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Coral reefs are one among nature's greatest spectacles, producing 

some of the finest examples of natural architecture in the world. The coral 

communities of startling complexity are essential to the health of the 

world's oceans and to many human communities as well. They are one of 

the most sensitive ecosystems easily susceptible to destruction. 

A large number of coral ecosystems located all over the world is_on 

the brink of extinction. Global wamling, pollution effect and increased:'jSea 

surface temperature are projected as major factors responsible for this 

phenomenon. Besides these, destructive fishing practices. oil spills, tourism 

activities, sedimentation process, collection of rare species etc. also play an 

important role in coral bleaching. 

The present study is entitled as "Coral Reef Ecosystem of 

Laksluulll'eep Archipelago - A Biogeochcmical Facsimile" - which focuses 

an the biogeochemical aspects of six islands belonging to Lakshadweep 

.-\rchipelago - namely Kavaratti, Kadamath, Kiltan, Androth. Agathy and 

Ylinicoy. Lakshad\\'eep. which is an area of biologically significant due to 

isolation from the major coastline, remains as one of the least studied areas 

in the Indian Ocean. Thc proposed \",ork process out the distributional 

pattern of trace mctals among thc hiotic (corals, sea weeds and seagrass) and 

abiotic component (sedimcnts) of the ecosystcm. An effort is made to 

picturise the spatial distribution pattcrn of diffcrent fom1s of nitrogen and 

phosphorus in thc \'arious sedimcntary cnvironments of the study area. 

Studics on the biogcochcmical and nutricnt aspccts of thc conccrned study 

area are scanty. In Lakshad\\ecp, thc local lifc is \'cry much dependent on 

reefs and its resources. so a wcll dcfined understanding of the concerned 

ecosystem is necessary from the ecological point of vie\\·. 



The thesis is divided into seven Chapters. The first Chapter gives a 

general introduction on coral reef ecosystem and Lakshadweep Archipelago. 

In addition to this, citations of previous work and aim and scope of this 

work are addressed here. The second Chapter discusses about the study area, 

sampling protocols and various analytical options adopted for the study. 

Chapter 3 picturises the distributional characteristics of trace metals 

among the corals, seaweeeds and seagrass. In addition to this, a study 

related to sclerothemlometry (preliminary attempt) is also included here. 

Fourth Chapter summarizes the nutrient characteristics of the different 

sedimentary em'ironments in the study area. 

Chapter 5 deals with the chemo-variability (trace metals) among the 

abiotic components (sediments) of the six islands. Chapter 6 is a predicti\'e 

mathematical modeling which gives an idea about metal- nutrient 

interactions of the ecosystem. Chapter 7 illustrates the perspectives and safe 

guards of coral ecosystem. 

List of references are given at the end of each chapters. 
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INTRODUCTION 

Ecosystems, of which man and social system are an integral part, are 

governed by the following principle, "everything affects everything, all 

living things exist as parts of system, in each system there are factors that 

limit the growth; each system has a definite capacity to carry the organisms 

of that system, in these systems all natural cycle are used, but the energy 0 f 

the system flows in one direction - downward to uselessness; stability of 

system increases with specialization" (Srivastava, 1(92). 

Most of this planet we call Earth is covered by water - a vast 

network of oceans and seas. We have give each body of water a separate 

name. But in reality, they are all connected an immense, watery habitat for a 

spectacular variety of plants and animals we rarely see, and therefore know 

little about. 

Located in some of the ocean's clear, blue, wann waters are complex 

communities teeming with life known as "coral reefs'. Coral reefs are 

spectacular to behold, lush gardens in the sea, supporting a staggering 

diversity of marine life in a densely packed, thriving marine metropolis. In 

fact, coral reefs harbour the greatest diversity of life in the oceans, and are 

second only to tropical rainforests in the number of species found in one and 

area of Earth. Reefs are built by tiny animals, each smaller than pencil 



Cltapter 1 -
eraser. Nowhere else 011 earth we can find living orgal1lsms with such 

spectacular colours or fantastic shape as coral reefs. In them, the most 

wonders and mysterious of all natural phenomena, life has found its fullest 

expression. Complementing and enhancing this extraordinary intensity of 

life is its exquisite beauty of form, colour and motion. This is truly nature's 

richest realm, a fairytale world beyond imagining were if not real. They are 

not of the most diverse and vulnerable ecosystems characterized by an 

intricate network of plants and animals. Coral reefs, which are known as 

'rainforests" of the ocean's are noted for their pr~ductivity, rich biodiversity 

and arc regarded as centres of scienti fic research. 

Corals are small animals, belonging to class Anthozoa, living in vast 

colonies in a symbiotic association with microscopic algae (zooxanthellae). 

These algae together with various pigments render their host a colourful 

appearance. The major advantage of this symbiotic relationship is that 

corals get nourished from the photosynthetic products of algae and the 

symbionts in turn are provided with shelter and various nutrients from the 

excretory products of corals. 

Coral reefs, of course, function by the same basic laws as other 

ecosystems, but there is cause to view them as an end member of a 

continuum because of their structural resources including a variety of 

species of echillodcrms, sponges, molluscs, gorgonids, crustaceans and 

marine algae. The annual production of the reefs ranges from 2000- 5000 g 

C n/ y(l, which is due to efficient recycling of nutrients. 

Reefs may be found in both tropical and temperate areas of the 

world. Temperate reefs occur in colder waters where the temperature 
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averages below l8()C and are usually formed on cxisting rocky outcrops. 

Some seaweeds such as coralline algae produce encrusting calcium 

carbonate that helps build up these rocky reefs. While they may not be as 

famous as their tropical cousins, temperate reefs are still home to a diverse 

range of species and are extremely important to the food chains of nutrient 

rich temperate waters. Tropical reefs occur in warmer waters that average 

around 18° C and can reach into the high 20' s. These reefs are bui It by the 

animals who live there, especially algae and corals. These are often called 

coral reefs, as a large part of the framework for the reef in encrusted by the 

coral polyps themselves. 

Coral reefs are life's most awesome creations. They confront one 

with a potent mixture of exquisite beauty, fascinating history and 

functioning, profound insights into life and somcthing even heyond that. 

Coral reefs are unique among biological environments in that their 

inhabitants create and maintain major geological features of the earth itself. 

Scientifically, reefs afford unique opportunities to investigate and 

understand the phenomenon of life from manifold aspects. Reef creatures 

are also providing to be a cornucopia of biologically active compounds of 

potential phannacological value. 

Over a long geological time scale, reefs have undergone periods of 

growth and decline, brought about b events such as the movement of the 
earth' . s contments (plate tectonics), the rise and fall of the sea and 

interruptive events, such as meteor impacts and global ice ages. The 

structures which we recognize as reefs today, basely resemble what the reefs 

of the past would have looked like. A whole different group of animals, 
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plants, bacteria and environmental conditions helped to set the stage for a 

dynamic transition from the reefs of 2000 million years ago, to the modern 

reefs of todaj. 

Reefs can be generally classified into three main types 

• Fringing Reefs 

• Barrier Reefs 

• Atolls 

Frillgillg Reefs 

These arc well developed reefs (with platform reefs) next to the 

mainland or continental islands. The reef framework develops along the 

shoreline and then grows or develops towards the sea for sometimes 

hundreds of meters. This type of reef has no lagoon between it and the main 

landmass. (e.g. coral reefs adjoining the shores or Red Sea). 

Barrier Reefs 

They are separated from the shore by a lagoon, the width of which 

may vary considerably along the coasts and with the progressive narrowing 

of the lagoon, a barrier reef may become fringing (e.g., Great Barrier Reef) 

Atolls 

They are the classically recognized type of coral reef. They are 

circular reefs that do not have a near landmass exposed above the surface of 

the ocean.(e.g., many lndo-Pacific reefs). 

Based on their role in reef-building processes, Scleractinian corals 

can be divided into two groups - herrnatypic (reef building) and 

ahcl"lnatypic (non reef huilding). Though, they are structurally similar, there 
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are differences which lie in the presencc of endosymbiotic zooxanthcllac in 

ahermatypic corals, and the extent of their distributions in scas. Whilc 

ahermatypic corals are distributed at all latitudes, hem1atypic corals are 

stenotypic which are limited to wann saline waters, essentially between the 

tropics of Cancer and Capricom, where the minimum watcr tcmpcraturc do 

not fall below 20°C. 

Coral reefs of the world 

The total area covered by the reefs of the world comes around 

6xl05km2 (equivalent to 0.2 % of the world ocean area). Out of these 54% 

lies in the Asiatic, Mediterranean and Indian Ocean. Among the others, 

Pacific reefs account for 25%, Atlantic reefs 6%, Caribbean reefs 9%, Red 

sea reefs 4% and Persian Gulf reefs 2% (Smith, 1978). 

Coral reefs of I"dia" mai"lalld 

Despite the vastness of the Indian subcontinent and the warm 

temperature of its coastal waters, coral reefs are present on only a few 

widely scatted parts of the mainland coast which can be attributed to the 

occurrence of major river systems and the sedimentary region on the 

continental shelf (Mulaey et aI, 2000). Gulf of Kutch in the northwest and 

Palk Bay and Gulf of Mannar in the southwest, which are widely separated, 

are the important reef areas in the Indian subcontinent. 

Lakshadweep Archipelago - the study area 

Scattered some 200-400 km west off the Kerala coast, lie the islands 

of the Union Territory of Lakshadweep, an archipelago of coral islands and 

open reefs. Out of these, only 10 islands are inhabited. They are Androth, 

Amini, Agathy, Bitra, Chetat, Kadamath, Kalpeni, Kavaratti, Kiltan and 



Minicoy. The main islands arc Kavaratti, Minicoy and Amini. Kavaratti is 

the headquarters of these islands, while Bitra is the smallest of all, with a 

nominal popUlation. 

In the early history of Lakshadweep, it is generally believed that 

Cheraman Perumal, the last king of Kerala, as a result of shipwreck on the 

strong Arabian seas, made the first settlement on these islands. But the 

historical record show that, around the i h century, a Muslim saint was 

shipwrecked on the island of Amini. Despite initial opposition, he covered 

the inhabitants here to Islam. Although the sovereignty remained in the 

hands of the Hindu Raja of Chirakkal, it eventually passed to the Ali Raja of 

Cannanorc in the 16th century, the only Muslim royal family of Kerala and 

later in 1873 to Tipu Sultan, following the defeat of Tipu Sultan by the 

British, at Srirangapattanam in 1799, the islands were annexed by East India 

Company. Until independence, it remained with British and it was make a 

Union Territory of the Indian Union in 1956. 

India has a coastline of 7516, of which the mainland accounts for 

5422 km. The coastline of the Lakshadweep islands is 132 km and that of 

Andaman and Nicobar islands is 1,962 km. The Exclusive Economic Zone 

generated by taking into consideration of the offshore isiands is about 2 

million km2
, which is about two-thirds of the land area (2.9 million km

2
). 

The charm of Lakshadweep islands (known as Laccadives islands till 1973) 

lies in their remoteness. The Lakshadweep islands are India's only coral 

islands. Far from the chaos of civilization, as we know it, they represent a 

rather magical realm of existence. Each island is densely covered with 

6 



Introduction -
coconut palms, and serenely set in a sea, the waters of which range /1'0111 

palest aquamarine and turquoise, to deepest sapphire and lapis lazuli. 

Geology and Geomorphology 

These islands fonn an integral part of the N-S and NE-SW tending 

Chagos - Laccadive Ridge. The geological histories of Lakshadweep remain 

unravelled due to the lack of reliable infomlation on the sinking history of 

Chagos-Laccadive Ridge itself. From foraminiforal fossils it can be inferred 

that the ridge got fractured at intervals and sank rather rapidly to the present 

depth of our 1500 m from Paleocene time and that the corals grew at 

suitable level around some peaks of the subsiding ridge. The foraminiforal 

fauna present in the calcareous sediments of the islands indicate that these 

islands are not older than Holocene (Ramachandran, 1(81). 

The islands are ruddily characterized by three physiographic regions, 

namely, the strong beach, the central depression and the low dune adjoining 

the lagoon (CESS, I (97). According to ICAR (I (90), the soil is 

structureless, fonned by the disintegration of corals. Over 95% of soil 

consist of CaC03 without any sand, silt or clay. Soil is alkaline and is poor 

in organic content. 

Rainfall and climate. 

The islands experience a tropical monsoon climate, with an average 

rainfall of about 1600 mm, from May to October. Since these are no streams 

In any of the islands, the only 'natural' water source is groundwater. 

Since the islands are within the tropics and on tending to the 

equatorial belt, they experience tropical humid climate. No distinct and well 

7 
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marked seasons are experienced here. The temperatures are almost unifonn , 
increasing but to slightly from south to north. 

AgriclIlture and Industry. 

The main stay is agriculture and economy of Lakshadweep is 

coconuts which constitute 99.4% of net won area. In addition to this there is 

cultivation of vegetables, banana, rice and other. Lakshadweep is considered 

as a 'no industry zone'. Coconut is the major crop grown here and the main 

industry in the islands is coconut fiber extraction and conversion of its fiber 

products. The other major activity here, is fishing. Immense potential for 

development in fisheries has resulted in the setting lip of boat-building 

yards, canning and processing factories and adoption of mechanical fishing 

boats. 

Islands selected for study. 

1. Kavaratti 

The administrative capital, Kavaratti is the most developed of the 

islands with the highest percentage of non-islanders as residents. Fifty-two 

mosques are spread out over the island, the most beautiful being the Ujra 

mosque. A well, within its precincts, is believed to contain water of curative 

powers. The lagoon is on the western side, which is about 6km in length and 

measures about I.Sm across. 

2. Minicoy 

Furthest from Kavaratti island, 200 km away to the south and also 

nearest to the Maldives, Minicoy has a culture very different from any other 

island. This is the southern most island in Lakshadweep Archipelago. 

M inicoy has a very large Iagool1 on the western side measuring about 6 knl 
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acroSS with two entrances, one in the west and the other in the northem most 

point. 

3. Kadamath 

The even depth and an endless shoreline make Kadamath a haven of 

solitude. This is the only island with lagoons on both eastem and westem 

sides. This is a long and narrow island and is about 570m wide at the 

broadest point. The eastem reefs are exposed at low tide and fom1 a level 

platform stretching from the sea beach for about 100 metcrs. 

4. Kiltan 

Kiltan possess 1.63 km2 area and it has a large shallow lagoon on the 

northem and southem ends of the island. The reef fringes the west side of 

the island enclosing a shallow lagoon. This island is in a strategic position as 

it is close to the intemational shipping route. 

S. Androth 

This is the largest island in the Lakshadweep Archipelago and is 

nearer to the Malabar Coast. This island possess and east-west orientation 

and has no lagoon. The island possesses the whole interior of the atoll. 

6.Agathy 

Agathy has one of the most beautiful lagoons in Lakshadweep 

archipelago. Agathy is the most westerly of this group of islands. 

Literature survey 

Exploration of corals was started in the Red Sea by a Danish 

expedition in 1762-1973 (Scheer, 1984). The first expedition to the Indian 

Ocean (1839) was of "HMS Beagle' in which Charles Darwin was onboard 

and it has been considered as the first classic research work on the corals. 
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Mayer (1914 In Wafar, 1986), studied the effect of water temperature on 

corals. Murray postulated a theory on the origin of coral reefs in 1880 

(Campbell, 1980). Landmark and Milne Edwards in 19th century initiated 

the work on taxonomy of corals and in 1903, Meigen (in Chave, 1954) 

conducted studies on Heliopora. Alexander Ag~ssiz carried out work on the 

growth rates and ecology of corals towards the end of 19th century. 

Members of the British Great Barrier Reef Expedition carried out 

physiological studies between 1928-1929, to understand the nutrition and 

growth of corals. Japanese marine biologist working in the Palan before 

World War 11 made signi licant contributions towards reef coral physiology 

and biochemistry. 

Experimental studies on coral reefs began as early as in 1910 (Goreau, 

1961). Ma in 1937 (Dodge and Vaisnys, 1975) reported for the first time 

incremental banding in coral skeleton and also later on by Wells (1963). 

Chemical composition of corals was first studied by Silliman (1953) .. Chave 

(1954) studied the biochemistry of Mg in Medreporarian and Alcypharian 

corals and other calcareous marine organisms. Carr and Turekian (1961) 

analysed two corals from Bahamas and determined cobalt concentrations. 

Co. Ag and U concentrations were analyzed in corals of Pacific Ocean by 

Veeh and Turekian (1968). Uranium contents were analyzed in individual 

coral skeletons (Schroeder cl aI., I (nO) and from Red Sea corals (Friedman, 

1968). Minute differences of U concentrations between modem and 

Pleistocenc corals were reported by Kaufinan et aI., (1971). 

Thompson and Livingston (1970) collected modem hemlatypic and 

aherl1latypic corals frol11 shallow to deep oceans and the concentrations of 

10 
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C U Sr is then compared with same temperature and found to be 
a, ' 

independent. Thompson and Livingston (1970) also reported variolls trace 

elements (Ca, Sr, U, Ba, Cu, B, Li, Zn, Si. Ti, Cr, Co, Fe, Mn, Ni, Pb, and 

Se) for the same corals. AmieJ et al., (1973) tried to study the distributional 

and nature of incorporation of Sr, Mg, Na and K in three mod~rn aragonite 

corals. Amiel (1973) found out the sites of U in modeln corals. 

Weber (1973) did an extensive study on 2020 well characterized 

corals belonging to seventy three genera and subgenera from 17 localities to 

understand the incorporation of Sr in corals. He compared Sr concentrations 

with water temperature, growths of corals, water depths and genetic effects. 

Weber (1974) studied different varieties of corals to find out the relationship 

between Mg content and water temperature, water depth, genetic factors 

and the rate of Mg content removal from seawater hy corals in reef' 

enrichment. St. John (1974) have reported the concentrations of Cu, Fe, 

Zn, Co, Cd, Pb and Ni on 265 different varieties of corals from the reef of 

Capricorn group and estahlished a relationship between tracc elemcnts in 

corals of the Coral Sea and oceanographic factors. 

Goreau (l977a and b) investigated the seasonal variations of trace 

metals (Ca, Mg, Sr, Fe and AI) and stable isotopes (CD and OIB) in 

Monlastrea annularis of Jamaica and discussed in detail the physiological 

and environmental regulation of trace metals and stable isotopes. Flor an 

Moore (1977) studied Ra: Ca and V:Ca ratios from Grand Cayman and 

West Indies (Western Atlantic) corals. 

All these studies has been triggered to attempt the new concept, 
sclerothernn . 

omety I.e., thermometry based on the use of coral, by Smith 

I I 
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(1979). Schneider and Smith (1982) carried out a study on calcium , 
strontium and magnesium and their significance I predicting seawater 

temperature based on Sr/Ca ratio form differing environments (Pacific , 
Atlantic and Indo-Pacific). Cross and Cross (1983) measured U from 

Holocene and Pleistocene corals. Dodge and Gilbert (1984) studied banded 

corals species, Manlastrea annularis and indicated that coral skeletons as 

historical records of concentration and levels of Pb pollution in seawater. 

Shen et al. (1987), Shen and Boyle, (1988) and Lea et al. (1989) carried out 

work to find out the lattice bound trace elements from annually fonned 

sclcractiniancorals. Shcl1 cl al. (1988) also reported lattice bound cadmium 

from the annually formed corals, selecting cadmium as an indicator of 

upwelling and industrial fallout. 

In 1991, Naqvi carried out a study on the geochemistry of recent 

corals from Lakshadweep group of islands and its implications to the past 

climate. The partitioning of metals between tissue and skeletal parts of 

corals was studied by Mc Conchie and Harriott (1992). A detailed study was 

conducted by Esslcmont (1999.2000, 2002 (personnel communication» on 

the partitioning behaviour of trace metals in the skeleton and tissue phases 

of various coral species. Anandaraj (2002) studied the petrography, 

geochemistry and diugcnesis of coral deposits of Kavaratti and Minicoy 

islands, Lakshadweep, India. In 2002, Elizalde et al., measured lead 

contamination in the coral Montastrea annularis. 

More details of the recent literatures have been consulted in 

explaining thc results of the present work in the respective chapters. 



Introduction 

Objectives and scope of the present study 

Coral reefs are one of the most sensitive ecosystems easily 

susceptible to destruction. A large number of reefs located all over the world 

is on the brink of extinction. Global warming, El Nino effect and increased 

sea surface temperature are projected as the major factors responsible for 

this phenomenon. Besides these, destructive fishing practices, oil spills, 

tourism activities, sedimentation process, collection of rare species etc., also 

play an important role in coral beaching. Quarrying corals for various 

purposes, destruction of wetlands, pollution of marine environment due to 

modem agricultural practices including pesticides, organic and inorganic 

fertilizers, untreated effluent from industries and urban sewage have made 

their contribution in the mass mortality of corals. Coastal communities for 

their livelihood as well as for commercial purposes also exploit these 

biological resources. Such an over dependence on reefs as means of human 

sustenance has put an additional pressure on them which makes them easily 

susceptible to destruction. 

Studies on the geochemistry of coral sediment and their distribution 

along the Indian coast are scanty. Analysis of the chenlical nature of the reef 

sediments play an important role in cycling, regeneration and concentration 

of trace elements and other chemical species in the oceans. The geochemical 

aspects of trace elements within the reef (including the flora and fauna) and 

also of the surrounding environment (sediment) requires an attention as it 

can give an insight into the structure and organization of ecological 
COrn " 

mUnIhes and the response of the biotic and abiotic components of the 

reefs to their immediate environment. 

11 
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The present study entitled "Coral Reef Ecosystem of Lakshadweep 

Archipelago - A Blogeochemical Facsimile" focuses on the geochemical and 

nutrient aspects of the sedimental environment of six islands belonging to 

Lakshadwccp Archipclago, viz. Kavaratti, Kadamath, Androth, Agathy, 

Kiltan and Minicoy on a spatial basis. 

The objectives of this study include: 

• Intervariability of trace metals (Fe, Mn, Cu, Co, Ni, Zn, Pb, Cd and er) 

in the sedimentary environment of selected islands (inter compartmental 

and inter segmental variability) focusing on transport, fate and 

diagcnesis of trace Ill~tals. 

• Inter colony variation of trace metals within the tisslle and skeletons of 

five selected coral species - selection of proxy viable indicator organism 

for environmental monitoring. 

• Assessment of extent of partitioning of trace metals between the 

skeleton and tissue phases - inter element and inter species variation. 

• Expcriments rclated to mctal releasing agent from coral skeleton - the 

dICct of lanthanum chloride. 

• Variation of trace metals between seaweeds (Rhodophyceae and 

Phaeophyceae family) and seagrass 

• Studies rclated to nutrient budget and nutrient dynamics -- Nand P 

budgets an effort has been given to picturize the spatial distribution 

pattern of nutrient elemcnts, nitrogen and phosphorous, as they play a 

vital role in determining the fertility potential of the concemed area. The 

study has been extended to monitor the variation of di fferent fonns of 
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nitrogen (nitrite, nitrate and total nitrogen) as well as phosphorous 

(exchangeable, inorganic, calcium bound, organic + residual fonn as 

well as total phosphorous). 

General sedimentlogical characteristics like pH, tex ture and 

sedimentary organic carbon have been tried to correlate with the 

distributional behaviour of trace elements and nutrients. 

Sclerothermometry- A preliminary attempt has been made to use Sr/Ca 

ratios of coral skeletons in detern1ining temperature because Sr/Ca ratios 

in skeletons have the potential to be used as a recording thern10meter 

when combined with chronological record preserved in coral density 

band. 

• Ecosystem modelling - A predictive mathematical model based on 

multiple regression analysis has been applied to assess the relationship 

between trace metals(Fe and Mn) and nutrient forms(different forms of 

both Nand P). 

• Statistical methods involving 3-way ANOV A, Student Hest, 

Multivariate factor analyses by Q-mode and R-mode have been applied 

to determine the extent of interdependence between the parameters 

selected for this study. 

The interdependence of these parameters on reef development and 

any variation from the normal distributional pattern can furnish idea about 

the proper management of the reefs and the quality of their environment. In 

Lakshadweep, the total life is very much dependent on reef and its 

resources and therefore a well defined understanding of the concerned 
ecosystem i 

s necessary and can be beneficial. 1\ competent monitoring 

15 



Chapter 1 
--~---------------------------------------------------~ 

programmc is an esscntial adjust to any attempt to manage a coral reef in an 

ecologically sound and sustainable manner. 
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MATERIALS AND METHODS 

This chapter describes the study area, sampling locations and the 

analytical methods employed in the estimation of various analytical 

parameters. 

Study Area: 

Lakshadweep is an archipelago consisting of 12 atolls (Fig.2.1), 

three reefs and five submerged banks. It is located between 8° - 12° 13" N 

latitude and 71-74 E longitude, and 220 - 440 kms away from the coastal 

city of Kochi in Kerala. Lakshadweep is a uni-district Union Territory with 

an area 32 km2 and it has 10 inhabited islands. Kavaratti, Agathy, Amini, 

Androth. Kiltan, Kalpeni, Kadamath, Chetlat, Bitra and Minicoy are the 

inhabited islands. Among these Androth possess largest land area and Bitra 

the smallest. 
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The islands are ring-shaped atolls lying along a north-south axis 

(except Androth) with lagoon on the west and open sea on the east. The 

islands posses a lagoon area of 4,200 km2
, terri torial water 20,000 km

2 
and 4 

lakhs km2 of economic zone. 
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Materials and methods 

-
,lil o'/";slands selected/or study: proJI, e 'J 

~ 
Agathy is the most westerly of this group of islands. The southern 

. of the island is sparsely planted, but the rest of the land is planted portion 

A athy has no stonn beach. The eastern shore is composed of only sand up. g 
rising from the level of the reef flat which gets exposed to low tide. 

Alldroth 

Androth is an island, which has an east -west orientation and has no 

lagoon. The island occupies the whole interior of the atoll. Except at the 

northeast extremity, the reef flat is exposed at low tide. The western side of 

Androth witnesses a unique phenomenon every year during and after 

monsoon. This area called 'Moola' has block of shifting white sand that 

keeps moving from the north to south. 

Kamratti 

Kavaratti is the capital island with a land area of 3.63 km2
. The reef 

is situated on the northern side of the island, which encloses a lagoon in 

between. At the northern side, the lagoon is shallow and coral growth is 

maximum. The southern part of the island has a narrow area popularly 

called 'chicken neck' area. Kavaratti is the most centrally located island in 

the Lakshadweep archipelago. Fifty-two mosques are spread out o\·er the 

island, the most beautiful being the Ujra mosque(situated north). A well, 
\\ \thin its p. . b . recll1cls, IS eheved to contain water of curative powers. 
I\adamarh 

ThIS is the I . Id· ) . ongest IS an with an area of 3.12 km-, whIch possess 
\ e~ White and ·k· 

stn mg beaches. The eastern side of the reef is composed at 
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low tide and fonn a level platfonn stretching from the beach. A high rid 
ge 

of sand runs down the western side of the island. 

Kif tan 

Kiltan possess 1.63 km2 area and it has a large shallow lagoon on the 

northern and southern ends of the island. The reef fringes the west side of 

the island enclosing a shallow lagoon. 

Minico)' 

Minicoy has a strategic position in the Arabian Sea and is separated 

from the rest of the Lakshadweep by the Nine Degree Channel. This island 

possesses a land area of 4.37 km::>. Marco Polo described this island in tfle 

13th century as 'a female island in the Indian Ocean'. Lagoon is on tfie 

north-western part of the island covering a large area. 

Sampling Sites: 

Sampling was done from the biotic (corals, seaweeds and seagrass) 

as well as abiotic (sediment) components of Lakshadweep Archipelago in 

September 2000. Sediment samples were collected fi'om six islands, vi;. 
" 

Agathy, Androth, Kadamath, Ka\'aratti, Kiltan and Minicoy. Samples were 
; 

collected from different environments of each island (Fig.2.2). From 

Ka\'aratti. two core samples were collected upto 120 cm depth at an interval 

of 30 cm. from the northern as well as southern part of the island. In 

addition to this sampling \vas done from the lagoon and also near the 

f~lIllOUS mosque, Ujrapally. In Kadamath, sampling was done near high 

tidl?s and low tide stations and also from the lagoon. In Minicoy, sampling 

\\as from the lagoon area and also from the mangrove. In Agathy, samples 

\\'ere colkcted near the lagoon side as well 3S sea side. From Androth, t\\'o 



Materials and methods 

les were collected, one near the sea (1 m) and the other from land 
core samp 

) In addition to this, trough soil and crest soil was also collected from 
(1.3 m . 

/~ 

KILTAN 

LAGOON 

Fig. 2.2 Location Map . 

( 
f , 

..'I' .. ,~ t 
/ '-,. N 

REEF 

. \ndroth. In Kiltan, samples were taken from the lagoon side as well as sea 
~Idc (both rth . 

no em and southern sIde). In addition to this a core sample was 
JIso collect 'd fi 

t: rom the land (0, 0.5 m and 1.3 m depths). 
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Analytical Options: 

A. CORALS 

Trace metal analysis in coral tissues and skeletons: 

Five coral species were collected from Lakshadweep Archipelag( 

and their names taxonomic classification are given in Table 2.1. 

Table 2.1. Names of coral species and their taxonomic classification. 

No. Species Name Genus Family -
Lobophyllia Lobophyllia Mussidae --
con:mbosa 

2 POl-ites andrewsi Porites Poritidae 

3 Montipora digitata Montipora Fungiidae 

4 Acropora formosa Acropora Acroporidae 

5 Psammocora cOlltigua Psammocora Siderastreidae 

The collected samples were carefully washed with water to remove 

sediment and associated fauna. It was then washed with deionized water and 

finally in Milli-Q water. The trace metal analyses were carried out on coral 

skeleton as well as on tissue by accepting the modified procedure oi 

Esslemont (1999; 2000 a & b; 2002) and it is schematically represented in 

Figs.2.3 and 2.4 respectively. 
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. 3 Flow chart for the analysis of trace metals in coral skeletons. 
~. 

I'\: / 

UNPREP ARED SAMPLE 

/ • "-

'-1 oxidation of organic I reduced phases: Break off about 4.5 g (0.2g) from the 
c~ral skeleton, and place in a 50ml test tube. Add 5ml of pH buffered H20 2 

( H=8.2 by adding NaOH), stand at room temperature (near 25 ) for I hr, then 
:eat in a water bath (70 C for 3.5 hrs). Rinse with excess Milli-O (3 x 50 ml MilIi-

~ 
2 Reduction of oxide phases and chelation: 

Discard rinses, add 10 ml of organic chelate (2% DETC (W N), at pH = 

5. 1.30 g/L CaCI2 , and 70 g/L ascorbic acid), and stand for 10 minutes. Discard 
chelate. and rise with 3x50 ml Milli-O water 1S above. 

• 3.Two repeats of steps 1 and 2 : The only modification is that samples are reacted 
for 1.5 hrs in hot, pH buffered, rather than for 3.5 hrs. 

~ 
4. Ashing: Place sample in covered crucibles and ash (500° C for 15 minutes) 

i 
lS.weighing: Cool, and accurately weigh samples I • 
6.Sample digestion: Add 10 ml of conc. HCI and alIow to digest cold 

+ 
7. DIlution f, I' an I .. or ana yS\S: Add lanthanum (5 011 of 0.18 LaCI, Solution) to help 

a \ SIS by AAS d -
by AAS. ,an accurately make up to 25 011 with arial rinse. Analysis is done 

'--

r-- • 8. FIltration (0 tio I)' 
chdate rin I p na. These may be a fine ash residue, from leftover organic 

se. t can be rem d'f . db' . . coarse !trad ( . ove, I requIre, y dnp filtermg dIgests thorough a 
~ e e.g., WhItrnan's 1) 
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Fig. 2.4.Flow chart for the analysis of trace metals in coral tissues. 

I. Weigh sample (75 - 100 g) I • 2. Oven dry at 60° C I • 3. Add 50 ml H20 2 (pH = 8.5 with NaOH). stored at 20 CJC 

i 
4. HpM :It 70° r 

• Ci. FiltPT thp niop<:t :Inn w:I<:h with MO 

• 6. lnunense bleached skeleton in 50 ml reducing chelate for 20 min. 
at 20° C (117 mM diethyl dithiiocarbamate. pH = 5, 0.-+ \1 L-ascorbic 
acid. 11.7 mM calcium chloride) 

• 7. T T:ln<;fpr rhp1:Hp<: tCl nprClxin .. tiio .. <;t<: 

t 
8. Acidify tissue digest with 1 ml 12 M HC!. e\aporate to 2{J ml. 

• 9. .-\dd cone. H20 2/HNOJ, 70 ml of 9.7 M 16 M and e\apc)[ate to 

dr:l1ess. 

• I 

10. \lake the volume to 10 mI with 12 m\,1 IlCl. by add!l1g :: mI (). 1 ~ I 
\1 La('I~ I 

Tissue biomass Post digestion dry weight - Pr~ digestion dry \\'eight I 
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I analysis in sea weeds alld sea grasses; 

Trace ",eta 
Trace metal analysis were also carried out in seaweeds and seagrass 

ed 
from the Lakshadweep Archipelago (Table 2.3), by adopting the 

collect 

ed 
of Say et a1. (1986). For this samples were collected (5- 109) and 

prOC ure 
washed thoroughly with water to remove sediment, debris and associated 

FI"nal washings were done by using deionized and Milli-Q waters and 
fauna. 
then dried at 105° C for 24 hrs. Dried material was ground to fine powder and 

again redried for 3 hrs. All samples were analyzed in duplicate by digesting 

0.5 g sample in 10 ml 2M HN0 3 by heating to near dryness. Residue was 

dissolved in 10 ml 2M HN03, filtered and make upto 25 ml with Milli-Q. 

Reagent blanks were also prepared. This was then analyzed for trace metals 

(CU, Co, Cd, Cr, Pb, Ni, Zn, Mn and Fe) using a graphite furnace atomic 

absorption spectrophotometer (Perkin-Elmer 3110). Estimation of the 

accuracy and precision of the analysis was performed using standard spiking 

techniques as detailed in sedimental trace metal analyses. 

Table 2.2. Seaweeds and sea grass collected for study. 

1'0. Species Name Family 
Seaweeds 
Laurellcia pupi/fosa (Forssk) Rhodophyceae 

') Jallia adhaerens (Lamour) Rhodophyceae 

3 Gracilaria cylindrica Rhodophyceae 

4 Gracilaria crassa (Harv) Rhodophyceae 

5 !f.lpllea musciformis Rhodophyceae 

<> Sargassum lel1erimum 
Phaeophyceae 

~al:rasses 

~ nla/assia hemprichii (Ehrenberg) Hydrocharitaceae 
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B. Sediments 

Textural characteristics 

Two techniques were applied for the detennination of teXtu 
ral 

characteristics of sediments. Sediments having particle size less than 63 
!-till 

a particle analyser (Sympatec, Gennany) was employed for the 

detennination of textural characteristics. For sandy sediments, dry sieving 

was made using a Ro-Tap sieve shaker. For this, bulk sediment Were 

washed, dried and subjected to coning and quartering. A representative 

portion, about 15-20 g was sieved for 15 minutes using standard set of 

ASTM sieves at half phi (1/2 <1» intervals. The fractions left over in each 

sieve were weighed and cumulative weight percentages were calculated. 

Standard classification for particles into Wentworth size classes was 

accepted to classify the textural characterizes of sandy sediments as a) very 

coarse sand b) coarse sand c) medium sand d) fine sand e) very fine sand 

and f) silt + clay (Folk, 1963). 

Sedimentary pH 

Measurement of pH of the sediment samples were carried out by 

following the procedure of lackson (1963 ). For this, a known weight of 

sediment was shaken with water (l: I ratio) for 15 minutes using a 

mechanical shaker and the resulting pH was measured using a digital pH 

meter (Systronics - Digital No. 333) 

Sedimelltary organic carbon 

Sediment samples were dried in an oven at 80-90cC and find: 

. S d· . b d tcnnineJ powdered 111 an agate mortar. e Imentary orgamc car on was c 
. .. as pC! 

lIsing the procedure of Gaudette et al. (1974) wIth some modificatIOnS 
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9

92) procedure for those sediment samples, which have chloride 
APHA (I 

interference. 

'Vlltrients 
J The method of Keency and Nelson (1982) was applied to sediment 

I 
for the extraction of exchangeable fonns of nitrite, nitrate and 

samp es 

h te All apparatus were thoroughly cleaned using Hel, washed in 
phosP a . 

. 'zed water and finally rinsed with Milli-Q water. The different species delonJ 

of nitrogen and phosphorus were estimated by the following analytical 

procedures. 

Nitrogen 

Nitrite: Nitrite was estimated by using the standard procedure suggested by 

Grasshoff et aI., (1999), in which the nitrite fonned an azo dye with 

sulphanilamide and N-(l-naphthyl ethylene diamine dihydrochloride. The 

spectrophotometeric detennination was done by using a Hitachi (150-20) 

l ~v -Vis spectrophotometer 

l\:itratt!: Nitrate was reduced using copper coated cadmium column and 

dctemlined as nitrite as outlined above (Grasshoff et aI., 1999). 

Total Nitrogen: Total N was estimated using a procedure of persulphate 

oxidation (Libby and Wheeler, 1994; Bronk et aI., 2000) and the resulting 

nItrate -N was subjected to reduction using a cadmium column, which was 
then analyzed . 

- spectroscoPlc ally by the method referred above (Grasshoff et 
al . 1(99). 

IJ/'osphorlts 

The methodol . 
ogles referred for the extraction of different fom1s of 

sedimental hos h '. 
P porus are gIven 111 Table 2.3. In all extraction procedures, 
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the resulting concentration was measured in terms of phosphate-phosphorus 
\ 

by the formation of phospho-molybdate complex as described by Grasshofi' 

et al., 1999. The spectrophotometeric determination was done by using a 

Hitachi (150-20) UV -Vis spectrophotometer. 

Table 2.3. Methods adopted for the extraction of different phosphates. 

No Forms of phosphorus References --
Exchangeable P Keeney and Nelson (1982); -, 

Hieltjes and Lijklema (1980); Nair (1990) 

2 Inorganic P Aspilla et al. (1976); Golterman (1996) 

3 Ca-bound P Golterman (1982; 1996); Nair (1990); 

4 Organic+ Residual P Graca and Bolalek (1998) 

5 Total P Aspilla et al (1976); GoItem1an (1996) 

Trace metals 

All glass wares used for the analyses were thoroughly cleaned in 

solution and then soaked in 6M HN03 for 48 hrs. It is then washed \vell with 

de-ionised water and then with Milli-Q water. Unless otherwise specified. 

all reagents used were MERCK I BDH-GR IAnalar grade. 

For the detem1ination of total trace metals in sediments, sediment 

was dried and powdered in an agate mortar. Approximately 1 g of the 

homogenized sediment was digested with a mixture of conc. HNO.l and 

conc. HCl in the ratio 1:3 (aqua regia) at 95° C for 24 hrs (Johansson, 1975: 

'y' oung et aI., 1992). The digest is dissolved in a minimum quantity of water 

and centrifuged at 4000 rpm. The supematant liquid was filtered lIsing a 
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filter of 0.45 ~m pore size and the filtrate was made upto a 
membrane 

. lume It was then analyzed for trace metals namely Fe, Zn, Cu, 
definite vo . 

C Cd Mn Pb and Ni using a graphite furnace atomic absorption 
Co, r, ' ' 

hotometer (Perkin Elmer - 3110). The precision of the analysis was 
spectrop 

fi ed by standard spiking technique of quadruplicates and expressed 
per orm 

ffic ient of variation for each element: Cu 2.8%, Co 3.1 %, Cr 2.9%, 
as coe 
Cd 2.9%, Pb 4.1%, Zn 3.1%, Ni 2.%, Mn 2.1% and Fe 2.6%. 
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--
CHEMO-VARIABILITY AMONG 

THE BIOTIC COMPONENTS 

I~TRODUCTION 

Coral reef is a gathering place in the ocean - a surrealistic landscape 

\\ hlch is shredded in blue and surrounded by li fe. . .. li fe in a thousand 

fonns. Within world's oceans, the greatest variety of life is found in an 

amusing living structure called coral reefs. These fragile reefs play a critical 

rule in sustaining a thriving ocean habitat, especially in tropical oceans. 

Reefs provide a variety of food and shelter in the tropical oceans or in other 

\\orJs the entire tropical ocean depends upon the coral reefs for sustenance. 

I hus. conferring the tenn "the rainforests of the sea". Coral reefs are among 

Ilature's greatest spectacles, offering the finest examples of natural 

architecture in the world. They fonn communities of startling complexity 

.md are essential to the health of the world's oceans and to many human 

~'\\mmunilies as well. 

Coral reef ecosystems are now widely recognized as among the most 
hlt)b~ical\ ' d' 

- ) I\'ersc and complex of ecosystem; they have been called the 
1I1Jflnc c u' . I . 

q 1\ a ent of tropical rain forests. Like rain forests, their 
~I::rlllicancc and' 

Impact extend beyond the tropical environments in which 
th\,';. occur. 

37 



Coral reefs are biologically significant. As "oases" of hig!, 

productivity in typically sterile tropical seas, coral reefs are a SOurCe 01 

much needed protein for adjacent human populations. And, the diverse lift 

fonns of coral reefs are potential sources of medical and commerci~ 

products. 

Coral reefs are geologically significant. The mineral skeletons 01 

reef dwellers have contributed significantly to island and shoreline 

building. Where reefs exist, they function as breakwaters, protecting 

shorelines and property from damaging ocean waves. And, reef growth 

over time provides clues to earth's climate record and possibly plays a role 

in global carbon dioxide balance. Like rain forests, coral reefs are coming 

under increasing human impact: over harvesting and destructive fishing 

methods; shoreline dredging and development; sewage, fertilizer, industrial, 

and other fonns of pollution; logging and agriculture that damage shoreline 

and inland watersheds; poorly managed boating, diving and other 

recreational activities. 

Reefbuilding (or hennatypic) corals are of the order Scleractinia in 

the class Ant/IOzoa of phylum Cnidaria. Reefs are formed by calcium 

carbonate produced by tiny coral polyps. While corals are the chief 

architects of reef structure, they are not the only builders. Coralline algae 

cement various corals together with compounds of calcium, and other 

organisms such as tube worms and molluscs donate their hard skeletons 

. Together these organisms construct many di fferenl t~ves of reefs. Reefs are 

impor1ant land builders in tropical areas. forming islands and altering 

continental shorelines. 
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The phylum Cnidaria(fonnerly known as coelenterates) were the 

ulticellular animals with true tissues. The body is sac-shaped and 
first m 

. Ily symmetrical, with an opening at the top fonning the mouth. 
radla 
surrounding the mouth are a circlet of tentacles. The cavity of the sac-

shaped coelenteron is where digestion takes place. Food enters the sac, and 

wastes leave via the mouth. The tentacles often posc;ess stinging cells, 

nematocysts, to stun or kill prey. The inside body \\/all is folded into 

mesenteries which increase the surface area to aid in food digestion and 

absorption. No heart, circulatory, excretory, or respiratory systems are 

present, and the nervous system is rudimentary. 

Two basic feeding orientations exist. Medusa (e.g. jellyfish) are free 

floating with the mouth and tentacles pointing downward. Polyps (e.g. 

corals, sea anemones, & hydra) are attached to the bottom with the mouth 

and tentacles pointing upward. In many cnidarians, the sexual medusa and 

asexual polyp stages alternate with each other in the life cycle. In other 

cases, only the medusa or polyp stage is present. Polyps may gro\\' in large 

colonies. 

Class Anthozoans are composed of cylindrical-shaped indiyiduals, 

whose skeletons are called coraIIites. These individuals are either solitary or 

bound together in a group, fonning a colony. The base of the coralIite is 

USllalIy attached to a tirnl substrate. where it remains fixed for its entire 

adult life (sometimes several centuries). Within each coralIite are se\eral 

partitions called septa, which radiate out from the central axis of the 
c\"linde H . . . r. onzontal structures or platfornls which extend across each 

coralIite are called dissepiments (if irregular or blister like) or tabulae (if flat 
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plates). The living animal or polyp occupIes only the uppermost POrti!) 

(calyx) of each coraIIite. During growth, the polyp secretes skeletal materji 

near its base and slowly moves upward toward the surface. 

Most Cnidarians are marine, and many prefer warm tropical shalIo\ 

water. Many coelenterates UelIyfish, many hydrozoans, and sea anemones 

do not secrete a skeleton and have a negligible fossil record. Othen 

especially many anthozoan corals, secrete an extensive skeleton and are Wel 

preserved. Because many coral reef organisms can tolerate only a nalTo~ 

range of environmental conditions, reefs are sensitive to damage fron 

environmental changes (Reichelt and Harrison, 2000). Slight changes in thl 

reef environment may have detrimental effects on the health of entire cora 

colonies. These changes may be due to a yariety of factors; but thel 

generally fall within two categories:-natural disturbances and anthropogenic 

disturbances. Although natural disturbances may cause severe damages I( 

coral communities, anthropogenic disturbances have been linked to the vas 

majority of diseases in coral cover and general colony health when cera 

reefs and humans occur together. 

One of the greatest threats to coral reefs is human expansion anC 

deyclopment. As de\'elopment continues to alter the landscape. the amounl 

of frcshwatcr runoff incrcases. This terriginous runoff may carry large 

amounts of sediment from land - clearing areas. high levels of nutrient~ 

from agricultural areas or septic systems, as well as many pollutants such as 

hcayy metals . 
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Since most corals spawn and produce floating gametes, pollutants 

X
ins on the surface can effect coral reproduction and development for 

and to 
a large area. Therefore, much care must be taken to prevent or reduce the 

'11 ge and leakage of contaminants to the surrounding reef environment. 
Spl a 
Most of the industrial and domestic effluents are 'point source' discharges 

that affect localized reef areas, rather than causing broad scale reef 

mortality. Industrial effluents also impart coral reefs and their associated 

fauna and habitats. 

High concentration of heavy metals such as lead, mercury, ZinC, 

cadmium, tin, copper, cobalt, iron, manganese, nickel, aluminium, vanadium 

and silver can kill corals and other coral reef organisms. Lower 

concentrations can inhibit coral growth and reproduction. and may even 

contribute to bleaching. Corals absorb chemicals across their outer tissue 

layer, so whatever contaminants are suspended(floating) in the surrounding 

water will soon be absorbed into the coral itself (Negri and Heyward, 2000). 

The major mechanism of transportation of heavy metals to the 

nearshore environments from inland is the rivers which includes runoff from 

agricultural lands, urban areas, stonn drains, and sewage pipes which all 

flow into rivers and ultimately into the sea. Some of these trace metals will 

get settled on the sediment on river and estuarine bottoms, or will get 

trapped in mangrove forest sediments, As soon as a channel is dredged for 

larger ships, or a mangrove forest is cut down to make way for a shrimp 

fan I 11. t lose metals are rcsuspended (stirred up) and once again become a 

threat to the health of coral reefs (Batley, 1995), 
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Chapter 3 
--~-----------------------------------------------------~-

Monitoring both natural and anthropogenic changes In the 

concentration of heavy metals in marine environment IS important for 

protecting the ecosystems involved and for safe guarding human health 

where man consumes biota from the ecosystem (McConchie and Harriott , 

1992). Although most coral reefs are widely regarded as pristine habitats 

which are not exposed to high heavy metal inputs, pollution associated with 

contaminated river water, effluent discharges into the ocean. offshore and 

near-shore mining, shipping accidents and developments on the reefs 

themselves is known to have affected coral reefs in several parts of the 

world (Brown and Holley, 1982; Bell et al., 1989; Scott, 1990). 

Metal pollution assessments In man ne environments have 

traditionally involved analysis of the metal load in various species of marine 

fauna (primarily molluscs), substrate sediments. and the water itself ( 

Forstner and Wittmann, 1981; McConchie 1989; Esslemont, 2000 a and 

b). The most abundant and readily sampled organisms in coral reef 

environments are the corals themselves and many species would be suitable 

as sentinel organism if it can be established that their metal loads adequately 

reflect environmental conditions and can be measured accurately and 

efficiently. Metal loads in corals can pro\'ide an indication of environmentltl 

metal loads and of changes in these loads overtime (Dodge and Gilbert. 

1984; Shen et al., 1987; Bell et al., 1989; Glynn et aL 1989: Scott. 1990; 

Hanna and !vluir, 1990). Corals satisfy all the accepted criteria for selection 

of organisms for biomonitoring (Hanna and Muir. 1990). A.t polluted sites 

mctal concentrations in skeleton material can be used to monitor changes in 

cl1\'ironmental metal loads (Scott, 1990). 



Cltemo-variability among tlte biotic components ---
The tenn "trace metal" or "trace element" is used in current 

. ture to designate those elements which occur in small concentrations in 
htera 
natural systems. For all practical purposes, the tenns such as "trace metals", 

'trace in organics", "heavy metals", "micro nutrients" are treated as 

synonymous with the tenn "trace elements" (Wittmann, 1983). From a 

biological perspective, metals may be divided into those that are essential to 

living organisms, those that are potentially toxic and relatively available, 

and those that are potentially toxic but which, due to their general rarity in 

the environment, are relatively unavailable. Examples of essential metals 

are Cu , Zn and Fe. These elements are vital compounds of enzymes, 

respiratory proteins and certain structural elements of organisms (Oepledge 

and Rainbow, 1990). 

Thus, carbonic anhydrase, carboxy peptidase A and B and several 

hydrogenases contain Zn; pyruvate carboxylase contain Mn; the metalloid 

Se is a component of glutathione peroxidase; vitamin BI~ contains Co; Cu is 

present in cytochrome oxidase, phaetocyanin and haemocyanin; and 

hemoglobin and ferrodoxin contain Fe (Bryan, 1976; OeBoer, 1981). A 

range of trace metals must be delivered to the tissues of an organism in 

order to meet the diverse metabolic and respiratory requirements whilst at 

the same time excessive accumulation of pote~tially toxic metal species 

lllust somehow be prevented. Other trace metals, such as Cd, Hg and Pb are 

considered as non-essential because they have no known biological role; 

these become highly toxic when found at metabolically active sites. even at 

relatively low concentrations (Rainbow, 1985). 



Chapter 3 

Pollution pressures associated with urban, industrial and rural 

development threaten many coastal environment, and as a result the effect Of 

trace metals and other pollutants on aquatic and marine organisms has 

received widespread attention. Coral reefs are a common feature of many 

shallow coastal environments in tropical regions, and are at increasing risk 

from pollution pressures (Reichelt and Jones, 1994). Since scleractinian 

corals are dominant organisms and key components of coral reef 

ecosystems, they are useful organisms for determining toxicity thresholds of 

potential pollutants. It is important to quantify the effects of pollutants on 

reef corals because it is likely that any adverse effect on corals will 

ultimately affect many other coral reef organisms, which rely on healthy 

communities, either directly or indirectly (Bastidas and Garcia, 1997: 

Esslemont, 1999). 

Environmental pollutants can effect all life stages of organisms. 

however the earlier life stages of marine organisms are often found to be 

more sensitive to pollutant stress than the adults (Phillips, ] 994; 1995). 

Monitoring both natural and anthropogenic changes in the concentration of 

heavy metals in marine environments is important f(lf protecting the 

ecosystems involved and for safe guarding human health where man 

consumes biota from the ecosystem. Living corals have potential 

advantages, over the conventional use of molluscs and fish, as sentinel 

organisms for monitoring metal pollution, including ease of sampling, 10\1 

impact on the target population, wide distribution of tar:;;:-! organisms and 

lack of target organism mobility (McConchie and Han·iott. ! 992). 
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Chemo-variability among the biotic components ----sc/eractinian corals meet several of the pre-requisites for biological 

. Suggested by Phi lips (1990). They are long lived, sessile organisms 
monItors 

e common in many tropical and subtropical marine ecosystems, 
that ar 

red with other potential indicator species and they yield adequate 
compa 
. and skeleton material for analyses of trace metals (Esslemont et aI., 

l1ssue 
2000). Coral skeletons show promise as long tenn proxy monitors of the 

indicated environmental factors (Esslemont et aI., 2000). Exploratory works 

conducted on corals from the Caribbean -Indo-Pacific and south Pacific 

regions indicate that coral skeletons record ambient trace metal 

concentrations that reflect environmental factors, such as El Nino e\'ents 

(Shen et aI., 1987), anthropogenic inputs (Dodge and Gilben, 1984; Shen et 

al.. 1987), and river discharges (Shen and Sanford, 1990). 

MATERIALS AND METHODS 

The general methods adopted are detailed in chapter 11. The 

standardization of methodology for the extraction of trace metals from 

corals using lanthanum chloride is specifically discussed here. 

Methods: 

A. Measuring the effectiveness of lanthanide chlorides at releasing 

B. 

heavy metals from a t typical skeleton digest, in a working 

range between 0.1 ppm to 2 ppm. 

Measuring the capacity of lanthanide chloride at releasing h('a\'y 

metals over a range of dissol\'ed calcium concentrations. 
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Chapter 3 
--~---------------------------------------------~ 

Method A: 

Four heavy metals concentrations of 0.1,0.5,1 and 2 ppm of tnixe­

eu, Zn, Ni and er standards were added to 1.5 g coral skeleton sarnplt 

before digestion. The samples were digested in 10 ml aqua regia. accuratel 

made upto 10 ml with lanthanide chloride : Hel (1 part of lanthanid 

chloride solution to 9 parts 0.0012 M Hel) 

Result: Measured concentrations are represented graphically (Fig.3.] 

against actual concentrations. Measured concentrations of heavy m~1 

were consistently lower than their actual concentrations. due to suppres~r 

of signals by sample matrices. Below 0.5ppm, linearity of the plot~i 

excellent. Ni and Cr, above 1 ppm, precision slightly decreased. Lanthamur 

is found to be an adequate releasing agent for heavy metals from a caIciurr 

rich matrix. The matrix interference is found to be var;.ing with differen 

amount of sample weights. 
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Fig. 3.1. Heavy metal standards (0.1 to 2 ppm) measured in 1.5 gram 

dl~csted coral skeletons. 

:\lethod B: 

0.5 2 g of skeleton was weighed, target conccntrat:ons of 0.1 ppm 

and 0.5 ppm arc proyided, samples were digested I n I 0 ml J.qua regia made 

1l1'lO 10 ml with lanthanide chloride : Hel solution (0.(1: S\l lanthanum 

l'hkwide: O.oe)) 2 \tl Hel). 

Result. As more sample (Fig. 3.2) is dissolved. absorb,mce decreases, 

11blcad of getting a constant metal concentration, absorbance \\as found to 
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be decreasing when more sample was dissolved. When more skeleton! 

digested the spike becomes underestimated which indicates pea 

suppression due to matrix interference. 

Conclusion: [n the analysis of trace metals using aqua regia, metals can r 

mcasured only lIpto 2 g skeleton dissolved in 10 ml digest. When the weigl 

of skeletal samples exceed onc gram. peak suppression is quite substanti2 

But ror the analysis of hea\'y metals in corals. since the met. 

concentrations arc \'ery 10\\ in coral skeleton. wc need to for more than I 

weight t)!' sample for metal analysis. In order to l)\'ercome the interferel1( 

due k' matrix effect. an organic separation step was essential. ThiS I 
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Chemo-variability among the biotic components --
ordance with this, we ruled out the procedure of aqua regia digestion and 

aCC 

adopt a detailed procedure as suggested by Esslemont (1999; 2000 a and b; 

2002) which are detailed in materials and methods. 

RESVL TS AND DISCUSSIONS 

Concentrations of trace metals 10 the skeleton and tissue parts of 

corals are represented in Figs. 3.3 and 3.4 respectively. Fig.3.5 represents 

the concentrations of trace metals in the whole body of corals. The variation 

of partition coefficients (KD) of trace metals among the coral species are 

given in Fig. 3.6. Figs. 3.7 to 3.11 shows the percentage wise partition of 

trace metals receptively for different species namely, Montipora digitata, 

Lohophyllia corymbosa, Acropora formosa, Psammocora contigua and 

Porites andrewsi. 

In focusing the heavy metal concentrations in the skeleton parts of 

Montipora digitata, the highest value of 13.02 mg kg- I was recorded in the 

case of Lead. The decreasing order of metal concentration within the 

skeletal part is as follows, Pb>Fe> Ni>Co> Cr>Mn>Cu>Cd>Zn (ranging 

from 13.02 to 1.24 mg kg-I), whereas in the tissue parts of Montipora 

digitata, Fe recorded the highest value (16.5 mg kg- I )and the other metals 

are found to be concentrated in the order, Cr>Mn>Zn>Ni>Cu>Pb>Co>Cd. 
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Fig. 3.3. Concentrations of trace metals in the skeleton parts of the corals 

Comparing the enrichment of metals in the tissue and skeleton parts 

of Montipora digitata, all the metals except iron exhibited highest 

concentrations in the skeleton parts. Coming to the percentage wise 

distribution of trace metals in the skeleton and tissue parts of Montipora 

digitata, the following results are obtained 

~r------------------------------------------------' 

~. Concentrations of trace metals in the tissue parts of the corals. 
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Fig . 3.5. Concentration 01 trace metals (ppm) in the whote body of corals. 
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Fig. 3.6. Partition coeffi cients of various trace metals between the (issue and 
skeleton parts of corals. 
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Fig.3.9. Percentage wise partition of the trace metals in the skeleton and 
tissue parts of A. formosa. 
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Fig.3.1t. Percentage wise partition of the trace metals in the skeleton and 

tissue parts of P. andrewsi 

20.9 % of copper is concentrated in the tissue part whereas, 79.1 % 

in the skeletal part. The partition coefficient, KD = [M] T / [M] s, for this 

metal in Montipora digitata is found to be 0.3. In the case of Co, Ni and 

Pb < 10 % of the metal is enriched in the tissue compared to skeleton, 

which gives partition coefficients s 0.1. In the behaviour of Mn and Cd, a 

greater portion of the metals was accumulated in the skeleton part, 77.5 % 

and 85.7 % respectively. The concentration of Zn did not vary significantly 

between the tissue and skeleton of Montipora digitata giving a partition 

coefficient of 0.5. 

Tracing the features of Lobophyllia corymbosa, the accumulation 

of trace metals in the skeleton is as follows, Pb> Fe> Ni> Co> Cr> Mn:> 

Cd>Zn> Cu 
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Chemo-panability among the biotic components ----ase of tissue, Fe exhibited the highest concentration (62.9 mg kg ). 
1I1 the c 

der of enrichment is Fe>Cr>Pb>Ni>Zn>Cu>Mn>Co>Cd. Contrary 
The or 

h behaviour of Montipora digitata, in which all the metals except iron 
to t e 
exhibited greater affinity towards the skeleton, various metals exhibited 

different enrichment pattern between the skeleton and tissue phases of 

Lobophy/lia cOlymhosa. In this species, Cu, Cr, Zn & Fe showed greater 

affinity for the tissue ,whereas, Pb, Ni, Mn, Co and Cd showed higher 

concentrations within the skeleton. In the case of Cu and Cr, the partition 

coefficients were 3.2 and 2.9, indicating 76.8 % and 74.5 % tissue 

enrichment respectively. For Zn and Fe, more than 80 % of the metal were 

concentrated in the skeleton giving partition coefficients 4.16 and 4.91 

respectively. 

In this specIes, Pb, Ni, Mn, Co and Cd displayed partition 

coefficients less than 1. For Mn and Cd, partition coefficient is 0.6, 

exhibiting almost similar pattern of metal partitioning between skeleton and 

tissue parts. In the behaviour of Co, majority (86 %) is enriched in the 

skeleton which gives a low KD value of 0.16. 

The trace metal accumulation trend in Acropora formosa is exactly 

similar to that in Lohophyflia corymhosa, in which Cu, Cr. Zn & Fe 

I!\hibited higher tissue concentrations compared to skeleton values. The 

trace metal concentrations in the skeleton parts of .-!.croport] formosa 

showed the order Pb>Ni>Mn>Co>Cd>Cr>Zn>Cu>Fe \\hereas. the tissue 

concentration showed the order Fe>Pb>Ni>Cr>Zn>Cu>Co>Mn>Cd. In the 

case of Cu, Cr and Zn, the partition coefficients are slightly greater than 1, 
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i.e. the distribution did not vary significantly between skeleton and tis 
Sb 

parts. Fe showed a very high affinity towards the tissue phase of Acropo/, 

formosa, which displayed a very high partition coefficient, 36.7, in Wh' le 
about 97% of the metal concentration was found in the tissue 

p~ 

Considering the behaviour of Pb, Mn and Cd, more than 80 0/, . 
o t 

concentrated in the skeleton parts which gives Ko values 0.2 for Pb and et 
0.1 for Mn. Ni exhibited a value of 0.3 as partition coefficient, indicating 7( 

% metal enrichment within the skeleton. 

Contrary to the behaviour of the other three species, in the cas. 

Psammocora cOlltigua all the metals exhibited higher concentration in' 

tissue compared to the skeleton, indicating Ko > 1 for all the metA 

Regarding the concentrations of metals in the skeleton, the order observe! 

is Fe>Ni>Zn>Cu>Cr>Co>Pb>Mn>Cd, whereas, in the case of tissue tlx 

order is Pb>Fe>Ni>Co>Cr>Mn>Cd>Zn>Cu. In the behaviour of Cr, Ni 

Mn, Cd & Fe more than 80 % of these metals were found within the ti~ 

giving high values of Ko. Pb showed a greater affinity towards the tissu~ 

which 96 % of it is found within this phase indicating a very high KD (~ 

For cobalt partition coefficient was found to be very high i.e. , 11.32, whid 

means 91.9% metal concentration in the tissue phase. • 
Porites andrewsi was also typical in its metal enrichment pattem if 

which all the metals showed an affinity towards the skeleton. This tract 

metal accumulation trend traced out is exactly opposite to that 0 

Psaml1locora contigua, were all the mctals are prcferably accumulated in thi 

tissue phase. In the skeletal phase of PO/·ires (llldreH'si. highest concentratiOI 

was exhibited by lead(24.2mg/kg) as in the order, Pb> Ni> Co> Fe> er' 
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_" J'§p. c, p .----- Clzl'nzo-l'ariahility tl/1ZOllg thL' hl(ltl'- t"ompOIlCllts 

Cd> Cu ,whereas in the tissue the following pattern was observed, 
1'.1n;>ZI1;> 
j - -

_ Zn> Ni> Pb> Mn> Co> Cu> Cd.ln this species, for cobalt. nickel, er/' Fe;> 
, d lead more than 95% of the metal was found within the skeleton 

Iron all 

" low values for partition coefficient. The other three metals displayed 
1!1\"lng 

- , I-Iar trend (for Zn and Fe - 80% and for manganese 91 %)_ Clay 
a SII11 

, rals hydrated iron and manganese oxide colloids, organic matte and nune , . 

micro organisms are the particulate matte found in sweater. These 

particulate matter have an ability to collect heavy metal adherents. either 

through complexing or surface adsorption. Livingston and Thompson's 

(1977) studies on the stained corals from the deep ocean ha\-e sho\\'n excess 

amounts of trace metals on stained corals due to the coating compared to the 

unstained corals of shallow region which are said to require high amount of 

concentration from the detritus. 

Regarding the variations in the behaviour of Fe among the selected 

species, in Montipora diRitala, among the 9 mctals studied Fe recorded the 

11Ighest concentration in the tissue phases. Iron is an essential element 

reqUIred by ccrtain enzymes and proteins that CatTY electron during 

photosynthesis and respiration (Govindjee, 1995). 

In Acropora formosa, Fe recorded the highest concentration \\-ithin 

the tissue. in which about 97_3% of the metal was enriched in the tissue 

phase. In I.ohopll\·/Iia corvmhosa and Psallllllocora COllliulIcl Fe sho\\ed a . . ~ ~ 

greater affinity towards tissue, indicating more than SO o{) enrichment 

\\ ithin this phase. 

Contrary to the behaviour of Fe in the other four species, in Poriles 

<II1e/rc lI'S' I 
I more t 1an 80 % of iron was found in skeleton phase_ The tissue 
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enrichment of Fe in all the species except that in POI-ites asdruwsa tnay. 

due to the biological role of Fe in various enzymatic functions. Hi:, 

concentrations of Fe obser\'ed in the skeleton of Ponres al/clr el, 

compared to relatively less concentrations within its tissue points to", vvar( 

the usefulness of this species to monitor anthropogenic loads of iron 

marine ecosystems. At polluted sites, metal concentrations in skelet( 

material can be used to monitor changes in el1\'ironmental metal loac 

(Dodge and Gilbert, 1984~ Scott, 1990) but in less polluted senings ske~li 

metal is probably too Iow and too variable to be widely used for~. 

purpose. Higher concentration of some metals in tissue material relativ~.1 

skeletal material have also been reported in other studies (Hanna and MIll! 

1990) and this difference probably accounts for the obsen'ation of Glynlle 

aI. (1989) that higher metal concentrations are measured in sample 

containing both tissue and skeletal material than in equi\'alent sample 

containing skeletal material alone. Metals are probably taken into the CoTa 

tissue both from food and directly from solution and it is also likely" 

the symbiotic algae (zooxantheIlae) influence metal tran5fer react. 

(\1cConchie and Harriott, 1992). 

On evaluating the beha\'iour of Cu in the fi\'e species. in MOl1ri/*i 

digirata. ClI showed a greater affinity towards the 5keletal phase with 79°, 

enrichment. In Lohophyllia corYlIlhosa and Acropora /OI'I1/I.IS([. as in thi 

casl? of iron. ClI conccntrations \\ere found to be max imum \\!thin thl? tisSU' 

(-(l () () and 52(/() rcspccti\'\~ly). ,-\s in thl? casc of .\/ci/lrilw}'a (i:r;:illllll. !lear1' 

-2 "n ofCu cnrichmcnt \\'as found in the skeletal phase of por::cs lUll/relrsl 

and ]6~((l for Psammocora contigua. The tissue enrichment is due to the "ita 



f this essential element as the component of enzymes, respiratory 
role 0 

. and various structural parts of organism. Cu, Zn and Fe arc vital 
proteJOs 

nts of enzymes, respiratory proteins and certain structural elements 
co l1lpone 

nisms (Depledge and Rainbow, 1990). Copper is required in 
of orga 

. ely low concentrations compared with other essential elements such 
relatlV 

as zinc. Coral tissues can be used for bioassays of copper because it is 

accumulated by tissues in relation to availability possibly because they 

provide useful biochemical function (Esslemont, 2000). 

The tissue metal concentrations reflect the amount of metal taken up 

into the organism, the proportion of that metal which is distributed to each 

tissue, and the extent to which metal enters and is retained within each 

tissue. Since copper is an essential trace element, comparative enrichment of 

Cu in the skeletal phase is not of a series concern, but it may indicate the 

capacity of skeleton to reflect the changes in environmental metal loads. 

Copper accumulated in coral skeletons in direct response to environmental 

availability, but whereas tissue-concentrations of copper varied directly with 

em'ironmental availability (Essiemont, 2000). 

The effect of copper on scIeractinian corals is of environmental 

concern because these are numerous sources of copper to coral reefs and 

corals are keystone species in tropical coral reef ecosystems (Reichelt and 

Harrison. 2000). Copper is found in sewage discharges. 

Regarding the variations of Pb among the five species. .\folllipora 

(Ii!'?lf(/ra L' I 11' , . 0 JOp Iy La corymbosa and Acropora jormosa showed a greater 
aftinitv t d . OWar s skeletal phase than their tissue part. in \\'hich .\folltipora 
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efl.peer .., 

digitata recorded the highest load of lead (97 %) within the skeleton. I. 

Psammocora contigua, 96 % of metal enrichment was found withi 
n tf, 

tissue. Among all the species, Porites andrewsi recorded the highe: 

percentage of total Pb in its skeletal phase (98 %). 

Differences in the Pb concentration among the species indicate t~ 

differing selectivity of each metal by various species, on the basis 0 

biochemical utility or toxicity. Lead is accumulated in coral skeleton ir 

direct response to environmental availability, whereas tissue concentrati, 

of lead did not vary over a wide range of environmental a\'ailabilities 

(Esslemont, 2000b). According to Eisler (1981), hard tissues can act as, 
place of lead accumulation. The transfer of lead through tissue in~ 

skeletons suggests discrimination by elimination (i.e. tissue regulation of 

lead concentration) combined with a natural tendency for lead to associate 

and interface with calcium channels (Babukutty, 1991), because the COrl 

skeleton accumulated lead whereas coral tissue did not. Lead will bind to 

metalIothionenin, but also has an affinity (probably higher) for ot~ 

metabolic ligands, often associating with deposited inorganic granules wii 

high concentration of calcium (Brown and Holley, 1982). Exclusion ofl~ 

by the organism would have prevented lead from entering skeletons vit 

tissue membranes (Esslemont et aI., 2000) The enrichment of lead can take 

place in two \\'ays i.e. either by adsorption on the outer surface or b~ 

illcolvoration into the shell matrix. Fcn'cll ct. al. (1973) and Sturesson 

( 1(76) . have explained thc pathway of the enrichment of lead due (0 

" 
surface adsorption. Pb2

' ions can be expected to substitute some (If the Ca' 

ions in the 9 co-ordinate aragonite lattice because lead carbonate (cerrusite) 
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Chemo-variability among the biotic components ----- isostructural (Chester and Elderfield, 1967). Zinc is an 
d aragonite are 

all . I ment for all biological systems (Depledge and Rainbow, 1990). 
'sscntlal e e 
t; Considering the behaviour among the selected species, in Montipora 

" rght excess concentration of the metal was found in the skeleton, 
,ilgtlotO, s 1 

h "t did not show much variation from tissue level. In Lobophyllia 
lhoug I 

I S
a Acropora formosa and Psammocora cOlltigua, highest Zn 

cor)'m 10 , 

concentrations were observed within the tissue than skeleton. Contrary to 

this behaviour, nearly 80 % of Zn was found to be accumulated in the 

skeleton phase of POI'ites andrewsi. Unlike the toxic chemicals that have 

characteristic man-made signature, trace elements like zinc have both 

natural and anthropogenic sources (Babukutty, 1991). 

Coral tissues accumulate zinc in tissues relative to skeleton because 

of its role in various biochemical functions. Considering the selectivity of 

each metal by corals, where metals are conferred into tissue and skeletal 

parts on the basis of biochemical utility, or tissue-metal concentrations are 

modified on the basis of toxicity, instead of being passively transferred 

through tissues into skeleton. The concentration of Zn2
- can regulate many 

metabolic processes through initiation and/or regulation of the activity of the 

metallo-enzymes. Eisler( 1981) observed that accumulation of zinc is 

mediated by many factors including interaction effects with salts of calcium, 

cobalt, iron, cadmium and various organic substances. 

Regarding the variations in manganese concentrations among the 
species high . ffi . " " . er a lI1Ity of the metal towards the skeletal phase was exhIbIted 
hy MOl/lipo' d"" 

la Iglfata, Lohophyllia cOlymhosa, Acropora formosa and 
Ponies I 

CIIU rewsi, among them POI'ites andrewsa exhibited highest skeletal 
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concentrations of Mn (91 %). In Psammocora contigua. about 88% oftl! 

metal enrichment is found within the tissue. 

After Fe, Mn is the most abundant heavy metal in the lithosphere .• 

is an essential non-toxic element involved in physiological, biochemical an 

morphological purposes. Mn concentration was found to be higher in th. 

skeletal parts, except that in PSQm11locora contigua. Since Mn2
+ ion I 

having ionic radii less than that of Ca2
+, it preferentially accumulates in th. 

calcite lattice of coral skeleton. Most metals are probably transferred.~ 

skeletal material from the tissue rather than incorporated into the skeleaa 

mass directly fom surrounding water (McConchie and Haniott, 1992). Mlti 

an essential micronutrient, being involved in many cellular reactions whit! 

involve oxygen (such as photosynthesis) and as an activator of severa 

enzymes, so that mechanisms of Mn assimilation are widespread amongs 

microorganisms. The incorporation of manganese into the lattice strueturl 

could take place by two routes. One is the usual substitution in the calc~( 

which is quite possible in view of he identical crystal structure of calcite 3.!1L 

rhodochrosite(magnesium carbonate). The second pathway of mangane»t 

incorporation is by a geologically improbable inclusion of Mn2
+ into die 

aragonite lattice by biomineralization occuning during shell formatier 

(Rosenberg, 1980). Blanchard and Chasteen (1976) reported the occurrence 

of manganese in the calcite shell of M.edulis. White et. al.( 1977) reportee 

the presence of ~1n2+ in the aragonite lattice of M. arenaria. 

tvln2- and Fe2- are. of course. abundant in terrigcnolls detrituS anC 

secondary calcite (St. John, 1974: Shen and Boyle 1988). The work by Sher 

and Boyle (1988) showed that reports of Mn 2
- in corals in the ppm range arc 
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It of natural or artificial contamination of the samples. They found 8 
the resu 

b Mn in coral aragonite that had been prepared for analysis by ultra-
- 20 pp . 

. designed to eliminate any trace elements not present within the 
cl ean 109 

aragonite itself. 

Tracing the variations of Cd observed among the species, as in the 

case of other metals the skeletal phase of Montipora digitata showed much 

affinity towards the metal. Lobophyllia corymbosa and Acropora formosa 

also showed a similar trend. In Psammocora contigua, nearly 88 % of the 

metal' enrichment was found within the tissue. As in the case of other 

metals, cadmium also showed an affinity towards the skeletal phase of 

POI'ites andrewsi in which 98 % of the metal was distributed in its skeleton 

part. 

The behaviour of the four coral speCIes - Montipora digitata. 

Lobophyllia corymbosa, Acropora formosa and Po riles andreH'sa - points 

towards the fact that skeletons are recommended over tissues for monitoring 

purposes because they represent environmental metal loads more faithfully. 

Tissue metal concentrations appear to be regulated possibly by preferential 

transport of metals into skeletons, or by elimination of metals from tissues. 

High accumulation of cadmium in the skeleton might have resulted by the 

substitution of Ca2+byCd2
+ ions in view of their comparable ionic radii. 

Considering the behaviour of chromium, M011lipora digilaw showed 

highest metal concentrations in its skeleton compared to tisslle. \\-hereas in 

Lohophyllia corymhosa, Acropora for111osa and Psammocora cOllliguo Cr 

showed gr t ffi - - - . ea er a Il1Ity towards the tIssue phase_ Pontes andrcH51 showed a 
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similar pattern of chromium enrichment as that of Montipora digitata 'j 

which metal showed a higher proportions in its skeleton (60 %). 

Concentration of chromium in tissues and skeleton parts of differer 

species varied substantially which may be due to growth factors, irregulc 

distribution of particles or metal-bearing phases in coral colonie 

Biochemical utility and toxicity also modify the distribution strategy ( 

concerned metal in a particular species. 

Characterizing the variations of cobalt among the species, hi~ 

skeletal concentration was exhibited by Lobophyllia corymbosa(9.82m~ 

whereas Psammocora contigua recorded the highest tissue concentra~ 

(8.89mglkg). Regarding the partitioning of metals betv'een the skeletal an: 

tissue parts, the highest partition coefficient 11.3 was exhibited b 

Psammocora contigua in which 92% metal concentration was found in th 

tissue. Among the others, in Porites andrewsi and in Montipora digitat: 

more than 95% metal enrichment was found in the skeletal phase.:iJ 

Acropora formosa and in Lobophyllia coryrnbosa respectively 81.7 " 

86.2% metal concentrations were found in the skeleton. 

Tracing the features of cobalt, it shows an affinity towards.1 

skeleton except that in Psammocora contigua. The increased enrichmemair 

the skeleton, therefore leads to the conclusion that biologically transport 0 

excess amount of cobalt into the shell structure is an active proces~ 

prevailing in the body. Szefer (1986) and Szefer and Szefer (1985) reportet 

on the \'alues of cobalt in the soft tissues and shells of organisms lik: 

\1,edulis.C.glaucum, M.arenaria etc,the levels of cobalt in the shells bein: 

considerably less than that in the soft tissue, 



Among the selected species , the highest skeletal as well as tissue 

t ations of nickel was found in Lobophyllia corymbosa (12.69mglkg 
concen r 

and 
lO.06mg/kg respectively). Regarding the partitioning of metals 

n skeletal and tissue phases. except that in Psammocora contigua, all 
betwee ' 

ecies displayed partition coefficients less than one. indicating greater 
the sp 
affinity of the metals towards the skeletal phase. Amo!1g these, Porites 

andrewsi exhibited the highest percentage (97%). If the organic phase is 

removed, metal concentration in the skeleton would have resulted only 

through physiological or mineralogical processes. During the fomlation of 

shells, any trace metal actively incorporated within the shell matrix, is 

assimilated by the organism (Wilbur and Saleuddin, 1983) 

Relating metal concentration to morphology. 

According to St. John (1974) , the following classification can be used to 

describe various forms of corals. 

1, Massiye corals:- They fom1 more or less thick masses or heads. In 

this study, Porites andrewsi. belonging to fami ly Poritidae comes 

under this classification. 

2. Ramose corals:- They are branching type corals. Psammocora 

contigua belonging to family Siderastreidae, Lobophyllia corymbosa 

belonging to family Mussidae and Acropora Fonnosa of family 

Acroporidae comes in this category. 

3. Foliaceous corals;- they f0n11 thin overlapping sheets \\ith a small 

basal attachment. Montipora digitata of family Fa\'iidae belong to 

this classification. 
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Chapter 3 

Relating trace metal concentration with morphological fie 
at\j. 

highest concentration of trace metal was reported for 

Ramose(branching) type corals - i.e. for Lobophyllia corymbosa \\1-: 

recorded highest concentrations of Cu, Cr, Co, Ni, Pb, Cd and Fe and al~ 

Acropora formosa which recorded highest Mn concentration. Th e (, 
anomaly was in the case of zinc which displayed higher concentration in 

massive form (Porites andrewsi). 

Regarding tissue metal levels, highest concentration for all, 

metals was recorded by ramose type corals ( in Lobophyllia corymbosal 

in Psammocora contigua). Concerning the lowest recorded values.1 

massive fom1 -Porites andrewsi-displayed lowest values for Cu, Ni, Pb.! 

Mn, Cd and Fe. For cobalt, Lobophyllia corymbosa (ramose type) recorr 

lowest value and for chromium this was observed in Montip: 

digitata(foliaceous type). In all the species, except that in Psammoo 

contigua, highest concentration was displayed by lead. 

Increased aquatic activities and number of automob~ 

INEGI, I 997; Munoz Chaguin et.aL,1998) along with sewage dischaJ1 

containing Pb, Cu etc contributes towards lead pollution in· 

environment (Elizalde et. al. 2002). 

Qualitative di fferences in the organIc matrix III addition~ 

\'ariations 111 food, feeding characteristics and colonial grc 

form(St..Iohn.1974) may also be important 111 

het\\ccn, as \\'ell as within each group. 
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Chemo-variability among the biotic components 

------For many organisms, the key determinants that influence metal 

. are the relative amounts of metal present in the environment, 
accumulatIOn . . 

with their chemical form. They may gIve rIse to body 
lO~ether 

~ t' ns in excess of four orders of magnitude above background in 
conccntra 10 

lating organisms, and clearly, detection of contamination should be 
non regu 

. t grossly poIluted sites (Langston and Spence, 1995; Langston and easy a 
Bebianno, 1998). The uptake and elimination of metals are determined by 

biological parameters, which include permeability of external surfaces (and 

modifications caused by secretions), feeding strategies, quantities and types 

of internal ligands, and the efficiency of excretory systems, while body 

weight may be affected by nutritional status and condition, growth (size and 

age), season, and state of reproductive development. 

Statistical Approach. 

Statistical methods applied are 3 way ANOV A (1) for testing the 

significance of the difference between skeleton and tissue of coral species 

with respect to the concentration of trace metals. Having found significant 

differences, students t test is applied to test - difference between metals and 

species (algal as well as coral species) at Lakshadweep Archipelago. The 
s· . fi 
Igm Icant values of '1' are presented in the form of a Trellis diagram in 

each case (Fig. 3.12 to Fig.3.15). 
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Chapter 3 

The concentration of trace metals, in skeleton and tissue of co I 
ra s 

when subjected to 3 way analysis of variance after row and Pt. 
CoL 

standardization showed significant difference between skeleton . 
and h. 

(F(I.32)=382.31, P<O.Ol) and between trace metals (F(8,32) = 40.31, P<I· 

which leads to high significance for skeleton tissue and metal nucl~ 

(F(8,32) = 40.31, P<0.01) which leads to high significance for skeleton . 
,Ih 

and metal interaction (F(8,32) = 29.08, P<O.OI) Species wise difference\ 

not high (P>0.05) indicating that these species accumulate more or r 

same amount of the trace metals in their body parts (Table 3.1). But hi 

on non standardized data between skeleton and tissue the difference \ 

found to be not significant (P>0.05) where as species wise difference, 

highly significant (F(4,32) = 4.4295 ,p<0.05) as indicated by the lit­

diagram for coral species based on trace metal accumulation in skeleton. 

tissue. The difference was very high between the species PS{lmm()( 

contigua and other species (t>5.72) and also between MOlltipora digIt 

and Lobophyllia cOlymbosa (t=3.35) Lobop/7y/lia cOIymbosa and Acrol" 

!ormosa (t=2.28) in the case of skeleton. In the case of tissue, k 

significant difference was observed between all species (t>2.70) exceptt 

between .\1ontipora digitata and Acropora formosa (P>O.05). 
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Chemo-variability among the biotic components ------1 . Distribution of Coral Species with respect to trace metal 
Table 3. . 

accumulation in Lakshadweep 

-" 
~ 

. (a) ~letQ!! .. 
.\loI/1ipora dlgll~ta 
ponres alldrewsl 
/.ohophyllia Corymbosa 
.4cropora Formula 

. Psammocora cOlltigua 
, (b) Tissue 
.\follripora digitata 
Porires {l"drewsi 
Lohophyllia Corymbosa 
.kropora Formula 
PSClmmocora contif!ua 
Trace Metals in Skeleton 
Copper 
Chromium 
Cobalt 
\Ickel 
l.ead 
Zmc 
\1anganese 
Cadmium 
Iron 

!!:!se Metal in T' Co Issue pper 
Chromium 
Cobalt 
\Iekel 
lead 
lIne 
\101 . nganese 

adrniulll ( 

I ron 

I 

Standard 
Coefficient 

Mean 
Deviation Of 

Variation 

5.18 4.08 78.80 
6.67 6.87 103.01 
8.57 7.54 88.03 
5.82 6.93 119.18 
1.12 0.77 69.27 

I 

2.29 5.05 I 220.19 
0.66 0.83 125.77 I 
13.51 18.10 I 134.03 I 
4.12 5.56 

I 
135.13 

7.06 5.97 84.53 

lA6 0.60 41.11 
3.53 1.70 48.22 
5.31 3.07 57.74 
8Al 3.94 46.54 
17.62 9.64 54.73 
1.88 0.54 28.63 
2.67 IAO 52.38 
1.76 0.87 49.40 
6.54 4.80 73.48 

2.20 2.26 102.88 
5.39 5.38 99.87 
2.36 3.31 140.53 
4.74 4.24 89.40 
7.57 7.86 103.77 
3.07 3.20 104.02 
1.19 0.84 ill.93 
0.91 0.82 

I 
90.77 

22.34 21.21 94.92 

I 
I 
I 

I 

I 
I 

I 

I 

i 



CIzapter3 

Also based on non standardized data the difference between metal: 

was also highly significant (F(8.32) = 5.8722, P<0.05) (Table 3.2). This j, 

being represented by the trellis diagram for skeleton accumulation of trac, 

metals (t> 2.31) except that between copper and cadmium; cobalt anc 

chromium; iron and nickel ;iron and lead and between cobalt ani 

manganese which indicate that these metals when compared in pairs hav: 

almost the same average value (P>0.05). In tissues, high difference Wa: 

observed between iron and all other metals (t>3.17) with an average valul 
~ 

of 22.34 for iron where as the average values of the other metals'~ 

between 0.91 (cadmium) and lead (7.57) distribution in tissues was clore 

variable than the skeleton with respect to specie, as well as metals (Table 

3.3). 

Table 3.2: 3 way analysis of variance for Coral Species based on non 

transferred data 

: Sources M.S.S. DOF I F. Ratio 
I (a) Skeleton & 
! Tissue 0.07666 1 i 0.001915 
I (b) Species 177.303 4 . 4.4295 ; 

(c) Metals 235.052 8 5.87224 
(AxB) 132.353 9 
(BxC) 86.004 44 
(AxC) 166.735 17 
AB interaction 120.473 4 
BC interaction 37.3297 32 3.0097 
AC interaction 119.251 8 0.9326 
Error 40.0277 32 2.9792 

-------
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Cltemo-variability among the biotic components --
Table 3.3 :3 way ANOV A table for Lakshadweep Archipelago for Skeleton 
.--- and Tissue accumulation of trace metals. 

'§Ur<2§ Mean sum of Squares d-f F. Ratio 

~ (a) Skeleton and 
34.7064 I I 382.31202 ** 

Tissue , 
0.04988 4 I 0.5'+95 

(b) Species 3.6595 8 I 40.31 10** I 

I (c) Trace Metals 3.9273 9 I 
I I 

I 
(AxB) 0.7205 44 , 

(BxC) 5.0060 17 i 

AxC) 0.09078 32 
Error 0.1099 4 1.2101 I 
AB interaction 0.06954 32 0.7 661 
BC interaction 26.400 8 

: 
29.0802 ** 

AC interaction I 

.... calculated F is significant at 1 % level Df significance 

Allometric considerations 

Allometric relationship between log. weight (both tissue and 

skeleton) vs. log metal concentrations are given in Fig. 3.16 to Fig. 3.19. 
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Chapter 3 
--~-------------------------------------------~ 

Metal concentrations are a function of net metal content, expreS
Stz 

on a weight basis; therefore any change in growth or condition, relative 
It 

net accumulation, will influence measured body concentrations. Indeed 
,0' 

all the biological parameters that affect metal concentrations in organisll1l 

growth, expressed as length, weight, age or some similar covariable, ji 

probably the most extensively studied - a testimony to its importance 

Relationships between metals and growth are often described by one o' 

three general scenarios: concentrations either increase, decrease or 3re 

independent of size / age (Langston and Spence, 1995). 

Relationship can be described using the transformed growth equatior 

as explained Boyden (1977) in illustrating the importance of ?l1ometri( 

parameters on metal concentration as follows, 

Y = aWf3 

Log Y = log a + P log W 

Where Y = metal content 

W = body weight 

& 

a and pare fitted parameters 

If slope f3 = 1, accumulation and turn over of the metal is takin! 

place at a rate that is proportional to growth, implying a connection wilt 

metabolism. If the slopes are < I, accumulation is more rapid on sma\le! 

animals. relative to growth, possibly because of the larger ratio of surfa" 
" 0' area to \'olume. A slope> I suggest net accumulation throughout the lIte' 

. "d ~ the orgamsm, whIch does not reach steady rate: gro\\"th may be rapl 
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Clle11lo-variability among the biotic components ---
ng individuals, effectively diluting metal concentrations, but slows down 

yoU 
\\'ith age and metal is incorporated at a faster rate than new tissue. 

On plotting the logarithm of metal concentrations against logarithm 

of tissue weight, all the 9 metals were found to be exhibiting significant 

negative correlations. The highest correlation was exhibited by Zn (r = -

0.972) and lowest by Mn (r = - 0.526). The other metals showed the 

foIlowing order of correlation, Cu > Cr > Ni > Pb > Cd> Fe > Co. 

On plotting the logarithm of metal concentrations against logarithm 

of skeleton weight, except copper, all the metals were found to be 

exhibiting positive correlations. The highest positive correlation was 

exhibited by Zn (r = 0.784) and lowest by Mn (r= 0.391). 

Metals with slow exchange rate will be more likely to show positive 

correlations with body size (less likely to achieve steady state) than metals 

with rapid exchange rates. Metal accumulation occurs more rapidly in 

smaller, rather than larger individuals leading to negative correlations 

between size and metal concentrations (Langston and Spence, 1995; 

Langston and Bebianno, 1998). Similar slopes may be obtained if 

elimination rates for metals exceed assimilation rates over the organisms' 

life span. 

Very high values of slope (P» 1) is observed for metals in the 

skeleton phases, indicating net accumulation of metals throughout the life of 

the organism, which does not reach steady state. Positive correlation, 

obtained ~o I I I .. . I r meta s suggests t lat meta concentratIOn mcreases wit 1 

Increase' I . . . 
111 t 1e weight of skeleton. In such cases, trace metal accumulatIOn IS 



_C_H&~p~t_~_j5 __________________________________________________ ~ 

proportional to the amount of metal binding ligands in an animal's entir
t 

body (Boyden, 1977; Langston and Spence,1995). 

In the behaviour of accumulation pattern of trace metals in th( 

skeleton, except copper, no generalization can be made for th( 

accumulation pattern of essential and non-essential elements. Essentia 

element, Zn is found be an accumulation pattern similar to that of non. 

essential elements like Cr, Ni, Pb, Cd etc. as reflected in their correlatior 

coefficient. 

This may occur through binding of metals to low molecular weigh! 

cytosolic proteins -metaIIothioneins- which play an active role in 1he 

enhanced enrichment of metals like Cu, Cd, Hg, Zn, Co 'efc 

MetaIIothioneins have a high affinity for these metals and it is generaU) 

accepted that the binding of these metals to metaIIothionein constitutes a 

metal detoxification (Klerks and Bartholomew, (1991). 

Zinc and cadmium are more bioavailable to invertebrates at lower 

salinities. In the pattern of accumulation of Cu, a negative correlation wm 

obtained, r = -0.617. In the case of metals exhibiting a negative correlatior 

with mass it is expected that these metals are mainly accumulated f(il 

adsorption of dissolved ions, with uptake proportional to the number 0: 

surface ligands (Phillips, 1994; 1995). Non-essential, particle-reactive trac' 

metals like lead have an accumulation pattern directly from dissolved phase 

while essential elements like copper and zinc are more likely to b. 

accumulated from food. Sediment/detritus feeders are exposed to metal 

both in solution and through ingestion of metal-enriched particulate materi, 

(Louma.1983). 
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In tissue phase, highest negative correlation was exhibited by Cu and 

Zn( r == -0.904 and -0.972 respectively)almost near to I, which indicates the 

fact that accumulation and turnover of the metal is taking place at a rate that 

is proportional to growth, implying a connection with metabolism. 

Interpretation of concentration ranges for the essential metals (eg:- Cu and 

Zn) can be complicated by regulation, coupled in some cases with the 

presence of inherently high tissue burdens. Lattice incorporation of metals 

like Cu, Zn etc is totally unexpected in view of the incompatibility of their 

effective ionic radii identical to that of Ca2
- If metal assimilation is most 

rapid in small individuals, negatively sloped correlations would, atypically, 

be observed when otherwise stabilized populations are exposed to short­

term pollution events (Langston and Spence, 1995). Non -essential elements 

like Cr, Ni, Pb etc.,showed a similar trend as that of essential elements like 

Zn and Cu, by exhibiting comparatively significant negative correlations (r 

= - 0.866, -0.837 and -0.802 respectively). Though the correlation 

coefficients for other metals were not so as high as in the case of above 

mentioned metals, Fe and Cd exhibited a similar tend of accumulation, so 

also Co and Mn, as depicted in their correlation coefficients. 

There is a chance of submarine prccipitation of carbonatc 111 the 

porous inner corallum of living corals presumably by inorganic means 

(Hubbard, 1971). Therefore, these mechanisms tend to incrcase the trace 

mctal abundances in skeletons of corals after its deposition by living coral. 

There is every possibility that,· these mechanisms would operate morc 

effectiycly in massiye corals. 
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Correlations between flesh density and partition coefficients. 

Correlation between flesh density and partition coefficient are giver 

in Fig.3.20 to Fig. 22. 
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Chemo-variability among tile biotic components ---
In an attempt to correlate flux density with partition coefficient, the 

following results were obtained. Flux density (FD) is defined as the ratio of 

tissue weight to skeleton weight of a particular species. 

Flesh Density (FD) Weight of tissue 

Weight of skeleton 

Partition coefficient KD, is defined as the ratio of concentration of 

metal in the tissue to that in the skeleton. 

Partition coefficient (KD) = Metal concentration in tissue 

Metal concentration in skeleton 

The FD, showed a wide variations among the skeleton species, and 

no correlation was found in the partitioning of tissue and skeleton phase in 

all the species. 

On plotting log F D against log KD, all the nme metals exhibited 

negative correlations and the significance of their correlation coefficients 

are in the order, Zn>Cr>Cu>Ni>Pb>Cd>Cu>Fe>Mn 

Here also, a clear distinction cannot be seen m the behaviour of 

biologically essential and non-essential elements. The correlation 

coefficients of Cr, Ni and Pb were comparable to that of eu and Zn (i.e., 

biologically essential ones). Whether it is an essential or non-essential 

element, with increase in tissue weight, the preference of metals to\\'ards the 

tissue phase is found to be decreasing, indicating a regulation in tissue metal 

burden beyond a certain limit. If the renewal of new tissue is taking place at 

a faster rate than metal incorporation, it can effectively dilute metal 

concentration to a considerable extent. The rate of gro\\·th of an invertebrate 

may be so high that growth "dilutes' the metal content ,itself increasing with 
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time, preventing any Increase In metal concentration (Rainbow, 199;i 

Langston and Bebianno, 1998; Mohapatra and Rengarajan, 2000).~ 

depositional behaviour of tissue bound metals is related to metabolism ~ 

growth effect of the animals, whereas the skeletal accumulation is more I~ 

governed by deposition of metals on the skeletal part due to anthropogeny. 

input or it can also be due to competitive interactions between metal iO
It 

having radii similar to Ca2
+ to get substituted for it in the calcite or aragonih 

lattice of the coral skeleton. 

Correlation between partition coefficients of different metals 

Correlations between partition coefficients of different metals an 

gIven In Table 3.4. Considering the correlation between partition 

coefficients for different metals, Cu was found to be exhibiting a significant 

positive correlation with Zn (r = 0.979) which is in agreement with the fact 

that these two metals are active ingredients of many of the enzymes 

involved in metabolic functions and both are considered as essential 

elements. Copper also exhibits, a positive correlation, though not high (r: 

0.629) \vith Cr, this indicates a similar pattern of enrichment for a 

biologically essentially element (Cu) and a non-essential element (er). 

Except with iron. chromium exhibited significant positive correlations with 

all the metals, the decreasing order of correlations \\'ith di fferent metals is as 

follows. 

Ni>Cd>\1n>Pb>Co>Zn>Cu. 

Cr exhibited a pattern of accumulation similar to that of other noO' 

essential elements like Ni, Cd, Pb and also with that of essential elements 
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Chemo-variability among the biotic components ---
like Zn, Mn, Co, Cu etc. Co also displayed very significant positive 

correlations with Ni, Pb, Mn and Cd in which r-value is close to 0.99 in all 

the cases. Concerning the behaviour of Ni, it is also exhibited coefficients of 

correlation close to 0.99 with Pb, Mn and Cd. 

Considering the correlation of Pb with other metals, it displayed 

coefficient of correlation close to 0.99 with Mn and· also with Cd. In 

general,zinc,cadmium,copper and iron are concentrated in the soft organs of 

teleosts such as liver,kidney,spleen,heart,gonads whereas lead and 

manganese are concentrated in body organs such as gill, backbone and tail. 

The turnover of lead in the mucus covered tissues such as gills and intestine 

is a result of lead complexation with mucus. Mn exhibited a significant 

positive correlation with Cd (0.999). 

Among the 9 metals, the accumulation pattern of iron was entirely 

different from that of other metals in the fact that it displayed almost 

insignificant correlations with other metals. This means that in all the 

species, mechanisms of iron incorporation is quite independent of the 

behaviour of other trace metals. 

TRACE METALS IN SEA WEEDS AND SEAGRASS. 

Fig. 3.23 shows trace metal distribution in seaweeds and sea grass. 
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Fig.1. Trace metalllMtls il algae species from lI~archepelagO 

Fig. 3.23.Trace metals levels in seaweeds and seagrass 

The plant life in the sea is extremely rich and some exploitation of 

these resources has taken place over hundreds of years. Seaweeds belong to 

a rather ill defined assemblage of plants known as the algae. The term 

"seaweed" itself does not have any taxonomic value, but is rather a popular 

Icnn used to describe the common large attached (benthic) marine algae 

found in the groups chlorophyceae, rhodophyceae and phaeophyceae or 

green, red and brown algae respectively. The algae differ from the higher 

plants in that they do not possess true roots, stems or leaves. 
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In the primary classification, the algae are defined into 15 classes, 

excluding the Cyanophyceae (blue-green algae) which are true prokaryotes. 

Of these 15 classes, three are represented by macroscopic fonns, 

present in sufficient quantities in nature to have direct commercial 

importance. These are the chlorophyceae, rhodophyceae and phaeophyceae. 

The other classes are principally planktonic (unicellular or colonial), and 

with the exception of the 'food chain groups', the diatoms 

(Bacillariophyceae) haptophytes (thaptophyceae) din flagellates 

(dinophyceae) and planktonic chlorophyceae have no commercial 

importance. 

Whilst the impacts resulting from the discharge of anthropogenic 

wastes into marine habitats are often assessed by the changes that occur on 

the receiving environment, i.e., biomonitoring studies, such studies provide 

no infonnation on casual associations between biota and the pollutant(s) 

induced stress (Burridge and Bidwell, 2002). 

In attempting to elucidate or model the mechanisms of impacts 

identified in biomonitoring studies, investigators must ine\"itably select to 

identify species specific responses which may base led to population and 

community impacts (Rainbow, 1993; Phillips, 1995). 

Phillips (1990) has associated the use of macro algae as indicator 

organism for depicting the metal levels in a given milieu. Several 

imestigators subsequently has sho\\"n that use of marine algae as in 

indicator of heavy metal levels gives at least a qllalitativ~ picture of hea\"y 

metal contamination in the area of study (Bryan, 1969; Preston et aI., 19-:-2; 

Fuge and .lames, 1974; Morris and Bale, 1974; Foster, 1976: \1elhuus et aL 
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1978; Shiber and Washbum, 1978; Munda, 1978; Sivalingam, I 9~ 

Phillips, 1995). 

I 

Trace element concentrations In seaweeds vary according to ~ 

species (Black and MitchelI, 1952) and may be considerably higher lha: 

concentrations in the surrounding sea water (Black and Mitchell, 1952 

Bryan, 1969). The sea weed's response to environmental trace elernen 

concentration led Preston et al. (1972) to exploit them as indicators 0: 

pollution in coastal waters around Britain. Butterworth et al. (1972) an: 

Nickless et a1. (1972) used fucoid sea weeds to demonstrate industrial heaV\ 

metal pollution of Bristol Channel waters. Published information indicate! 

that brown sea weeds are lInable to regulate trace element uptake 

Concentrations in the algae depend upon absolute and relative 

concentrations in the surrounding sea water (Young and Langille, 1958. 

Fuge and lames, 1973). Species belonging to class Rhodophyta (red algaei 

and Phaeophyta(brown algae) have been selected for study. 

From rhodophyceae the following species were selected. 

I. Laurencia papillosa (Forssk) Gravel. 

") Jania adhaerens Lamour - a coralline alga. 

3. Gracilaria cylindrical. 

4. Gracilaria crassa Harv. 

5. Hypnea muscifonnis. 

Sargassum tenerimum has been selected fromPhaeophyceae. 

The seagrass species selected was Thalassia hemprichii(Ehrenberg)Aschef. 

belonging to family Hydrocharitaceae. 
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Chemo-variability among tile biotic components ---
'ng the variations in trace metal concentrations, all the species showed 

TraC1 

ater affinity towards the essential elements , i.e. Fe, Mn, Zn and 
a gre 

Discussing the enrichment pattern of this metals among the species, 
Cu. 
Gracilaria cylindrica, Gracilaria crassa, Hypnea musciformis and Jania 

(all belonging to Rhodophyceae) showed a similar pattern .Among the 
sp· 
members of Rhodophyceae , the behaviour of Laurencia papillosa was 

different in the sense that it displayed higher affinity for zinc than for 

manganese. Discussing about Sargassum sp. cadmium and nickel displayed 

much higher concentration than the essential elements copper and cobalt. 

The highest concentration of cadmium displayed by Sargassum sp. indicates 

the usefulness of this species as an indicator towards metal pollution. One of 

the salient features observed was that the concentration of lead was below 

the detection limit in all the species irrespective of their classification. 

Chromium was also detected in a single species namely, Gracilaria 

cylindrica. In Hypnea musciformis and in Gracilaria crassa nickel and lead 

was below the limit of detection. In the case of cobalt. concentrations were 

displayed by the two Gracilaria species- G. crassa and G. cylindrica- and 

Sargassum sp. Brown seaweeds are being used in the coastal environment as 

metal pollution indicators (Phillips, 1990). 

Generalizing the behaviour of trace metal accumulation by different 

algal species. it can be seen that a clear distinction bem'een the biologically 

aCll\'C or the so called 'essential elements' and the biologically inactive 

elements or non essential elements. The distribution pattern of Fe. Mn and 

Zn is exactly the same in all the selected species. \"hich showed first 

preference for Fe, followed by Mn and then Zn. The next preference was for 
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Cu in all the species except in Sargassum. Seaweeds from other troPic~ 

areas exhibit a similar trend (Sivalingam, 1978; Rao Kesava and Indusekhar 

1986; Ganesan et aI., 1991). After Fe, seaweeds concentrated \, 
IVln 

confirming the view of Zingde et al. (1976) who reported that seaweeds a 
It 

better representatives of manganese in seawater than other organisms. Algal 

accumulate sediment borne metals by scavenging the available resource~ 

from surface sediments (Luoma et aI., 1982). The high Fe concentratior 

encountered in all the sea weeds as compared to the other trace metals e.g 

Mn, Zn and Cu, is probably due to cumulative effects of several factors: the 

established need of iron for normal growth of marine plants (Goldberg. 

1952) ability of most algal species to biomagnifying iron from the 

surrounding environment and contamination from industrial and other 

operations (Eisler, 1981). Seaweeds accumulate certain metals more than 

their body requirement (Eisler, 1981; Rao Kesava and Indusekhar, 1989) the 

reason for such accumulation is unknown. It is possible that major part of 

the trace metal enter complexation with algal polysaccharides in cell walls 

and small amount is (actual requirement for biochemical budget) stored in 

vacuoles. granules and inter and intra cellular fluids (Weissner,1962 

Okelly.l974: Manel)' and North ,1981). Liberation of free ions \\'hich are 

toxic, from such complexed form may not be possible during the life time of 

the sea\\'eed (Rao Kesava and Indusekhar, I 989). 

Algae in general, accumulates Cu and Zn readily from sea\\'ater (Ho. 

1988). \1n. Fe. Zn and Cu arc essential micronutricnts which mav limit algal 

growth (Lobban et aI., 1985). It sccms that tropical seawecds tcnd tD 

accumulate more Fe than Mn, Zn and Cll. In tcmperate regions. uptake oi 
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Chemo-variabilityamong the biotic components ---
and other metals is less because of reduction of photosynthesis due to 

Zn 
short day length and low light intensity (Bryan, 1969). Cu and Zn 

concentrations of the seaweeds analyzed in the present study are less than 

maximum permissible limits prescribed for seafood for human consumption 

(10 ppm, 50 ppm respectively) in India (FAO, 1983). 

Anyone who spends time in and around tropical manne waters 

cannot help but notice the vast meadows of underwater plants that typically 

occupy much of the shoal area. Viewed from above the water, the vegetated 

patterns of green reflect the plant community's sweeping systematic 

structure. While perhaps initially drawn by the beauty of these vegetated 

environments, it does not take an expert's eye to see that these are also 

important habitats, which nourish, protect, and congregate their abundant 

tropicai animal resources (Kemp, 2000). Seagrasses are becoming widely 

used as in situ indicators of the relative health and condition of subtropical 

and tropical estuarine ecosystems. 

Seagrasses are a vital component of manne ecosystems and are 

present in most shallow coastal waters throughout the world (Kurz et aI., 

2000). Monitoring seagrasses (including all forms of submerged aquatic 

\'egetation (SA V) is rapidly becoming one of the foremost methods to 

detennine the overall health and condition of the aquatic environment 

(Dennison et aI., 1993; Stevenson et aI., 1993). Seagrasses have shown 

particular promise on detecting specific factors that may influence both 

short and long tenn changes to near shore aquatic ecosystem (Bortone and 

TUrpin, 2000). Conceming the behaviour of 9 metals studied in the selected 

seagrass species, three metals, namely chromium, cobalt and lead were 
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below the limit of detection. Among the other metals, iron eXhibited' 

height concentration (173 mg kg -I), followed by manganese (26 mg kg'I)~ 
Various metals exhibited the following decreasing order 

t 
concentrations, Fe>Mn>Cu>Zn>Cd>Ni 

The levels of biologically active or essential elements like Fe \, 
• l~l 

eu and Zn etc. were higher than level of biologically inacti\-e or nOt. 

essential elements like Cd, Ni, Cr, Co and Pb in which the last three rnetat 

were below the detection limit. Heavy metals are incorporated into sea~ 

leaves and vascular tissue from either the water column or the sedimen 

(Lyngby et aI., 1982; Ward, 1987). Mechanisms of accumulation and Ilk 

contribution of seagrasses to heavy metal cycling have been documented It. 

many studies (Lyngby et aI., 1982; Ward et aI., 1986; Schlacher-Hoenlinge 

and Schlacher, 1998), but less is known about the physiological effects o! 

heavy metal accumulation (Macinnis Ng and Peter, 2002). As the majO! 

anthropogenic contaminants of estuaries, heavy metals are of considerable 

concem to coastal resources managers (Kirkman and Kirkman. 20(0) 

Heavy metal contamination comes from urban run-off. industrial effluents. 

mmmg operations, atmospheric and agricultural acti\-ity (Batley. 1996: 

Haynes and Johnson, 2000). Heavy metal uptake in seagrasses is mosrt) 

controlled by exposure concentration (Fabris et al., 1982; MaIea et at. 

1995). and follows a passive surface area dependant process (Ward. 1989). 

Metals will be concentrated by seagrasses when the contaminant is 

released steadily, but when a pulse event occurs, there is a period of rapid 

uptake through the leaves, after which heavy metals are largely remo\-cd b) 

\\-ashing from sun'ounding waters (Schroeder and Thorhaug. 19S0)' \Ietals 
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~d.X •. ' .... -----------(C];It;,en;;;IO~-l;:)a~riability among lite biotic componenb -----
Zn 

Cd, Hg, Pb and Cu interfere with pigment biosynthesis 01 
Ii~c ' 

as
ses thereby reducing the chlorophyll content (Clijsters and van 

scagf 

h 
1985; Prasad and Strzalka, 1999). Lower concentrations of copper 

'\SsC e, 
. . c are capable of imparting on the photosynthetic activity of seagrass 
and zJO 

. .' f the seagrasses are only exposed to the metal for a short period 
e\en 
I Macinnis Ng and Peter, 2002). 

Statistical approach 

In the case of algal speCIes significant difference was observed 

between species Laurencia papil/osa and other species,i.e. sea grass (t = 

2.3 I), Sargassum (t = 2.27) Gracilaria (t = 2.94) and Hypnea muscifom1is (t 

= 2.62). Non-significant differences were more than that of significant 

differences indicating that most of the species accumulate almost the same 

level of trace metals except the few cases mentioned above. On comparing 

between trace metals the accumulation quantity was highly significant in all 

cases (1)3.05) except that between nickel and cadmium (t<2.18, p>0.05) as 

II1dicated in the trellis diagram for algal species and for trace metals (Fig. 

).24 and Fig. 3.25). 
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Fig.3.24 

Fig. 3.25 
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flERMOMETRY 
Si'lt:

IlOT 
Smith coined the term "sclerothemometry" to indicate the 

In 1979, . 
Sr:Ca ratios of coral skeletons for the measurement of 

. InCSS of 
\i,el

u . short it is the thermometry based on the use of corals. An 
ralure or to 

:(1TlPC . hip was found between Sr/Ca ratio and water temperature 
In\(fSC relal10ns . . 

I 1977; Schneider and Smith, 1982; Shen and Boyle, 1988; 
I UOUCk et a ., 

1 1990' Naqvi,1991). 
llrut eI a., ' 

Variations in the Sr/Ca ratio of coral skeletons of reef 

""tldang corals have the potential to be used as a recording thermometer, 

\lhcn combined with the chronological record preserved in coral density 

band (Saqvi. 1991). Incorporation of calcium into the coral mainly takes 

place organically but it goes into skeleton inorganically as well. The main 

sIte for strontium into the corals is in the aragonite lattice. It substitutes for 

c.1icium (Wolf et aI., 1967). Magnesium occurs mainly in aragonite lattice 

"ut 25 % of it found in adsorbed sites and inorganic compounds (Amiel et 

.ll. \973). XRD diagrams of the skeletons of the coral species are given in 

hg. 3.26 which requires more investigations to elucidate conclusive 

~t.ltements. 

Since carbonate fraction is a product of the environment, the 

\ analtons observed' th '11 fl h ... d' . 
In em WI re ect t e preCIpitation con ltIons 

I'rcvailing in th I c agoon (Naqvi, 1991). In shallow marine environments, 
I\!CC'Pllation of C CO 

a 3 can take place both organically and inorganically, in 
\\ hlch ara' . . 

gontte precipitation is influenced by chemical processes (i.e. 
I~n-

t""aturc. pH, ('O~) 
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Chapter 3 

Strontium is a major component of seawater present' 
In con 

7.9 mg kg- 1 and is the major constituent of Ca and )... C~'l 
lVlgc~ 

positive correlation was reported between Sr and Ca in van' . . 
ous Sed 

environments (Veeh and Turekian 1968; Goldberg 1957' p l~ 
, ,aropkan 

?\J"aqvi, 1991). Both strontium and calcium occur in similar v I 
a ence 

they passes similar ionic radii (1.13 AD and 0.99 AD resp . sta,. 
ecttvelv, 

seawater temperature prevailing during the coral growth can be . 
ca~ 

using the equation (Smith, 1979), 

I Sr/Ca X 10-' - 10.94 - 0.070 T"c ] 

The resolution of this Sr thermometry is 1.5 ± Qc. 
The incorporation of Ca and Sr in the coral skeleton d~ 

only seawater temperature, but also on various factors like light inl~ 

nutrient supply etc., This study is only a preliminary one i.e. an altemr 

been made to trace out the environmental record of temperature prescfl~ 

these coral skeletons during their growth. To assess the usefuln~ ~ 

thennometry in recording seawater temperature, one must also talc 

account the growth rate effect (Schneider and Smith, 1982). So we nc:s 

. . I ariatiolti 
extended study to make It useful a recorder of envIronmenta v 
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drewsa 
1'",1(5 an . ' 

Cltemo-variability among tlte biotic components 

Sr/Ca X 10-3 Calculated Temperature 

8.98 28.0° C 

8.86 
..nnrafiormosa 

~~0~'-~ ____ --------------------------------------------------
En\'ironmental records preserved in the skeleton of massive Porites 

ha\'e been retrieved previously using variations in chemical 
.:llloOlCS 

composition (Schneider and Smith 1982; Isdale, 1984; Shen et aI., 1987; 

1~4 et al. 1989; Linn et aI., 1990) and isotopic ratio (Druffel, 1981; 1982; 

(lruffel and Suess, 1983). These studies indicate that anthropogenic 

tnt1ucr.ces can override the natural rhythmic periodicity of climatic events 

(Rasmussen et al., 1992). Interruption to the natural, chemical and 

morphological structure of the skeleton chemistry, as well as changes to the 

m;cmal and external architecture of the coral skeleton. 

Aragonite forming in seawater, either biogenically or by inorganic 

precipitation. incorporates amounts of trace metals into its crystal structure. 

Because of their concentration in seawater, and their compatibility with the 

mstal structure of the aragonite, these include strontium, lead and barium. 
T he elUe t • h 

n ot t e uptake of the various elements by inorganic aragonite will 
he a funct' Ion of trace el ' , . .. . ement activity relative to calcIUm 111 the enVIronment 
th1m "'1'1 .. lie 1 the k I ' 
the' S e eton IS deposited, the temperature of the water in which 

311101al Il\es ' '" 
O!· the ' , ,a species effect perhaps related to the microenvironment 

h\'In~ or . . 
4.~ tI - gantsm, Its feeding habits, and mode of skeleton construction 

le salInity of th 
. e water column (Houck et aI., 1977; Smith et al., 1979; 
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Uidpref3 

Shen et aI., 1987; Linn et aI., 1990; Rasmussen, et aI., 1992; Esslen; 

1999); so that all fluctuations in the seawater column affecting th fi 

e aetil_ 
of the competing chemical species should be reflected in the ehen-, 

composition of the aragonite skeleton. 

Various trace elements (e.g., strontium, magnes' IUm, sOd:. 
potassium, iron, barium, cadmium and lead) incorporated into b' 

109!:" 

carbonates at the time of deposition have been used as proxy conditl'o ns·, 
number of paleo-environmenta1. parameters including oceanic tempetalit 

salinity, nutrient concentration, and rainfall timing and intensity (DllJfi~ 

1981; 1982; Isdale, 1984; Druffel and Suess, 1983; Linn et al.. I~ 

Bastidas and Garcia, 1997; Esslemont et aI., 2000). 
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--- CHEMO-VARIABILITY IN ABIOTIC 

COMPONENTS - NUTRIENTS 

I' TROPl~CTION 

.A. nutrient element is defined as one that is functionally involved in 

~ JWOCcsses of living organisms (Parsons, 1975). Thus, anything besides 

uln and CO] that is required by plants in the synthesis of organic matter or 

\ldctal materials is regarded as a nutrient. Although nitrogen is usually 

,-.,Mined to b~ the nutrient limiting primary production in marine and 

c~ual systems (D'Elia et aI., 1981; Thingstad et a\., 1998), the evidence 

~. ttus IS meet as strong as the evidence that freshwater tends to be p_ 

~:ttd cClaudia ct aI., 2002). 

SInce the industrial revolution, the Nand P contaminations of 

·.a!~al S\"Stems h b h' 
. . ave een \ghly correlated with human activities-

,r.! aln~1. a~ricuhural d 
- an sewage from population contributed to the 

~~-dtmcnl Itl natural 
1# .. < Waters (La Jeunesse et a\., 2002). Chancres in both 

.. 'ut(' .m(1 . :;, 
relatIve conce t' . 

.,..: . at' n rations of mtrogen and phosphorous are good 
, .'ft\ nf Ih . 

. c mtcnsity of cut h' . . 
., ... ~'(lttt. rop Icatlon process and of dIsturbances in 

~ of these cle . 
• '.~~ " ments (Nlxon et aI., 1986' Lucena et al .. 200_",' 

. -''(12) The. ' 
excessIve inputs f . 

o nutnents such as nitrogen and 
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phosphorus to water bodies causes eutrophication. These accum I ' 
. . U atl()nt 

to Increase algal growth and dIsturb the natural balance that e' ' " 
, X1Sts i 

water bodies (Diaz et ai., 2001). n" 

Human perturbations of the global nitrogen and phospho 
rus c\, 

are widespread and dramatic. Through the production of fertilize .' 
rs, hu~ 

have doubled the rate at which nitrogen enters the biogeochemical 
cYcle 

land. Increasing transport of Nand P in rivers has shifted manye 
stua; " 

and coastal ecosystems to a condition of deficiency (Justic et aI., 1995) 1 

these changes indicate the effect of a single species - the human 

upsetting a steady state in global nutrient cycling 

Nutrients regulate biological processes by limiting or enhanc::, 

organic production in almost all types of aquatic environments (Redfiek: 

ai., 1963). The study of nutrients in the dissolved and sedimented for. 

would help in understanding the potential availability of life supponl~ 

elements in any particular region of the aquatic system (Klump and Maner: 

1983). Quantitative and qualitative studies on nutrients are important I.' 

understanding the basic processes governing the distribution 1, 

biogeochemical cycling of nutrients (Nair, 1990; Khelifi et aI., 2002), 

From molecules to whole ecosystems, the movement of N. P a~ 

are strongly linked in biogeochemistry (Reiners, 1986). For both Nand P 

small biogeochemical cycle with relatively rapid turnover is coupled l<' 

, d Rainlba~ large global pool with relatively slow turnover (MOlltln an 

2002). For P. the large pool is found in unweathered rock and ~ 
, 11' CS.;·ll:' 

(Gutschick, 1981). In general, the transfonnations of biolog1ca ) . 
bsC4jll( 

nutrients depend on internal rates of organic production and sLl 
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.. n (Bloesch et al., 1977). Experimental evidences also indicate 
, . I11pOSIUO 

.1(\.0 . logical reactions can also contribute to the control of nutrient 
oo-blO 

-hat 0 . . . 
. '(Pomeroy et al., 1965; LISS and Spencer, 1970; Sholkovltz, 
JlstnbUtlOO 

~ ,\1orris et al., 1981). 
It},b. ' 

Nitrogen enters rivers estuaries, and coastal marine ecosystems from 

I 
and in many cases, anthropogenic sources throughout their water 

nJwra • 
shed and air sheds (Seitzinger et al., 2002). Because nitrogen is the primary 

. t limiting resources for plant, algal and microbial production in many 
nutnen 
man ne and some freshwater environments, increases in nitrogen inputs can 

markedly alter those ecosystems (Ryther and Dustan, 1971; Vitousek and 

Ho"arth. 1991; Co le et al., 1993; Caraco and Cole, 200 I) 

The most abundant form of nitrogen at the surface of the earth i.e. N2 

15 the least reactive species. Nitrogen fixing species use most abundant in 

mtrogen-poor habitats, where their activity increases the availability of 

mtrogen for the biosphere. At the same time, denitrifying bacteria return N2 

10 the atmosphere, balancing the overall stock of nitrogen available for life 

on eanh. A large number of biochemical transformations of nitrogen are 

possible, since nitrogen is found at valence states ranging from -3 (in NH3) 

to ... 5 (in N03' ). A variety of microbes capitalize on the potential for 
Irans~ . 

OrmatlOns of N among these states and use the energy released by the 

changes in redox potential to maintain these life processes (Rosswall, 1982; 

Anu Gopinath et.a!., 2002). In living tissues, nitrogen is an integral part of 
CIII.\1l1es h' 

• ,W Ich mediate the biochemical reactions in \\'hich carbon is 
reduced (' " . ., . 

I.e. photosyntheSIS) or OXidized (respiratIOn). The world s oceans 
rccci\e ab 

out 36 x 10 12 g N yr'l in dissolved fon11s in ri\"ers. about 15 x 10 12 
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g N yr-l VIa biological N-fixation, and about 30 x 1012 

precipitation (Duce et aI., 1991). g ~ '" 

The major processes by which nitrogen is brought to th 

atmospheric precipitation, volcanic activity and co t' e >::. . 
n Inental dr ,., 

whereas. the process involved for the nitrogen removal a I 
re oss ! 

marine sediments, migration of marine animals and loss of' .' :. 
nttrol!t'T' ' 

atmosphere (Martin, 1970). In addition to the regeneration a d ~ " 
n dlSSo":' 

processes involved in the nutrient cycles of phosphorus and ~ 

nitrification, denitrification and fixation processes are also in\'ol\'~ ~ . 

nitrogen cycle. The biogeochemical cycling of nitrogen is of a c~ 

nature because of varieties for chemical forms (species) in wlu~, 

nitrogen IS available for biological unitization. These inpu!\ r 

comprehensively discussed in framework of the nitrogen cycle by \,L 

and Ryther (1960). All the species have significant role in the r:,r 

environment; nitrate and nitrite accounts for about 63 % of the !o.~r.~ 

combined nitrogen (Martin, 1970; Ryther and Dustan. 1971). ~1!"1! 

formed as an intermediate in the oxidation of ammonia to nitrate (f '1' 

reduction of nitrate. The factors, which influence the availability 0(1(" 

forms of nitrogen for biotic uptake is most important which in-tum~'" 
. . The n'"'' 

upon the concentration of the particular speCIes of nItro~en. . ,... 
.' h he other It'' 

usually present in lower concentratIOns \11 the sea t an t 

combined inorganic nitrogen. , (" 
. ,]h stalll" . 

l\itrate is the most abundant and thcrmodynaJ11IC- . ~. ! 

Furthc:r .. ' 
combined inorganic nitrogen in \veIl oxygenated seawater • 111 sf)" 

. SCJ\\ at~r 
the final oxidation product of nitrogen compounds III 
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~ . 11" d' . d to be the micro-nutnent contro mg pnmary pro uctlOn 
onsldere 

~"JIC IS c. f< ce layers; concentration in these layers is governed by 
hOuc sur a , 

;!. \tIC euP port of nitrate into the surface layer, the microbial 
\'cctive trans 

~ ,d monia and the uptake by primary producers (Grasshoff et 
.\~Ion of am '" 
" . . fication is also observed m ocean sedlments, Christensen et 

'.w9). Denltn 1 

~ • . ate that over 50 x 1012 g N yr'l may be lost from the sea by 
\987a) esum 

io I d nitrification in coastal regions. Phosphorous appears to be the 
~rncntary e 

t 'ent most often found in wetlands, estuaries and coastal areas 
;;!!Itlng nu n 
. 1984' Harrison et.al.,1990; Pardo et aI., 1998; Kleeberg, 2002; 
~m. , 
~aftlpltl and Maine, 2002; Qui et aI., 2002).The global cycle of P is unique 

1l!)Or.~ the cycles of the major biogeochemical elements in having no 

I.r:lunt gaseous component. The redox potential of most soils is too high 

.... ~ilo\\ for the production of phosphine gas (PH3) (Bartlett, 1986), except 

~ \ay specialized, local conditions (e.g., Devai et aI., 1988; Devai and 

:~ Uune. \995). Unlike transfers in the global nitrogen cycle, the major 

Io:>CC( of reactive P in the global P cycle is mostly provided by microbial 

"'U.;tKmS. ~early all the phosphorus in terrestrial ecosystem is originally 

~\cd from th h' e weat enng of calcium phosphate minerals, especially 
~11( lCa,(po ) OH) T . 
• . 4 3 . he malO flux of P in the global cycle is carried by 
'a.'4hlchtrans rt b 12 1 

po a out 21 x 109 P yr" to the sea (Meybeck, 1982). 
Phosphorus I' d . . 

s eposIted In ocean sediments which contain the 
·If IiCl: hos ' 
: M.4....~ phorus pool near the surface of the earth. About 2 x 1012 g P ~'I""1 

--..qJ to ~aA' 
~Iments f h 

.-: '~t 0 t e open ocean - roughly equivalent to the deli\'en' 
1\( P t h . 

o t e oeea b . 
~i..'\< ns Y rivers (Howarth et aI., 1995). During sediment 

J~. org , 
anle_ and F b 

e- ound P are converted to phosphorite 
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(authigenic apatite) and other minerals, which may ulti 
mately do . 

P storage in sediments (Ruttenberg, 1993a' Filippelli d rnl~ ~ 
, an Delancv ' 

Rasmussen, 1996). Phosphorite is formed when PO 3- .. !'f~ 
. .. " 4 prOduced f1 

mmeralIzatIon of orgamc P combmes with Ca and F t {; ~ t. 
o orm Ouro 

(Ruttenberg and Bemer, 1993). Only about 10 % of this fl . a;:,. 
ux IS POI ' 

available to marine biota; the remainder is strongly bound t . en. 
o SOIl Par 

that are rapidly sedimented on the continental shelf. I:. 

Relative to N, the global cycle of P turns very slowlv. T1.. 
• ' 11C !'t1ll 

residence time for reactive P in the oceans, relative to the input I' 
n ",e-.t 

the loss to sediments, is about 25,000 years (Ruttenbero . 1993b' F"' 
~" • It~ 

and Delancy, 1996). Thus, each atom of P that enters the sea may COft.:\l! 

50 cycles between the surface and the deep ocean before it is ~. ( 

sediments. All forms of buried phosphorus complete a p~ 

biogeochemical cycle when geologic process lift sedimentary rocks tr:<" 

sea level and weathering begins again. 

The rate of transfer of phosphorus form sediment to water and "I.' 

is controlled by numerous physical, biological and chemical factors: I,",~ ~ 

depends marginally on the concentration gradients between the IWO ~.:t 
Co d' •• h\'sical catah~' ; (Golterman. 1995). The surlace se Iments act as a p _ . 

. . h I atc conccnrt1' releasing or trappmg phosphate dependll1g on the p osp 1 

in o\'erlying waters (Nair, 1990; Bonetto et al..1994; Klccbcrg. 2002) " 
. cc oia n,' 

Ever since Charles Da[\\'in. the enigma of the CXlsten 
d..nlc.;· . I . ic waters '"r" 

on coral reefs surrounded by surface ol!gotrop 11C ocean •. \'1-" 
... (Jl~ 

. . d "~sli,'atton-
nutrients became a point of heated dISCUSSIons an 111\ l: :; ,I 

19')1: . .\(kll" 
et. a 1.. 1984; Wiebe, 1988; Atkinson . 1992: Caponc ct a!.. -
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~ Forrester, 1996; Miyajima et aI., 2001; Suzumura el 

_..as 0 szl11an 
0 0 

_ IY7 • _ fact the photosynthetlc pnmary production of the 
And In ' 

~2)o' 0 - fit d b O 

- 0 I 
.. 0 • trophic assocIatIOns 0 p an s an sym 10tIC amma s 

UI reef auto 0 _ _ 

~ .. (ffi _ hest level known for manne and terrestnal ecosystems: )-
he5 the hIg 

~ -2 d y-I. and sometimes even more, while the ambient 
C 111 a, 

1 mg. f"norganic nutrients (N03-, N02-, NH/, P04
3

-) in waters of 
~lrallons 0 1 

;... dO ocean usually happens to be very low. But the verv 
SUfTOuo 109 -

~ f the coral reef ecosystem a priori needs the positive balance of 
cu~eo 

while they actually exist and flourish, a positive balance of 
.'lJU1Cflts. 

zgencnlS 10 their exchange between the reef and the ocean should be 

n)Oft\lllC (Sorokin, 1993). 

The input of nutrients into the coral reef ecosystem, or the debit part 

;0: lhar balance, is provided by several interacting physical and biological 

:l«hmismso The nutrients are brought to the reef with oceanic waters 

~\cn up the reef by the wind and by the geotrophic currents (Johannes et 

&. 0 1984)oThe importance of this source of input increases in areas where 

~ ~rface waters are enriched with nutrients though their eleyation from 

~ layers in areas of quasi-permanent upwelling and divergences in the 

~on~llone. On a smaller scale phophorites can be found in reef rocks 
~. ~Us. On b 0 

_ . elllg eroded, they release phosphates, which are driven out 
.:!\ gro d 
o un Waters and thus enrich the water column oyer the reef with 

;""'Pborus A 0 

_ 0 n Important role in the mobilization of the nutrients deposited 
o. llocloDl sed 0 

"'''-! Iments is their permanent resuspension by means of waw 
.' (tntsch et al 0 0 • _ 

l."!itnt 0, 1982). In some reef areas a slglllficant mput ot 
~ IS ProdUced b . 

Y accumulatIOn of masses of the floating wind-driven 
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~ 
blue-green algae, Trichodesmium (Sorokin et aI., 1993). The proc 

above provide a pennanent flow of nutrients, both inorg' ~ !~~ 
aIlic and 

their fonns, from the external sources and from the depo' . or~: l 

'. Sits Within;, j 
reef ecosystem. The consumptIon of nutnents from this flow,'" 

. '" ' their rete-
and regeneratIOn are accomphshed by bIologIcal mechanism ., s. 

The basic turnover of nutrients within the coral f 
ree ecos-.. 

proceeds via their transfonnations in the food-webs. The'''' 
proc~~ 

nutrients turnover going on in the water column starts with the co~ 

of their inorganic salts by the phytoplankton and bacterioplankt . on .r~ 

the dispersed dissolved nutrients are transferred into the conc~ 

particulated matter, in the biomass of microorganisms, and in pan I"" b 

excreta by micro plankton dissolved, organic nutrients. Its larger por.~)! 

mineralized via respiratory decomposition, by planktonic and ~i 

filterers and by bacteria of bottom sediments (Atkinson, 1987a; SUlumon' 

aI., 2002}.Corals excrete not only inorganic but also a significant alTll.·.i'! 

organic nutrients. Besides the release of organic nutrients. corals c\...--:' 

also the organic N-P compound (Miyajima et al.. 2001). 

Coral reefs are unique for tropical environment and aT( r,t.":­

~nl(!,):;" 
associated with seagrass beds and mangroves with a per eet 1 . 

odiK"" 
between them. Although, they are oligotrophic in nature. pr . 

'I oduCI!'" -
organic matter and turnover of nutrients results in hlg 1 pr 

see!1lS ll' ~.; 
biodiversity. Especially the contribution from sediment _. 

,. " .' matter antI 11' 
l1reater role 111 recvchng and regeneratIon of orgal1lC ,~ 
;:," 'I JI 

\ '\' nithkulll<lr l: «(,harpy ct al.. 1 <)<)0; Harrison et aI., 1<)90: 

Han·ison and Ward. 2001). 
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line which is needed to detennine the future, if the natural 
A base , 

.,j »llhropog 
enic processes are changing the sedimentary environment of 

• JiLShadweep Archipelago , has been attempted to fonnulate by assessing 

• t characteristics of the study area The study focuses on six islands 
;~ nutnen 
~I~. Kavaratti, Kadamath, Agathy, Androth, Kiltan and ~1inicoy . 

. _ surficial sediments have as important regulatory role in nutrient uptake 
. 'le 

...: regeneration (Hesse, 1973). The fluctuations in the physical and 

:!dIllcal characteristics of surficial sediments will potentially influence the 

:Jl!'!t"!Il budget of the zone; this in turn will affect the biological processes. 

'IUERJALS AND METHODS 

The details of methodology adopted are described in Chapter n. 
'&-"Ie" I gives the station numbers given to the different sampling sites to 

: A. ~ I\!ands. 
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Table No. 4.1. Station numbers used in Figs. (Chapter IV) 
parenthesis for identifying the respective sampling sites. are ~"~' 

Kavaratti Kiltan Kadamath Minicoy ~A 
~~~~~~~~~~~~~~-'==~~--~~~h Core (south) Lagoon Profile Sea-side Profile Lagoon Profile ~: 

Surfaee(l) Centre (11) Land-soil south (I) Lagoon (1) 

30 cm (2) Low water mark (2) high tide South (2) Intermediate (2) 

60em(3) Intermediate (4) low tide south (3) Berm(3) 
90 cm (4) Berm (5) North soil (4) Land (4) 
120 cm (5) Land (6) north high tide (5) Lagoon Inner (S) 

Land (6) Seaside Profile north low tide (6) NE boundary (6) 

Berm (7) Lagoon-I (7) \1angro\e 1(7) 
Intermediate :-':orth-side SI. I (7) Lagoon -2 ( 8) Mangrove 2 (8) 
(8 Lagoon North-side St. 2 (8) 
(9) North-side St. 3 (9) 
Core (~orth) ~orth-side St.4 (10) 
Surface (10) South-side St. I (11) Agathy 
30 cm (11) South-side St. 2 (12) -L-ag-o-on--
60cm ( 1 2) South-side SI. 3 (13) 
90cm(13) South-side at.4 (l4) Profile 
120cm ( 14 ) Core Profi le Lagoon I 

Ujrapally 
(15) 
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Surface (15) (I) 
0.5 m (16) Lagoon 2 
Um(14) (2) 

Lagoon 3 
(3) 
Lagoon (4) 
Intermedlat 
e 4(5) 
Berm (6) 
Land (7) 
Land (8) 

SurflCf" 
(lSmUI 
Im\.J) 
Lindcerr 

SuffICe '. 
SoIlI(S. 
SOIl 1'/ 
Core·l~C!' .. 
Core· \t., .. , 
Cort.~,",' 
(ore· 'lo,:- • 



Chemo-variability in abiotic components-Nutrients 

tyt
'cal results of the general sedimentary characteristics pH, 

TbC ana 1 

ic carbon and grain size, used as supplementary data for 
. -ftllat)' organ 

~-- .. . n of spatial variability of nutrients are given in Fig. 4.1 to 
•. ,nlcrpretaUO 

". tively. The interrelationship between nutrients, org carbon, 
. , ~.' respec 
' .• and H are given in Tables 4.2 a & band 4.3 a & b. 

1: 1 _.r p 

hnlb of aitrogen 

The apparent discrepancy between high rates of primary producti \"ity 

,~ •• 1\\ nutrient stocks in coral reef ecosystems has stimulated an intense 
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Chapter 4 

~ ,-----------------~ 

P",c.lI",d~ 

KM.·30 .......... -,.._.-

-

Fig.4.3. Percentage-wise particle size distribution of representative 
sediment samples taken on particle analyzer (SYMPA TEe 
AAALYSER) 
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I (ons between nutrients, organic carbon and pH. 
" la. Corre a 1 
~ t<itrite Ntrate Total r Exch. I ~ lnorg. Qg+R Totai F N:P 

~ ~(XX) 
r .0.382 1.((0 
,rtt .0.410 0.359 1.00) 
..- .o.~ 0.132 0.632 1.00) 
.~N .0.455 -0.102 -0.224..0.152 1.(0) 
id'.P .0437 -0.123 ..0.243 0.141 0.519 1.(0) 
:Y .o:f.OO -0.123 ..0.200 ..0.001 0.946 0.768 HID 
~P .0.278 -0.129 ..0.177 ..Q.1~ 0.911 0.332 O.~ 1.(0) 
~F .0.291 -O.1:ll ..0.182 ..0.128 0.921 0.354 0.824 UOO 1.(0) 
'JiP .0.100 O.W 0.899 0.518 ..0.343 ..0.429 ..0.419 -D.242 -D.2S2 1.(0) 
~"~ .o.4a:i -0,(151 ..0.235 ..0.077 0.770 0.375 0.719 0.007 0.618 -D.362 

;. .. 
r 1.COO 

0278 1.(XX) 
-0.231 -0.100 1.00) 

-0.233 -0.663 0.784 1.(0) 
-0.422 -0.004 0.538 0.302 1.(0) 
0.200 0.3.."ll -0.379 -O.5(l) OJN 1.(0) 
-OJm 0.239 0.al7 -D.225 0.617 0.821 1.00) 

-O.2ffi -0.467 -0.241 -0.157 -0.005 -D.182 ..0.100 1.(0) 
-0.317 -0.373 -O.23J -0.243 0.173 0.135 0.200 0.925 1.())'J 
-0.339 0.392 0.294 0.077 -O.2fJ7 -D.352 -0.300 -D.334 -D.48~ 
-0.555 O.m> 0.006 0.046 0.411 0.512 0.638 -D.192 0.(155 

1.(00 
.0.835 1.(XX) 

-Ita! 
.~~. .0.003 0.258 1.(00 

~.P .o.al:l 0.524 0.038 1.(0) 
....... 00.443 -O.OX> 0.336 -0.184 1.(0) 
I1J;tl ·433 -{).110 O.~ -0.128 0.001 1.00) 

:~~ ~.~-{).~ 0.350 -O.1ffi o.~ O.~ 1.(0) 
liP O'1~ 0.049 0.071 0.700 -0.037 0.042 0.003 1.00) 

1.(0) 
0.024 

~.;. .0348 -{).040 0.321 o.:n> 0.769 0.817 0.795 0.6CB HOJ 
~m ~.240 0.111 -0.040 -0.538 -0.536 -0.539 -0.448 -O.6m 1.(0) 

~ .400 0.008 0.005 -0.152 -0.009 -0.121 0.816 0.393 -O.Cffi 
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Table 4.2b. Correlations between nutrients, organic 
carbon an 

130 

Agathy pH Ntrite Ntrate Total r Exch. I Ca-P lnorg, d PH 
pH 1 ~T~,,,, 
Nitrite 0.<XXl58 1 
Nitrate -0.2611 0.037 1 
Tcta N -O.<Xm 0.451 -0.33 1 
Exch.P 0.:n413 022.7 -0.36 0.394 1 
CaP 0.15589 -0.44 -0.51 -0.45 0.1f£ 1 
Irag.P O.~ -0.12 -0.6 -0.01 
Og+Res.P -0.253 0.143 -0.61 0.745 

0.700 0.733 1 

Tdci P -0.1893 0.117 -0.00 0.715 
N:P -0.1844 0.31 OJ!!J7 -0.02 
Q. Catm -0.1641 .{).01 -0.51 0.543 

Androth 
pH 

0.17 0.024 0.132 1 

0.3 0.151 0.3)1 0.005 . 
-0.2 -0.51 -0.5 .Q.5 {)~ 

0.524 0.038 0.384 0.4$ O~ ':t: 
0-

Nitrite -0.0034 1 
Nitrate -0.8535 0.007 1 
Tdci N -0.4743 0.181 0.471 1 
Exch.P -0.7476 0.429 0.639 0.934 1 
CaP -0.5514 -0.04 0.487 -0.09 0.148 
Irag.P -0.8397 0.225 0.74 0.487 0.695 0.814 
Og+Res.P 0.12791 0.588 -0.22 -0.36 -0.211 -0.39 -0.41 
Tdci P 0.11109 O.~ -0.2 -0.36 -0.100 -0.38 -0.39 
N:P -0.3602 -0.01 0.312 0.007 0.001 -0.04 0.476 
Q. Catm -0.6475 0.449 0.707 -0.2 0.132 0.707 0.fi31 

Kiltan 
pH 1 
Nitrite 0.46813 1 
Nitrate 0.1467 0.391 1 
Tdci N -0.533 -0.11 0.146 1 
Exch.P 0.07145 -0.25 -0.35 0.029 1 
Ca-P 0.05895 -0.33 -0.4 -0.04 0.041 1 
Irrrg.P 0.08472 -0.4 -0.51 -0.02 0.511 0.88 1 

-

1 
-0.41 {.I': 

.Q.OO {.Ire ~= 

Qg+Res'p -0.4142 -0.02 -0.26 0.3 0.082 0.295 0293 1 
Totci P -0.4107 -0.03 -0.26 0.200 0.09 0:3()3 03:8 -025 .oZ'. 
N:P -0.3681 -0.1 0.165 0.712 -0.26 -0.16 -0.26 C{",t; 0 57l: ~ 

0.129 0.GJ7 0.842 O~ Q. Catm -0.0142 -0.2 -0.5 O.en> 



· between nutrients and grain size. 
correlatIOns 

~ 
eoa-se l'v1edium Fine Very Fine Silt + 

Vf!IY C(8S Sand Sand Sand Sand Oat 

.;I>tf'I sw-rl ntVI 1000-5'JOJl ~250J.l112~ 125J.l11 125-63Jl1Tl <63 J.1fll 
::;;;..-- > 1wv J.lI 
___ .0 201 -0.295 0.165 0.103 0.008 -0.029 
.,. .0'362 -0.442 0.115 0.400 -0.145 -0.228 
.p!I .o'4re -0.599 -0.081 0.196 0.070 0.233 
.;d N 0'214 0.243 0.139 -0.155 -0.020 -0.094 
:.:1'P 0:100 -0.032 -0.197 0.071 -0.141 0.072 
~p 0.204 0.173 0.031 -0.092 -0.069 -0.044 
ru P 0.248 0.276 0.179 -0.171 -0.015 -0.128 
~p 0.247 0.273 0.173 -0.169 -0.017 -0.125 
'(O'#) .0.362 -0.429 0.087 0.570 -0.189 -0.281 

0.020 -0.042 -0.323 -0.479 0.564 0.540 ... ,.-
. .ItI1t 

"'* "uN 
f.c I' 
...,ap 
I'U P 

~p 

"~P 

'.0 'lflo 

>;c 
~ 
'tIMIt .... 
":lA N 
;.O'P 

"1'1 P 

~p 
~p 

'IICl "f.to 
-.",c 

-0.671 
0.551 
0.705 
O.!m 
-0.156 
0.200 
0.021 
0.121 
-0243 
0219 

0.142 
0.007 
0.643 
-0.843 
-0.711 
-0764 
-01n 
-0342 
0923 

_-0.200 

-0.711 
0.228 
0.365 
0.418 

-0.342 
-0.031 
0.582 
0.567 

-0.520 
-0.335 

0.550 
0.454 
0.627 

-0.790 
-0.735 
-0.779 
O.:nl 
0.117 
0.511 
0.258 

0.520 
-0.500 
-0.567 
-0.417 
0.549 
0.194 
-0.313 
-0.236 
-0.275 
0.098 

-0.447 
-0.653 
-0.731 
0.913 
0.008 
0.862 

-0.182 
0.015 

-0.725 
-0.142 

0.301 
-0.230 
-0.352 
-0.217 
0.572 
0.327 
0.082 
0.207 
0.140 
0.624 

-0.337 
-0.854 
0.041 
0.413 
0.S)8 

0.521 
0.787 
0.879 
-0.799 
0.r03 

0.394 
0.276 
0.055 

-0.195 
-0.333 
-0.374 
-0.322 
-0.464 
0.998 
0.031 

0.814 
-0.016 
-0.331 
-0.211 
0.195 
0.151 

-0.636 
-0.584 
0.368 

-0.406 

0.397 
0.279 
0.059 

-0.202 
-0.339 
-0.383 
-0.322 
-0.468 
~.OOO 

0.036 

-0.569 
-0.299 
-0.536 
0.666 
0.649 
0.684 

-0.375 
-0.212 
-0.340 
-0.331 
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Table 4.3b. Correlations between nutrients and grain size 

Androth >1000 f.1l1000-!n)J..l500-250f.1l12~ 125J.1I1 125-63f.1lT1 <£3f.1ll1 
Nitrite -0.009 0.084 0.085 0.052 0.003 -0.071 
Nitrate -0.086 -0.124 -0.125 -0.112 0.138 0.115 
Total N 0.822 0.559 0.555 0.663 -0.631 -0.629 
ExchP 0.001 0.288 0.283 0.406 -0.344 -0.368 
CaP -0.600 -0.773 -0.773 -0.752 0.682 0.765 
Incr. P -0.260 -0.538 -0.541 -0.446 0.419 0.482 
org+res P -0.002 0.260 0.263 0.170 -0.091 -0.207 
Total P -0.007 0.252 0.256 0.163 -0.083 -0.200 
NIP ratio 0.759 0.473 0.469 0.584 -0.572 -0.546 
a-gC -0.877 -0.791 -0.700 -0.835 0.829 0.821 
Nltarl 

Nitrite -0.175 0.072 -0.019 -0.126 0.044 0.169 
Nitrate 0.414 0.833 -0.395 -0.376 -0.350 -0.242 
Total N 0.217 0.194 -0.183 0.376 0.554 -0.400 
ExchP 0.475 -0.129 -0.300 -0.213 -0.145 0.032 
CaP -0.235 -0.687 -0.400 -0.031 0.280 0.767 
Incr. P 0.011 -0.703 -0.637 -0.132 0.100 0.731 
org+res P -0.336 -0.482 -0.057 0.815 0.006 0.028 
Total P -0.335 -0.491 -0.065 0.811 0.006 0.038 
NIP ratio 0.131 0.764 0.185 -0.337 -0.325 -0.367 
Q-gC -0.453 -0.800 -0.412 0.273 0.488 0.789 
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I 
effort to identify and quantify internal and e\ternal nutrient 

rcSeafC 1 
's especially those of fixed nitrogen (Webb et al.. 1975) [n thIS study. 

jl)lI rcl: • 

. .:ITort has been made to document the concentration protiks of 
.Il· 
~cJ!lllcntal fonl1s of nitrogen (nitrite. nitrate and total nitrogen) In the 

",t,'d sedimentarv environments of six islands of Lakshad\\eet
) 

S~I"L t". .; t 

Jr,hipclago. 

\ilrite nitrogen and Nitrate nitr"ogen. 

Nitrite is f0n11ed as an intenllediate state 111 the oxidatIon of 

.1I1~:l1onia to nitrite or in the reduction of nitrate. The concentration of nitrite­

llilr,1gcn is found to be comparatively lower in the sea than the other forms 

or' 'l1ll1bined inorganic nitrogen. Nitrate - nitrogen is the rinal oxidation 

pr"lillct of nitrogen compounds in seawater. This is the most abundant and 

ll1i.';mod~11(lInically the most stable form of combined inorganic nitr()gen 111 

\\('il oxygenated sea\\'ater 

In the present study the concentrations of nitrite nitrogen reponed in 

tl1 .. ' different sedimentary environments of the six islands "\ere \('n 10\\ 

(F::,: .f.·n. Among the six islands. the values were in the range: Ka\ aralli. 

Ill" IS 0.033 II mole g.l ; Kadamath. 0.00 )., o.o:n ~l n1l..11e {i : .\ndroth. 

°"111 ().O,2- Lt mole g.1 : Kiltan 0.008 0.022 p mole ~ \linicoy 

(IIIII() O. I 1-+ II mole g'1 and Agathy 0.005 0.015 p mole { 
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The relatively low levels of intem1ediate nitrite. however 
, could 

explained by the fact that ammonia oxidation (to nitrite) and t. 
nilrl" 

oxidation (to nitrate) are closely coupled (Webb and Wiebe, 1975). 

In this study, the nitrate - nitrogen concentrations repOrted \\ 
er, 

comparatively higher than that of nitrite nitrogen (Fig. 4.5). . 

Considering the variations of nitrate-nitrogen in Kavaratf 
, cOr: 

profiles, the concentration of nitrate-nitrogen in the core profile coIl 
eClcc 

from southem pal1 of Kavaratti island, varied between 0.150 (90 Cm) 

0.769 (30 cm) ~l mole g" Towards the northem part, maximu n. 

concentrations were observed near to the lagoon, which decreased towards 

the land. 

In Minicoy, comparatively higher concentrations were reponed In 

the lagoon profile, as well as in the mangrove samples In 

isiand. towards the lagoon profile, highest concentrations were reponed near 

to lagoon. Whereas in the seaside profile, concentration of nitrate decreased 

from land (2.0206 ~ mole g" ) towards the sea (0.637~ mole g'l ). 

In Androth island, the core samples colIe~ted near the sea as well as 

the trough and crest soils recorded higher concentration of nitrate comp~ed 

to the \'allles recorded by the core samples collected from the land. 

In Kiltan island. in the seaside profile samples were collected 

to\\ards the northern as \\ell as southern side of Dak bungalow in \\hich a 

common trend was ohser\'ed i.e .. concentration of nitrate increased fr01l1 

land l\mards the seaside. The lagoon side prolilc in Kiltali island displayed 

- - l -I - I sli l .\1tl\ l'()ll1paratiH~ly higher concentrations towards the )erm \\ HC 1 =. 

- I fi I ~ . II >cled 
deLTcased in the land (()_I.2~ 2_~20p mole g ). The l'l,re pro I C cO C 



3 
rn depth also recorded very low values (0.129 - 0.150 11 mole g-I). 

la J. 
uP It was pointed out that nitrate would have produced by bacterial 

. tion in sediments using the available ammonia and oxygen released 
Ilofica 

!l angrove roots or diffusion from sediment surface. Similar role of 
trofll J11 

s and mangrove plants are reported earlier (Jagtap and Untawale, 
seagras 

84
' Vinithkumar et aI., 1999). Decreasing N03 - concentrations above and 

19 ' 
below a maximum result from vertical diffusion and microbial 

reduction.(Kemp et. a!. , 1990).Elevated concentrations of nitrate can be 

produced locally by groundwater discharge and surface run off (Marsh, 

1977) and, therefore, can also be used as indicator of waste water 

contamination. This model of nutrient enrichment via ground water seepage 

IS a plausible mechanism that can explain the eutrophication occurring in 

coral reef ecosystems on the northern coast of Ba hi a (Costa .Ir. et aL. 2000). 

Various evidence suggests that, in many coastal enyironments, 

seasonal trends of denitrification are deternlined largely by :"0)- ayailability 

(Koike and Sorenson, 1988), which, itself, tends to be controlied by rates of 

nitrification. Nitrifying activity is concentrated in the NH4 - rich region near 

the bottom of the oxygenated zone of sediments (Henriksen and Kemp, 

1988). Low organic content of the sandy sediments in coral reefs accounts 

for the absence of nitri fiers thus leading to low nitrate concentrations. It is 

clear that coupled nitrification-denitrification can lead to remo\"al of a 

SUbstantial portion of the N inputs to coastal marine syster.1s (Smith et.al., 

19S5; Seitzinger, 1988), thereby representing a natural mechanism for 

panial buffering against the global trend of coastal cutrophication 

(Christensen et aL 1987b; D'clia and Wiebe, 1990; Soonn1(' _-\n, ~002). 

137 



Total Nitrogen 

Fig. 4.6 represents the variation of total N among different 
. sarnpi. 

sites of each island. Discussing the variations of total N amon . 
g the 

islands, in Kavaratti, the highest concentration of total nitrogen w 
as 't: .. 

lagoon (34.29 ) whereas the lowest (3.91) was reported at 90 cm d . 
eplr 

southern part of the island core profile. One of the chara 
Clcn· 

observations in this island was that, the samples collected from 1.2 m d(':l 

on both sides of the island recorded higher concentrations compared' 

other depths. The sample collected near the Ujra mosque also recordec .. 

higher concentration oftotal-N (20. 57 11 mole gO'). 

In Minicoy, the maximum value of the total nitrogen was recorded. 

the lagoon (28.63 11 mole gO') which gradually decreased towards the land 
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(16.33 f..l mole g-I). The mangrove area of Minicoy recorded a 1 
Very hi .. 

concentration of total N compared to the lagoon profile. I-

Illustrating the variations of total-nitrogen in Agathy island 
, COntra_ 

to the behaviour of Kavaratti and Minicoy islands, the land soil re ' 
cOrd·e 

comparatiYely higher concentrations (72.25 f..l mole g-l) than the I '. i, 

agOroo 
(33.86 f..l mole g-I). In the lagoon side profile of Agathy ma' 

, XIIl111~ 

concentration of total N was reported at berm (101.81 f..l mole g-I). To ... 
\\ ilT( I 

the seaside, concentration of total nitrogen decreased from land (37.1~_ . 

mole g-l) towards the sea (11.38f..l mole g-I). 

Regarding the variations of total nitrogen m Androth island 

maximum concentration of total nitrogen reported was in the surface sampie 

collected from the seaside (136.68 f..l mole g-I). In this island, core sample; 

were collected from the seaside and from the land 

. and the observation was common in the sense that concentration decreasuJ 

from surface towards 1 m depth. The trough soil and crest soil collected In 

Androth also recorded comparatively higher concentration of total N. 

Discussing about Kiltan island, samples collected near the lagoon 

recorded higher values of total N (50_81 f..l mole g-I). Discussing about the 

seaside profile, towards the northern side samples towards the seasIde 

recorded higher concentration of total N whereas in the southem part the 

land soi I recorded higher concentration of total N (21.80 ~l mole g I 

Re(Jardin~ the variations in the core 
~ - I ... depth. profile collected near ._,!1l 

. -1 . d axin1l101 
concentration decreased from surface (28.77 ~l mole g ) to\\ar s m . 

depth (5.99 p mole g-I). 
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Chemo-variability ill abiotic-conijioiienls-NutnMts 

. . g potential (Henriksen and Kemp, 1988), which provides an index 
·tClfY1n 

~I nitrifying bacterial densities in natural sediments, exhibited consistent 

of . 1 distributions, with highest values in surface sediments and relatively 
\erttca 

. ance at each station depth.(Kemp et aI., 1991; Devo I, 1991) 
IoW van . 

For the purpose of discussion of total nitrogen variation among 

fIi ent environments of the islands, the classification scheme adopted was 
dl er 

O
n area land, seaside and mangrove area. Within the island, again 

lago ' 
sampling was done to assess the variation of nutrient characteristics with 

depth (only for Kavaratti, Kiltan and Androth islands). The mangrove 

samples were collected only Minicoy, which is considered to be an artificial 

one. 

Tracing the variations among the different environmental 

compartments of Kavaratti, the observed fact was that lagoon recorded 

higher concentrations of total N than land. Regarding the variations in core 

profile, no definite accumulation pattern was reflected . In Minicoy, the 

order of enrichment of total nitrogen in the di fferent environments is 

~angrove> lagoon> land> whereas for Agathy the order is, bern1 > land> 

lagoon> seaside. Concerning the variations in Androth, the order is land> 

trough soil> crest soil. Regarding the variations in Kiltan. lagoon> land> 

seaside. Except that in Agathy, the concentration of total nitrogen was 
hll!h . ~ er In the lagoon than in the land. 

Nitrogen fixation has been shown to occur in a variety of habitats 

\\ IIhin the reef. Fixation has been measured in beach rock zones, sandy 

lagOons the f fl h f Id· . - h . . \ , . , ree at, t e ree s ope an 111 certall1 fIs terntOrIes. vanous 
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substrates have been associated with nitrogen fixation; 
sand, rubb:, 

limestone, dead and living corals, beach rock and dead t ' I ' 
nc ana h' 

S e 
(Larkum et aI., 1988; Howarth et aI., 1988; Capone et aI., 1992) a ' 

, sWell" 
other reef organisms such as sponges and zoanthids. The primary' ( 

nItrOl!t-
fixing agents on coral reefs are cyanobacteria (Wiebe et aI., 1975' La ' 

, rku" 
et aI., 1988). Comparing nitrogen fixation, rates in different parts ofth 

ere<: 
shows that the sandy lagoon contributes the larger portion of the nitrogen 1 

the reef community (Shashar et aI., 1974). Upwelling acts as a '" 
• "a)o· 

nutrient contributor to the offshore reef areas and only 1 0% of the 1014 

nutrient demand was estimated to come from external sources. In the inte: 

compartmental variations of total N, concentration found to be decreasin, 

towards the seaside. This suggests that the inshore sources of nitrogen are 

not being transported offshore in measurable quantity or that they arc 

metabolised before they can accumulate in the offshore sediments, Ir 

shallow coastal waters, nutrients regenerated in the sediments are ar 

important source of nutrients that support shallow water benthic and wat~ 

column productivity (Smith et aI., 1981; 1984; Nixon and Pilson, 198~ 

Entsch et aI., 1983; Williams, 1884 a & b ; Williams et al., 1985; FumaH~ 

aL 1993). Sediments are also a means of inshore/offshore nutrient transpor. 

during stornlS that resuspend sediments and make them susceptible It' 

offshore tidal transport (Aller and Cochran, 1976; Zieman. 1982; UIlO1J, 

and Sandstorm, 1987), 

, I' , , ' arall \<' 
In the present study, concentratIon ot total " \\as comp 

, be Ju; 
higher in the lagoon compared to land and seaside stations \,'hlch can 

142 



r. !Iowing reasons. The lagoons are shallow environments than the 
(he ,0 

10 d' g area. The rate of nitrogen fixation and the space and surface 
rroun 10 

SLl. I for nitrogen fixation are comparatively higher in these zones. The 
J\adab e 

of nitrogenous waste materials produced from the reefs and 
Jfllount 

ding area, introduced into the lagoon will have limited exchange 
,urroun 
.. h the sea. The settlement and aggregation of organic matter through 
\\ It 

. tory fishes may contribute certain amount of total :-.J (Meyer and 
nllgra 

Shultz, 1985). The major sources of nitrogen in sediments \\"as attributed to 

the nitrogen fixation by benthic algal communities which are strongly 

Influencing the nitrogen budget of coral reefs (Wiebe et al.. 1975). Coral 

reef flat are known to export dissolved organic N (Wiebe et aI., 1975). The 

released nitrogen may be pennanently lost from the system and exchange 

among the system and this could be the reasons for the changes observed in 

the inter-environmental variations of total nitrogen. Seagrasses play an 

Important role in contributing aminoacids to the water and sediments \vhich 

adds to the higher concentration of total N in sediments (Jagtap and 

Lntawale, 1984). 

Discussing he correlations of nitrogen fonl1s with organic carbon. in 

\Imicoy and Agathy total nitrogen displayed a positive correlation with 

organic carbon(r=0.995 and 0.543 respectively). In other stations no 
chara t " " c enstlc observations were made. 

The total nitrogen in clayey sediments \'"ith carbon < OS~,;) cap be 

~ffecICd by fixed ammonium which is normally bound to illites (Muller ~lI1d 
\lathcsius. 1999', Muller, 2000)" Generally, the marine organic matter 
~')nlain I 

S ess nitrogen relative to the freshwater or the terrestrial orgal1lc 
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matter. The benthic biota play an important role in the uptake and ret . 
entlon 

of available nutrients (Laws and Redalje, 1979; Szmant - Froelich I 
, 983. 

Szmant, 1997). 

Sediment feeders such as holothurians play an important r I 
o e In 

supplying ammonia as a nitrogen source for benthic production (Uth' 
)eke 

and Klumpp, 1998). Nitrogen (N) fixation has been suggested as a rn . 

"'ilJor 
source of nutrient nitrogen in reef sediments (Capone et aI., 1992; MiYajirna 

et al., 200 I). Thus in the oligotropic ecosystems of reef carbonate sedill1; t ..,n. 
where nitrogen fixation potentially supports the nitrogen requirell1~nl 

phosphorus should be a limiting nutrient for primary production. 

The CIN ratio provide information on the origin of organic matter. 

where higher ratios indicate terrigenous organic matter and lower ratios 

autochthonous organic matter(Redfield et. al.,1963; Muller and Mathesius. 

1999). Organic matter in the basin is essentially autochthonous and 

associated with a minimum quantity of allochthonous matter. The orga1l!c 

nitrogenous compounds produced from the degradation of organic matter 

gets adsorbed onto sediments depending upon the temperature, electr!al 

conductivity of the interstitial water. the concentration of organic matter ~d 
the porosity of sediments (Nasnolkar, et.al.,1996).Sediments with more 

percentage of sand were observed to be low in organic carbon and 

nitrogen(.lagtap and Untawale,1984).Thc biota, especially the bcnthic biot3. 

play an important role in the uptake and retention of a\'ailabIC 

nutrients( Laws and Redalje, 1979; Szmant-FroeIich,1983; Hallock 

et.aI.1993:Szmant,1997). In addition. the sediment e\aluation (organiC 
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ter carbon content, bacterial activity) should provide complementary 
mat ' 
. f: ..n1ation about the nitrification process, as the sediment constitutes the 
1111°.'" 

. r nutrient source for benthic producers in shallow water systems 
maJo 

-ant and Forrester, 1996; Szmant, 1997; Costa Jr. et aI., 2000). 
tSli" 

Low values of total nitrogen reported at some stations may be due to 

utilization of nitrogenous compounds and lower nitrogen fixation. 

Generally, the major source of nitrogen in sediments was attributed to the 

nitrogen fixation by benthic algal communities, which are strongly 

influencing the nitrogen budget of coral reefs. It was reported that 

transfom1ation and fixation of nitrogen and effective utilization of 

phosphorous occurs efficiently in algal as well as in seagrass bed areas. 

Further influence of plant roots on nitrification in anaerobic sediments was 

also evidenced in seagrass beds. 

Coral reef flats are known to export DON. Total nitrogen showed a 

negati\'e correlation with organic matter, which reflects consumption of 

organic compounds from the sediments by macrophytes(Jagtap and 

L'ntawale, 1984;Vinithkumar et.al., 1999). 

Phosphorous forms. 

The distributional characteristics of different fonns VIZ. Exch. P, 

C'J-bound p, Inorg. P, Org. + Res. P and Total P among the six islands are 

~I\ en in Fig. 4.7 to Fig. 4.11 respectively. Among the various fonns of 

phosphorus fractions studied in the area, the order exhibited was, Total P > 
Oru -I- R 

~., es. P > Inorg. P > Exch. / Ca-bound P. Regarding the variations of 
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total phosphorus among the selected islands, the concentrations of I 
a I tilt 

forms of phosphorus exhibited higher values at the surface s 
arnpl~ 

collected from southern side of Kavaratti island, this was highest re 
pon~ 

values for Kavaratti island. The concentration of total P recorded . 
In the 

lagoon area was very Iow compared to the values of total P indicating a high 

value of NIP ratio (139). Comparatively higher values are reponed for NiP 

ratio ranging from 0.169 (reported near the southern part of Kavaratti) - 202 

(reported for the lagoon area). The sample collected from 1.2 m depth on the 

southern and northern part of Kavaratti recorded 63 and 122 respectiv;h 

indicating nitrogen enrichment and phosphorus depletion at the depths. 

At some stations, org + residual P fractions amounted to be the 

major fraction of total P, when compared to other forn1s. For example,-in 

the surface sample collected on the southern pan of Kavaratti, org + 

residual fraction of total P was about 95 % of the total P estimated. 
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samples collected at 1.2 m depths on the northern as we!! as south 1 
ern sid 

Kavaratti, on an average, org + residual P amounted for about 60 0 e. \' 
}'o Of· 

total P whereas in the lagoon side comparatively lower concentr t' It .. 
a IOns \\" 

recorded for org + residual P, which accounted for about 3 % ofth ,. 
e tOtal ~ 

In Kavaratti, except that for Ca-bound phosphorus all other form . 
s record" 

highest values in the surface sample collected from the southern . '. 
sIde, 

Kavaratti island, 

In Minicoy island, the concentration of total P recorded were fo I 
r ~, 

compared to the values of total N. This condition leads to high values oft\ ~ 

ratio in the range 5.43 - 250. In the mangrove environment, Org + Res P 

accounts for about 80 % of total P. In Minicoy island, though the values 01 

total P recorded are very low in the lagoon environment, 79 % (l! 

contribution towards the total P in this region comes from the org + residua 

P fraction. 

Regarding the variation in Agathy island, towards the lagoon profile. 

total P values ranged between 0.854 to 1.962 fl mole g'l whereas for the 

seaside profile it was in the order, 0.132 -- 0.234 fl mole g-I, Here also the 

total phosphorus concentration was found to be increasing from lagoon !(1 

land and in the lagoon side org + residual fraction of total P comes around 

80 % of the total P. Towards the seaside org + residual phosphorus fraction 

"' f o!11 thl was ,"cry 10\\. here on an average 86 01<) 0 f the total phosphorus \\ as r 

Inorg. P fraction. In the seaside profile of Agathy island. concentrations of 

exchan~eabJc. Ca-bound and inorganic phosphorus concentrations \\as \'cr; 

152 



· he land, the major portion being the org + residual form of 
1[1 t 

r.
1
\\ (95%). In Agathy, the NIP ratio ranged from 6.07 - 221.54. 

;,hOSphorus 

Discussing about Androth island, considering the variations In 

trations of total P in the core samples, concentrations recorded at 
,<,ncell 
, ere higher than that for surface. In the sea side core profile, high 
j(pthS W 

_ I alions recorded at depths were higher than that for surface. In the 
;<In.en r 
;olnd core profile, high concentrations were obtained at 0.5 m and 1 m depth 

,~3 and 67 )..I. mole g.I). Towards the northem side 0.3 m and 0.9 m depths 

recorded a very high connection (69 and 79 )..I. mole g.1 respectively). The 

\p ratios recorded were not high in Agathy, except for the surface soil 

"hleh recorded a value of 57.87. In Agathy, stations which recorded very 

high values for total P, also recorded a higher percentage of Org. + Res. P 

traction ~ on an average 99% of total P is contributed by Org. -i- Res. P 

iraction. 

In stations with comparatively lower total p content, the inorganic P 

made a major contribution towards total P content. 

In KiItan island, the values of total P were very low, except for the 

surface samples of the core profile which recorded a maximum value (205 )..I. 

mole g.I). Considering the variations of total P, towards the seaside profile 

of Kiltan. the southem side recorded a higher concentrations of total P 

tl1.7. __ 20.19 )..I. mole g-I) compared to the north em pal1 (1.05 - 1.59 ~l mole 

g ). As observed for other islands, in stations reported to be having higher 
percent 

age of Total P, Org. + Res. P found the major component. 
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Concerning about lagoon side profile, which recorded higher concentr . 
at IOns 

of total N, the values reported for total P were very low, indicatin 
g Nip 

ratios in the range (2.07 - 39.16). 

Phosphorus and organic constituents 111 sediments (ancient 
Or 

modem) indicate the geochemical conditions wider which the deposits 
were 

laid down. While a study of the successive deeper layers of the deposits of a 

region reflects varying environmental conditions of the past. a stUdy of the 

samples collected at the sediment - water interface, across the same regi(t}. 

reflects (i) the prevailing conditions under which the deposition is takiag 

place, and ii) the relationship of the sediment with the overlying water ma,. 

which in turn, is subject to movement of currents, oxygen content, 

upweIling, organic productivity etc.(Van Raaphorst et aL 1992; Van Den 

Broeck and Moutin, 2002). 

Discussing the variations of different phosphorus fractions with 

other sedimentlogical parameters like texture, pH, organic carbon cont* 

the following generalizations were made. Interrelations of different nutrielt 

forms among each other and also with pH and organic carbon are giyen in 
t 

Table -t..2. Table 4.3 gIves the correlations of different fom1s with gram 

sizes of sediments. 

Considering the effect of organic carhon content on thl? distribution 

- d' lavcd of nutrient forms. in ;,i11 the islands different phosphorous forms ISP -

comparati\'cly good positive correlations with organic carbon Depending 

on the association of organic carbon with the grain si/I? 
different 
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horous fonl1s also behaved accordingly. For example. In Agathy. total 
hOsP 

P horous displayed a significant positive correlation with fine sand(r= 
phoSP 

79) and so also organic carbon(r=O.806).In Androth. the calcium bound 
iI.S 

d 
·,oruanic fonn of phosphorous showed an affinity to\\ards silt - clay 

JIl JI t> 

. t'on in accordance with the behaviour of organic carbon. This occurred 
IraC I 

K'ltan al<;o. in which calcium bound and inorganic phosphorous fractions 
10 I 

. e associated with silt + clay fOlm of sediment. \\er 
The organic carbon content is high in the siIty ion of the sediment. 

The grain size of this fraction is considered to retard the organic carbon 

from rapid decomposition . Considered together, phosphorus and organic 

(Jrbon fluctuate almost parallel to each other - wherever phosphorus \'alues 

.t~~ high. the organic carbon contents are also high and \'ice \ersa. Lack of 

Ifon under aerobic conditions to fix phosphorus and phosphates results in 

low values of phosphates. The fine grain size of the calcareous or elastic 

dayey materials increases the phosphate valu..:~s whereas coarseness of 

~~dimel1t inhibits the accumulation of organic carbon - resulting low values. 

Ihe high organic content in the sediment is also a consequence of luxuriant 

organic productivity in the overlying water mass and the nutrients brought 

lip by IIp\\'clling. Major fraction of phosphorous reported \\as the organic 

I()nn which attests the fact that phosphorous may be deposited \\'ith organic 

Illaller possibly with the shells and bones of corals and molluscs 

t \tkinson. I 990). In shallo\\' environments nutrients contained in organic 

JIld inor)'" I I ~al1lC pat11culate matter will not be lost 0 the s\ stem t 1foug 1 

'~dlincntatiol1. but rather are readily stirred up and periodically recirculated 
'l{aJcnd " . 

I<ln and Venugopalan. 1973; Mach et a!.. 1987: RamJrez and Rose, 
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Chapter 4 \ 

1992; Boucher et al.. 1998). According to Pomero\ et~ 
h . - . (I 965 t 10 \' exc ange rate and capacIty of the sediments are ecologicallv . ' 

.. . '" h h - ItnPon,. 
tactors 111 mall1tall1l11g t e p osphate concentration at an optim ' 

urn le\el" 
that in minimum in the case of sandy sediments. 'd', 

Depending on the actual loading and pnmary prodUction. bt-. 

sorption and biotic uptake may play a role in the remo\"al of rho h ' 
sp Oro. 

from thc water. Biologically available is transported from \. \ ater . 

sediments in the foml of dead organic matter leading to mineralizatl' " on dI',. 

adsorption. The phosphate binding power was shown to increase "t!' 

increase in calcium carbonate content of the sediments.( Istavanovics et a; 

1989). 

P-rclease IS the result of complex mechanisms includm, 

mineralogical diagencsis, biotic and abiotic redox processes. biologic~ 

assimilation, and enzymatic and non-cnzymatic hydrolysIs reactiom 

Macrophy1eS are essential not only as a sourcc of organic matter but also a' 

a phosphorous source. Bioturbation i.e. the disturbance of the sedimcn: 

surf:lCe by burrowing invertebrates and benthivorous fish . can have, 

greater effect on P rei case than any other physical or chemical factor 

(Holden and Amlstrong, 1980; Bostrom et.al..l 982). 

Characterizing the influence of pH on the distribution 0: 

, Id' ffi ,. f' j l.. -" nC\Jativc\l phosphorous 101111S, t lC I erent fractIons wcre ounL to l'~ = . 
correlated \\ith pH . the level of significancc \'arying among these i51anJ~ 

. . 11 I' \. 1 . hosp!1orol!' In .-\l1droth. e.\changeable. 1Il0rgalllc as \\C as ca CIUI11 ('Ollnt:1 
. 

fOrl115 dl~played moderate ncgali\e correlations \\ith pH. All :lhosphorOl!' 

fraClil)I1S displayed I~lirly good negatiH: correlations pH :11 K3\a
raH 



Clzemo-mriability ill ablOtic- c-ompolzt'lzts-,\-z<tncl1is 

in Kiltan, Org. + Res. P foml and total phosphorous showed an 
\,hereas .' 

lationshlP with pH. 
Ifl\erse re ., 

pH is an important factor m regulatmg rates of phosphorous release 

_ diments, rates increasing with increasing pH in the water column. A 
:ro01 se 

diated phosphorous release can be significant in shallo\\- productive 
pH me 

bodies where ph is often increased due to intensiye primary 
\Iater 

pro<!uction(Bostrom et.al.,1982). P-release from sediments increased with 

Increasing pH . particularly above 8.5. In most natural waters, pH changes 

Jre the result of processes such as respiration by the biological community 

which can lead to a decrease in pH through the addition of carbon dioxide. 

Sllnilarly, consumption of carbon dioxide through photos)l1thesis may rise 

pH through the production of OH' ions (Rajamanickam and Setty, 1973; 

\'enkatesh, 1981; Seitzinger, 1991). The latter mechanism is likely to be a 

controlling factor contributing to pH increase of these areas (Carpenter and 

Smith, 1985; Caraco et aI., 1989). 

The results presented here show that a sedimer~tary pool of P. in 

particular adsorbed P, is one of the most important sources for micro­

phytobenthic community production in carbonate sediments. Eyen though 

the carbonate sediments have a relatively large source of this ayailable P for 

maintaining productivity, there must be potential losses of P from the 

sediments through d i ffusional flux and desorption to the lwcrlyi ng sea\\ atel'. 

Howe\'er, laboratory and filed researches showed that there is ne' net 

liberation of P from undisturbed coral reef sediments (.-\tkinson. 1987b i. 

Although the diffusional flux of P from sediments might be 
111-' . 

Intnllzed by micro-phytobenthic metabolism, potential losses of P must be 
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considered through some other physical and biological processes . 
, Inclu' 

re-suspension and grazing by sediment feeders. Cnfortunately th c. 
, ere 

quantitative infonnation regarding the removal of P flux from the I)., 
carbor. 

sediments of coral reefs through the processes (Suzumura et al., 2002),' 

One of the salient features observed in this study is h 
t eh-. 

concentration of Org + residual P compared to inorganic P partl'C I ' 
, U arh ' 

stations reported for higher total P concentrations, From the point of " ' 
"Ie\\ 

availability as the P source for micro-phytobenthos production, orgati 

phosphorus is the les important fraction compared to inorganic P, which a" 

as the major source to sustain micro-phytobenthos production in th: 

carbonate sediments of coral reefs. The diffusional flux of P from t~" 

sediments might be minimized by microphY10benthic metabolism, potentl4 

losses of P must be considered through some other physical and biologIC. 

processes, including resuspension and grazing by sediment feeder~ 

Sedimentation of suspended particles and aged marine plants is an impol1an: 

source of supplying phosphorolls to the sediments, The source materials 0: 

the carbonate sediments sllch as coral fragments and coralline alga i 

skeletons are likely a significant phosphorous source in sediments as well, A 

large li'action of organic phosphorous remaining in the carbonate sediment' 

was composed of refractory materials that withstand early diagcnet'l 

mineralization, Therefore, from the point of availability as the P source I'll' 

, 'I I . I I impot1;Uf 
microphytobenthos production, orgalllc p lOSp lorous IS t le ess 

to 5U,t,lif 
li'action: hencc inorganic li'actlon should he the major source ' 

, f ' "11 reel~ microphytobcnthos production In thc carhonate scdlments 0 COl. 

(Su/umura et aL 2002). 
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contribution from high benthic biodiversity, besides death and decay 

and seaweeds resulting higher release of organic materials and 
'scagraSS 

,'t. which are retained according to the nature of the sediment texture 
11f1cntS. 

III tributes towards the pool of organic plus residual form of 
IsO con 

J h roUS. Detritus fom1ation and release during death and decay from 
"hosP 0 

t rop!1\1eS have been viewed as a major source of organic carbon in 
the mac • 

f areas adjacent to grass meadows. Further aggregation of migrating 
the rce 
. h s crustaceans and molluscs and their excretory products could also 
!IS c . 
seem to serve as another source of organic carbon in the reef 

Jrcas(Vinithkumar et.al., I 999). 

The inorganic association of P with the solid matrix may take place 

through adsorption on the surface of the pal1ic\es or through precipitation as 

or \\Ith ne\\ly fom1ed minerals (Apatites, Fe & Mn oxides and hydroxides). 

Both the adsorbed fraction and the fraction bound to the Fe & \ 1 n ox ides 

Jnd hydroxides are considerably influenced by changes in the chemical and 

rhysical conditions. While they tend to participate under oxidizing 

~onditions. they tend to enter into solution under reducing c\..'ndiu\,,'l1s and he 

recycled into the environment (Frascari et aI., 20(2). 

The higher phosphorous content of offshore sedimenls either 

Suggests that there is an offshore source of phosphorous to the area. or that 

phosphorous is less rapidly metabolised or more strongly al'sorhe(j offshore 
than ill I . s lore. Hlghcr supply ratc of N near shore could result It1 better 

utl1lt.atiol1 ~)f P hy algae and seagrasses in he l1earsh~)re Sedl!11el1tS( i.e. 

Ilearshore pi . I" d d ..[ I I ) ants are not nttrogen 1I111te an can aSSl1l11 ate p 10SP 10rollS . 
'.\ hile I . 

0\\ SUpply rates of nitrogen offshore results in the ac\.'umulation and 
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absorption of phosphate in the sediments (e.g. offshore a12 
~ae tllil \ • 

nitrogen limited and unable to utilize phosphorous; thus it accutr) I " 
U ales. 

NIP ratio. 

Spatia l variation of NIP ratio in the study area is uiven in F' 
.:> 19 . ..t. 

Tracing the features of NIP ratio. except that in Androth. all oth~ . 
\:[ I sl~· . 

reported comparati ve ly higher range. In Kavaratti . the highest \'aiue' " 
.• JI~ • 

were observed for the lagoon sample. The variation observed for Ka,' 

" , ~ ""- ,. ,. 

~ ...... , .. . " ... , 

.-.-,-. 

I r '''''''' 
JIL-

Fig. -4.12. Spatial '"'-lriabi lity or \" P ratio in six islands 

<lta!11 

. ' . ' ~ n:f'l\lr1:: 
\'~I S. 11 .()9-101 .51). ln KadiLlllath hl~h Ilde and low laic SI.IUll!L 

cOl11 p~lr;lii\'l'ly higher '""lucs. 1h ... ' ~ange of NIP Illr Kadal11alh \\;15 " ,:' 



. Minicoy, except for the sample collected from the land, all other 
".t34. In 
!- . recorded very high values in the range, 5.43(land)-
!JIIOJ1S 
" .. (I goon).the variation observed for Agathy was, 6.07-221.54. In 
,'tJ.84 a 
" I except that in surface (57.87) all other stations reported very low 
.\ndrot 1 

11 Kiitan also variations were observed only near the lagoon (25.74-
\Jlues. ( 
:416) and also in the land (20.43). For other station it varied from 0.14-

11196. 

The high ratios indicate low phosphorous content of the sediments. 

: allv the contribution of phosphorous in sediments is from the organic . su . 

matter as well as from the mineral matter. Here the sediments are very rich 

1:1 sand and are mostly sandy with little silt or clay. Therefore apart from the 

urganic matter, the contribution from the mineral phosphorous probably 

plays an important role in the variation of N: P ratios of these sediments. 

51gnificant positive correlation between nitrogen and phosphorous revealed 

ihat the concentration of one is dependent on the other and indicated a 

common source for both. Positive correlations with total nitrogen and total 

phosphorous represent increased nitrogen fixing activity from increased 

J1al1ability of phosphate as reported earlier (Smith and Atkinson, 1984: 

\ Inllhkumar eLal, 1999). Increase in concentration of phosphorous v·:ould 

Il1crease the growth rate of certain algae (Atkinson, 1987a), particularly 

:hose tat . I-fi' . . . 
are e lClent 111 retall1l1lg and fixing sufficient amount of nitrogen. 

fhl!hcr .. . . _ 
- accumulatIOn of phosphorous fractIons 111 shells and bones 01 

JI11111als . , ... 
l11a~ kad to lower N: P ratIOS, whIch were earlIer reported by Shark 

HJ\ of W 
. CSkm Australia (Atkinson, 1987a). In the oligotrophic ecosystems 

'1 r -eel c'u-b . 
, onate sedll11ents, where nitrogen fixation potentially supports the 



N requirement, phosphorous (P) should be a limiting nutrient for p . \ 
I1rna ~. 

production. A supply of P maintaining microphytobenthic production . 
canoc;' 

be generated insitu like fixed N. (Suzumura et.al, 2002). The high \'alu . 
es fv 

NIP ratios indicate low phosphorus content of the sediments .. -\pan ~ 
lrOt 

organic matter, the contribution from mineral phosphorus probably plays ar 

important role in the variation of N:P ratios of these sediments 

Trace Metals Nutrients Relationships 

t 
The correlation coefficient s of trace metal nutrient relation ship.c 

given in Table 4.4. Although the biochemical mechanism responsible fored 

uptake by phytoplankton is not known, the consistent relationship between 

Cd & P has been elegantly exploited for the estimation of historical and 

paleochemical nutrients in the oceans (Noriki et aI., 1999; Abe, 2002) 

It is now well established that the geographical distribution of Cd-Ill 

the deep ocean is similar to that of the labile micronutrient P (Boyle et·a!.. 

1976; 19'77; 1981; Bruland et aI., 1978; Bruland 1980, Bruland and Fra.~ 
•. 1 

1983; Hunter and Ho, 1991; Frew and Hunter 1992: 1995). Thus \ert_ 

profiles of Cd show nutrient like depletion in surface waters and enrichl11'fll\ 

b j d 'IS c!O';l' 
at bottom. Early work tended to suggest that Cd could e regarl e' ' 

. , . . d' 't' t r ~oions l1\ analogue slI1ce the rate 01 Cd and P concentratIon s 111 It eren c= 

111' 
the oceans exhibited little variation pal1icularly \\hen comparing no . 

I 
. . _ l ' . Brulatlu 

AtlantIC and north pact1tr data (Boy1c et al., 197(): Bruland I )~t I. 
• '\C\cl 

and Franks 1983). This would imply that Cd is taken up by surl acL 
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ClzemO-l'lmtlhlht!lllI tlhioti,: componellts-Nutrients ----
hytoplankton in a relatively constant Redfield type ratio (Red field et al 

~963) with respect to Carbon and the micronutrients. The mechanism of 

~. Correlations between nutrients and trace metals 

t<a.,gatti is/a Cu er Co Ni Pb Zn Mn Cd Fe 

()'g. C -0.345 -0.194 -0.511 -0.644 -0.640 -0.036 0.487 -0.377 0.568 

Ntrite 0.110 -0.218 0.003 0.066 0.066 -0.097 -0.189 0.400 -0.239 

Ntrale 0.224 -0.081 -0.024 0.064 0.040 -0.059 -0.079 0.098 -0.204 

Tcta N 0.275 -0.143 0.065 -0.011 -0.002 0.200 0.119 -0049 0.163 

EJd1.P -0.709 -0.142 -0.856 -0.890 -0.894 0.110 0.326 -0.508 0.558 

QrP -0.151 -0.190 -0.219 -0.346 -0.317 0.789 0.345 -0.285 0.515 

lroy. P -0.589 -0.179 -0.724 -0.798 -0.790 0.381 0.375 -0.488 0.613 

0y+Res.P -0.846 -0.089 -0.917 -0.955 -0.935 -0.114 0.230 -0.566 0.590 

Tcta P -0.841 -0.094 -0.916 -0.956 -0.936 -0.092 0.238 -0.567 0.500 
N:Pratio 0.2!n 0.165 0.077 0.168 0.139 -0.186 -0.117 0.065 -0.241 

J«Kjamath IsI, Cu a- Co Ni Pb Zn rv1n Cd Fe 

Og. C -0.252 -0.400 -0.423 -0.363 -0.434 0.211 0.068 0.837 0.294 
~trite 0.480 0.433 0.500 0.538 0.278 -0.494 0.033 -0.139 0.734 
~trate 0.111 0.2!n 0.105 0.242 0.300 -0.085 0.710 0.640 -0.364 
Tcta N -0.242 -0.119 -0.219 -0.107 0.146 0.238 0.590 0.455 -0.761 
8dl.P 0.235 -0.024 -0.138 -0.070 -0.133 0.054 0.062 O.~ -0.097 
Ca-P -O.!n4 -0.160 0.032 -0.058 -0.156 -0.300 -0.117 0.060 0.528 
Irag.P -0.246 -0.137 -0.057 -0.086 -0.197 -0.271 -0.053 0.500 0.346 
Og+Res.P 0.061 0.001 -0.267 -0.270 -0.318 0.240 -0.514 -0.253 -O.O!n 
Tctal P -0.032 -O.O!n -0.288 -0.302 -0.392 0.138 -0.533 -0.035 0.081 
NPratio 0.343 0.057 0.019 0.091 -0.032 0.218 0.164 0.017 0.424 
Mnicoy islanc Cu a- Co Ni Pb Zn Mn Cd Fe 
Og.C 0.876 -0.964 0.000 0.976 -0.987 0.975 0.262 -0.499 0.887 
~tJite 0.240 -0.620 -0.664 0.480 -0.537 0.547 0.495 0.242 0.825 
~trate 0.221 -0.038 0.342 0.261 0.019 0.173 0.179 -0.039 0.199 
TctaI N 0.847 -0.973 0.032 0.962 -0.995 0.963 0.304 -0.460 0.901 
&ch P 0029 0.087 0.227 -0.062 0.295 -0.211 0.364 -0.082 -0.160 
Ca-P 0.117 0.032 0.329 0.021 0.230 -0.145 0.366 -0.163 -0.129 
lro-g P 0.074 0.059 0.279 -0.021 0.263 -0.178 0.365 -0.123 -0.145 
CXQ+Resp 0.953 -0.720 0.430 0.807 -0.774 0.788 0.131 -0.894 0.519 
Tcta P 0.644 -0.392 0.493 0.477 -0.257 0.336 0.382 -0.649 0.199 
NPratio -0393 0.053 -0.136 -0020 -0.010 -0064 0.045 0.717 0.149 
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Chapter 4 

this relationship that is whether it is celIular incorporation (w 
alsh, I 

Hunter 1992) or by some adventitious associations like scavengi ", 
ng need 

be examined. ' 

One of the characteristic observations of this study is the c 
. orrelah( " 

exhibited by total N with trace metals in some islands namely A 
ndr!,'. 

Agathy. \1inicoy and Kadamath islands. In Minicoy. sionifical1t 
~ POSI1 

correlations were observed with eu, Ni, Zn, Fe and organic carbon 
Conl~-

(p > 99. 9~/o), whereas with Cr and Pb significant negati\ c correlations \1,_ 

displayed (r = -0.973 and -0. 995 respectively). Another moderate POSit" 

correlation was reflected with organic plus residual phosphorous fraCII;r 

(P>99~ol. A similar pattern was observed in Agathy island also with ~( 

exception of correlation with Ni in which a negati\ e correlation \\, ; 

observed. Relationship with iron was not signi ficant in ~his case wherea\. 

negatiye correlation was observed with Mn \\hich was Jbsent in MinlC, 1 

As in the case of Minicoy, here also total N exhibited a ;"'ositi\"e corrclatl" 

with organic + residual phosphorous. 

Tracing the correlations in Kadamath. a negatl\e correlation 11.' 

observed between total N and Fe (p = 99 "0). Characterizing [", 

correlations in Androth. entirely different pattern \\as oQser\"cd in which J 

the metals disl")lav fairlv uood neoative correlations \\it:, total :--J. "Iwr" _ J ~ ~ 

highly signi ficant positiyc correlation s are obsL'rwd \\ili~ c\changcabk J'. 

_ . ' '.-. I '\J and tP· 
1Il0rganlc forms 01 phosphorous. POSllt\'c correlalIon s ~'. totd . 

- . " I d 'posili l
"" metals 1I1dicalcS similar pattern ot rel11l11crallzatIOIl am l: 

" .., ., . . 'cOJ1·~I.I:" 
bcha\Jl)lll' 1I1\'01\'cd 111 theIr accumulation pattern .. The r~g,l!l\l. 

. . . - ' l(:ch;\lli'" 
s reflects selectlvc l-cmo\'al of tracc metals or dellltntI.:JlIOn n 
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. g with microbial assistance - both of which acting opposition to one 

Pe
raun 

" In other words the rate of occurrence of one of these two may be 
other. 

Jl1 . eeding the other and which is acting in opposition to one another in 
;Jf exC 
. netal and total N variations. The organic nitrogenous compounds 
:rdce I 

d 
ed from the degradation of organic matter gets adsorbed on sediments 

r'fll uc 
uepcnding upon the temperature, electrical conductivity (If the interstitial 

rs the concentration of organic matter and the porosity of sediments \\ale , 

,Rosenfeld 1979; Nasnolkar et al., 1996). 

In the present study one of the salient features obseryed was that the 

rdationship between Cd and P content of the sedimcnts. Discussing about 

these correlations in Kadamath island exchangeable as \\ell as inorganic P 

tractions display significant positive cOITelations with Cd (P>99.9~'o) and P 

, 90% respectively,. Conceming about Agathy, the inorganic as \\ell as 

Calcium bound P fractions display P moderate positive correlation with Cd. 

Contrary to the relationship observed for Agathy and Kadamath 

islands in Kavaratti total P display a fairly good negative correlation with 

lJ (p 99%) This was true for other fonns of P namely exchangeable 

illorganic as well as organic + residual fOfms of P. This \\J5 the observation 

made at \linicoy also, in which total P as well as org. + rcsldual phosphorus 

!'ractiol1s displayed negative correlations with Cd (p"'I:,O,o and 99.9°;() 

rcspecti\cly). Characterizing the correlations in Al1droth. on1\' the 

~\chanu ,. 1 I ... . . . 
,:,\:,1) e phosphorus fractIon dIsplayed slglllficant n"==.111\"c correlatIon 

\I!h Cd (p>99(~;)). 

The pOsitive correlations exhibited indicates ~'.:'1Ost a parallel 
':1~chanisI11' l' . 

111\'0 v1I1g the ennchment and rcmineralL'.nion processes 
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through the sinking biogenic orgal11c matter. The negative 
. . COfTelatl{), 

indicate relative enrichment of Cd due to anthropogenic input 
. In . 

11
' . I It,, 

up we mg region at t le north of \iew Zealand, Cd responds in\"er I . 
Se Y \in 

showing an increasing selectivity for Cd, at higher P concentration . 
s. In Ih, 

extensive Challenger Plateau region, however, the Cd-P relationsh' ' 
Ip ;' 

significantly perturbed by an excess of Cd relative to P that may he, 

consequence of terrestrial inputs (Hunter and Ho, 1991). Generalizing Ih~ 

observation. high nutrient concentrations promote productivity coupled \\ltt 

high concentrations of biologically-active trace metals like Cd - leading tn 

positive relationship between the two. Contrary to this observation 

di fferences in the rate of uptake and recycling of trace metals and nutrientl 

leads to an inverse relationship bet\veen the two. 

Discussing the relationships of various P fractions with other traCt 

metals, in Kavaratti, total phosphorus displayed negati\'e correlations with 

Co, Ni, Pb and Cu (p>99.9 %). A positive correlation \\as obsef\ed only In 

the case of Fe (p>99%). The beha\'iour of different f0l111S were more or less 

the same, except the fact that Ca-bound P displayed signi ficant positive 

correlation \\'ith zinc (p>99.9(~·"t. Tracing the featurcs of Agathy. total as 

well as org - residual P fraction. displayed positive cOITelation \\'ith ClI and 

Zn. These all f0l111S of phosphorus displayed a moderate negative 

correlation \\ith iron (p <9YYtI for total P. for othcr P > 95 (~.~,). 

Inorganic as well as Ca-bound P fractions displayed moderate 

positi\'c cOlTclatiolls \\ith Cr. Co. !\i. Ph and \In. Illustrating the 

interrelationships in Minicoy. Org + rcsidual P fractions tl!splayed .1 

. . I . . - . I C Ni Zn(l corrclatlon \\llh almost all metals. t lC slgnillcant ones arc \\It 1 u.: . 
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ChclIltl-uarzabllity ill ablo/k L-,111lI'OIlt'11 ts-_\-u t nCllb 

... ve, P
>99.9% for Cu, 99% for Ni and Zn) and for Cr and Pb (r = -ve, 

-
9
8 %). Characterizing the features of Agathy, total as \\-ell as organic + 

p7 
-d al from of P were strongly correlated with Mn (r = 0.91), Fe (r = 

reS I u 

9) Cr (r = -0.95), Pb (r = -0.90) and Cr (r = -0.85) whereas for Androth 
11_9 , 

1 the exchangeable p fraction displayed moderate negative correlation 
llO Y 

-th various metals except that with Zn. 
\\1 

Metals that are positively correlated with total as well as org + 

residual P fractions were fomled to be positively interrelated \\-ith organic 

carbon content. Little is known about the nature of phosphorus and metals 

bound to organic matter in sediments and their roles in biogeochemical 

cycling. Naturally occurring P and metal - organic complexes could be 

expected to cover a wide range of polarity, molecular \\eight, lability and 

themlOdynamic stability (Mantoura and Riley, 1975; Hirata, 1979; 1982; 

1983; 1985; \1ackey, 1982; 1983). Sediments consist of detritus derived 

from suspended particulate matter, plankton, microorganisms, fecal pellets 

etc. and the early diagenesis of the sediments is considered to be modified 

by microbial activity. The source of organically bound P is considered to be 

marine plankton and is thought to have been fomled by the rapid deposition 

of relatively non-degraded planktonic orgalllc matter into the sedimcnts 

(\issenbaum. 1979), and may be derived from phospholipids and 

phosphoproteins (Schnitzer and Khan, 1978). Organically bound P is 

decomposed in the early diagcnesis of sediments. Organically bound Ca and 

Zn may be derived in a similar manner as marine planktonic organic maller. 

and arc also decomposed in the early diagencsis or scdimcnts_ \Iorco\"er. 

POsitive conelation bet\veen metals and organic carbon contents occurs 



Chapter 4 

when metal ions interact with dissolved organic matter in seaWat 
er, both. 

concentrated by adsorption onto particulates such as clay m' or: 
Inerals 

ar>: 
sedimented to be bottom, as pointed out by Curtis (1966). 

Several workers have reported on the relationship betwee . 
n Iran ar. 

phosphorus in rivers and estuaries and a variety of reactions h '. 
aVe bet~ 

proposed to explain their relationship and it is clear that many 
prOCC\; 

involving flocculation, specific adsorption and precipitation of iron a~ 

phosphate are possible (Curtis, 1966; Windom et aI., 1991; Sundby et al 

1997; Frankowski et aI., 2002). 

In this study, a positive as well as negative correlation was displayCl: 

by iron with various phosphorus fractions. Among these the significant on~ 

observed were in Kavaratti and Agathy in which total as well as org -

residual P fractions exhibited positive correlation with iron (both the 

elements co-vary with each other to very significant extent in thes( 

sediments. Iron in the marine environment may be associated with the 

sediments i) as iron located in the lithogeneous minerals ii) as iror. 

incorporated in the marine sediments directly from seawater. iii) as iwr 

deri\'ed through biological processes and iv) as iron associated with the c1a~ 

minerals either as an essential constituent or as a major constituent \\ithtf 

the crystal lattice or as iron oxide on the surface of the mineral platelcb 

db' et al (MartY110\·a. 1984; Koop et aI., 1990; Sonderguard, 19S5: Sun Y 

199 7 : Frankowski el aI., 2(02). Similarly phosphate also apart fro bctn~ 

associated \\'ilh the sedimcnts in thc form of primary chemical prccipita
tL
" 

.' ,hon;M 
or as incomplete replacement product fomlcd from prc eXIstIng car 

material (Sundby et aI.. 1997: Frankowski et al.. 20(2). 

1/0 



Therefore the possibility of phosphate being associated \\'ith thesc 

, eolS to some extent in the chemical precipitate forn1 cannot be 
",-dlnl 

, ded The significant relationship obtained between phosphoms and 
cxclu . 

. dicates that it occurs to some extent as ferric compound also. 
Iron 10 

Tracing the characteristics of zinc, it was found to be exhibiting 

lticant positive correlations with various fractions in Kavaratti. A\!athy, 
~~ -
\linicoy and Androth islands. This fonnulate the fact that uptake and 

remineralization of zinc takes place in harn10ny with the uptake and 

regeneration of phosphorus. In estuaries, zinc removal seems only to be 

observed where nutrients are removed to a significant degree by biological 

processes (Paulson et aI., 1993). The near simultaneous decomposition of 

hard silicates parts and soft organic matter allows us to use phosphate as 

parameter that reflects regeneration of both hard and soft biological matter. 

Concerning the behaviour of copper, it displayed negative 

correlation with total P in Kavaratti whercas those ",:ith the org + residual P 

fraction in Minicoy was found to be positive (p > 0.001 in both cases). 

\1anne organisms excrete dissolved organic ligands that complex Cu 

tSundbyet a\., 1992). The complexation of Cu by such excreted dissoh'cd 

organic ligands has been shown to contribute 10 the low affinity of dissoh'cd 

C'u for marine particulate matter in laboratory cxperiments (Paulson. 1993). 

Summarizing the behaviour of nutrients among thc SIX islands. 

higher values of both total and total phosphorous arc rcportcd ft.")r .-\ndroth 

Island. III all other islands, conccntrations of total nitrogen \\ ~iS rar 
~\" . 
C~Cdlng that of total pho?phorolls attcsting the roIc or nitrogen ll\~llion 



Chapter 4 

towards the nitrogen requirement of the environment \\here phosphor 
ou~ 

acts as a limiting nutrient for primary production. 
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CHEMO-VARIABILITY IN ABIOTIC 
COMPONENTS - TRACE METALS 

INTRODUCTION 

Human activities have been altering the land c\ er since hunting 

~,gan to give place to agriculture, while in freshwater. pollution. initial Iv 

!!rgely from sewage, has been a matter of concern for centuries. increasing 

'.11th the spread of urbanization. When we did begin to c:\pand O\cr horizons 

,nd eyentually to complex and chart the global oceans. the only athcrsc 

~:'iects we were likely to cause were inflicted directly on l)llrsehcs. through 

r:racy and \\'ar. Before considering the present state of thc man ne 

~:1\ironll1ent. and how humans ha\'e affected it, it may hc useful to look 

~J('k a little. if only to place the problems in perspecti\c, In doing this. 

r~rhaps the most striking point is just how relatively rCC<lst our a\\ areness of 

J:llhropogenic impact on the seas turns out to be 

""nlparison \\ith terrestrial and fresh\\'ater environments, 

reccnt. that IS. in 

By the middle of the century. it became clear that \\c cl)~;]d indeed 
l\)nt ' 

amInate on the oceans can alter their chemical c()mp()s:!ion in a 

~leasu bl 
ra e way. but as often happens, the production hcgan to s\\'ing too 
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far. It \\as not until the second half of the present century that . 
fl1anlle 

pollution became of in dispread concern, but having been alerted t 
o thf' 

potential problem of seafood contamination, the scientific . 
communi!\ 

directed a great deal of research to the distribution and fate of metals' . 
In the 

sea. The 1110st toxic became a focus of attention, and mercury and cad . 
mlllJl) 

were bui It into the black lists of several international conventions de\'elo ped 
in the 1970s. 

The continual development of agricultural, industrial and 

urban activities has given rise to a number of environmental problems. 

Heavy metal contamination in aquatic environments is of critical COlleem 

due to the toxicity of metals and their accumulation in aquatic habiTats. 

Heavy metals, in contrast to most pollutants, are not biodegradable, and they 

undergo a global ecological cycle in which natural \\aters are the main 

path\vays (Tam and Wong, 1995). Heavy metal enrichments of surlieial 

sedimcnts have been noted in numerous coastal environments (Cho\\ et al.. 

1973: Bruland ct ai., 1974; Goldberg et ai., 1977; 1978; 1979; Skei and 

Paus. 1979; Katz and Kaplan, 1981; Lyons et ai., 1983). Most authorities 

have assumed that such enrichments above a baseline concentration 

represent as anthropogenic presence and, furthennore. patterns of 

enrichment have been used to describe the variations in chronology of 

contamination of an environment. 

III the majority of studics of coastal and non-marine environments 

cmphasis has becn placed on anthropogenic inputs, particularly the buming 

of 1(')ssil fuels, as thc cause of Cu, Ph and Zn enrichmcnt (Bruland el al.. 

1<)7 .. 1-: Erknkeuser et ai., 1074; Sucss and ErIcnkeuser. 1975; Goldberg ct 
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al .. 1977; 1978). Present anthropogenic inputs of heavy metals into the 

enrironment far exceed natural inputs (Nriagu and Pac: 11a, 19S8); the 

. ller may pose health risks in areas where metals accumulate. The impact 
tort 

oi heavy metal poIlution to coastal and estuarine areas. Physical. chemical 

Jnd biological effects may be seen in estuarine and coasu! en\ironmcnts 

(Ellis, 1987) and sediments are a medium of transport, accumulation and 

storage of poIlutants (Forstner and Se hoer, 1984). indicators of 

~n\"ironll1ental quality (Literathy et aI., 1987), and a benthlc biota damage 

agent (LitIepagc et aI., 1984). 

Marine sediments can be a sensitive indicator for ~oth spatial and 

temporal trend monitoring of contaminants in the man!lC em ironment 

(Larsen and Jensen, 1989) and as a result they ha\·e fon~led an essential 

component in many intemational monitoring programmes I :\"orth Sea Task 

Force, 1993). The impact of heavy metal poIlution to coastal and estuarinc 

areas could be substantial because of the variety of inputs to these areas; 

potential sources include riverine inputs, land runofr (both include treated 

and untreated sewage (Galloway, 1979) and industrial citluents (Gross, 

1978) atmospheric deposition and coastal waters (Calla\\;}y et al.. 1998). 

Further concentration of heavy metals in sediments retlecls both logical 

mineralogy and the origin and nature of sedimcnts (e.g. :;;rain size. clay, 

org.anic Content etc.,). Sediments have been used extensivelY as indIcator of 

chronological pollution of coastal areas, including both subtidal sdlmcnts 

tSantschi et al.. 1984; Schmidt and Rcimers, 199 I: S\\;l:-:I et 3.: .. 1991; 

\·clette-Siher et aI., 1993) and intertidal wetland scdil11e!~~s (Grifr"!:l et aI., 

\989; Bricker. \993). 
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Modem society drives us to couple industrial and agriCUlt 
Ura\ 

practice to the increasing use of a wide range of chemicals I 
. hcSt 

chemicals. their break down products and by-products generated as 
Pan of 

their production will often end up in the final reseryoir of many f 
. 0 tht 

waters of our wastes of our society. the sea. The issue that arises in th 
CSt 

circumstances is whether the presence of residual concentrations of th 
CSc 

compounds represents a risk to man and to biota in the marine cnyironll1cnt 

(Michael et al.. 2002). Hcavy metals are introduced into the marine 

enyironment in a number of ways. They may be deposited in the sea 

"naturally" as a consequence of erosion from ore bearing rock, wind bIO\\n 

dust, volcanic activity and forest fires. Increasing hO\\'e\'er, they arc 

introduced via contaminated rivers, marine out falls alid through the 

deliberate dumping of wastes in coastal waters (Gregory et 31.. 2(02). 

Potential impacts from heavy mctals are generally restricted !Il 

locations adjacent to major cities or industrialized areas on the coastal fringl: 

and to site draining areas of intensiYe agriculture. Once introduced into the 

marine enyironment, heavy metals have the potential to 3ffect sedimcnt 

nutrient c\·c1ilH!. cell arowth and regeneration as \\ell as reproducti\'c cyclc~ . ~ ~ ~ 

and photosynthetic potential of marine organisms ( Bricker. 1993; Burton and 

Liss. 1976). Results of Australian studies of marine en\iro!lmental mcwi 

contamination indicate that surficial sediments adjacent to 1110st lIrbanil
cd 

. ' . larly pn and industrialized estuaries are contaml11ated \\ltb metals. partIClI, . 

and Zn. 
. ., .' 'diJ11cntS 

Coastal reef areas are bemg heavily Impacted by mcre3sIIlg SI.: 

. .., Id' ff d" B I ' I 99()· The from telTcstnal ongl11, mc u II1g run-o an nyer I11pUtS ( at I.:y. 
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detrimental effect of sediments on the structure of coral reef communities is 

\\ell documented, However, these effect on specific coral species ha\'e been 

re variable depending on the type and size of sediment. frequently of the 
nl0 

load, clearing ability. colony morphology and species resistance (Batley, 

1995; 1996; Esslemont, 2000; Elizalde et aI., 20(2), 

The biggest problems with heavy metals are that they are persistent 

(remain in the environment unchanged for years), and they bioacculllulate 

(increase in concentration as they go up the food chain). So, in addition to 

posing a thread to the health of coral reefs around the world, toxic metals 

also pose a long-teml public health risk, especially for those human 

population hat rely on fish for protein. 

In an area like Lakshadweep. where people have lived depending on 

their primary links to the ecosystem and productivity pattern were not so 

energy intensive, the concept of pollution is very ne\\·. An evaluation is 

necessary to assess whether pollution from different sources is taking its toll 

on the ccosystem inspite of being declared as the 'no industry zone'. 

In this study an attempt has been made to pattel11 of enrichment of 

nine metals (Cu. Cr. Co, Ni, Ph. Zn, Cd, Mn and Fe) in the different 

sedimentary environments of six inhabited islands - namely, Ka\'aratti, 

Kadamath. Minicoy, Androth and Kiltan - belonging to Lakshad\\eep 

Jrchipelago. To assess inter-environmental variations of trace metals, study 

area or each island is geographically located into several compartments as 

l;lI1d profile. lagoon profile and seaside profile. An artificial mangrove 

CCosystcm of Minicoy Island is also selected for an inter ecos\stcm 

Comparison (i.e., between reefs and mangroves). 
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MATERIALS AND METHODS 

The materials and methods adopted are detailed in Chapter II. The 

station numbers indicating the different environmental compartme 
nts of 

each islands are given in Table 5.1. 

Table No.5. I. Station numbers used in Figs. (Chapter \') are given 
parenthesis for identifying the respective sampling sites. In 

Kavarani 

Core (south) 
Surfaee( I) 
3()em(2) 

Kiltan 
--
Lagoon Profile 

Centre (I) 

Low water mark (2) 
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Land (5) 
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.----~--------- - ---- --- - ~~ -- ,--
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Clzemo-variability in abiotic components - trace metals 

RESULTS AND DISCUSSION 

Spatial variability in the distributions of trace metals except iron for 

the islands, Kavaratti, Kadamath, Agathy, Androth, Kiltan and Minicoy are 

give respectively in Fig. 5.1 to Fig.5.6. The spatial distribution of iron is 

given separately in Fig. 5.7 for better a graphical presentation. 

29 

Kavartti 

I" 
Sit 
g 
o .. 
U 

Stations 
1-"-" "-"'-"-"-"1 

Fie.S.1 Spatial variability in the concentrations of trace metals in Kavaratti 
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Fig.S.3 Spatial variability in the concentrations of trace metals in Agathy. 
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Fig.5.6 Spatial variability in the concentrations of trace metals in Minicoy. 
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copper 

Copper is an essential element for all living organisms as it acts as a 

catalyst for many enzyme systems, and is also important as an electron 

carrier in intracellular structures (Oepledge and Rainbow, 1990). Copper is 

required in relatively low concentrations compared with other essential 

elements such as zinc. Higher concentrations of copper are the basis for 

common fungicides and molluscicides, and it is thought that their higher 

concentrations disrupt protein -- binding system and interfere with 

metabolism (Oepledge and Rainbow, \990). 

Copper concentrations in seawater ranges from 8 x 10-4 Ilg rl in 

pristine open ocean, upto 29.2 Ilg ri at highly polluted sites (Sadiq, 1992). 

The water quality guidelines generally state the copper concentrations in 

marine waters should not exceed 5 ~lg rl . The toxicity of copper to marinc 

organisms is fairly well documented, as a result of its widespread use in anti 

foulant coatings as well as its presence in industrial, urhan and agricultural 

discharges (Philips, 1995). 

Considering the variations of copper among the core profiles of six 

islands, no definite pattern was observed for the enrichment of metals. The 

Core samples collected from the southern part of Kavaratti island as well as 

the core profile of Androth island (sea side) sho\\"ed almost similar 

distribution pattem in which lowest concentration was at the surface and 

highest at maximum depth of the selected core (1.2 m and 1 m respecti\"ely)_ 

The core profiles of northern side of Kavaratti island, Androth and Kiltan 

land samples displayed similar pattem hy observing maXIlllum 

concentration at the surface and minimum at internlcdiatc depth of the corcs 

1 ()7 



(::: 0.5 meters). In the lagoon profile of Kavaratti island, even tho h 
Ug no 

signi ficant variations were observed, the highest concentration Was re 
ponell 

for lagoon sediments and lowest for land samples -- in which a dec . 
reaSt!b 

order of metal concentration was observed on tracing from lauoon t I ~ 
:::: 0 and 

The soil sample collected near Ujra mosque. recorded a c 
°pper 

concentration of (6.15 mg kg- t
) which was slightly higher than that rep 

oned 
for core as well as seaside profile. Conceming the variations of COpper in the 

lagoon profile of Minicoy, no significant variations were obser,ed in the 

metal concentrations among the sampling sites. The five stations recorded 

the following order of metal enrichment. Discussing about Kadamath 

lagoon samples recorded comparatively higher value than those collected 

during high tide and low tide stations, though they have-not shown am 

remarkable concentration range. 

In Kiltan Island, tracing the behaviour of copper in the lagoon 

profile. concentrations gradually increased from lagoon (2.83 mg kgl, 

to\\ards the back-slope (3.97 mg kg-'). In Agathy Island, as in the case oi 

other islands. no wide di fferences in concf>ntrations were obser.ed het\\ ('('n 

stations. Among the selected stations, lagoon sample recorded the highest 
, . k .,) 

\',due (-L 77 mg kg- ). whereas lowest was 111 the ben" (2.6 I mg'g . 

The spatial variability of copper recorded here 0.96( Kavaratti)· 

6.21 (Ki !tan) mg/kg are below the limit of pollution. This is comparable with 

the values reported by Anandaraj (2002) for Kavaratti (O.3-2.8mg/kg) and 

. ft- . . for CI<1\'5. 
Minicoy (3.3-6.2mg/kg) islands. S1I1ce copper has a strong a II1lt~ . 

• 1 
. . _. .·d arc olle:! 
l!"On and manoanese oXides, and carbonatc matcllals, rcsr lies 

:::: G t lake:· 
eIc\'ated in sediments in both fresh and marine sedimcnts. [n rca 

19R 
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\!udroch et.a!. (1988) reported copper values in the range 109-206,5-207.3-

.S,15-54 and 30-173 mg/kg from the depositional basin of Ontario, Erie, 

Kuron, Michigan and Superior respectively. Highly polluted parts of 

Chesapeake Bay (USA) contain copper in the range, 250-1500 mg/kg dry 

1\ eight (Sinex and Wright, 1988). Mohapatra and Rengarajan (2000) 

recorded copper concentration 1.6~lg/g for Mandapam coast and 8.7mg/kg 

{or Tuticorin Bay (stations signi ficant as near to coral reef ecosystem). 

Copper concentration in the coastal sediments of bay of Bengal was 

reported to be 26mg/kg (Sasamal et.a!.,1987). Important sources of copper 

IOwards the aquatic environment include sewage, coal combustion. mining, 

fertilizers, copper fungicides, petroleum refining and paper and pulp mills .. 

Iroll 

Iron is the most abundant element in the planet earth. and fourth 

most plentiful in ,the lithosphere, where 0, Si, Al are present at higher 

concentrations. It occurs in a variety of minerals. including oxides, 

sulphides, carbonates and silicates. In most aquatic ecosystem, however the 

~oncentrations of dissolved iron are very small, with that in oceanic waters 

heing about 3 ~lg ri, and that in tj·eshwater averaging slightly more (Bo\\·crs 

and Huang, 1987; Balls et aI., 1997). Thollgh some polluted \\"aters, notably 

aired more drainage, may contain much greater concentrations of Fe. The 

hest-documented mechanism for Fe cycling is via oxido-reduction and is 

!110st readily observed in environments where oxic and anoxic sites are in 

clOse proximity or juxtaposition, sllch as freshwater and marine sedimcnts. 

and clay soils (Langston and Bebianno, 1998). 
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Discussing the variations of Fe in the core samples, in Kavaratr 
1, the 

core profile of the southern part of the island showed maximum (297.64 
1l1~ 

kg-I) at the surface and minimum at 0.9 m depth (13.15 mg kg I) where ,~ 
aSln 

the northem side, maximum \\'as at 0.3 m depth (114. 46 mg ko I) 
~ and 

minimum at 0.6 m (12.58 mg kg I). 

In the core profile of Androth island, the seaside recorded loWest 

value at the surface which gradually increased towards 1 m depth. In the 

land profile. comparatively higher concentrations were for the surface and 

0.3 m depth samples. The 10\\ est concentration (8.82 mg kg I) was repOned 

at 0.5 m depth. Regarding Kiltan core profile, concentration decreased from 

surface (739.81 mg kg I) towards 1.3 m depth (15.55 mg kg \ Tracing the 

features of Kadamath, in the southem side, soil samples from land recorded 

maximum concentration (29.09mg/kg) and the lowest was for 10\\' tide 

samples (16.45mg/kg) ,whereas, towards the north high tide samples 

recorded the lowest concentration (14.04mg/kg). The lagoon side of 

Kadamath displayed concentration comparable to that of land. 

The sediment collected near Ujra mosque in K::.lvaratli, showed 

highest concentration of iron (361.98 mg kg I). In the lagoon profile. 

concentration of iron gradually increased from lagoon towards the bcnl1. In 

:v1inicoy island, the concentration of iron in the sea side protile was in the 

order; lagoon intermediate> land> lagoon inner> berm> lagoon. a similar 

trend \\as also displayed in the Fe concentration of Agathy island. 

Concerning the beha\iour of Fe in the lagoon profile of Kiitan. 

thouuh \\ldc tluctuations in \'ariations were not obser\'ed. the land (back-
~ 

slope) rCC(lrtkd the maximum value. In the seaside profile of Kilta ll. 

~()O 



sanlpling was from the northern and southern side; on both sides samples 

collected near the beach rock recorded the maximum \alue. 

The concentration range of Iron reported for this study 

8.82(Androth)-739.81 (Kiltan) mg/kg, is not in the le\el of pollution. The 

most important sources of iron being various industrial acti\"ities (chemical, 

dye, iron and steel industry etc.,) and they are absent in this "no industry 

zone" region of Lakshadweep. The values reported by .-\nandaraj (2002) for 

Kavaratti was in the range 13.2-196 ppm ,whereas, for Minicoy it \\"as 26-

668ppm. Rao (1996) has given a high range of Fe( 212-4435ppm)for the 

bulk sediments of the modem carbonate. High concentrations (0.7-1.8%) 

was repol1ed for offshore areas of the Arabian Gulf (Samhan et. aLI987), 

the Ganges estuary( 1.2-4.6%)(Subramanian et. a1..1989) and Bombay 

Harbour(6.2-7.6%) (Mohapatra and Rengarajan, 2000). 

Ch rom iUIIl 

Chromium is one of the least toxic of the trace elements on the basis 

of over-supply and essentiality (Forstner and Wittmann. 1983). Total 

anthropogenic discharges of chromium to surface \\ater ranges from 45 x 

10' to 239 x 10.
1 

MT year (Nriagu and Pacyna, 1988)" The anthropogenic 

SOurces of chromium include domestic waste water discharges from central 

and non-central sources, atmospheric fallout, input from rivers. damping of 

sewage sludge and industrial waste etc. 

Discussing the behaviour of chromium among the SIX islands, no 

definite accumulation patterns \vere observed. In the core profile of 

Ka\aratti, no \\"ide fluctuations wcre observed among \arious depths. among 

these, 10\\CS1 \alues werc at 0.6 m depth. 
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In Androth island, seaside core profile concentration of chrol11iull1 

increased from surface towards I m depth, whereas in the land core profik. 

concentration decreased from 0.15 m towards 0.90 m where minimum value 

\vas observed. In Kiltan, obsen'ation was similar to that of Androth lago on 

core profile, in which maximum concentration (12.97 mg kg· l ) Was 

observed at 1.3 m depth. 

The sample collected near Ujra mosque recorded a value of 8.74 I11g 

kg· 1 
• In Minicoy Island, the maximum concentration was in the inner part of 

the lagoon. No wide fluctuations or regular distribution pattem \Cere 

observed for chromium concentrations in the seaside profile of Kiltan~and 

Kadamath islands. 

The concentrations of chromium reported for this study 0.92 

(Androth)-12.97 (Kiltan) mg/kg are very low, indicating insignificant 

contribution of this metal form \arious sources like coal buming. fertilizers 

and petrochemicals. Studies on the sedimentary environment of Kavar.atti 

and Minicoy islands recorded \alues in the range O.8-S.8ppm and 0.4· 

6.8ppm rcspectively (Anandaraj. 20(2). 

Cobalt 

Cobalt IS widely distributed throughout the human body. witffout 

excessivc concentration in any particular organ or tissue (Forstner and 

\\·ittmann. 1983). Cobalt is relatively scarce in the earth's crust. but is 

required by human body in vitamin BI2 \\hich is a cobalt (Ill) complex to 

form hcmoglobi n. Cobalt In uncontam inated freshwater sed i l1lents is 

gcnerally found at I-I 0 ~lg g" dry weight, increasing 2S-50 pg 1'1 in 

anthropogcnically contaminated areas. 
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No regular trend was obsened for the distribution of cobalt in the 

core profiles of Kavaratti island. This was also true for Androth island in 

\rhich no periodic trend was obsented to explain the metal enrichment 

phenomena of core profile whereas in Kiltan island, cobalt concentration 

sho\\'ed an increasing trend from surface (I. I I mg kg-I) towards 1.3 m depth 

(17.66 mg kg-I). 

In the lagoon profile of Kavaratti, the concentration of cobalt 

gradually decreased from land to\\"ards the lagoon, even though, vast 

differences in concentrations were not observed among stations. The 

maximum cobalt concentrations recorded in Kavaratti island was near Ujra 

mosque (20. I 1 mg kg ). 

Discussing the features of Kiltan, no regular pattem was obsen'ed 

for cobalt \"ariation~ in the lagoon profile. In the sea side profile, towards the 

northem and southem profiles, no large variations were observed in metal 

concentrations among the stations and so also no characteristic distribution 

pattem. In Kadamath, except the low tide samples towards south 

(11. 74mg, kg) and high tide samples towards north (lS.35mg/kg) , all other 

stations displayed unifoml concentration. 

The range of concentration recorded for cobalt in the present study 

"as 1.11(Kiltan)-18.58 mg/kg (Ka\aratti) very low indicating insignificant 

SOurces of metal input. Anandaraj (2002) observed concentrations in the 

range 1.2-13ppm and 3.3-6.2 ppm respectively for Kavaratti and Minicoy 

iSlands. Appreciably higher residues. averaging 37 pgg.1 were found in 

Thane creek, which receives industrial wastes from the city of Bombay 

(~lohapatra and Rengarajan, 2000). Most important sources of Co are 
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alloys, high-speed tools and turbines making and none of them is preva'I' 
I In" 

in the area of study. Cobalt in uncontaminated fresh water sediment ,~ 
S I, 

generally found at 1-IOdry weight, increasing to 25-50 in anthropogenicalh 

contaminated areas. . 

Sickel 

The major source of discharges of nickel is municipal wastewater 

followed by smelting and refining of non-ferrous mctals (Nriagu and 

Pacyna, 1988). The anthropogenic sources of nickel include mining ~d 

smclting of nickel bearing ores, use of fossil fuels particularly coal, use~f 

crude oil and its products. The toxic action of Ni is due to its ability~o 

replacc essential metals in the metallo-enzymcs resulting in the disruption of 

metabolic pathways. Total nickel residues in sediments typically range upto 

I 00 ~lg g'l dry weight, but may fall below 1 pg g'l in somc unpolluted 

coastal waters. Enrichment factors (concentration 111 sediment 

conccntration in earth's crust) typically rangc f0l111 I to 12 (Sincx and 

\\'right 1988). .. 
Illustrating thc variations of Ni in the core profiles of various islands. 

~ 

as 111 the casc of othcr metals no generalization can bc done in the metal ... 
enrichment pattcrn. particularly in Kavaratti island. [n thc sc .. side corc 

profile of Androth. concentration slightly decreased from surface to\\ards I 

111 dcpth whereas, in the core profile of Kiltan, concentration gradtlall~ 
, . ., I I I l' 'I . I i 0 definitc Increased frol11 surface to\\'ards I .. ) m <. ept 1. n "'-I tan IS am n 

. . . S 1'1"0011 
pattern or wide \'ariatlons \\'ere observed 111 the metal concentration. '.:> 

- " I I-I T' t IrcC':; of Ni prof lie as \\ell as northern Side seasl<' c pro I e. \\'0 Impol1an SOL . 

., . (' '1' T acin" thL' in this region can be automobIle pall1ts and the use of lertl Izers. r .:> 
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"lures of Kadamath, the low tide samples recorded the lowest 
lea 
concentrations towards the northern as well as southern side, whereas, 

. hest was reported for high tide samples towards north (18.82mg/kg), No 
hlg 

'de differences were observed between land and lagoon samples. 
\\ I 

The proposed variation of nickel in this study was in the range,2.27-

33.49mg/k g(both for KiItan), Total nickel residues in sediments typically 

range upto 1 00 ~lg/g dry weight, but may fall below 1 ~g/g 111 some 

unpolluted coastal waters. Maximum residues are typically associated with 

I1Ickel-bearing geologic f0l111ations and with the discharge of industrial and 

municipal wastes. The Indian average of total nickel in river bed sediments 

IS only 37 ~g/g . Values in the range 2.5-l6.9ppm and 0.2-19.4ppm were 

reported respectively for Kavaratti and Minicoy islands (Anandaraj, 2002). 

Lead 

Lead is a non-essential and potentially toxic .. ekment which is 

present in the tissue and organs of mammals. In fresh water. lead f0l111S a 

number of complexes of low soluhility with many of the major anions, 

IIlcluLling hydroxides, carbonates, sulphides and (less commonly) sulphates. 

The average concentration of lead in river and ocean waters is O. I and 0.003 

Pg ("I respecti\'c1y (Martin and fitzwater, 1988). The main sources of input 

of lead include atmosphere fallout, smelting operations and automohiles. 

-\lthough maximum residues are often associated with poorly treated 

Illduslrial or mining effluents, the impact of lead into remote waters is 

prl!llary due 10 atmosphere deposition (Evans and Dillon. 1082; Mortimer 

Jlld Rac. 20(0). 



In the distribution pattern of lead among the six islands a r 
' egular 

pattern \vas observed only in Kiltan in which concentration grad 
Ualh 

increased from surface towards 1.3 m depth. In the core profiles of Ka . 
varaUI 

and Androth islands no wide fluctuations or characteristic patterns 
\\ert 

observed in the distribution of lead. In the seaside profile of Kavarattl' 
, as In 

the case of Cr, Co and Ni, concentration of lead also decreased SI'n 'I 
. 11 ar 

pattern of distribution was observed in the lagoon profile of Minicoy and 

Agathy islands where lead behaved similar to that of Co and \!i. Discusslll~ 

about Kiltan, the pattern of distribution of lead in the seaside as well as III 

the lagoon side profile was highly monotonous in which neither regularity 111 

distributions nor considerable variations among stations was observed. In 

Kadamath. among the nine metals studied, lead displayed higher 

concentration than for other metals. The values were in the range24.11 

41.26mg kg. 

The overall range of this study was 0.75(Androth)-43.91(KiltaJlI 

mg/kg. Approximately 99% of the lead entering the oceans with Ihl 

sllspended load of rivers is deposited in the sediments of estuaries and 

continental shelves(Craig, 1980). Residues in the 15-50~lg g dry wci~hl 
. d' t (Sarl1f1JI1 

range were frequently reported for coastal/estuarine se Itllen s 

el.al., 1987: Araujo et .al.,1988: Subramanian et.aI..1989). and may excl·, .. 1 

I Il)~(' 
400~lg/g near waste outfalls (Stull and Baird, 1985): Stull et a .. 

. ., )11t:d 1<" 
Llloma and Phillips, ) 988}.cxtrcll1cly high concentratIOnS arc Il:pt 

I;' . .... . .' . I \\·astt:S. " 
frcsh \\ater scdll11ents rCCCI\'lll!! II1dustna) or l1111nILlp<l 

- , '1' Ii!' 
, . . I' f -hij)s and ,lIr' . Important sourccs 01 lead 111 thc sllldy area arc ex laust 0 ~ 

. ., . .) fi d tl of I "lded petrol. fertilIzers. palllts, 01 re II1cry process an lC lIscr (;, 
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title 
Zinc is an essential element for all biological systems (Depledge and 

Rainbow, 1990) and zinc requirements for organisms are usually higher than 

for copper. Zinc can also be more abundant in the environment than other 

trace metals; therefore organisms have developed several metabolisms for 

bioregulation (Depledge and Rainbow, 1990). Zinc concentrations recorded 

throughout the world's open oceans average 5 J-lg I 1 (Riley and Chester, 

1971 ). 

Considering the variations of zinc among the profiles of six islands, 

10 Kavaratti, no significant variations were observed in the concentrations of 

In at various depths in the southem side core profile. In the northem part of 

the surface samples reported the maximum (32.48 mg kg I) whereas 

minimum was at 1.2 m (4.21 mg kg I). In Androth island, in the seaside core 

profile, the distribution pattem of zinc was highly monotonous depicting no 

significant change with depth, whereas in the land core profi le the surface 

samples recorded a very high value of (28.71 mg kg I» compared to other 

depths. In KiItan, lowest concentration was repol1ed at maximum core 

depth, 1.3 m (2.39 mg kg I). In the seaside profile of Kavaratti, though \\idc 

fluctuations were not observed among stations, a comparati\'ely higher 

concentration was at berm (129.59 mg kg i). The concentration recorded 

near Ljra mosque was 6.25 mg kg 1 • Almost contrary beha\iour \\as 

i\hser\"ed t' Id' I fi I ,.. d I' I d I Or ea 111 t le lagoon pro I es of \1111ICOY an .-\gat 1)' IS an S. n 

\hnicov . ill' '}' I . -' no \\'It C llctuatlons were observcd among stations. thc llg 11.?Sl 111 

the bel' 
nl and lo\\cst in the lagoon. In Agathy. the lagoon samplcs recordl.?d a 

Co 1l1parat·· I . . 1 
1\ C Y higher concentrations (104.89 mg kg ) \\hl.?rcas lowest \\ as 



In the land (6.02 mg kg I). In Kiltan island, no characteristic tre d 
n \I'as 

displayed by zinc in the lagoon as well as seaside profiles, pattern Of 

distribution was highly in random. Discussing about Kadamath . 
, In the 

northem side concentration were more or less unifoml. In the Southern 
pan. 

soil samples recorded the lowest concentration (4.83mg/kg) and the low tide 

samples recorded the highest concentration (13.26 mg kg I). 

Considering the range of zinc concentration in the studv area I't w - , as 
found to be 2.33 mg kg 1 (Ka\'aratti)-287.09 mg kg 1 (Androth). Relativel\' 

high concentrations of zinc can be found near major municipalities and <*al 

buming power stations. Poulton (1987), for example, reported that a ~TC 

sample from Hamilton Harbour(a major steel-producing region in Canada) 

contained 5,700 Ilg/g of zinc. Sediments from uncontaminated wa~rs 

contain 5-50 Ilg/g range of zinc. The concentration of zinc reported for 

Mandapam coast and Tuticorin Bay was 3.0 and 4.9 ~lglg respecti\'tl~ 

(Mohapatra and Rengarajan, 2000). The \'alues recorded by Anandaraj 

(2002) \\ere in the range 1.4-12.5 ppm for Kavaratti and 0.6-38.6ppm for 

Minicoy. -.. 
The major sources of zinc in relation with activities of island -it\? 

combustion of coal, pesticides. and automohiles. domestic and agricultiWal 

\\'astes . 

. H {lIlglllll'Sl' 

."'!ler Fe. Mn is the most abundant hca\'y metal in the lithosphcr
L 

. ] 1,1<;.(.)111 tll:1t '11' Fe. local Whilst Its average concentration IS Oll \'.' -' 

concentrations of Mn can Yary wide]\. 
. 'r"I"L In freshwater. the au.:' = 

, . I~ 
concentration of soluble Mn is about S pg !,'. whereas in SC:l\\'ater IS L.· 
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thaIl 0.2 )lg r' . The major processes involved in the manganese cycling in 

aquatic systems are oxidation and reduction. The reactivity of manganese in 

aquatic system exhibits a complex behaviour with conseryati\'e and non 

consen'ative nature depending upon a number of factors such as the 

concentration in sediment, water and suspended particles, iOnic strength , 

pH. Eh etc. (Burton and Liss, 1976; Graham, et a!.. 1976; Duinker et al., 

1977; Evans et aI., 1977; Langston and Bebianno, 1998). 

Considering the variations of manganese in the core profiles, as in 

the case of most other metals no regular pattem \\as depicted to explain 

their yariations. This was true for the lagoon side profiles of Kavaratti, 

Minicoy and Agathy Islands; all these islands recorded no significant 

changes in concentrations. In Kiltan, the trend was highly randomness, so it 

was di fficult to fonnulate a definite trend. Conceming the \ariations in 

Kadamath, concentrations were more or less u,-:: fom1, the 

highcst(9.OJmg!kg) \"as recorded by the high tide saJl1ple(nonl~ I. 

The present study shov,'ed a variation of 1.3! (A.ndroth ;-~0.44mg/kg 

(Kiltan). The \'alucs reported by Anandaraj (2002) Illr Ka\'arat:, \\'as higher 

than this study (28.2-73.5 ppm) \\'hereas he reponed values :11 the range 

(8.8-:"5,8 ppm) for Minicoy. Rao (1996) has gi\en a \\ Ice range of 

l11anganese content in the sediments of modem carbonates. \LlI1ganese in 

the sedimcnts of North sea near Belgium averaged 2() 1 ~lg'g d~. \\ts and \\'as 

enriched ( .. US~lg!g) in the clay silt fraction (.-\raujo CL:.: .1988); the 

Corresponding \'alues for the Scheldt Estuary (The Nct!1(':-:.lI1ds) \\cre 

repOrted by "\raujo eLal. (1988) to be 117-434pg~. respect:-. ~'iy. Samhan 

et.a!. ( 1987) reported values in the range 216-528 pg g in bulk 5 .. 1mples from 

20l) 



C1zaptcr 5 

Arabian Gulf. Sasamal et aI., (1987) observed manganese concentration 

529l-lg/g from Bay of Bengal. 

The important contribution of manganese is from iron and st 
eel 

industries, glass and ceramic industries and paint industry. Since none of 

these processes are active in this zone, we can justi fy the relative 10\\ 

concentrations recorded for manganese in this area. 

Cadmium 

Cadmium is one of the most intensively studied heavy metals with 

regard to its interaction with marine biological activity (Abe, 200)) 

Cadmium is a relatively rare element, with concentrations in seawater 

ranging from 2 x 10.4 to 2.9 l-lg rl (Sadiq, 1992). However, in pollu~d 

estuaries or harbours and ports, values up to 50 ~lg rl has been reported 

(Grasshoff et aL 1999). The water quality guidelines normally suggest that 

cadmium in marine waters should not exceed 2 ~lg rl. Cadmiul1l is 

appreciably enriched in coastal marine sediments. Cadmium is of 

considerable environmental and health significance because of its increasii'l'g 

mobilization and toxicity to man life fonns. The anthropogenic sources ~f 
cadmium include- photographic industries, manufacture of storaJc 

batteries, glass ceramics, pigments, biocides, electro plating and alloy 

industry. 

E:\ccpt that in the Androth island land core profile. highly irregular 

distribution pattern with depth \\'as observed in all other core samples, TllI~ 
, "'j- It tt) 

\\'as true for the seaSide profiles also, where It was \'Cry dd ICll 

I 1 st1il~ 
jormulatc a regular trend, In Kadamath, lagoon as \\ell as an( . 

" 'I'tl, tid..:, 
recorded a unilorm concentration range, Regarding the \'anatlons \\ 

~ 1 0 
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. the southem side highest was reported at low tide (8.19 mg kg I) and 
III 

lowest at high tide( 4.61 mg kg I) and towards the north the reverse thing 

happened in which low tide samples recorded the highest \·alue( 13.51 mg 

Kg 1). 

The range of values reported for this study was. 0.91(Androth)-15.31 

mg kg I (Kiltan). Cadmium is appreciably enriched in coastal marine 

sediments and waters. Cadmium in uncontaminated fresh\\·ater sediments is 

generally detected to be 0.1-1.0 ~g/g dry weights, increasing to 4-1 O~g/g in 

contaminated areas (Mohapatra and Rengarajan, 1000; Mudroch 

et. a I.. I 988 ). Among the n1l1e elements studied 111 these islands. 

comparatively higher values were recorded for cadmium. which is f0und to 

be exceeding the limits of pemlissible concentrations. This requires a 

detailed assessment based on contamination factor and pollution load index, 

which are discussed later. It has been reported that cadmium in sea water is 

regulated by marine geochemical processes that include an uptake by 

rh~1oplankton 111 surface waters. consequential decomposition and 

remineralization 111 deep waters, and physical mixing of different water 

masses. 

In an attempt to picturize the distributional characteristics of metals 

among the selected core profiles, the results can be summarized as follow·s. 

In this study core samples \,·ere collected from three islands, namely. 

Ka\aratti, Kiltan and ;\ndroth leading to the possihility of discussion on the 

basis of inter-island and intra-island \ariations. In K,n·aratti. two cores were 

COllected, one from the northern end and other from the sl.)uthern part. and 
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so also for Androth, in which one core was collected from the land and the 

near the sea. In Kiltan, only one core was collected up to 1.3m depth Within 

the central part of the island. 

In Kavaratti, distinct variations were obseryed in the behaviour of 

metals towards the northem as \\'ell as southem part of the island. In the 

northem side, Fe, Mn, ClI, Zli concentrations displayed maxima at the 

surface, whereas, for the other metals Cr. Co, :\i, Pb and Cd. maximunJ 

enrichment was at 90cm depth. Towards the southem side, only iron~nd 

manganese displayed surface maxima, while. the other metals, Ni, Pb,~n. 

Cd, Co and Co were found to be minimum at the surface. In Kiltan Islllld. 

Mn, Fe and Cd displayed maximum surface concentrations. For other 

elements, i.e. Cu, Cr, Co, Ni and Pb surface minima were displayed 

followed by maximum enrichment at 1.3 m depth. Discussing about 

Androth, remarkable differences \\'ere displayed by the core profiles of Land 

and seaside samples. In the land core, metals like Co, Ni, Pb. Fe, Zn and Mn 

exhibited maximum concentrations in the surface and \\as found to.bc 

minimum at 0.5m depths. Contrary to this beha\iour, to\\ards the seaside. 

except nickeL other metals i.e .. Cu. Cr, Mn. Cd and Fe displayed maximum 

concentrations at 1 m depths, \\ hereas tht?se metals displayed minimtllll 

yalues to\\·ards the surt~lcc. 

J list i fyi ng these obseryatlons. III Ka \ aralt i. the surface samples aI"l' 

characteril.ed by higher percentage of I11cJIlllll sand content and orgalllc" 

. I H . sli'Jh!l~ matter enrichment (22.27'Yt,), compared to other dept 1S. p \\as :::-

- . - I like Fl 
reducing: which can be the reason for sur/ace enrichment of meW s 

I -; III 
and Mn. In Kiltan Island, organic carbon content of surface as \\ ell as .-
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depth samples was very high (28.69% and 3 I .33% respectively). Here also 

the surface samples are characterized by high amount of iron and 

manganese. \\'hereas, at 1.3 m depth maximum concentration of Cu, Cr. Co. 

Ni and Pb \\'as found. Compared to other depths, pH of the surface samples 

was slightly reducing. Regarding the textural characteristics, surface 

samples were sandy (fine sand), whereas, at 1.3 m depth, it was 

predominantly silty-clay. This pattern was reflected in Androth Island also, 

here, Cu, Cr. Mn, Cd and Fe showed maximum enrichment at 1 m depths 

which was characterized by high organic carbon content (14. I 0%) and a 

reducing pH. 

The redox sensitive Iron and manganese hydroxides and oxides 

under oxidation condition, constitute significant sink of heavy metals in 

aquatic systems (Wittmann, 1983). This hydroxide and oxide readily sorb or 

co-precipitate cations and anions; even a low percentage of Fe(OHh has a 

controlling int1uence on the heavy metal distribution in aquatic system. Iron 

oxide coating is an important factor responsible for the concentration of 

trace elements in the aquatic environment (Burton and Liss. 1976). 

Chemically mobile elements are concentrated in fine particles than coarser 

bed sediments. Several il1\"estigations repeatedly advocated that metal 

sca'"enging ability of clastic sediments increases as the particle size 

decreases (Gibbs, 1973; Panigrahy et aI., 1997; Unnikrishnan. 2000; 

Balachandran. 2001)" Increased organic carbon levels in the fine particulates 

Catalyze the metal scavengll1g ability (.layasrec and Nair. 1995; 

l"nnikrishnan. 2000). 

.., 1") 
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SYlloptic relatiolls 

The salient features of the spatial distributional characteristics 
of trace 

elements among the six islands can be intercorrelated as follows , 

Metal-metal interrelation - highlighting similar sources of in 
PUt Or 

chemo behavioural pattern 

• Metal - pH relationships 

ad/desorption from sediments. 

reflecting redox sensitive metal 

• Metal - organic carbon co-variability -focusing on metal webbing 

into biorhythm 

• Metal particle size/nature connectivity - indicating the partiLlc 

surface area/nature control on metal loading. 

Discussing the above facts, significant correlations were f0n11Ulated h~ 

evaluating Pearson correlation coefficients for the dependent variables 

(Table 5.2 a, b, & c; Table 5.3). In this attempt, copper displayed significant 

positi\'C 
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Fig.5.2b. Correlations among metals and between organic carbon 

f\g3thy 
OJ lcx:xJ 
0- -D.274 lcx:xJ 
Co -D. 73:> 0.670 lcx:xJ 
Ni -D. 547 0.743 0.004 lcx:xJ 
Pb -D.674 0.693 0.970 0.971 HID 
Zn 0.600 -D. 727 -D.713 -D.!ID -D.610 1.cx:xJ 
M1 -D.418 0.925 0.746 0.820 0.782 -D.645 lcx:xJ 
Cd -D.435 0.43:> 0.4ffi 0.497 0.489 -D.246 0.73:> lcx:xJ 
Fe -D.037 -D.:r>3 -D.284 -0.400 -0.416 -0.232 -0.565 -0.700 1.cx:xJ 
Q-g.c. 0.002 -0.151 0.000 0.013 -D.139 -0.100 -0.184 -D.176 0.335 lOO) 
Ivrluth 
OJ 1.cx:xJ 
0- 0.6/)3 1.cx:xJ 
Co 0.940 0.716 lcx:xJ 
Ni 0.945 0.703 0.999 HID 
Pb 0.954 0.685 0.993 0.999 lOO) 
Zn 0.302 0.378 0.287 0.291 0.200 lcx:xJ 
M1 0.921 0.753 0.865 0.870 0.874 0.552 lOO) 

Cd 0.784 0.420 0.833 0.826 0.832 -0.115 0.527 1.(0) 

Fe 0.621 0.600 0.724 0.723 0.719 0.458 0.762 0.323 1.(0) 
U-g.C. -O.11~ U.1W -O.Lbl -O.Lti:J -O.2jj U.~ U.100 -O.~1U -0.001 1.WJ 

Kiltan is OJ 0- Co Ni Pb Zn Ml Cd FeOg C 

OJ 1.(0) 
0- 0.419 1.(0) 
Co 0.4:l) 0.881 lOO) 
Ni 0.094 0.541 0668 HID 
Pb 0.4ffi 0.959 0.95) 0.618 lOO) 

Zn -D. 209 0136 -D. 048 -0.084 -D 004 1.(0) 

Ml -0.138 -O.m -0.881 -0.525 -0.003 -0.138 lOO) 

Cd 0.065 -0.103 -0.077 -0.291 -O.r03 -0.012 0.119 1.cx:xJ 

Fe -0.294 -0.826 -0.961 -0.612 -O.Bffi -0.115 0.914 -0.012 1.0c0 

Q-g.c. 0.358 -0.165 -0.473 -0.400 -D.252 -0.178 0577 -0.146 0.607 1~ 



~ Correlations between trace metals and pH 

~ OJ er Co Ni Pb Zn Mn CC Fe pH r- -0.266 -0.166 0.294 0.310 0.365 0.141 -0.368 0.003 -0.404 1.000 

Gf"rnath 
0.110 -0.010 0.173 0.110 -0.060 -0.066 -0.196 -0.444 0.713 1.000 pH --l.tnlCOj' 

0.809 0.417 -0.737 0.817 -0.807 -0.011 pH -0.487 0.025 -0.456 1.000 

~thY 
0.089 0.521 0.249 0.293 0.315 -0.343 0.215 -0.471 0.278 1.000 pH 

'Mjroth 
pH 0.666 0.405 0.731 0.725 0.725 -0.231 0.454 0.793 0.285 1.000 

mitan 
pH -0.404 0.041 0.523 0.412 0.448 -0.533 -0.687 -0.434 -0.304 1.000 
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-------Table 5.3. Correlations between metals and sediment panicle sizes 

Kavarti Cu er Co Ni Pb Zn Ml Cd 
>1CXXl pm -0.365 -0.114 -0.316 -0.305 -0.266 -0.202 -0.529 -0.478 

1000-SX> pm -0.418 -0.227 -0.325 -0.274 -0.225 -0.269 -0.457 -0.421 
5C»-2!j) ~lm -0.220 -O.1!j) -0.285 -0.124 -0.112 -0.132 -0.195 -0.013 
2ED-125 ~lIT1 0.120 0.554 0.091 0.279 0.190 0.472 -0.041 0.477 
125-63 pm -0.070 -0.162 0.023 0.011 -0.055 -0.137 -0.080 -0.055 
<63~lIT1 0.318 -0.279 0.313 0.007 0.071 -0.173 0.528 -0.129 

Kadamath Cu Cr Co Ni Pb Zn Ml Cd 
>1CXXl~lIT1 -0.398 -0.559 -0.620 -0.583 -0.396 0.548 0.033 0.797 

1000-SX> ~lIT1 -0.287 -0.283 -0.401 -0.442 -0.275 0.551 -0.239 0.314 
5C»-2!j) pm 0.049 0.358 O.~ 0.512 0.446 -0.291 0.264 -0.483 
2ED-125 pm 0.074 0.225 0.164 0.212 0.008 -0.236 0.157 -0.183 
125-63 ~lIT1 0.407 0.052 -0.059 0.061 -0.080 -0.445 -0.110 -0.053 
<63~lIT1 0.421 0.076 -0.037 0.085 -0.057 -0.456 -0.089 -0.064 

Agathy Cu Cr Co Ni Pb Zn M1 Cd 
>1CXXl~lIT1 0.714 -0.773 -0.786 -0.692 -0.683 0.998 -0.881 -0.100 

1000-SX> pm 0.189 -0.000 -0.686 -0.824 -0.789 0.498 -0.758 0.514 
5C»-2!j) pm -0.415 0.893 0.804 0.870 0.848 -0.748 0.906 -0.295 
2ED-125pm -0.394 0.404 0.513 0.411 0.263 -0.738 0.421 0.023 

125-63 ~lIT1 -0.687 -0.362 0.311 0.183 0.409 0.021 -0.105 0.627 
<63~lIT1 -0.045 0.693 0.578 0.751 0.715 -0.311 0.623 -0.613 

Androth Cu Cr Co Ni Pb Zn M1 Cd 

>1CXXl~lIT1 -0.623 -0714 -0.549 -0.523 -0.548 -0.547 -0.613 -0.926 

1000-sx> ~ lIT1 -0.631 -0.732 -0.565 -0.554 -0.562 -0.570 -0.633 -0.813 

5C»-2!j) pm -0.630 -0.731 -0.565 -0.554 -0.561 -0.570 -0.633 -0.811 

2ED-125 ~lm -0.640 -0.740 -0.570 -0.553 -0.568 -0.573 -0.638 -0.870 

125-63 ~lm 0.538 0.649 0.463 0.446 0.460 0.466 0.537 0.007 
<bjpm 0.645 0.744 0.577 0.562 0.574 0.580 0.645 0.856 

Kiltan Cu Cr Co Ni Pb Zn M1 Cd 

>1CXXl pm 0.330 0.101 0.305 0.324 0.153 0.453 -0495 -0.149 

1000-!j)Q pm -0.309 0.244 0.309 0.373 0.188 0.848 -0.545 0.079 

5C»-2!j) pm -0.314 -0.142 0.020 0.018 -0.103 -0.385 0.167 0.587 

2ED-125 pm -0.601 -0.846 -0.813 -0.823 -0.835 -0.403 0930 -0012 

125-63 pm -0.385 -0.861 -0.883 -0.891 -0.891 -0.340 0.902 0.013 

<63l1m 0.388 0.401 0.093 0.056 0.359 -0.277 -OOO4-O~ 

2I~ 



correlations with Fe, Mn, Co, Ni, Pb, Cr and Cd, Positive correlations of Cu 

\\'ith Fe and Mn, indicates a redox control in the distribution pattem. 

diagenetic mobility being controlled by redox cycles of Fe and Mn, These 

interrelations suggest that they are introduced from similar sources and 

behave in a chemically similar manner. 

Studies on metal distributions in sediments (intertidal or subtidal) 

ha\'e also found high inter metal correlations (Santschi et aI., 1984; 

lwolsman et aI., 1996; Basaham and El-Sayed, 1998). The surface 

enrichment of Cu appears to be controlled by diagenetic process in the 

sediments, During early diagenesis, P, Cr and Cu are released near the 

sediment - \\'ater interface (Bruland et aI., 1974; Nair and Balchand, 1993), 

where they are likely adsorbed to the Fe-oxyhydroxides. While 

anthropogenic sources may be important in supplying Cu to the basins 

(Bruland et aI., 1974), some Cu is clearly associated with the Fe-rich face. 

Since Cu - profiles are strongly influenced by diagencsis. they do not reflect 

the history of anthropogenic input. 

Anothcr important factor elucidated \\as the significant positive 

correlations of Fe and Mn with other metals. in additions to the signi ficant 

positive cOITclations exhibited among these two, In Androth island. Fe and 

~tn displayed significant positive correlations \\ith all other metals. but this 

IS not true tor other islands because some negative correlations \\'ere also 

ohserved for other elements with Fe and Mn, For example. in Kiltan except 

thJt "I -
\\ ill ho? \!In displaycd I1cgati\c correlations with all other mctals and 

\'uh F ' 
C II displayed a positivc correlation (r =0 O,<J14), In :Vlinicoy island. 

cOllsid ' 
cnng the rclationship of Fe with other trace mctals on the basis of 

219 
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Pearson correlation coefficient, it was significantly negatively correlated 

\vith er and Pb (p>O.OOI). In Kadamath and Agathy islands, contrary to the 

behaviour of other islands, Fe and Mn were negatively interrelated. 

The behaviour of metals exhibiting positive values for Pearson 

coefficients are exhibiting similar source of anthropogenic inputs or the 

sedimentary environment (for example pH, particle size etc.,) affecting the 

deposition of these metals are more or less the same. 

Fe and Mn oxides play a major role in the distribution of almost-all 

trace metals. Iron and manganese are extremely important eiementS';in 

aquatic geochemical processes because their various oxide and hydrmcitle 

species act as scavengers for a variety of trace metals (de Groot, 1976}-hy 

adsorption or lattice substitution processes. The positive correlations of er 
and Pb \\'ith Fe and Mn suggest their association with Fe-Mn oxides 

(Unnikrishnan, 2000; Panigrahy et aI., 1997). Cobalt displayed significant 

positive correlations with Fe and Mn attesting the fact that cobalt occurs'in 

association with Fe-Mn oxides, which are believed to be its common 

calTiers (de Groot, 1976; Mohan, 1997). 

The levels of signi ficance of correlations ex hibited were di ffercnt((lr 

di fferenl metals in which low correlations indicate that these two meftls 

behave differently from Fe and Mn. which arc most strongly influcnced b~ 

redox conditions. Griffin et a!.. (1989) found a higher correlation bctween 

\:i and Fe than for other metals; whereas, Z\\'olsman et a1. (1996) indicated 
r- 11 

that Ni \\'as co-precipitating with !V1n not Fe. in salt marsh sediments 101 

, , 'clation 
the Western Schcldt. Some of the metals exhibited Peal"son con 

d \ '1' CC vers;1 
coefficient with Fe, the \'alue being less than that of Mn an 

.220 
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which may ref1ect their distribution rather than anthropogenic enrichment. 

Considering the positive correlations exhibited by Ni with Fe and Mn in 

some islands, it was found to be co-varying more strongly with manganese 

than with iron. ii) precipitation by sulphide ions in local regions of low 

oxidation potentials iii) adsorption by materials such as fCITOUS sulphide, 

hydrated felTic oxide, hydrated manganese 

Other positive interrelationships observed during this study are 

between Cr/Co, Cr/Ni, Cr/Pb, Co/Ni, Co/Pb, Co/Cd, Ni Pb, Ni/Zn etc. 

These relationships may not be true throughout the study area. There are 

some instances in which some of the relationships mentioned above turned 

to be negative on the basis of inter-island comparisons. for example, 

Agathy and Minicoy, copper exhibited positive correlation with Pb. This 

was true for Ni-Pb relationship also which was found to be negatiyely 

correlated (r = -0.940) only in Minicoy. Such contradictory behaviour of 

trace metals can be explained by considering the sedimentary environment 

of the respective islands. 

IntelTc\ating the metal distribution with organic carbon content, 

except with somc anomalies, metals werc negatively cOlTclated \vith organic 

carbon content. In Minicoy island. eu, Fe, :\i and Zn exhibited significant 

positive valucs for Pearson correlation cocfficicnt (p>O.OO 1 ,. This was true 

for Cu, Mn and Fe in Kiltan Island. \vhich showcd signi flcant positi\c 

correlations with organic carbon contcnt. Except that III \1 inicoy. the 

llegative interaction of oruanic carbon content with metals was hi~hl\' b . -

Significant as indicated by this Pcarson corrclation coefficients. 
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This attests the fact that organic carbon content alone cannot be a 

decisive factor in the mechanism of metal accumulation in sediments. The 

surface area of the sediments, presence or absence of reducing environment 

etc are all equally important regarding the metal enrichment capacity of 

sediments. 

Generally, considering the variations of orgamc carbon COntent 

among the islands, enrichments were found only at some selected stations, 

Mangrove samples of Minicoy, soil surface samples of various islands 

showed organic carbon enrichment compared with the lagoon and seaside 

profiles. The core sample of Kiltan (upto 1.3 m depth) and Androth (upto I 

m depth) showed increasing trend for organic carbon with depth 

Considering the horizon-wise description of soil profiles by Mannadiar 

(1977), it is di\'ided into four horizons i) horizon A - uppermost layer with 

considerable organic matter about 20 cm thickness ii) horizon B - here the 

leached product of horizon A are deposited and this represents the sub-soil. 

The colour of this soil is white. iii) horizon C - represents the immediate 

weathered parent material having texture of unbound soil particles, purely 

white or colour. iv) horizon 0 is the solid parent rock. 

The higher organic carbon content of the surface soils corresponds to 

decrease in the content of CaC03 due to its dissolution by org.anic acids, 

The increase in organic carbon content with depth may be considered due to 

root accumulation in these zones. Regarding the \ariations of pH ""ith thi~ 
, ' i b I 'H TI ' lo\\crin!.! Ol'!!,alllc carbon content are charactcnze( \ a (encase 111 P .)L -

~ -, , . )lI1'llcd 
of pH is due to the acids released during the decomposItion 01 accUIl ' 

. ' . ll'ltI Cr 
organic matter. The chemIcal nature of bottom sedll11ents and or~~II)\C I ' 

')')') 
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associated with sediments, play a major role m the cycling and 

concentration of many elements in the oceans. 

The variation in concentrations and inter-island differences in 

correlation may be due to the di fferences in sources of the heavy metals and 

complex reactions of various trace metals studied such as adsorption, 

flocculation, ion-exchange etc. taking place in the sediments. 

As in the case of metal-metal and metal-organic interrelations, 

metal-pH relations also displayed inter-island variations. Discussing only 

the significant ones, in Kadamath island iron displayed positive correlations 

with pH (r=0.713). Another important observations were made in Minicoy, 

Cr and Pb displayed modera~e positive correlations with pH, whereas Ni, Zn 

and Fe displayed fairly good negative correlations. In Androth islands, 

except Zn, all the elements displayed positive cOlTelations with pH whereas, 

for Kiltan, Cu, Zn, Mn, Cd and Fe exhibited fairly good negative 

correlations with pH. 

IntelTclating the variations of metal -- pH relationships with 

variations in organic carbon, among the significant ones, those, which 

exhihited positive corrcIations with pH, displayed negative interactions with 

organic carbon content and \'icc \'crsa with some exceptions. 

Aquatic organisms are well known for their ability to take up trace 

elements from solution and pal1iculate foml (Riley and Chester, 1971: 

Ridgway and Price, 1987). COITcspondingly. the underlying sedimcnts arc 

rich in organic matter content (Murty and \'eerayya, 1972; Monimer and 

Rae, 2000). It is therefore, possiblc that the elements arc incolvorated into 

the scdiments in association \\'ith organic web to a certain extent. 
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Iron may be the most redox sensitive element in aquatic system 

s to 
pH chan£c:s. f0n11ing new solid phases capable of sca\'engin a other t 

- 0 ~ 

elements from solution with a rise in pH (Boyle et al.. 1977; Mayer. 1982. 

Unnikrishnan, 2000; Balachandran, 2001). The redox sensitive iron and 

manganese hydroxides under oxidizing conditions constitute significal1l 

sinks of heavy metals in aquatic systems. These hydroxides readily adsorb 

or co-precipitate cations and anions. The reactivity of manganese in aquatic 

systems exhibits a complex behaviour with conservative and non­

conservati\'e nature depending upon number of factors such as "the 

concentration in sediment, water and suspended particles, ionic strength. 

pH, Eh etc .. (Burton and Liss_ 1976; Duinker et a\.. 1977). In aqultic 

environment, the behaviour of copper differs from that of iron and 

manganese. The major portion of copper in tropical sea\\ater has heen found 

to be associated with organic matter (Lee and Hoadley_ 1967; Slowcyet 

aI., 1967: \ 1eade and ParkeL 1985). One of the characteristic obscn'ations 

regarding the behaviour of :\i in Minicoy \\as the significant posiu,n: 

correlation' exhibited with orgal1lc carbon and a negati\'c con'clation with 

pH. 

The seasonal production of biogenic particles only tends to intlue'ntt: 

particle composition and partitioning when suspended loads arc 10\\ and for 

. . . le' Cd and those metals WIth a tcndency to concentrate III orgal1lc p lascs ·b·· 
. . 1-' in tht: 

ClI. The Fe enrichment most likcly rcsults from rcductlon 01 .~ 

sedimcnts during the oxidation of organic matter 

(\ Llcdonald et a!.. 
.. , . nand 

1901) followed hy ll!1\\ard dJlfuslO 

prccipitatlL)ll as amorphous oxyhydroxidcs near the sediment 



Cht'lllO-l'tlntlblilty III tlblotlc COlIlI'(lIlClli, - im,°t' lIll'itli, 
-----------------------------~~------~--------~------------

interface. Diagenetic processes associated with the breakdown of organic 

carbon also influence the sedimentary metal profiles. Down core profiles of 

rnetals such as Co and Cu are strongly influenced by this process (Lowe, 

1970; Luoma, 1990; Unnikrishnan, 2000). 

Sinking of organic particles also scavenge trace metals from surface 

waters. Some of the essential trace elements are consumed by 

phytoplankton. The subsequent sinking of live cells or fecal matter will 

transport a portion of the hiogenic metal from surface waters. Considering 

the behaviour of iron., it may sorb to colloidal organic matter which is 

abundant in surface waters (Bruland et aI., 1974; Katz and Kaplan, 1981; 

lzquierdo, et aI., 1997; Hema Achyuthan et al.. 2002). The extremely large 

colloidal surface area combined with the particle reactive nature of iron 

suggests that aggregation of organic colloids could be important for 

removing ions. Strong correlation between metals and organic carbon may 

result in part from the presence of sewage particles, which are enriched in 

organic carbon. Pb. Zn and Cr (Bruland et a\., 1974; Galloway, 1979; Katz 

and Kaplan. 1981). 

Except It)!' Cd. Zn and Pb, the concentrations of trace elements 

recorded for the sedimentary elwironment or Lakshad\\ecp islands studied 

Was not in the limit or pollution. Sediments with high orgal1lc carhon 

Contcnt. de\ clops Cl reducing cl1\"irol1mcnt resulting in an increase in pH, 

\\hich is \"l~r\ much elTective in removing or desOIl'tion of number of 

elcl11CIl\S from the precipitate" 

In this study. the pH of the scdimentary ell\"ironment was alkaline. 

and generall: alkaline conditions react and leached the minerals such as 
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chlorite, ilmenite, magnetite etc. as bicarbonate but deposited in the fonn Of 

organic and inorganic colloids, finely divided into detrital grain and 

oxidative precipitation of Fe2
+ as Fe(OHh. Boyle et al. (1977), Scho

r 

(1985), Bowers and Huang (1987) and Unnikrishann (2000) have also 

suggested that similar factors play an actiye role in the enrichment of iron 

content in estuarine environment. 

Unnikrishnan (2000) suggested that anOXIC conditions leads to 

enrichment of dissolved Mn in the seawater. In the case of near shore, ell:en 

though the pH was almost similar to that estuarine alkaline en\"ironment, -but 

due to the constant turbulent nature of \\'ater by wave action. nearsn.re 

environment becomes more oxic in turn increases the deposition"of 

precipitation along with adsorption of different elements, 

Discussing the effect of particle size on the distributional behaviour 

of trace elements, in Kadamath Co, Cu. Mn and Fe were found to, bc 

associated with silt + clay fraction «63 pm) as evidenced by the positiYC 

value of Pearson correlation coefficients between the metals and silt + clay 

fraction of sediment. Metals like Cr, Ni. Zn and Cd sho\\'ed associate-ship 

\vith the fine sand fraction (250-125 1,1111), 

In Kadamath and Agathy islands. Cr. Co, Ni, Pb and \In displayed 

positive correlations with the medium sand fractions, In Kadamath island, 

Zn and Cd displayed an affinity to\\'ards \er\, coarse sand, Here ell \\;\5 

found to be associated with the silt - cla\' (i'action \\'i1erc<ls re 

I "7 1 \\ a5 
associated \\ith the fine sand (r = (l.()~,~). [n Agathy, Cu am /~I 

, . ' [dl" 'i"UJllsand, correlated \\Ith the very eoarse sand Iractl()IlS, n a <. ItlOn to Il1L( I . 

I . - , I I i It + cia' Cr. Co. \:i. Ph and Mn in this island shO\\Cl allllllty to\\'ar(s t le s ' 
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iaction. Considering the behaviour of iron, it was strongly correlated with 

the fine sand fraction (r = 0.925) whereas for Cd affinity was towards coarse 

sand as well as very fine sand fractions. Concerning about Androth, all the 

metals displayed association with silt + clay as well as very fine sand 

fractions \\hereas negative con'elations were displayed by other fractions 

(\"ery coarse sand - fine sand) 

Characterizing the correlations of Cu, Cr and Pb with sediment 

texture, they displayed correlations with silt + clay. Very fine as well as fine 

sand fractions acted as the major scavengers of Fe and Mn in this island. 

While the affinity of Cd was towards medium sand, zinc was associated 

\\ith coarse sand. 

Metals displayed positive correlations with the orgal1lc carbon 

content, in accordance with the fact that, clay minerals act as scavengers for 

trace metals by adsorbing and subsequently getting settled in the bottom 

scdimcnts under reducing environmental conditions. The surface area of the 

adsorption sites is an important factor regarding metal enrichmcnt by 

sedimcnts. Clay and silt fractions with large surface area bind metals more 

effectively than thc sand fractions with less adsorptive capacity on the basis 

of small surt:lce area. 

In Lakshadweep archipelago, most of thc clemcnts showcd increasc 

In acculllulati\'c pattern with dccrease in particle size. This is e\'idenccd by 

the fact that most of the metals exhibited affinity towards <63 pm size 

ri'actions tl~llo\Ved by vcry fine and fine sand fractions. This is \\cll 

(haractcrih.?d in Anliroth in \\hich all thc metals displayed moderate 
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negative correlations with sand fractions ranging from very coarse 

sand to 
fine sand. 

Comparatively higher elemental concentrations of elements I'k 
I e Fc, 

Mn etc. in the clay fraction compared to that in the bulk fractions is d 
UCto 

the fact that these elements get precipitated on the surface area of silt + cla\ 

which is comparatively flat and also flocculates along with organic carbon 

which can hold more amount of precipitate. The fine size silt + clay particlcs 

held in the precipitates and formed as a floc in the alkaline environment4nd 

deposit (~lohan, 1997). l!' 

Comparing the enrichment pattern of different elements with thatof 

Fe and Mn in different size fractions, highlights the fact that similarity in 

metal enrichments is being controlled by Fe and Mn hydroxide phases in 

alkaline environment. Fine-grained sediments with 10\\' carbonate content 

are characterized by higher concentrations of trace elements than coarse 

grained sediments with higher carbonate content (PadmalaL and Seralatlfan, 

1995; Padmalal et al., 1997; Unnikrishnan, 2000; Balachandran. ~OOI ),-

. .,' 
All illter-comparisoll betweell lIulIlgrol'e ami coral reef ec(),\:rstell!,oj 

.H i 11 i coy-
" . 1 d 'fi ' I I I. 't t er 'at,'d which I~ In \1111ICOY IS an an aliI ICla mangrO\c laOl a IS (;" 

, ' . , ' '" I' s free (j'(111: 
considered to be a vlrglll area. This IS 111 the [ormatl\'e stagl: ,1t1l I. 

serious human interaction. 

\ LlI1gro\c ccosystems are onc 0 I 

\\ ctlands in tropical and subtropical region, 

, " 1f nallll •ll the m<l,ll)r t~ lK~ ( 
. .'" "ater ;l~ 

!londed by lresh 11\ \.1 

. I t1~:.t! 
. I I those Il1l'alLl 

\\ ell as b~ salty oceanic watcr. Salt marshcs. partlCl! ar y 
I ri\ ,'I" 

or alon!!. estuaries such as mangrO\e loresls. arc ollcn polluted )Y 
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bot1le and marine derived particles and pollutants (Tam and Wong, 1995). 

AS in other coastal marshes, mangrove sediments are reduced and act as 

either as sources or sinks of heavy metals (Lacreda et ai, 1987; Sih'a , 1998; 

George Thomas and Femandez, 1997). Knowledge of the levels of such 

contaminants in mangrove scdiments is important for understanding the 

degree of hea\'y metal pollution in aquatic systems, throwing light on the 

degree and sources of metal pollution, the transport, fate and bioa\'ailability 

of the metals concerned. 

Comparing the trace element concentrations reported for these 

mangrove samples with the lagoon profile of Minicoy, except for Fe, Ni and 

Zn. they recorded lower values or more or less equal concentrations as that 

of lagoon samples. The sedimentary organic carbon content and pH values 

reported for mangrove stations 1 and 2 were 17.29-27.86% and 7.81-8.07 

respectively. 

The concentrations of iron reported for these samples are 221.82 and 

1(19.27 mg kg'l respectively. The concentrations of Ni (21.35 and 24.89 mg 

~g ) reported for these stations werc slightly higher than that of Zn (14.64 

and 17,83 mg kg'I). Comparatively higher valucs of Fe may be due to the 

rrecipitation of Fe as iron sulphides \\'hich is common in mangrove 

:\\)systcl11. It is generally describcd as thc principle metal that precipitates 

'1Ilh sulphide compounds in anaerobic sedimcnts and these sulphides form 

., lllajor sink Cor heavy metals in the mangrovc area. According to Lacreda ct 

.1, (1987). tracc metals precipitate with iron f0n11ing polysulphide minerals 

1: particular eu, Zn and Ph. Comparing thc e\cmental composition of 
\1 ' 

Il1lCOv . I i 'I I c: K I ' 
J IS anl Wltl tlree mangro\c ecosvstems lrom era a coast \'C. 
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Kumarakam (less contaminated), Veli and 
----

Quilon (contaminated . 
\\'tth 

respect to industrial effluents). we can attest the fact that Minicoy . 1 
lS and 

remain to be virgin with regard to trace metal pollution. 

Table 5.4.. Concentration of trace metals along the three mangrove 

ecosystems of Kerala coast (George Thomas and Femandez, 1997) and the 

mangrove ecosystem of Mini coy island (this study). 

MangrO\'e Cu Co Pb Zn Mn Fe 

Location (mgkgl ). (mgkg"l (mg kg") (mg kg") (mg kg") (g kg') .:t 

J' 

~ 

Kumarakam 10 - 44 159-261 1100-1300 -' 1 - 1 55 318-1089 46 - 121 

148-248 1800-1950 198-1124 

Quilon 652-845 91-144 1250-1475 1550-2372 150-456 116- 146' 

62-256 223-370 

Vcli 8.67-31.33 7.58-8.79 99 1~1) • 

(Trivandrull1) 10.74-

3.48-5.57 17.71 1-+.6-17.8 
~ 

\1 inicoy island 0.22-0 1 r 

(This study) 
.. 
'*' 

PollutiOIl Load Iltdex (PLI). 

\lctal pollution in estuarine. harbour and coastal en\'iron!l1cnt i~ 

lIsualh' caused by land run ofT minim! aCll\ities. stripping and drcdgin~ ,- -
.. " . 1 f'f' I I l1'lins no1 

acti\'ities and anthropogel1lc Inputs. ScdJl1~cnts JI1 suc 1 a ectc( (01, . 

. . . ' 11' Thc C\lcn1 
only record Its history. hut also JIldlcatcs the dcgrce of po 1I1101l. 

.' I" t'flcd b\ of contamination of aquatIC SCdll11Cnts has been car Icr qu,ln I . 
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Cofllpanng with an uncontaminated natural background for a specific 

constituent (Turekian and Wedephol, 1961; Forstner and Muller, 1973; 

~ikoforova and Smimova, 1975). The factors that inOuence the mechanism 

of pollutant accumulation in sediments are the nature of the substrate as well 

as the physicochemical conditions controlling dissolution and precipitation 

(Panigrahy ct a!.. 1997). An assessment based on pollution load index (PU) 

has been employed to assess the extent of pollution by metals in estuarine 

sediments as suggested by Tomlinson et a!. (1980). 

According to this, pollution load index can be e\·aluated using the 

equation, 

PU n;.j Product of n number of CF values 

The contamination factor (CF) 

Where CF = contamination factor, 

N = number of metals 

Metal concentration in sediment 

Back ground value orthe metal 
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Table 5.5. Back-ground values of trace metals on the basis of World S 

h<:le 
Average. (Turekian and Wedephol, 1961) 

Element World Shale Average 

Fe 4.6 % 

Mn 0.08 % 

Cu 45 ppm 

Co 19 ppm 

Ni 68 ppm 

Zn 95 ppm 

Pb 20 ppm 

Cd 0.3 ppm 

er 90 ppm 

Gco-accul11ulation index (ige<» , a pollution indicator, which takes 

into account of natural background as \\ell as variation with rock types 

(Iithogenic effect), is calculated using thc equation, 

Gco-accul11ulation index (Ige<» = log: C, / .58" 

\\·here, C, = the measured conccntrat'ion 

the background value (World Shale Avcrage) of 

clemcnt 'n' 

. I· I· I 11·1111inali(ll1 11: an attcmpt to summanze rcsu IS 01 t liS Slut y, COl < 

, . I I· i I I· I I I' '11 C\·t1U;llCd tactors, p\.)llutlon oat Ill( CX al1t gco-accul1lU atlOI1 Int CX las )CC < 

. I I I I· I t 1·,·lngcS of tl)r all thc mctals studied both 111 tlC O\\cst ant 11g KS -
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concentrations. The CF, PLI and 1geo values of the trace metals studied in 6 

islands are gi\'en in Table 5.6 to Table 5.8 respectively. 

Table 5.6. Contamination factors - calculated for 6 islands. 

Islands Cu Cr Co Ni Pb 

Kavaratti 0.02 - 0.23 0.09 - 0.14 0.09 - 1.06 0.04 - 0.28 0.06-1.88 

Kadamath 0.08 - 0.10 0.08 - 0.13 0.62 - 0.97 0.19 - 0.28 1.21 - 2.06 

Minicoy 0.08 - 0.12 0.03 - 0.10 0.57 - 0.93 0.21 - 0.37 0.43 -1.53 

Agathy 0.06 - 0.11 0.09 - 0.12 0.75- 0.90 0.23 - 0.27 1.41 -1.69 

Androth 0.02 - 0.14 0.01 - 0.13 0.09- 0.97 0.04 - 0.29 0.04 - 1.76 

Kiltan 0.02 - 0.21 0.01 - 0.14 0.06- 0.93 0.03 - 0.48 0.02 - 2.20 

Zn Mn Cd Fe 
Kavaratti 0.02 - 1.37 0.005- 0.15:: 3.7 - 26.7 0.00027-00353 

Kadamath 0.04 - 0.14 0.009 - 0.01115.37 -45.03 0.00031-0.00063 

Minicoy 0.04 - 0.19 0.009 - 0.01~ 14.03 - 37.1 00033-0.00095 

Agathy 0.06- 1.09 0.009 - 0.0119.77 - 32.16 0.0003S-0.00074 

Androth 0.04 - 3.02 0.002 - 0.02L 3.03 - 27.87 0.0001S-0.oo38 

Klltan 0.02 - 1.04 0.005 - 0.02E 3.7 - 51.03 0.00020-0.0160 

Table 5.7. Pollution load index calculated for 6 islands. 

ISiri:I FtlIlJiQ1 kRtlf'lii(RJ) 

K:Mrctti 1.7x1<f -0.5£ 

I<a:i:fn::tll 36x1<t -51 x1cf3 

MriCD{ 1.3x 1<t - 203 x 1a2 

Ig:it-v 4.6x 1<t -1.11 x 1a2 

Al:tdh 32x1a7 -7.4x1a2 

~ltal 21 x 1<f -o.m 
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Table 5.8. Geo-accumulation index calculated for 6 islands. 

<lDaxuTUc6::nlrd ~ gIl) 

GJ Q Cb N Fb lh M1 Qj Fe 

~ .(l(l)1 0Cl!2 OCR> 0015 0011 OCIB 0CI:2 03£ OUlIlID 
0C51 OW 01!2 00t2 0174 000 OUE 6671 0ClD156 

I<a:tm1h OCR> 0C21 012) OClli 0153 0014 0CI:2 4811 0CIllm! OClQ OCR> 0147 00t2 om OCR> OaB 83:17 OClIOOl 
Mi<I¥ OW 0013 o 'la) 0<H3 o-rn 0013 0CI:2 46]3 0<lIIIB3 

0CI37 O~ 0145 ~ot) 01ffi 0<I9 OaB 77Z5 OaDlZU 
.tgtty 0C21 OCID 0134 Q(m 0161 0018 0CI:2 3~ OaIIIDI 

OCffi OCR> 0144 0~1 01'9 0rn7 OaB 7213 0CIlIY.V 
Atfdh 0CI:2 .(l(l)1 OClQ 0013 .(l014 0014 OCID .(lIQ 00l.J)ffi 

OCID OCR> 0147 00t2 0171 0CEi7 ocrn 68:B 0(1D(B1 
~ .(l(l)1 0CI:2 0CI5 0012 .(lOO OCIB 0CI:2 03£ OCIlDm 

008 OW 0145 000 O~ 000 ocrn 87<S Oa:Dl:B1 

An evaluation based on pollution load index fonnulates the fact that 

the values of PLI recorded for all these islands were less than 1. 

Among the highest contamination factors of elements recorded for 

each islands the results were as follows. For metals ClI, Co. Mn and Fe 

highest \ allies of contamination factors are rcp0l1ed for Ka\'aratti islands 

The cont~lJl1ination factors recorded for Ni, Pb and Cd were higher in Kiltan 

island. Considering the beha\'iour of zinc, Androth island displayed highest 

d 't" were contamination factor. For Cr. even though no wide I terenccs 

ohsened ~il1lOng islands. highest \'alues were for Kavaratti and Kiltan. 

The geo-accumlllation index (lg~,,) also was III 

contaminatlllll I~lctors recorded f'or the elements. 

\ \\ ith agrcel11cn 

. L,'lkshad\\ cq' 
GL'I1(Tali/ing the IlL'ha\iour of trace elements III 

. ~ . .. I . ~11ortcd for ph. In 
archlpela\.!l). contal1llllatloll factor greater t 1an one was le 

~ . Kilwll).lll 
and Cd. \\ hich is \'ery high in the case of Cd (51.03 recorded ,1\ 
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the case of Co, contamination factor greater than 1 was recorded at 

Kavaratti, for all other elements the values were less than unity. 

Regarding the geo-accumulation index of heavy metals in the study 

area, elements except Cd can be included in Igco class zero, the geo­

accumulation index of cadmium was fond to be very high ranging from 0.30 

to 8.75. Contamination factor less than one indicates the insignificant role of 

anthropogenic inputs such as industrial effluents, domestic sewage, mining 

activities and land run-off towards the metal incorporation in sediments. 

Relatively higher values of PLI have been reported for Vishakapattanam 

harbour( 1.45-1.78: Panigrahy et.ai.,1997), Vishakapattanam inner harbour 

(pLI==3.82, Satyanarayana et.a!., 1994), indicating gross pollution. 

Summarizing the results, the following points can be abstracted, 

• The six islands selected for study in Lakshadweep archipelago 

remain unpolluted with respect to the six metals, viz. Cu, Cl', Co, Ni, 

Mn and Fe. 

• Based on the contamination factors for Pb, Zn and Cd as ""'ell as the 

gco-accumulation index of Cd, it can be generalized that thcse 

islands remain polluted with respect to these elements ~ the sevcre 

effect IS from cadmium as evidenced by high yalues of 

Contamination factors and geo-acculllulation index of this e\cmcnt. 

Looking into the justification for this obscn"ation. onc important 

thinu' . . d F I " ~ IS oIl bascd power generatIon prcvailing in these islan s. or t lIS. 

i<true n" "I" l' d f . I . b ~ 'juantIty of crude 01 IS )Clllg use as a ucl source \\hlC 1 contn lItcS 
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a larger proportion of associated pollutants like Pb. Cd and Zn A 
. nother 

thing is shipping activity which contributes in two ways 
- onc IS 

contamination of these metals through oil and another is from anti foul 
Ing 

coatings of ships the major ingredient of which is lead. The 111 . 
<!Jor 

contribution towards pollution is from cadmium, compared to that of Pb and 

Zn and this is very high in Kiltan. Lead is known to form colloids in 

seawater. and such colloids could have settled dO\\"I1 after gaining weight by 

adsorbing onto the surface of planktonic debris which consequently resukcd 

in higher concentration in sediment. If the sediment is Yery fine in natUre. 

the lead fixed in the lattice between the fine sand grains could remain 

unaffected by physical processes like turbulence. currents etc (Palanichatn~ 

and Rajendran. 2000). The values of cadmium reported by Sanzgiry and 

Braganca ( 198 I ) \\"(~re in the range 0.5-2ppb and \alues in the range ()-4J:I 

ppm was repol1ed for Gulf of Mannar by Palanichamy and Rajendran 

(2000). The cycle of cadmium should be considered in connection with 

other factors, such as terrestrial input or regeneratIon Ij'om the dissolution 

by biogenic hard parts, such as calcium carbonate ('\oriki et a!.. 1999; Abc. 

2002). 

Kiltan Island lies along the intemational shipping route. In 1974 

September. an American oil tanker "Transhurl1n··. o\\ned by Hudson 

\\ . C . I I t I b tl L' S ' .. ·,·l\·~·. 1','111 <l!!round on atcr\\a\·s orporatlon am c lar ere( y le :. . ." 
, . _ .. ill. It \\ a~ 

Klltan. 1 he tanker got badly damaged and Its 011 hegan I,) sp 
. - . - '. . 1 ~ Phillppin~s 

carrVIl1!! about IS. )00 tones of fUll1ace or! from B,lhJ ,\In to 1 1t; . 

, ~ . 1" 0" 
I - I k· II ' sea creat 11 =' '\early ~()OO tones of oil leakc( from tle tan 'cr Into 1l: 

.\ ItlOI1 . . - t con1fl)l 
pollution in a \\ide area. This incident made a sJgl1lilc<ln 
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towards the enrichments of persistent inorganic pollutants like Pb, Zn and 

Cd. 

Correlating the contamination factor with the population size of the 

island, Androth is the most populated island (17.6%) follo\\'ed by Kavaratti 

(16.8%). The highest contamination factors of Cu, Co, Mn and Fe was 

reported for Kavaratti, Androth comes in the 3nJ position - indicating that 

there can be some contributions from human activities towards the metal 

concentrations in these islands. With the exception of Kiltan, other islands 

displayed contamination factor in accordance with their population size. 

Regarding the influence of agriculture on pollution, coconut 

contributes 99 % of net sown area, and it is the main stay in agriculture and 

economy of Lakshadweep. In addition to this there is cultivation of 

vegetables. banana, rice and others, The lIse of ferti lizers used for there 

makes a contribution though not significant towards the pollution load index 

of metals in Lakshadweep archipelago. 

E\aluating the rolc of industries 10v.'ards metal contribution. 

Lakshad\\ eep is considered as a "no industry zone". There are certain minor 

industrial units working under the public and private sectors. In 1993-94, 

there are 29 units 1I1HJcr the public sector, the majority of\\hich were related 

to coir. coir processing and printing, Small establishments like sa\\' mills, 

general workshops, carpentry units ctc .. also function in Lakshadwcep. 

In addition to the actiyities of local inhabitants. anthropogenic 

Illtroduction of pollution can also comc from tourist actiyities. The 

1l111ltihucd. shallow, placid lagoons \\ith its myriad life forms are a feast to 

the c ' ' - ' ye and a life long CxpCrIcnce not easily matched, Being a centrc of 
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tourist attraction, activities related to tourism for e.g., contribution 

of 
buildings, mode of transportations (boats/vessels) among these island I 

SPa\' 
a significant role in the pollution load of some of the metals. . 

Considering the role of transportation, Lakshadweep had renla' 
tned 

either as guide to the sailing vessels passing by or a temporary haltin g 

anchorage place for the vessels from the western world. The traditional 

means of transport in the territory has been the sailing vessels. There are h\o 

types of vessels - quare-rigged Minicoy Odies and the lateen sailed odams 

of other islands. The importance of odams as a large carrier is decliningas a 

result of the introduction of the steamer service and motor vessels later.{)ll. 

The major transportation sources can be classified as i) mechanized beats 

for transporting men and materials between islands ii) cargo cum passenger 

ships for transportation between islands and the mainland iii) air craft 

services to main land. 

The major sources of input of Cd, Pb and Zn into the aquatic 

environment reviewed from the literature of else\\·here (Anderson et aL. 

1983; Forstner and Wittmann, 1983; Barcellos et al. 1991; Dorr et aL 1 <Jjl: 

Mohapatra, and Rengarajan, 2000; Elizalde et.a!" 2002) are sllmman.cd 

hereunder: 

• Cd metal industry. refining of zinc. lead. copper. electroplating . 
. ·1· ~. tC\!Ik. alloying. pesticides. ny-ash. petrochel11lcals. fert! !leIS. . 

- . ('oIJIJCr. stecL printing, photography. protective coating of Iron. 
. .. . leathc1 

cigarettes, paint, plastics. batteries, domestIc waste \\ <ltel, 

tanning. 
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• Pb - leaded petrol. exhaust of motor vehicles, pulp and paper bound 

mills. oil refineries, inorganic and organic chemical industries. steel 

industries, fly ash, combustion of coal, dredging of harbours, battery 

plates, paints, lead-oxides. ship breaking industry, photography, 

mining, smelting, alloys, roadside soil and dust. 

• Zn - electroplating, fly-ash, combustion of coal, dredging of 

harbour, pulp nd paper mill waste, petrochemicals, organic 

chemicals, fertilizers, steel hook foundries, Zn, Cu and Pb smelting 

industries, brass alloy manufacturing, galvanizing iron and steel. dry 

batteries, domestic wastes, pesticides, automobiles, fungicide, 

pigments, printing. 

Concluding the effect of all these acti\·ities, Lakshad\\eep 

archipelago remains as unpolluted with respect to many of the elements 

selccted in this study. An exception to this was for cadmium and to a limited 

extcnt for Pb and Zn. According to the latest report on Union TelTilOry of 

Lakshadw('ep by the Department of Environment and Forest published in 

May 2002. the surrounding of the islands including the lagoon was getting 

polluted with oil and metallic contents from ships and barges and pollution 

frol11 boats \\as also scvere. They also projected diesel as the source from 

which electricity is generated in the islands. Right from the point it is 

unloaded from the barges to the jetty the diesel drums leave a trail of 

destruction. Switching over to coconut plantation recorded a loss in soil 

fenility and a subsequcnt increase in the usage of chemicals \\·hich can 

COntribute to\\ards a slight excess of zinc and lead. 
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Statistical Approach 

Statistical Methods applied are 3 way ANOV AI) for testing the 

difference in the concentration of trace metals with respect to so th 
U and 

north, between core depths and between metals at Ka\'aratti Isla d 
nand 

Kiltan Island. (2) for testing the difference in the trace metal concent . 
ratton 

with respect to south and north, between stations and between metals at 

Kiltan Island and (3) between islands. between land lagoon variations tnd 
bet\veen metals based on the trace metal concentration at Kavaratti . . 
\linicoy. Agathy and Kiltan Island using original data and standardi~d 

data. 

Ha\"ing found significant differences. studcnt-t tcst in applicd to test 

difference between mctals. between core depths at Ka\'aratti and Kiltan 

Island. bet\\een stations at Kiltan Island and bet\\cen \ariolls lagoon 

features at Ka\'aratti, Minicoy, Agathy and Kiltan Island. 

\1ulti\'ariate factor analysis by Q-modc and R-mode for groupingplf 

locations'stations/depths and for grouping metals after nriance rotatiot»to 

simple structure for uniqueness of the factor loadings. 
' .. 

Results and Discussions 

. ) j 1 'ore depth~ .-'\t Ka\'aratti Island on companng the south & Iwr: 1 alll L 

.. I 1 t' I '''Ijlllll!1S it is and trace metals after standar(lizlIlg t le <. ata or rc\\ .ll1l Ll 

. , I (F 1 ;~I 
l"lbsencd that there is high dIfference between north a;~d Sl"lllt 1 I, 

., lkplh~ 
11()51.4. P"'().OI). (F(.u~, = 2.1~4().P<().(J5) and also b,,':\\('('11 (OIC 
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aOd metals (F(8.32) = 7715.9, P<O.OI). Also the interaction between direction 

afId depths (F(4.32) = 3.18, P<0.05) and between direction and metal 

concentrations (F(8.32) = 3725.9, P<O.OOI) were highly significant (Table 

5.9) The distribution with respect to core depth showed that in north at 

surface it is only less than half of that at south where as at 30cm depth at 

south it was nearly Y2 of that at north. At deeper core depths (>60cm) not 

much signi ficant di fference was observed between north and south for the 

average quantity as well as for the variation in the distribution (Table 5.10 a 

& b) with respect to metals high difference was observed between iron and 

other metals and also between lead and other metals. The order of 

occurrence could beginning as iron> lead> nickel> cobalt> chromium> 

manganese> zinc> copper and cadmium in the south with a lead for zinc and 

manganese over chromium in the north (Table 5.10 c & d). Distribution 

was more stable in the north for copper, cobalt. nickel, lead. cadmium and 

iron at north than at south. 

Q-mode factor analysis based on ra\\" n0n11alization and yanancc 

rotation to simple structure grouped the core depths >60 at south and north 

together with high negative loading for final factor. This factor explains 

ancnt 64.25°0 of the spatial variability and it f0n11S the differential 1:1Ctor 

group at this island indicating that it gives sufficient infollllation on the trace 

metal distribution. 

R-mode factor analysis based on column nOllllalization and yariance 

rotation to simple structure has grouped the metals copper, chromium. 

CObalt, nickel, lead, manganese and cadmium together into t:lCtor group 1 

2",\,1 
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explaining about 62.99% of the spatial variation it fonns the differe . 

nltal 
factor groups indicating that additional metals considered do not add. 

Signi ficantly to the infonnation of the trace metal distribution at this' I 
IS and 

for the pollution aspect. Manganese and iron are grouped together in s 
econd 

factor groups and zinc in the third (Table 5.11 a & b) solving the difference 

in the distribution of the latter two group elements and association of 

manganese with iron applied. 

At Kiltan island 3 way ANOVA after row and colulP ll 

standardization showered that there is significant difference between south 

and north stations, between stations as well as between metals (P<O.OOI) all 

the first order interactions are also highly significant (P<O.05, Table 5.121 

A vcrage distribution of the trace metals at south are all greater than that of 

north at all stations and there is an increasing trend towards the sea side 

from thc land at both south and north regions. At south there is less 

heterogenety in the metal distribution land ward than seaward where as III 

north the distribution is with same pattem of variation at all stations. 
~ 

Regarding the distribution of the metal, individually. the a\c:r~e 

W · I I' I ~st vallil: for metallic contcnt at south is greatcr than that at north. Itl 11g H: 

. . r ccntration I~ 
iron at south and lcad 111 the north the ordcl 0 con 

d . 1J1l?COPPL'( 
Irolpkad>nickcl>cohalt> chromium>zinc> manganese> ca nlll 

. b' I > chrot11Jllfll . 
at south \\here as the order is, Lead> irolF I1IckeI> co d t 

. . • 11l(1fL' 
. . . I I tl e south. Iron 1~ 

manoanese> /lnc> cadmIUm> coppcr \11 the n0111. n 1 . .. 
'" I line I. 

. 11· the north. (le 
uncvenlv distributed while cobalt most 1I1fomla y \11 ... 1) 

. bC~u 
. 'r I (T ble 5.\3 a .. 

most highly dispersed \vhl1e cobalt most u11IJonn y a 
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Q-mode factor analysis applied for grouping of stations delineated 3 

distinct factor groups, first containing stations at 50m, lOOm seaside both at 

south and north with high negative values. The second factor group is 

unique with the only land on station of south with high negative loading. 

factor group 3 contains stations of nOl1h mostly, but with moderate positive 

factor loading. The grouping shows that north sca ward station has 

characteristics of both factor group I and factor group 3 stations. The three 

factor groups explain respectively 47.46%, 22.34% of the spatial variation 

and these two together foml the di fferential factor group. Thus agall1 

implies that almost all the important infomlations abut the trace metal 

distribution could be galleried only if the stations of factor groups and 2 

are considered (Table 5.14a). 

R-mode analysis applied groupcd the trace metals into 3 

distinct factor groups containing thc elemcnts copper, chromium, cobalt, 

nickel, lead and iron with high ncgativc factor loading. \\'ith zinc and 

manganese \\'ith \"Cry high negati\'e factor loading in l:lCtor group 2. 

cadmium and iron \\"ith high positi\'c factor loading in t:lCtor groups:) and ~ 

respectively. \10dcratc loading for iron in factor 1 rescmbles its distribution 

\llh that of othcr metals of this group and its high loading for t:lCtor group 4 

'llClling out its uniquc characteristic of being moderately abundant at north 

!:)U highly abandoned at south justifying its interaction \\ith gcographical 

':~ference. In this cas~ all the metals exccpt cadmium distribution are 
~lPOrta . 

nl In the study of pollution aspcct. since the first 1\\0 t~lctor groups 
"~eth 
' er explain (~7.17 + 28.04 c-= 75.21) >500 ;, of the \ariability in the 

-ilalIal d' . 
Istnbution (Table 5.1 ~ b). :) way A~OV A applied for the lagoon 
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features at Kavaratti, Minicoy, Agathy and Kiltan islands sho 

wed 
significant island wise differences (FO .72) = 2377.26. P<O.OOI) and bet 

ween 
metals (F t8 . 72) = 28033.7, P<O.OOl) (Table 5.15) Lagoon features - St . 

~ atJor; 

interaction was moderately significant (F(9.72) = 2.7803, P<0.05). so also the 

station metal interaction was highly signi ficant (F1 ~~. -:. == 8150.0. 

P<O.OOI) indicating that the distribution of metals differs \\'ith respect to 

island characteristics. 

A \"erage metal distribution has the order; •• 

Kiltan>Agathy>Kavaratti>Minicoyat Lagoon 1. 

Ka\"aratti>Minicoy>Agathy>Kiltan at the station intennediate 

bctwccn lagoon and land. 

Ka\'aratti>Agathy>Minicoy>Kiltan at benn and 

Ka\'aratti>Kiltan>Agathy>Minicoy in the land area. 
.... 

\" ariation in the metal distribution also follows almost the sa. 
ordering for the islands (Table 5. t 6 a. b. c & d), 

. Id' 'b' . I I fth' -+ islands al R('gardmg the meta Istn utlon 111 t le agoon area 0 ~ • 

Ka\·aratti. Iron is most abundant follo\\ed by zinc and lead \\ ilh maxinll
llll 

\1 'CO)' lead 
\'ariation for zinc and Icast for Manganese (Tablc 5.1 ()(') .. -\t. 1111 • 

. ,'. tion for 
is most abundant-followcd by iron and nickcl \\ith maXlIllli!11 \,lIta 

.• 'lIld 

I - I( f) \ \ tl I-hnd Iln<.:' iron and least lor mangancse (Tab C). ) . .""'-t.- ga 1: :", - , 

. . .... \ ariation tor 
cadmium are equally dlstrIbutcd, lead by Iron \\Ith maXlmUIll 
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zinc and least variation for Manganese (Table S.16 g). At Kiltan island, lead 

occurs the maximum followed by zinc and then by iron with high spatial 

heterogeneity for zinc and high unifom1ity for chromium (Table 5.16h). 

The order of occurrence for the various metals could be gi\·en as : 

1 ) for Copper, Ka>Mi>Ag>Ki 

2) for Chromium, Ka>Ki>Ag>Mi 

3) for Cobalt. Kn>Ki>Ag>Mi 

4) for NickeL Ka>Ki>Mi>Ag 

5) for Lead, Ka>Ki>Mi>Ag 

6) for Zinc, Ka>Ki>Ag>Mi 

7) for Manganese, Ka>ivli>Ki>Ag 

S) for Cadmium, Ag>i\1i>Ki>Ka 

9) for Iron, Ka>Ag>Mi>Ki 

IIhere Ka == Kavaratti, Ki = Kiltan, Ag == Agathy and Mi = \linicoy. 

Trace mctal distribution \\-as more consistent at \linicoy and more 

lariation at other islands. Q-mode factor analysis applied for grouping of 

lagOon featurcs at the 4 islands, it showed 3 factor groups \\ith the first two 

hcinn - - - -c: t- . - I 
~ statIstIcally slgl1lllcant actor group and the first lactor group IS tle 



Chapter 5 

-------
differential factor group explaining 50.02 % of the spatial variability' 

In the 
lagoon area. The first factor group contains invariability in the intenned' 

late. 
beml and land area of the islands of Minicoy, Agathy and Kiltan, and al\ the 

factor loadings are highly moderately negative. Factor group includes 

lagoon of Agathy and Kiltan and beml area of Kavaratti sharino II 
" le 

similarity in the metal content of these spots \vith high positive factor 

loading. Factor group 3 is exclusively of the areas of Kavaratti (except that 

of bell11 Kavaratti). Minicoy inte1111ediale and Kiltan land area also sho\\ 

some features common to Kavaratti island (Table 5.] 7a). 

R-mode analysis applied for grouping of trace metals in the lagoon 

area. delineated 3 significant factor groups with factor group I containing all 

metals except zinc (forming factor group 2) and manganese (forming factor 

group 3). Factor group I is the differential factor group explaining 63.0)"" 

of the spatial variation. This further indicates that factor group I metals 

extract almost all the infomlation regarding the pollution aspects of the 

lagoon area of these islands (Table 5. I 7b). 

Dendrourams are dra\\"n for studvin" the similaritv between metals b ... ~ -' 

at each island for station characteristics at each island. and also for melals at 

. ". A I K'ltan and dl fferent lagoon features of the 4 Islands (Kavaratll. gat 1)'. I 

'v1 i nicoy) and for the lagoon tCatures usi ng group I i n kage cluster analysis of 

Bray Curt is coefficient 0 f si III i larity and arc representat i vel y gi \en bell)\\" 
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Statistical tables: 

Table 5.9 :Distribution of Trace Metals at Kadamath Island -
.--
&gion Mean Standard De\". 

(a) Sea side South 
Soil 13.71 9.44 

Soil High Tide 13.20 8.03 
Soil Lo\\' Tide 1 1.61 5.79 

r-JP} Sea side North 
Soil 13.33 8.18 

Soil High Tide 14.05 11.02 
Soi 1 Lo\\' Tide 13.85 7. 17 

(cl Metal South 

I Copper 3.79 i 0.38 
I Chromium 8.99 I 1.54 
I Cobalt 14.34 1.8() I 

Nickel 15.09 1.52 
Lead 27.76 2.61 
Zinc 8.97 3.44 

Manganese 7.36 0.29 
I -CadmIUm 6.4) 1.50 

Iron . 22.84 I 5.17 
r----- --"---------i----

(cl} Mctal '\'or1h ' I 
Copper I -+.19 I 

ChromIum I 10.23 
C

l I 

obalt i 16.29 
Nickel 16.91 

33.64 
7.1 I 11 

7.98 

0.12 
1.15 
1.50 
1.35 
5.40 
2.34 
0.80 

I 

, 

I 
I 
I 

Coeff. Of 
Variation 

68.81 
60.85 
49.86 

61.32 
78.45 
51.81 

10.15 
17.16 
12.96 
10.08 
9.39 

38.38 
3.88 ,-. -. --,._,} 

22.61 

2.96 
11.20 
9.23 
7.99 
16.05 
32.89 
10.05 

Lcad 
Zinc 

\1anguncsc 
Cadm i llm 3.72 45.12 

; 

, 

' _________ ~ron ____ . __ . ___ /9~~~ __ .~. __ 3A? ______ L __ I_9~~L ___ _ 
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Table 5.10 : Distribution of Trace Metals in Kiltan Island 

Standard I 

Coeff. Of Region Mean I Dev. i Yariation 
(a) Sea side South I 

Station 1 ,'Iand 0 m 12.48 6.89 I 55.25 
Station 2 50 m 12.70 10.00 -8.75 

Station 3 100 In 19.30 18.24 i 94.51 
Station 4 Sea 19.97 18.83 94.30 

(b) Sea side North I 
Station I land 0 m 

12.28 8.05 
Station 2 50 In i 65.52 -

10.84 8.36 -.-

Station 3 100 m 
i -7.10 .. 

13.41 8.67 i 
Station 4 Sea 

, 64.63 -
13.59 8.70 I 

i 64.03 =:, 

(c) Sea side South 
, 

\1etals 3.89 0.81 20.83 
Copper 8.98 0.74 S.ll 

Chromium 16.18 0.32 2.00 
Cobalt 28.06 7.12 25.38 
?\ickel 31.60 1.90 ().01 

Lead 8.14 2.64 .?-2.48 
Zinc 7.84 0.32 4.08 -I 

43.88 -! Manganese 4.51 1.98 
Iron 35.84 26.19 -,.07 . - ~---

(d) Metals Sea side .!~ 

\1011h 
.. 

3.62 0.38 1IJ ... P 
, Copper 8.91 0.29 .?-.l() 

Chromium 15.75 0.13 II.S4 
Cobalt 

, 

1 ().72 0.35 2.09 
?\ickcl 29.75 0.43 1.44 
Lead ! ! 

..111.91 5.79 
, 2.37 

Zinc 6.51 2.18 :. 3 .41 
t\·langanese 5.45 J.() 1 2<).57 

i Cadmium 10.27 5.58 
",- ,,' - .--

, 
Iron -----

~------- ------------- -------------
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Table 5.11: Distribution of Trace Metals n Lagoons of various Islands -

Region Mean 

(a) Kavarathy Island 
Lagoon 16.07 

Internlediate 16.86 
Belll 35.77 
Land 18.59 

(b) Minicov Island 
Lagoon 11.35 

Internlediate I 15.40 
Bern 12.59 
Land 13.97 

(c) Agathy Island 
Lagoon 22.71 

Intcllllcdiate 14.35 
BCIll 15J)6 
Land 14.00 

(d) Kiltan Island 
Lagoon Ccntre 23.19 
I ntermed iate 11.17 

Bern 12.5~ 

Land i 15.72 
(e) Kavarathv Island 

Metals i 
I 

Copper I S.OS 
Chromiulll f 10.08 , 

Coh,lIt 
; ..,.., 

Nickel 17.1 '7 

Lead :n.42 
Zinc 3().17 

I 

Standard Dev. i I 
I 

I i 
13.27 

j 15.53 
I 

42.99 I 

16.10 ! 
, 
! 

I 
6.80 i 

! 
I 11.56 I 

I 
7.46 ; 

I 

9.21 ! 
I 

29.95 
9.03 
9.28 

i 
, 

10.01 

28.04 i 
i 

8.97 
! 

9.13 
9.87 

I , 
I : 

0.42 
1.49 

; 
1.44 
1.30 
3.0c) 
S.93 

Coeff. Of 
Variation 

82.61 
92.12 
120.20 
86.61 

59.93 
75.06 
59.27 
65.91 

131.88 
62.91 
61.65 
71.49 

120.89 
80.26 
72.87 
()2.78 

8.35 
14.78 
8.80 
7.27 
9.54 

149.09 
Manganese 9.94 0.14 1.40 

i Cadmiulll S.48 1.41 25.:0 
h-:- Iron I ()3.73 19.81 31.l)() 
I (I) Mil;i-~l~~-ISI;IJl~I---1 ~-- ---- ---~- -------------

'--__ J'v1eta~~ ___ J ______ ~ _____ ~_. ____ ,~_,,_~ ____ _ 
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C1zapter 5 ---
i Copper 3.90 0.39 

I 

9.9~ 
Chromium 8.55 0.41 4.76 I Cobalt 14.98 1.49 9.96 

I Nickel 16.03 0.97 6.05 
I Lead 28.83 1.31 4.53 I 

Zinc 5.06 1.29 25.52 i 
! , Manganese 8.47 0.19 

, 
2.28 

Cadmium 8.24 2.11 i ! 

! 25.66 
I Iron 25.88 9.60 37.12 I 
; , 

; (g) Agathy Island --1 
, Metals 
I Copper 3.74 0.77 20.57 

Chromium 9.54 0.98 : 10.28 
Cobalt 15.56 1.09 7.00 
~ickel 6.05 0.90 5.52 .... 
Lead 4.53 2.05 6.70 

I 

Zinc 25.53 40.29 I 113.38 
\langancsc 2.28 0.31 4.13 
Cadmium 25.66 1.18 27.05 

Iron 37.12 4.57 17.86 
(h) Kiltan Island 

Metal : 

Copper 3.31 0.42 12.78 
Chromium 9.84 0.24 2.47 

Cobalt 15.76 1.18 ! 
7.51 =- , 

I -

~ickel 16.75 0.80 4.77 : 

4.95 
I 

Lead 30.74 1.52 
Zinc 28.26 40.58 143.59 

\langancsc 5.95 1.69 28.38 

Cadmium 6.99 4.29 61.45 

Iron 23.31 8.81 37.78 
~ ~ 

-------~----- ----------



ChCmO-lltlnllbilily III abIOtic (Oll/pO/lelll, - lract' II/cla/, 
-------------------------~--------~------~-----------

table 5.12: 3 way ANOVA for Kavarathy Island -
source 
~ Mean sum of Squares d-f I F. Ratio 

(a) Directions N 
1038.09 11651.4** 

and S 
0.19019 4 2.1346 ** 

(b) Core depths 
687.456 8 77 1 5.90 ** 

(c) Metals 
115.554 9 

(AxB) 
125.065 44 

(BxC) 
540.791 17 

(AxC) 
0.2833 4 3.1800 * 

AB interaction 
0.0764 32 

0.8577 
BC interaction 

331.963 8 
3725.9 ** 

AC interaction 
0.08910 32 

Error 

* F signi fic-mt at 5% level. ** F significant at 1 % level. 

Table 5.13: 3 way ANOVA for Kadamath Island 

Source Mean sum of Squares d-f F. Ratio 

(a) Direction (N,S) 42.3862 39..+.465 ** 
(b) Soil Depth. 0.3061 2 2.8492 
(c) Metals 403.761 8 3757.58 ** 
(AxB) 8.6695 5 
(BxC) 124.423 26 
(AxC) 299.788 17 
AB interaction 0.1746 2 1.6225 
BC interaction 0.2686 16 2.4993 
AC interaction 

L 
227.99 8 2121.78 ** 

__ Error 0.1075 17 

"* calculated F is signi ficant at 5% level. 
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Clwpter 5 ---
Table 5.14 :3 way ANOVA for Kiltan Island 

Source Mean sum of Squares d-f F.Ratio 
(a) Direction (SJ\) 5932.58 I 108805.0 ** 
(b) Station 0.9544 3 17.5045 ** 
(c) Metals 5364.45 8 98385.7 ** 
(AxB) 847.983 7 
(BxC) 1226.45 35 
(AxC) 3652.73 17 
AB interaction 0.14714 3 ~.6985 * 
BC interaction 0.3039 24 5.5731 ** 
AC interaction 1656.04 8 30372.2 ** 
ElTor 0.05452 24 

* Calculated F is significant at 5% level. ** calculated F is significant at 
1% le\"C1. 

Table 5.15 :3 way A:\OV A for (3) lagoons in Islands 

i Source rcf~ean sum of Squares 
(a I Stations 172.568 
(h) Lagoon t\:aturcs 0.05534 

d-f 

3 
.... 
-' 

F. Ratio 

2377.26 ** 
0.7623 

~S033.7 ** (cl Metals ! 2015.00 
(.-\xB) I 34.6457 
(BxC) I 465.221 
(:\xC) il 885.615 

8 
15 
35 
35 

AB interaction I 0.2018 9 

c.-\ interact ion 591 .62 2..+ 

~.7803 * 
1.4922 

8150.00 ** 
BC interaction L 0.10831 2..+ 

____ E_I"I_·o_r_____ ~O~.0~7~2~5~9 ______ ~~7~~ __ ~ ____ --

I 
! 

I 
I 

i 
I 
I 

I 

, 
, 

I 

I 
I 
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ClW/IIO-l'anablilty III abIOtiC c'cmpOllt'llis - trac"t' 1Il('tal~ 

Table 5.16 a to h: Factor analysis for Kavarathy Island 

Q - mode for grouping of Core Depths 

Factor Maximum Eigen I 

I ;.---- Depth 
F-L Value 

\- (%) \' (01«) 
I : 

South 30 -0.8734 
I 1 

South 60 -0.9501 
South 90 -0.9662 : 

South 120 -0.7056 : 
1 North Surface -0.6892 

8.349 6 . .+251 6'+.25 

\:orth 60 -0.9519 i . 
I i 

\:orth 90 -0.9565 
I 

I 
;\orth 120 -0.9225 . ! , 

I 

2 South Surface 0.9913 
I 

I 

1.399 ~.S33 7 28.34 I 
North30cI11 0.9010 I I 

R - mode for grouping of metals 

Factor 'Ietals 
Maximum Eigen V. I 

V (%) I 
F-L Value Value I 

I 

I Copper -0.9013 I I 
i Chromium -0.8551 

I ! 
I i 

I 
I Cobalt -0.9434 I 

1 I 
\:ickel -0.9356 7.417 5.669 6~.993 I 

i 
j Lead -0.9491 I 
: I 

I \. U' - ) i I 

. 1.1I1~,lIlcSC I _ ( .6773 I i 
Cadmium ~O.8<)51 I ! 

~ \langanCse~, ().55()4 ! 0.99'+S l.h2SS ISJ)97 i 
Iron O.98()(): 

~ __ ----L ____ Z_i_nc_'·~----o.-s(-n-S---r--O-.4-<)2 7----I.-~-c)S-"'-! ~--1---.-76-)3-J 
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-----
Table 5.17 a and b : Factor analysis for Kiltan Island 

Q - mode for grouping of stations based on distance from sea using trac . e 
metal concentratIon 

Factor Distance 
Maximum Eigen V. 

F-L Value Value V (%) 

South 50 m -0.6646 
South 100 m -0.9385 

1 South Sea -0.72667 
North 50 m -0.9475 

North 100 m -0.5512 

Q - mode: Factor analysis for Kiltan Island 

Maximum Eigen V. 
, 

Factor Distance V ('Yo) F-L \'alue Value 
1 North Sea -0.7363 6.826 3.7998 47.45 

South Land 0 
I 

2 -0.9418 0.9518 1.7875 22.3431 
M 

SOllth 50 m 
0.6256 

:'\lorth Land 0 

3 0.7670 
0.1049 2.3937 2c).9~ III 

\lol1h 100 m 
0.6()85 ___________ J ______ 0.5899 

North Sca ------_._-----_.- ---_. 

R - modc : Factor Analysis for Kiltan Island 
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Cllel1lo-lIarzahihty ill ahiotlc compollellts - trac<, lIli'lals 

-Eigen Factor Maximum V. 
\- CX,) .:.---- Metals F-L Value Value 

~ 

-0.07703 
--

Copper 
Chromium -0.8528 

1 Cobalt -0.8416 6.475 4.2452 -+7. I 7 
Nickel -0.7982 
Lead -0.9780 
Iron -0.6625 I 

~ 
Zinc -0.9757 

1.358 2.5236 
Manganese -0.9376 28.04 

~ Cadmium 0.9528 0.7576 1.3058 14.51 

4 Iron 0.7276 0.2870 i 0.7714 8.57 
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PREDICTIVE REGRESSION MODEL 

In the study of impact of environmental parametCfs on the 

ecosystem as whole. a number of factors arc jointly controlling the 

bioacti\ities at a point of time or space. Pederson et a!.. (1995) has given a 

method for choosing the minimal set of environmental \'ariahks that explall1 

the variation in the affected parameters. 

k ' \lultip1c regression model fitted is of the form Y = <1,-.0 J L: a,X" -

"k '" \'- J L.. .1 J- i,j = 1,2 ........ K. i<j arc the 

regressi\e coefficients (Jayalakshmi. 1(98). Among these the model which 

explains the maximum variability is considered as the best prcdicti"e 

multiple regression model. 

\Idllipk regression model using step up method is I.k\eloped for 

predicting manganese and iron concentration from nutrient \~llues in the 

study area alter pooling all the data ignoring their di ITerenccs. 

Multiple regression analysis applied ranKed the parameters 

based on their relati\e importance as 
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(Exch. P* Org C) > (Exch. P * Total P) > (lnorg. P * Org C» (Tolal 

N & Org C) > (Inorg. P * Total P) > (Total N. * Total p) > (pH * Org C) ::::. 

(pH * Total P) > (Total P) being the first 9 relatively most important factors 

controlling the iron distribution in the study area and for manganese the 

relatively important parameters are; 

(Exch. P * Org c) > (Exch. P & Total P) > (Inorg P * Org C) ::::. 

(Total P) > (Inorg P & Total P) > (Org & Res P) > (Total N * Org C) ::::. 

(Total \i * Total P) > (Exch. P & Org & Res P) among the first 28 

parameters. The above ranked paramcters are highly signi ficant as 

indicated by test statistic t for testing the significanc~ of the regression 

coefficients (Table 6.1). 

\lultiple Regression model for predicting concentration variation of 

trace metal. iron from the parameters pH (Xd, Total Nitrogen (X~). 

Exchange P (Xd. Inorganic P (X .. ), Organic + Residential P(X~), Total P 

(XI,) and organic carbon (X~) and the first order interaction effects of these 7 

parameters is Iltled. The best predictive model li·om a collection of 512 x 5 

~- 25()() model Illted. is selected and it is the model for pr~dicting square root 

transformed and standardized [Standardized by sl!i1tract!l1g the arithmetic 

means and di\·iding by the standard deviation, X-M/a)] \ allies of dependcnt 

\ariabk. tracc metal concentration of iron on the square root transformed 

and standardi/ed \alucs or the independent variablc XI. :\.> x;. X ... :\5. :\(> 

and :\- gi\cn abmc is obtained as; 
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Prcdictil'e regreSSIO/l model 

Y = 0.8332 + 0.5406 XI + 0.8328 X2 -- 1.2504 X~ - 0.8297 X .. -

5.1108 X5 + 

6.2027 X" + 2.0940 X7 - 1.4368 (X IX1 ) 

\'ariability explained = 59.9440(~(, 

F(28.28) = 3.9930, (P<O.05) 

\1ultiple regression model for predicting concentration of trace metal 

manganese. from the parameters, pH (X I), Total Nitrogen (X2). Exchange 

P(X3), Inorganic P (X4). Organic and Residual P(X5), Total P(X6) and 

organic carbon (X7) and their first order interaction effects found to be the 

hest-model ti'om among a collection of 2560 models fitted \\'ith 

Y(manganese) and Xi is (given earlier) treated as in the case of iron. The 

model equation is; 
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Y = 0.8676 + 0.3315 X I + 0.3483 X2 - 0.9132 X3 - 1.0207 X4 _ 

11.74387 

X5 + 2.8308 X6 + 1.4982 X7 - 0.86419 X IX2 

1.12428 XIX() - 0.63566 X IX7 - 0.98707 X2X., + 

0.5485 X2X.~ - 0.89674 X2X~ -7.26416 X2X(1 

\'ariability explained o-c 56.84~;;,. F2X .2X =3.63-+. P<()J)5) 

Table showin~ the standard CITor and test statistics for the regression 

coefficients in the 28 parameter regression model fitted for iron and 
"-

manganese on the parameters pH(X I). Total Nitrogen (X:). Exchange P(X.). 

Inorganic P (X-l), Organic and Residual P(X~). Total p( XI,). organic carbon 



1''''',iI(/Ii'C rcgn'~~/oll //Iodel 

Table 6.1. Regression model fitted for 28 parameters. 

~§xz 

I Parameter 

0.4656 0.4486 I 
2.4403 Iron I 3.7242 Manganese i 

t statistic I Std. i t statistic Std. Error 
Error 

0.1863 1.7791 0.1795 ! 3.0115 

I ! 
0.2740 1.2713 I 0.2639 I 3.1553 I 

J I 
i 

0.3441 -2.()542 ! 0.3315 -3.7722 , 

Total Nitrogen 

c'x21 
Exchange P (X31 
Inorganic P (X41 0.5923 -1.72321 I O.570() , -1.4541 

I Organic and 

Residual 7.2962 -1.6096 
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: X2X7 : -=.~ 9.7011 0.8552 

X3X4 0.1822 -1.9740 

X3XS 0.7615 2.6770 

X3XS 9.1793 2.4400 

X3XZ 10.0071 -2.5379 

X4XS 0.3545 1.2261 

X4X§ 8.0608 -1.5106 

X4X7 8.1516 1.6678 

XsXs 0.4662 -1.5650 

XSX7 0.3446 -3.2889 

REFERE~CES 

9.3458 2.6042 

0.1756 -2.0957 

0.7336 5.1271 

8.8431 4.9233 

9.6406 -5.0215 

0.3415 3.5455 

7.7655 -3.1246 

7.8530 3.2269 

0.4492 -3.3886 

0.3320 -3.2309 
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PERSPECTIVES AND SAFEGUARDS OF 

CORAL ECOSYSTEMS 

Many coral reefs around the world are under as immediate threat of 

dcyastation. Other recfs are showing considerable signs of degradation. and 

\il1ually the only reefs that arc still in excellent health arc those remote frol11 

human actiyities or under actiye management (Wilkin<;on, 1992). 

During the last two decades coral reefs have experienced an increase 

in the numbcr of el1\'ironmental disturbances associated \\'ith global le\'cl­

changes in tcmperaturc and light. (GOI'cau ct aI., 200(): \1c Clanahan. 

~()()O). Many recent changcs in reefs have becn associated \"ith localizcd 

phenomcnon of Ilutri fication. diseases, and heavy fishing. (\'lc Clanahan. 

~(100) one of the most recent global-Icvel disturbance to coral reefs \\as the 

199701998 El Nino event (Wilkinson et.a!.. 1999; Goreau eLal., 20(0). 

This large scale wal111ing probably represents one of the biggest large scale 

disturbances to coral rcefs in recent history (Goreau et.a!.. 2000: ISRS 

statement on Bleaching). The out come of these temperature Ouctuations is 

of concern to the future of coral reefs as they may be indicative of future 

climatc patterns associated with global warming. 



Chapter 7 -
The important stress which produce a threatening effort on the 

existence for coral reefs are anthropogenic-namely-organic and inorganic 

pollution from sewage, agricultural and industrial \\aters, sediment damao 
~e 

from excessive land cleaning, and over exploitation particularly through 

destructi\e fishing methods. In addition these one other more localized or 

less service anthropogenic stress: Pollution by oil and other hydrocarbons. 

complex organic molecular and heavy metal pollution, and destructi\e 

engineering practices. 

Threats to Indian Reefs. 

1.Palk Bay and gulf of Mannar 

Exploitation of tishery resources in the inshore waters has been the 

sole occupation of hundreds of fishing fami lies along the coast for centuries. 

The reefs are used to carry Ollt reef fishery. chanks and pearl fishery. 

ornamental shell trades and illegal mining of coral (\t1ulaey et al.. 2000l. 

The distribution of reefs and reef associated organism in the history of 

el1\'ironmental damage to nature and natural resources in the recent past. 

Some of the islands are totally submerged and vanished may be due 

to quarrying. The most affected species were the branching corals such as 

Acropora species, Pocillopora species and Montipora species. 

2. Anadaman and ~icobar Islands 

Today. among all the reefs in India. many areas in .-\ndaman and 

:\icohar remains to be in near pristine condition (:,()-())'Y(l li\ c coral exist as 

per the studIes conducted by ZSI. Ll:\[)P. Mass 111\)I1ality of (orals \\'as alsl1 

obs\.'ned in and around Port Blair probably due to siltation. sand mining. 



PerSpeclll'C5 and safl'guards of cora/I'cosystems 

collection of coral reef associates, invasIOn of crown of thom starfish 

(Acanthaster planchi) and White Band disease are reported in many reefs in 

Andaman and Nicobar Islands (Mulaey et aI., 2000), A recent survey 

conducted in the Little Andaman and Great Nicobar Islands revealed mean 

live coral co\'er of 56 %, dead coral cover of22 % and coral rubble of I I % 

3. Lakshadweep 

Black and white band diseases have been obscrved in shallow coral 

areas and these are reportcd of pink band diseasc , In addition to beaching, 

coral mining, drcdging of navigational channels, unsustainable fishmg 

practices. coastal development activities, souvenir collection and other 

population associated pressures also contribute to the loss of rcef 

biodiversity (Koya et aI., 2000), 

The bleaching event of 1998 destroyed much of thc living coral 

cO\'er around Lakshadweep, These are varying rcports on loss of li\"c coral 

and thc impact of blcaching estimated between 43-87 C% and 60-80 (io 

(Mulcy et a!.. 2(00)" 

4.Gulf of Kutch 

The major impacts on thc coral reef ecosystcm comc from industrial 

dc\"clopmenl. including cutting of mangro\'es, development of pOl1S and 

offshore moorings and pollution from large cities, Anthropogenic impacts 

due to human acti\"ities ha\"c degraded the coral reef habitats and reduced 

the coral co\er by more than SO (~) of most reefs, They have also reported 

that 70 % of live corals were destroyed during thc 1998 bleaching event. 
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;\lanagement Strategies. 

Based on the assessment of global reef resources by UNEP / IUCN 

(1998). other published material, as well as anecdotal evidence and personal 

observations, Wilkinson (1992) classified the coral reefs of the world into 

three category. 

I. Critical :- Reefs that are severely damaged and is imminent 

threat of collapse or extermination unless the current leyels of anthropogenic 

stress arc removed or ameliorated. 
, 

.2. Threatened:- Reefs that clllTently show signs of stress and will 

come under greater threat of collapse if populations and associated stresses 

continue to increase at current rates. 

3. Stable reefs: reefs with no imminent threat of collapse through 

anthropogenic damage, which should remain healthy in the immediate 

future unless events like global climate change introduce unforeseen 

I mpacts and stress. 

The development strategies for the management of reefs must be 

\ie\\ed on the basis of the above classification as critical, threatened and 

stable reefs . 

. \ major impediment to management of coastal resources III many 

countries. is that they are part of the commons; they are not owned by any 

indi\idual. family or tribal group. Therefore, the traditional mechanisms for 

sustainable exploitation and protection of land resources are usually absent 
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or have been lost in the fare of increasing economic and population pressure 

(Wilkinson. 1992). 

Considering the need of immediate action, the pmne impOltance 

must be gi\'en to reefs that are in a critical state. Complete removal of 

anthropogenic sources of pollution must be complemented with the help of 

local population; the principle users of reef resources. 

For reef that are in the threatened category control measures much 

be taken to prevent destructive exploitations of reefs and their resources. 

\t1easures must be taken for the sustainable development of this ecosystem 

and there is a need for the establishment of marine protected areas. Reefs in 

the stable category must remain unaffected by the impacts of human 

populations. economic pressures and global climatic changes. 

There is a vast difference between developing and developed 

counties in their attempt for the management reef resources. In developed 

countries, the government can legislate for the declaration of marine 

protected areas and they obtain backing of the local people. scientific 

community they emphasize on the aesthetic values of the reefs. 

In dcyeloping countries the mechanisms for enforcing government 

legislation are inadequate and for the sustainable lIse practices to proper 

information must be giwn to the local population who exploit reef as a way 

oflifc. 

International agencies like UNESCO, IOC, UNEP. WMO. AS PES. 

C ARICOMP. SCOR, IUCN and the World Bank etc. hayc potential roles 111 

developing sustainable coral reef use plans. 
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Chapter 7 -
Global efforts to conserve coral reefs 

The international community responded to alann calls on the status 

of coral reefs in the early 1990s by initiating major initiatives. The 

international Coral Reef Initiative OCRI) was catalyzed by the USA in 1994 

with participation of Australia, France, Jamaica, Japan, the Philippines, 

Sweden, UK and major agencies like UNEP (united nations environmental 

programme ), the Intergovernmental Oceanographic Commission 

(lOC/UNESCO), the World Bank, ICLARM (International Center~r 

Living Aquatic Resources Management), and SPREP (South Pacific 

Regional Environment Programme). For more infonnation the date of tl\e 

status of the reefs - Global Coral Reef Monitoring Network (GCRMN) ~s 

fornled under the sponsorship of IOC/UNESCO, UNEP, IUC;"\l (the world 

Conseryation Union), and the World Bank. A parallel monitoring 

programme involving volunteers - Reef Check, joined the GCRMN to 

broaden global monitoring to include user communities. Reef check has 

built up a strong following among scientists and recreational divers, aoo 

achieved a major goal in raising awareness among the public atfd 

governments about the need for coral reef conservation. ); 

CARICOMP (Caribbean Coastal Marine Productivity Program):1'S 

an environmental programme that includes reefs, which will co-ordinate 

monitoring in smaller Caribbean countries and states for the CRMN. A 

coral reef mapping called AGRA (Atlantic and Gulf Reef Assessment) \vas 

launched by scientists at the University of Miami in Florida in 1998, to map 

reef health. Another programme. AQUA:\AUT has been developed by 

ICLAR\ 1 to train dive-masters to lead reef assessment teams. 
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Efforts taken for the conservation of Indian reefs 

In 1986 Ministry of Environment and Forests (MoEF) launched a 

scheme for the conservation and management of Indian coral reefs. On the 

recommendations of the National Committee on Mangrove and Coral Reefs. 

all the four major coral reefs in the county have been identified for intensive 

conservation and management. State level steering committees will monitor 

the progress of implementation in identified reef areas \\-hich again be 

assessed b\ National Committee consisting of members from various line 

Ministries Department as well as experts and the representatives of the 

implementing agencies. In the coral reef areas identi fying thrust areas has 

encouraged research. Government of India has developed adequate policy 

frame\\orK so as to protect coral reefs in India. So as to regulate the on shore 

developmental activities affecting the coastal environment. Government of 

India issued a Coastal Regulation Zone (CRZ). Notification in 1991 and 

amendments in the subsequent years (Mulaey et al.. 20(0). Environmental 

Protection :\ct (1986) and the ~ational Conservation Strategy and Policy 

Statement on environment and development (1992) as well as the action 

plan of the \1inistry of Environment and Forest have given the consideration 

this effort_ 

Certain man ne specIes have been protected under the Wild Life 

Protection :\ct (1972). In addition to the Hational ellOI1s related to 

consen-atil.."'I11 of coral reef, the \1inistry and Environment is collaborating 

through \arious international agencies like U;-';DP/GEF DPFB programmes. 

Ministry is also represented on the Global Coral Reef Monitoring Network 
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(GCRMN), south Asia and in this scheme the Ministry has established 

Indian Coral Reef Monitoring Network (ICRMN). 

Recommendations for protection 

Development and implementation of integrated coastal zone 

management strategies are needed for the effective management of coral 

reef ecosystems of the world. They must involve combination of the 

following factors 

• Public education 

• Community development 

• Economic incentives and alternative income generation 

• Global or regional legal instruments 

• Institutional restructuring 

• \Ve I I-managed mari ne protection areas 

• j\,1anagement of tourism and recreational activities 

• Management of land-based activities and coastal dC\'e\opment 

• Coral reef ecosystem monitoring 

In addition to the above a scientific management infonl1ation IS also 

needed for the protection of coral reefs which includes, 

• l 'nderstanding the relationship of natural to anthropogenic impacts 

• Conducting damage assessments 

• L:nderstanding coral recruitment and the maintenance and renewal 

of reefs 



• Gnderstanding water circulation pattcll1 to detCll11ine the 

distribution of reefs and the fate of pollutants 

• De\eloping an improved scienti fic concept of what constitutes a 

healthy reef 
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