29 ppm for the post monsoon.  The average concentration of potassium 

content in the surface water samples of Kadinamkulam estuary as reported by Baijulal 

(2011) was 99.8 mg/l.  The high values for potassium indicate the common terrestrial origin 

which reaches the estuaries through rain washouts from the hinterlands. The decomposition 

of organic matter due to coconut husk retting influences the potassium concentration in 

retting areas. 

3.5.11   Sodium (Na) 

 Sodium is found in association with chloride, indicating their common origin. 

Weathering of sodium chloride containing rocks accounts for most of the sodium ion found 

in river water.  The probable natural sources of sodium may also include igneous rocks, 

clay minerals, feldspars and halite. It is estimated that 28% of the sodium in rivers is 

anthropogenic.  The concentration of sodium in water is vital in classifying irrigation water 

because it reacts with soil distressing permeability, leads to puddling and reduced rate of 

water intake.  (Naik & Purohit, 2001).  In general the concentration of sodium in natural 

waters is lower than 6.5 ppm and according to Bodek et al. (1988), the concentration ranges 

from 0.6 to 60 mg/ L.  Water with high concentration of sodium is unfit for irrigation as it 

tends to deteriorate the soil quality (Jameel, 1998).  Excessive amount of sodium in 

drinking water would normally affect the palatability of water.  Na concentration for the 

river samples ranged from 1.2 to 125 ppm (av 37.9 ppm) in the pre monsoon and 1.1 to 

20.42 (avg 3.97 ppm) during the post monsoon.  In the estuarine samples its concentration 

varied between 890 ppm and 4380 (av 11441 ppm) and 280 -15580 (avg 34988 ppm) for 

the two seasons (Fig. 3.19 i & j).   
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3.5. 12   Calcium (Ca2+) 

 Calcium cation Ca2+ and calcium salt are among the most essential nutrients for 

plants and animals.  They are essential for bone, nervous system and cell development.  

Most of the essential cations are obtained from food and drinking water and such received 

cations are considered nontoxic.  On a daily basis recommended intake of calcium for 

adults is between 800-1200mg/L.  The presence of calcium in water decreases the toxicity 

of metals in aquatic life and low concentration can add to the effect of sodium by increasing 

the value of sodium absorption ratio (SAR).  The adverse effect of calcium intake for long 

period of time is the risk of kidney stone. 

 In the study area calcium hardness fluctuated between 2.9 and 21.9 ppm  in pre 

monsoon and between 0.34 – 2.72 ppm in post monsoon with an average value of 10.4 and 

0.99 ppm for the Vamanapuram River samples.  The permissible limit of Ca in drinking 

water is 75 mg/l (BIS, 2006). All the locations of the study area were under the permissible 

limit and are good for drinking purpose. The estuarine samples reported Ca concentration 

which ranged between 340 – 1420ppm (av 867.1ppm) in the pre monsoon and 330 – 6410 

ppm (av 2672.9 ppm) for the post monsoon (Fig. 3.19 k & l).  Calcium ions may derived 

from the use of agricultural fertilizers such as monocalcium phosphate (Ca (H2PO4)2), 

calcium cyanamide (CaCN2), calcium nitrate (Ca (NO3)2) Garret (2000).  The high land 

area of the present study area is intense with agricultural activities like tea, rubber, coconut 

and other fruit plantations. Hence calcium content in the study area originate not only form 

natural occurrence but also from the use of fertilizers. 
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3.5.13   Magnesium (Mg) 

 Magnesium is common constituent of natural water which is associated with Ca and 

causes hardness to water. The hydro chemical behavior of magnesium is similar to that of 

calcium but magnesium compounds are more soluble then their calcium counterparts. 

Sources of magnesium in natural water are ferromagnesium minerals in igneous rocks and 

magnesium carbonate in sedimentary rocks such as amphiboles, olivine, pyroxenes, 

amphiboles, and clay minerals. Magnesium is an essential nutrient for plants and animals 

for bones and cell development.  It is also a component of chlorophyll and thus, is essential 

for biological production in environment.  It is found in edible vegetables (700-5600mg/kg), 

marine algae (6400-20,000mg/kg), marine fish (1200 mg/kg) and bones (700-1800mg/kg).  

Recommended daily intake of adults is 400-450 mg/ day, where drinking water can 

contribute 12 to 250 mg/day.  Magnesium causes no known human health problems even 

though magnesium salts, especially magnesium sulphates, produce anesthesia in both 

invertebrates and vertebrates. 

 The permissible limit of Mg for drinking water is 30-100mg/L.  For assessing sea 

water intrusion in to coastal aquifer the ratio of certain chemical parameters such as 

Ca2+/Mg2+ can be used, since Mg concentration in sea water is much higher than Ca. If the 

ratio is less than 1, then the area is considered to be affected by salt water intrusion 

(Palanisamy et al., 2007).  In the present study Mg concentration for the river samples 

ranged from 0.9 to 20.6 (av 8.1ppm) in the pre monsoon and 0.23 to 3.82 (avg 0.99 ppm) 

during the post monsoon.  In the estuarine samples Mg concentration varied between 80 - 

2960 (av 1740 ppm) and 310 - 15580 (avg 5909.7 ppm) for two seasons.   
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3.5.14   Silicate - Silicon  

 The primary sources for silicate are the weathering of silicate rocks and they form 

soluble and colloidal forms in natural waters (White and Blum, 1995).  Silicon dioxide is a 

dietary requirement for various organisms Phytoplankton are the main consumers of silica 

as silicate and they are the essential nutrient for the formation of diatom's cell wall and for 

skeletal growth of radiolarians and sea sponges (Thomas, 1995).  Chickens and rats require 

silicon for bone development.  In humans skin and connective tissue contains significant 

amounts of this element. It is essential for plant growth and various species contain about 

200-62,000 ppm of silicon. Plants such as dandelions and bamboo contain silicon in stems 

and leaves, increasing stability.  When present in water silicon is generally harmless, but 

abnormally high concentrations might limit algal growth.  Inhalation of silicon particles 

may cause pulmonary alveolus’s harden and their flexibility decreases which results in 

shortness of breath, panting and couching. In mine workers or stone grinders fine particles 

of silicon compounds cause silicosis.  Silicon compounds, such as silicon halogens are very 

toxic and cause corrosive, silicon tetra chloride cause eye irritant breathing problems and 

skin irritation.  In drinking water silicate is present as silicic acid which is relatively safe. 

 The spatial variations in the silicate content of surface water of  Vamanapuram 

River during the two seasons of the study period are 1.82 to 6.9 mg/l (av 5 mg/l) and 3.7 to 

7.4 mg/l (av 6.12 mg/l).  The observed ranges of silicate content in the estuary during pre 

monsoon and post monsoon seasons are 0.3 to 7.28 mg/l (av 2.1mg/l) and 1.7 to 6.5mg/l (av 

3.6).  The spatial variations in the silicate content of the surface water are shown in the Fig. 

3.19 o & p.  The world average and Indian average values of Si04 - Si were 13.1 mg/ L and 

7 mg/ L respectively (Livingstone, 1963; Subramanian, 1987).  The present study shows the 

concentration of SiO4 - Si in Vamanapuram River is below the standard values.  The mean 
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silicate-silicon content was comparatively higher in the fresh water zone than the brackish 

water.  The diminishing concentration of silicate in the estuarine may be credited to mixing 

with sea water, growth and development of diatoms and by adsorption onto suspended 

particulates (De sousa et al., 1981).  

3.5.15   Sulphate (SO4) 

 It arises from the leaching of sulphate minerals such as gypsum or sulphide minerals 

in the sedimentary rock like pyrite and also from the atmospheric deposition of oceanic 

aerosols.  Sulphate concentration in the studied river varies between 1.4 and 21 mg/l (av 

8.04 mg/l) in the pre monsoon and 0.93 – 16.4 mg/l (av 6.8 mg/l) (Fig. 3.19 q).  All the 

river samples were with the desirable limit for drinking water (200mg/l).  A sudden increase 

is noticed in the sulphate concentration form the middle reaches of the river. The highest 

concentration was noticed for location V9 in the pre monsoon and V14 in the post 

monsoon. In the estuarine environment sulphate ranges from 105 to700 (av 297 mg/l) in the 

pre monsoon and 95to 669 mg/l (av 254.9 mg/l) for the post monsoon (Fig. 3.19 r).  In 

reduced and anaerobic condition sulphates produce hydrogen sulphide which gives a rotten 

egg odour to the water.  However sulphate is ecologically important as it is necessary for 

the development of phytoplankton and the productivity of the aquatic system.  But if the 

concentration exceeds the maximum allowable limit cases of laxative effect and 

dehydration on human system are reported.  Also eutrophication and reduction of dissolved 

oxygen causing dystrophic condition and total demolition of biocoenosis (USEPA 1985; 

Trivedy et al., 1998; Dubey et al 2014). 
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Fig. 3.18 Physico chemical parameters of surface water from Vamanapuram River 
and AAK estuarine 
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3.5.16   Irrigational Water Quality 

 The concentration of chemical constituent in irrigational water affects plant growth 

by altering nutrient availability.  Excess chemical constituent in irrigational water causes 

toxicity, water infiltration and salinity.  Irrigational water quality of surface water of the 

study area was analysed using the following parameters 

3.5.16.1    Sodium Adsorption Ratio (SAR) 

 SAR is an important parameter for the determination of suitability of water to 

irrigation.  SAR is an indication of cation exchange of the irrigational water with soil.  

Sodium replaces absorbed calcium and magnesium causing damage to soil structure.  This 

causes formation of crusts, water logging, reduced soil permeability excessive 

concentrations (Dhirendra et al., 2009; Nata et al., 2009).  High concentrations of sodium 

are undesirable in water because sodium adsorbs on to the soil causes deflocculating, 

sealing the pores of the soil and making it impermeable to water flow.  The concept of 

sodium adsorption ratio (SAR) was introduced by United States Salinity Laboratory 

(USSL) and it is calculated using the equation of Richard (1954): 

SAR =√ Na+/√ (Ca2++Mg2+) 

             2 

 Where all the ions expressed as meq/ L. 

 The sodium hazard of irrigation water expressed through SAR does not take into 

account the effect of anionic composition.  Sodicity hazard also classified as S1, S2, S3 and 

S4 as shown in the Table 3.19. River samples showed an average value of 5.8 meq/l and 

92.9% of the samples in the pre monsoon falls under the category of S1 (low sodium 

hazard) while it was 100% of the post monsoon samples with an average of 0.39 meq/l.  

The SAR values of the river fluctuated between 2.4 to 10.4 meq/l in the pre monsoon and 
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0.18 to 0.6 meq/l in the post monsoon.  As per criteria 82 % of pre monsoon and 72% of 

post monsoon samples on the estuary falls under high sodium hazard category.  

Table 3.19   Sodium Absorption Ratio for Vamanapuram River and AAK Estuary 

Sodium Absorption 
Ratio meq/l 

Remark 

River (%) Estuary (%) 

Pre 
monsoon 

Post 
monsoon 

Pre 
monsoon 

Post 
monsoon 

S1 
Low 

sodium 
hazard 

0-10 
Little or no 

hazard 
- - - - 

S2 
Medium 
sodium 
hazard 

10-18 

Appreciable 
hazard but can 
be used with 
appropriate  

management 

92.86 100 14 28 

S3 
High 

sodium 
hazard 

18-26 
Unsatisfactory 
for most of the 

crop 
7.14 0 86 72 

S4 

Very 
high 

sodium 
hazard 

>26 Unsatisfactory - - - - 

 

3.5.16.2    Soluble Sodium Percent (SSP) 

 SSP is essential to understand the growth of plant and soil permeability.  Water 

having high content of sodium reacts with soil causing deposition of sodium in the pore 

space of soil.  This reduces the permeability of soil water with high SSP>60% result in 

accumulation of sodium hence; it is not suitable for irrigation. The Na% value is estimated 

at the following equation  

SSP= ((Na+K)/ (Ca2++Mg2++Na+K))*100. 

 Soluble sodium percentage for Vamanapuram River and AAK estuary are shown in 

the Table 3.20.  SSP% for the river samples showed 85.7% which falls in doubtful category 
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for irrigation in the pre monsoon and 100%  in the post monsoon season.  In the estuarine 

water 81% in the pre monsoon and 90.5% in the post monsoon falls under unsuitable 

category.  

Table 3.20   Soluble Sodium Percentage for Vamanapuram River and AAK Estuary 

Soluble Sodium Percent 
(%) 

River Estuary 
Pre 

monsoon 
Post 

monsoon 
Pre 

monsoon 
Post 

monsoon 

<20 Excellent - - - 9.5% 

20 to 40 Good - - - - 

40 to 80 Doubtful 85.7% 100% 19% - 

>80 Unsuitable 14.3% - 81% 90.5% 

 

3.5.16.3    Residual Sodium Carbonate (RSC)  

 The Residual Sodium Carbonate is used to find the suitability of the water for 

irrigation in clay soils which have a high cation exchange capacity. When dissolved sodium 

in comparison with dissolved calcium and magnesium in high in water, clay soil swells or 

under goes dispersion which drastically reduce its infiltration capacity (Managing irrigation 

water quality, 2012). Residual Sodium Carbonate has been calculated to determine the 

hazardous effect of carbonate and bicarbonate on water for agricultural purpose. Residual 

Sodium Carbonate gives an account of Ca and Mg in the water sample as compared to 

carbonate and bicarbonate ions.  

                      RSC   = (CO3+HCO3) – (Ca+Mg) (all ions expressed as me/L.) 

 The average RSC values for the Vamanapuram River samples are -0.25 and 0.32 in 

the pre monsoon and post monsoon respectfully.  100% of the pre monsoon samples and 
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92% of the post monsoon samples while all the samples in the estuarine region showed 

negative values and falls under safe category for irrigation.  The higher concentration of Mg 

in the estuarine water may be reason for negative values in the estuarine environment. 

3.5.16.4    Residual Sodium Bicarbonate (RSBC) 

 Bicarbonates (HCO3-) occur in low salinity water and its concentration usually 

decreases with an increase in EC.  The proportion of bicarbonate ion is higher than calcium 

ions are considered undesirable, because after evaporation of irrigation water bicarbonate 

ions tend to precipitate calcium ions.  Hence, the effect of bicarbonate together with 

carbonates evaluated through RSC.  The concentration of bicarbonate and carbonate also 

influences the stability of water for irrigation purposes. The water with high Residual 

Sodium Bicarbonate has high pH and therefore land irrigated with such water becomes 

infertile owing to deposition of sodium carbonate (Obiefuna and Sherif, 2011).  Residual 

sodium bicarbonate is calculated using the formula according to Gupta and Gupta (1987) 

RSBC = HCO3- – Ca2+ (all ions expressed as me/l.) 

 The average values for RSBC in the river samples is 0.4 me/l for both the seasons 

and the values ranged between -0.09 to 1.05 me/l in the pre monsoon and 0.17 to 1.88 me/l 

in the post monsoon.  100% of the samples in the river and estuary for pre monsoon and 

post monsoon fall under safe category which is less than 5me/l. 
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Table 3.21   RSB and RSBC   for Vamanapuram River and AAK Estuary 

Parameters Range Water class 
River Estuary 

Pre 
monsoon 

Post 
monsoon 

Pre 
monsoon 

Post 
monsoon 

RSC 

<1.25 Good(safe) 100% 92% 100% 100% 

1.25-
2.50 

Doubtful(moderate) - 7%   

>2.5 Unsuitable - -   

RSBC 

<5 Safe 100% 100% 100% 100% 

5-10 Marginal - - - - 

>10 Unsuitable - - - - 

 

3.5.16.5    Magnesium Adsorption Ratio (MAR) 

 Magnesium content of water is considered as one of the important criteria for 

determining the irrigation quality of water. More magnesium in irrigation water causes 

alkalinity in soil which affects soil potential and reduce crop yield (Vinod and Sabu 2015). 

Magnesium hazard (MAR) value of irrigation water is calculated following the equation 

(Raghunath 1987).   

 

 

Table 3.22   Magnesium Absorption Ratio for Vamanapuram River and AAK Estuary 
 

Magnesium 
Absorption Ratio % 

River Estuary 

  
Pre monsoon 

Post 
monsoon 

Pre 
monsoon 

Post 
monsoon 

<50% Safe 35.7 - 4.8 4.7 

>50% Unsafe 64.3 100 95.2 95.3 
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 MAR calculated for the river samples ranges from 18.5 to 71.4 (av 50.4 %) and 52.7 

to 69.8 (av 60.8%) for the two seasons.  35.7% of the pre monsoon samples of the 

Vamanapuram River falls under safe category, while 100% samples of the post mosoon 

report unsafe for irrigation.  While, only 4.7 % of the estuarine samples were safe for 

irrigational purpose and its values ranged from 26.2 to 80.1 (71.9%) in the pre monsoon and 

17.1 to 91.1 (73.7%) in the post monsoon respectively. 

3.5.16.6    Corrosivity Ratio (CR)  

 CR indicate the corrosive nature of the water with which it can be safely transported 

through metal pipes.  CR>1 are unsuitable for transportation through metal pipes. The 

intensity of corrosion depends on physical parameters of the water like pH, temperature, 

velocity of flow, high concentration of Cl, SO4, bicarbonates etc. Corrosivity ratios in 

natural water with pH range (7 to 8) and presence of dissolved oxygen, higher ratio (> 0.2 

meq/l) indicate progressively more corrosion waters (Vinod and Sabu 2015).  Table 3.23 

clearly explicit that majority of samples from Vamanapuram River and all the samples from 

the estuary falls under unsafe category and should not be transported using metal pipes.  

This is in controversial to the earlier studies reported by Vinod and Sabu (2015) hence has 

to be monitored regularly.   

Table 3.23   Corrosivity Ratio for Vamanapuram River and AAK Estuary 

 

3.5.16.7   Kelly’s Ratio (KR) 

Corrosivity Ratio 
meq/l 

River Estuary 

Pre monsoon 
Post 

monsoon 
Pre 

monsoon 
Post 

monsoon 
<1 safe to transport 

in any pipes 
7% 7% - - - 

>1unsafe - - 100 100 - 
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 Sodium concentration against calcium and magnesium was considered by Kelly 

(1957, 1963) for calculating Kelly index.  Surface water having Kelly’s ration more than 

one is considered unsuitable for irrigation.  Kelly’s ration for Vamanapuram samples 

ranged between 0.29 to 2.6 (av 1.5 meq/l) and 0.4 to 3.3 (av 1.9 meq/l) for the two seasons.  

Only 35% of pre monsoon samples and 64% of post monsoon samples were suitable for 

irrigation.  In the estuarine sediments majority of samples falls under unsuitable category 

while, 4% of post monsoon samples falls under suitable category.  The Kelly’s ration 

ranged between 1.5 to 2.9 (av 2.6meq/l) in the pre monsoon and 0.19 to 3.1 (av 2.6 meq/l) 

in the post monsoon. 

Table 3.24  Kelly’s Ratio for Vamanapuram River and AAK Estuary 
 

Kelly's Ratio 
meq/l 

River Estuary 

 
Pre monsoon Post monsoon Pre monsoon Post monsoon 

<1 suitable 35.7 64.29 - 4.761905 

>1 unsuitable - - 100 95.2 
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3.6 Land Use/Land Cover Change Detection  

 Wetlands are the most valuable water resource that plays a crucial role in economic, 

cultural, scientific and recreational value to human life.  Wetlands and people are ultimately 

interdependent so is wetland landscape spread and change affected by human activities.  

Urbanization in the last few decades has caused rehabilitation of wetland into other types of 

land use (Bendor 2009).  WWF found the aquatic ecosystems lost 76% of their species 

populations between 1970 and 2010 and Ramsar (2015) pointed out that 64% of the world’s 

wetlands have been lost since the year 1900.  As such, the progressive encroachment on and 

loss of wetlands needs to be stopped and measures must be taken to conserve and make 

wise use of wetland resources.  Change detection is the progression method to recognize 

differences in the state of an object or phenomenon by observing it at varying time interval 

(Butt et al., 2015).  Even though the terms land use and land cover are often used 

interchangeably the former refers to the purpose the land serves and latter refers to the 

surface cover on the ground that is vegetation, urban infrastructure, water, bare soil or other.  

In the ancient times land use mapping using traditional methods was expensive, time-

consuming and lacked efficiency and accuracy.  Recently earth observation data along with 

advancing geospatial technologies have been widely used for assessment and monitoring 

natural resources (Davidson and Finlayson 2007).  

 The LU/LC maps were prepared from each dataset for the year 1967, 2000 and 

2019.  The selection of data for the above year was primarily decisive by the availability of 

clear cloud free satellite image of this region (Fig. 3.20).  The land use maps pertaining to 

these years are provided in figures for comparison. Brief descriptions of the major land 

use/land cover classes are given below. 
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Fig. 3.20 Land use/Land cover map of the study area for the year  
1967, 2000 and 2019. 

 
 
3.6.1 Build up area 

 The built-up class includes synthetically surfaced areas such as, concrete roads, rural 

settlements and urban development. During the period of study, significant increase has 

been observed in the built up area.  A total built up area was about 47 km2 in the year 1967 

has increased to 78 km2 by the year 2000 which drastically increased and presently reached 

to 149.4 km2.  The increase in built up area from 5.9% to 18.4% as depicted in the map-to-

map comparison may be correlate with the change in urbanization pattern in the study area.  

The built-up lands are scattered all over the area since Thiruvananthapuram is the capital 

center for the state.  The phenomenal increase in the built up area noticed especially in the 

low land area, along river basin, estuarine banks, coast stretch, tracts of transportation lines 

such as highways, roads, and railway etc which may contribute to the flood havoc for this 

region. Earlier it was reported by Ajin et al., (2013), who delineated the flood hazard zones 
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for the Vamanapuram River which shows very high to high risk zone for the low land areas 

of the river basin.   

3.6.2 Vegetation 

 Vegetation includes all agricultural areas, which are cultivated by humans and in the 

study area major vegetation includes plantation crops like coconut, rubber areca nut, 

nutmeg, variety of banana and cashew. The cash crops are tea and coffee, spices like 

pepper, cardamom, ginger, cloves and cinnamon.  The area under vegetation for the period 

1967, 2000 and 2019 are 543.4 km2, 499.5 km2 and 518.7 km2.  The results show that the 

total agricultural area has reduced from 66.86% to 61.5% in the first half of the study period 

and an increase of 2% is observed in the latter half of study period.  The practice of 

cultivating coconut in reclaimed and converted land in the low land and increase in rubber 

plantation in mid land might be the reason for gain in vegetation during the latter half. 

3.6.3 Water body 

 Both natural and man-made water features are included in the category of water 

bodies. In the study area major portion of the wetland comprises the Vamanapuram River 

and the AAK estuary. In 1967 the water bodies comprised 18.36km2 and it has decreased to 

13.41 km2 in the year 2000 and present area of the water body is 10.31 km2.  During the 

period, 1967 to 2019, it is found that the overall decline of the estuarine area is 8km2.  

Akathumuri-Achuthengu estuary decreased from 5.45 km2 to 5.14 km2 in the year 2000 and 

in the last 19 years it decreased to 3.47 km2  while the Kadinamkulam estuary which had an 

initial area of 5.01 km2 decreased to 4.24 km2 and presently it has 3.83 km2.  

Table 3.25   Showing the change water spread area of the estuaries for the last 52 
years 
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year 

area (ha) 
Anchuthengu- 
Akathumuri 

Estuary 

Kadanumkulam 
estuary 

Total water 
body 

1967 545.475 501.2199 1836.671 

2000 514.561 424.275 1341.99 

2019 347.326 383.987 1031.4 

 

 The estuary is mainly used for activities like fishing, aquaculture, mussel culture, 

coconut husk retting, tourism, transportation, sand mining, dumping of domestic waste and 

discharging sewage.  The estuaries and its banks are reclaimed and utilized for aqua culture 

ponds or coconut husk retting, agriculture, etc.  All these activities have decreased the 

estuarine areas.  Baijulal (2011) reported 5.39 km2 for Kadinamkulam estuary in the year 

2006 and a decrease of 0.27 km2 in the water spread area from 1967.  He also reported that 

1.12 km2 of the Kadinamkulam estuary are permanently or partly converted and utilized as 

husk retting yards.  The construction of Muthalapozhi harbor which created a shift in 

estuarine mouth position and an increase in width, this made permanent connectivity with 

sea and also an upwelling of tidal water in the estuary.  Changes in climatic pattern, 

precipitation, land use change, over exploitation of ground water, diversion of water from 

the Vamanapuram River at various points for domestic supply etc resulted in lesser runoff 

reaching the estuary.  These findings are in concurrence with patterns observed by Butt et 

al., (2015) and Zia and Ahmad (2017). 

3.6.4 Forest 

 The category of forest cover includes naturally growing vegetation with dense 

canopy as well as patchy herbaceous and shrubby vegetation.  Climatic conditions, rainfall, 

topography, soil etc of the area have been the factor for the abundant growth of natural 
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vegetation.  Presently 97.43 km2 (12%) of the area is covered under forest, while the forest 

cover in the year 1967 was approximately 137.04 km2, the same has waned to 110.36 km2 

by the year 2000.  Eastern part of the study area is confined to Palode reserved forest which 

comprises tropical wet evergreen partly-evergreen forests.  As per forest statics (2016) 

Thiruvananthapuram district had forest cover of 463.8 km2 and Palode division had an area 

of 107.5 km2 which is in accordance with the present study. The depletion of forest area is 

due to forest fire, deforestation, encroachments, unlawful cutting of trees for fire wood, 

agricultural implements and absence of an effective preservation policy.  The people in the 

vicinity and adjacent villages of the area completely dependent on forest for fuel wood and 

also graze their animals in the forest.  Most of the variety bionetwork and productivity has 

also been tarnished by heavy grazing of domestic livestock also prohibited cutting of forests 

and overgrazing have led to soil erosion.   

3.6.5 Beach 

 The beach along the study area shows a gradual increase from 0.63 km2 in the year 

1967 to 1.95 km2 in 2000 and 2.25 km2 at present.  The beach accounts to 0.28 % of the 

study area which showed a gain of 0.2% for the studied years.  Coastal plains of 

Thiruvananthapuram are generally narrow and the prominent geomorphological features of 

the study area are Varkala cliffs and the Muthalapozhi inlet.  The study area is part of an 

almost straight, NW-SE trending coast.  The sea floor is smooth, with an average seaward 

gradient of approximately 1:77 between the inshore area and 30m isobaths.  The Varkala 

cliffs are fronting the sea with irregular outline and have pocket beaches in between 

(Neelima et al., 2017).  The Muthalapozhi inlet was initiated in the year 2002 and the 

original proposal was to construct a northern breakwater of 410 m and a southern 

breakwater of 330 m (IIT 1998). When the north breakwater reached up to 260 m and the 
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south breakwater up to 220 m, heavy siltation, choking the entrance was observed. Based 

on the re engineering studies, it is decided to extend the north breakwater by 240m and 

south by 330 m (Girija 2015).  The construction based on this alignment commenced during 

2013 and dredging work of the inlet was in progress during study period also.  It is 

predictable that about 1.8 lakh m3 of sediment is dredged from the harbor for maintaining 

the channel depth (HED, 2011).  It is reported that major changes occur for about 2km on 

either side of the breakwater.  The Muthalapozhi inlet has divided the coast into 2 distinct 

sediment cells as south and north of the harbour where construction of breakwaters has 

aggravated the erosion situation along the north (Silpa 2016).  

3.6.6  Barren Land 

 Barren land includes land with or without scrub, underutilized / degraded notified 

forest – scrub dominated area and barren rocky/ stony waste/ sheet rock area which are rock 

exposures having varying lithology and devoid of soil cover and vegetation.  Presently the 

barren lands occupy an area of 31.91 km2 accounting for 3.9 percent of the total 

geographical area.  The first half of the study period witnessed the increase in the barren 

land area from 58 km2 to 107.3 km2 while in the latter half drastic decline 9.27% was 

noticed.  This may be due to slow and steady growth of urbanization which gave way to 

residential and commercial constructions.  The major decrease in barren land area indicates 

the alarming level of human intervention. 
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3.6.7 Paddy 

 Paddy is the staple crop of Kerala and is grown conveniently due to the supply of 

adequate water and soil.  In the year 1967 the study area had 7.3 of paddy cultivation which 

was found reduced to 5 km2 in the year 2000 and was found to be 3.9 km2 in the year 2019.  

Paddy fields not only provide food, but also has diverse multiple functions which include 

groundwater recharge and water purification, production of non-rice foods, flood control, 

soil erosion, climate-change mitigation, and support of ecosystems and biodiversity (Yoon, 

2009).  Reclamations of the wetlands are due to both direct and indirect effect of the 

developmental activities and spread of human settlements.  Increase in labour charge, 

difficulty to get skilled labour, failures due to pest infestations, unpredictable climate 

change and various socio-economic factors have made paddy cultivation a non profitable 

business.  The paddy cultivation gradually gave way to intensive aquaculture, or reclaimed 

land areas.  Also the last few years has witnessed rapid real estate boom which resulted in a 

exploratory increase of 5 to 10 times of the land cost.  The farmers who are bank debut are 

forced to fill the paddy fields and exchange them for a temporary financial benefit.  These 

may be the reason for gradual decrease in paddy cultivation after the year 2000.   

3.6.8 Change Detection 

 For change detection analysis of classified images, a post classification comparison 

was performed and area loss, gain or unchanged was assessed.  During the first half of the 

study period (1967 to 2000) a major shift observed was  for the forest, vegetation, paddy 

and water body all showing a decreasing trend while build up land and barren land showed 

an increasing trend.  The area calculation indicated that forest cover abridged to 26.68 km2 

(3.3%), vegetation to 43.93 km2 (5.37%) and 4.94 km2 (0.61%) of water body was lost.  
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However built up land 32.02 km2 (4%), barren 49.15 km2 (6.1%) and beach 1.3 km2 

(0.16%) showed a rapid increase over a period 33years.  This conversion further showed a 

similar trend during the last two decade from 2000 to 2019. Build up land, vegetation and 

beach showed an increasing trend while barren land, water body and forest got reduced.  

Water spread area reduced further 3.1 km2 (3.8%), forest 12.9 km2 (1.6%) and barren land 

lost 75.3 km2 (9.27%) of its area.  It was observed that during period agricultural pockets 

increased presenting an increase of 19.2 km2 in vegetation while paddy was seen 

completely reclaimed.  Also beach building and stabilization activity can be observed by the 

slight increase of sandy area (0.4 km2) along the coastal stretch of the study area.  The rapid 

increase in the built up area bears a significant impact in the wetland ecology of the area.  

This 8.8%  increase in infrastructure and built up area (71.8 km2) is mainly due to the 

absence of an infrastructure policy, conversion of agricultural lands particularly paddy and 

barren land, increase in population and rapid urbanization. 
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Fig. 3.21 Change detection of land use/land cover of the study area from  

1967 to 2019 
 
 
 

Table 3.26  Land use/land cover change area in hectors and percentage 
 

Class 
Name 

1967 2000 2019 
Net Change 
1967- 2019 

Area (ha) Area (%) 
Area 
(ha) 

Area (%) 
Area 
(ha) 

Area (%) Area (ha) Area (%) 

Water 
body 

1836.671 2.26% 1341.99 1.65% 1031.4 1.27% -805.271 -0.99% 

Forest 13704.88 16.86% 11036.4 13.59% 9743.4 12.00% -3961.48 -4.87% 

Vegetation 54340.19 66.86% 49947.1 61.50% 51869.6 63.87% -2470.59 -2.99% 

Built up 4761.471 5.86% 7964.46 9.81% 15159.1 18.67% 10397.629 12.81% 

Paddy 730.0432 0.90% 500 0.62% 390 0.48% -110 -22% 

Barren 5803.627 7.14% 10719.1 13.20% 3184.83 3.92% -2618.797 -3.22% 

Beach 63.98877 0.08% 195.21 0.24% 225.18 0.28% 161.19123 0.20% 
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SUMMARY AND CONCLUSION 

 The river sediments are characterised by high amount of pebbles in the upper stream 

reaches (av 6) and high amount of granules throughout its course. 

 As the river enters the estuary the grain size varies from coarse sand to fine sand, which 

ranges from very coarse sand to very fine sand. 

 According to Folk and Ward (1970) classification the sediments of the river ranged 

from slightly gravelly sand to muddy gravelly sand and in the estuary from clay to 

muddy sand.  

 The river sediments shows very coarse sand to very fine sand, poorly sorted to very 

poorly sorted, fine to very fine skewed and platykurtic to extremely lepokurtic. 

 Estuarine sediments are represented by fine sand to clay very poorly sorted to very fine 

skewed to very coarse skewed and platykurtic to extremely Platykurtic. 

 Majority of the samples in the upper reaches of Vamanapuram River, especially 

sediments having low percentage of clay and showed marked deviation from the 

standard segments in the CM pattern.  The CM pattern worked out for the river samples 

reveal that they are transported and deposited under rolling and bottom suspension and 

rolling under tractive and beach deposits.   

 The hydrodynamic condition of the river shows 90% sand in pre monsoon and 50-90% 

in post monsoon which are deposited in low to very high energy condition. 

 The estuarine environment the hydro dynamic condition mostly concentrated in 

moderate to high condition for both the seasons. 

 Linear discriminate function (LDF) indicates that river sediments were deposited under 

beach and shallow agitated process under fluvial (deltaic) environment.  And 64% of 

samples were deposited under turbid environment in the pre monsoon    
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 The near shore sediments is mainly floored by sand and the percentage was found in the 

order M3> M2> M1. 

 Mean size of the near shore sediments are medium sand to very fine sand, very well 

sorted to poorly sorted, very coarse skewed to very fine skewed, very platykurtic to very 

leptokurtic.  

 The LDF for near shore sediments shows that about 90 % of samples were deposited by 

turbidity process and 10 % of samples by fluvial action indicating the sediments 

deposited in this region are mainly by the wave action. 

 The total heavy mineral percentage for medium, fine and very fine fractions of the 

Vamanapuram River 20%, 39% and 43% for the premonsoon and for the post monsoon 

it varies from 17%, 22% and 38%. 

 The average heavy mineral percentage of AAK estuary for the pre monsoon and post 

monsoon are 12.8 and 9.7% for the medium fraction, 10.6 and 12% for fine fraction and 

13.2 and 9.6% for very fine fraction respectively. 

 The heavy mineral suite of the study area contains a wide spectrum of minerals such as 

opaques, garnet, sillimanite, topaz, zircon, rutile, biotite, monazite, hypersthene and 

hornblende.  Of these opaque constitute the major minerals in the estuary and the near 

shore environments, while garnet was found abundant in the river sediments. The 

presence of garnet as a major mineral in the river sediments is a characteristic feature of 

Khondalite suite (garnet-sillimanite-graphic gneisses and schists) of Western Ghats and 

their depletion be due to the post depostional oxidation due to exposed condition in the 

estuarine and near shore.  These heavy mineral deposits are governed by the presence of 

the host rock in the proximity (Western Ghats), existing river (drainage pattern), 

topography and coastal arrangements. 
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 The geochemical study showed no variation in major element concentration between the 

two studies seasons for the river and estuarine sediments.  The major elements were 

constituted by SiO2 followed by Al2O3, Fe2O3, TiO2 and P2O5 which showed enrichment 

than the average shale value.  The provenance plot TiO2 vs. Al2O3 and K2O/Na2O vs 

SiO2/Al2O3 shows that the sediments of the Vamanapuram River and the A-A-K were 

derived from mafic to felsic source rock composition and are from the same origin. 

 CIA values for the river sediments and estuarine sediments indicate strong weathering 

and subtropical humid climate while the near shore sediments reported average of 42.8 

reflecting cool and / or arid conditions.   

 Among the studied minor elements Zr, V, Cr and La in the river, Zr, Cr and La in the 

estuary and Zr in the near shore was seen enriched than the average shale value. Though 

the rare earth elements like Rb, Sr and Y were within the limits, Rb and Y showed 

highest average for the estuarine samples when compared with the other sampling 

stations.   

 The pollution assessment of the wetland sediments using contamination factor (CF), 

pollution load index (PLI) and geo- accumulation index (Igeo) indicate less 

contamination and healthy environment of the wetland sediments.  Inorganic scavengers 

like Al and Fe along with OC are the dominant factors controlling trace metal 

distribution.  High content of Zr, V and Cr could be due to the heavy mineral 

distribution along the coastal tract of Kerala whose source rocks are the charnockite, 

khondalite and gneissic rocks of the Western Ghats. 

 The river water showed slightly acidic nature in the pre monsoon and 42% of the 

sampling station showed slightly lower values than the prescribed limits for drinking 

water while the samples in post monsoon period were within the prescribed limits.  In 
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the estuarine samples Akathumuri-Anchuthengu (K1 to K8) reported slightly acidic 

nature than the Kadinamkulam estuary and all the sampling stations recorded lower than 

the reported values of 1983. 

 EC and TDS of the Vamanapuram River show low saline and safe water for irrigation 

while it shows highly saline and unsuitable for the estuarine water. 

 A slight depletion in DO was observed along the downstream direction of the river and 

64% of pre monsoon samples and 85% of post monsoon were above the minimum 

required limit for DO.  DO value for the estuarine water have shown a homogeneous 

increased during the past decades and the DO was notices in the order Akathumuri > 

Achuthengu > Kadinamkulam.  Only 21% of the pre monsoon and 50% in post 

monsoon  showed BOD values  below 2 mg/ L for drinking and 71 % in pre monsoon 

and 57 % in post monsoon was less than 3 mg /L for bathing, swimming and recreation 

 Residual Sodium Carbonate (RSC) shows river water unsuitable for irrigation 

(>2.5meq/l) while estuarine water was shows safe category (<1.3 meq/l). 

 Corrosive Ratio indicate that majority of samples from Vamanapuram River and all the 

samples from the estuary falls under unsafe category and should not be transported 

using metal pipes 

 Residual Sodium Bicarbonate (RSBC) shows unsuitable category during premonsoon 

and only upstream reaches of the river were marginally suitable for irrigation.  Estuarine 

samples showed safe category (< 5 meq/l) 

 Magnesium Adsorptions Ratio all the studies water samples were harmless and suitable 

for irrigation. 

 Remote sensing data in combination with Geographic Information System techniques 

were employed in the present investigation in order to assess the extent of degradation 
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of the wetland. The land use/ land cover map of the estuarine catchments for the period 

1967 and 2019 were also prepared and the change detection studies were carried out.  

LU/LC change during the first half of the study period (1967 to 2000) observed a 

decreasing trend for the forest, vegetation, paddy and water body.  Forest cover 

abridged to 3.3%, vegetation 5.37% and 0.61% of water body was lost.  During the last 

two decade from 2000 to 2019 water spread area reduced further 3.8%, forest 1.6% and 

barren land lost 9.27% of its area.  8.8% increase in infrastructure and built up area 

bears a significant impact in the wetland ecology of the area.  Beach building and 

stabilization activity can be observed by the slight increase of sandy area (0.4 km2) 

along the coastal stretch. 
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RECOMMENDATIONS 

1. Every effort should be made to minimize waste discharges from urban / agricultural 

areas into the Vamanapuram River basin which is the drinking water source for the 

Thiruvananthapuram city and adjoining areas.   

2. Promote the use of organic fertilizers to maintain agricultural productivity and roof top 

rainwater harvesting for conservation of water.  Also the present methods for saline 

water ingression through the river mouth should be strengthened.  

3. Though the heavy metal contamination in the wetland sediments and water indicates the 

class of zero contamination (unpolluted), which can be polluted in near future if proper 

measures are not implemented.  It is necessary to undertake long term coordinated 

education and research on estuarine systems to ascertain the long-term effects of 

anthropogenic impacts and to effectively control and minimize the human activity 

towards these natural ecosystems.  

4. Excessive and unscientific collection of estuarine resources viz. fishes, mussels, etc. 

should be monitored and strictly controlled.  List of endangered species should be 

prepared and published among fishing communities to create awareness among them. 

5. There is huge potential for the development of ecotourism projects in the area like 

package tourism which includes trips to coir making villages, inland and marine fishing 

centers, glimpses of the crafts of estuary workers in action etc.  It open up new tranquil 

areas for infrastructure development without compromising on conservation 

requirements and also bring additional income to the inland fishermen.  
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RELEVANCE OF THE STUDY 

 Wetlands frequently provide tremendous economic benefits, including water supply, 

fisheries, agriculture, energy resources, wildlife resources, transport, recreation, tourism and 

a wide range of other wetland products, including herbal medicine.  Some scientists have 

rightly called the wetland as “nature’s kidneys” because of the natural functions they 

perform.  There is little information available to the general public regarding the values 

provided by wetlands and the threats to these specific ecosystems.  After the Indian Ocean 

tsunami, 2018 flood and recent landslides it was the recognition that each of these 

ecosystems is interconnected and interdependent and they form a mosaic environment.  

Thus, it should be understood that the impacts of a development on the Western Ghants can 

have detrimental effects on an ecosystem downstream on a coast.  The conservation 

approach in India has to move from a puritanical one to that emphasizes economic value 

and link to human survival. Building activity in fast-expanding cities is draining wetlands, 

and many are also being filled with garbage. But there is no conservation response from 

local and state government.  

 As in rest of Kerala the backwaters provide water front for several major and small 

scale industries among which coir industry rank first.  A holistic, integrated approach has 

been largely lacking in the management of estuaries/wetlands so far in Kerala.  One of the 

constraints most frequently faced for decision making is lack of scientific data of our 

natural resources.  The wetland identified for the present study is the Akathumuri – 

Anchuthengu – Kadinamkulam backwater complex and the Vamanapuram River which 

debouch into these with their adjoining near shore area, is quite representative of a wetland 

facing many of the environmental crises at large.  The present study entitled "Wetland 

studies of Akathumuri – Anchuthengu – Kadinamkulam Estuarine system south west coast 
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of India” was conducted with the major objective to assess pollution aspects of the wetland 

surface sediment and water, to study the Spatio - temporal changes of the wetland 

ecosystem with respect to land use land cover changes using remote sensing and GIS 

techniques and to estimate rate of sedimentation of the estuaries. 

 The present study area like any other wetland in the world supports millions of 

people, urban housing, agriculture, tourism and industries.  But high population density and 

non restricted human activities have adversely affected the health of these ecosystems over 

the years.  The wetland is facing vast anthropogenic environmental alterations like 

encroachment and reclamation for agriculture, harbour and urban development, sewage and 

industrial pollutant discharge, coconut husk retting activities and solid waste disposal and 

the water surface area of these estuaries are depleting in alarming rate during the past few 

decades.  Pollution assessment for the sediments and water indicate less contamination and 

healthy environment of the wetland.  The rate of sedimentations estimated was 0.05 cm 

/year.  The Vamanapuram River water is under drinking water quality and safe for 

agricultural use but the estuarine water is unsafe for agriculture.  LU/LC change detection 

study during the period from 1967 to 2019 observed an increase in infrastructure and built 

up area which bears a significant impact in the wetland ecology.  The result of the study 

will be useful to the Government of Kerala in adopting an appropriate policy to curb this 

violation of environment. Strict vigil and effective enforcement of appropriate legal 

measure are highly essential to protect this estuarine environment and her balanced biota. 
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