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Preface 

In rivers and estuaries, huge amounts of organic matter originating from in situ 
primary production, and anthropogenic inputs can alter the biochemical structure 
of the ecosystem. The study of organic biochemicals included investigations on 
the source of organic substances, the pathways along which they enter the aquatic 
environment. the pattern of accumulation in the biotic and abiotic components of 
the ecosystems, the mechanisms and rates of migration and other processes 
atfecting a river- estuarine system.The study area, Chalakudy river is a natural 
ecosystem. It is the 51h longest river in Kerala and its basin is between 10° OS' to 
10° 35' North latitude and 76° 15'to 76° 55' East longitude. Surface and bottom 
waters and surficial sediments were collected from the study area over a period of 
one year (May. 2005 to March, 2006) at bimonthly intervals. 

The major objective of this study is to picturise the spatial and temporal 
distributional characteristics of labile organic constituents such as proteins and 
carbohydrates as well as refractory organic constituent, tannin and lignin in the 
dissolved. particulate and sedimentary compartments of Chalakudy riverine 
system. For the temporal variations. the seasons were divided as monsoon and 
nonmonsoon. 

The thesis is divided into six chapters. Chapter I is Introduction where a generlll 
introduction about proteins, carbohydrates, tannin and lignin in the aquatic 
environment is attempted. Chapter n is Materials and Methods, containing a 
description of the study area, sampling techniques and analytical methodology. 
Chapter III is Hydrographical parameters and sediment characteristics, where 
spatial as well as temporal variations of hydrographical parameters and 
sedimentary characteristics are discussed. Chapter IV is Proteins: phases-coupleel 
!>]wtio temporal variahiliZll, dealing with the distribution profile of proteins in the 
dissolved. particulate and sediment phases. Chapter V is Carhohydrates: phases
cO/lpleel spatio temporal variability. Here. the inter compartmental variations of 
monosaccharides, polysaccharides and total carbohydrates are discussed on a 
spatial and temporal basis. Chapter VI. Tannin and lignin: phases-coupled spatio 
temporal variability, focusses on the distribution of dissolved. particulate and 
sedimental fonns of tannin and lignin. In the present study, geostatistical analysis 
was a tool for discussion. Differences in parameters with station and season were 
tested using 3 way ANOV A. Pair wise comparison was carried out using students 
'I' test. The significance was put in the fonn of a Trellis diagram. 
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CHAPTER I 

INTRODUCTION 

THE CARBON CYCLE 

The carbon cycle is the biogeochemical cycle by \vhich carbon is 

exchanged among the biosphere, pedosphere, geosphere, hydrosphere. and 

atmosphere of the earth. The carbon cycle (Figure 1.1 ) is usually thought of 

as t()Llr major reservoirs of carbon interconnected by path\\ ays of exchange. 

These reservoirs are: 

• The plants 

• The terrestrial biosphere. which is usually defined to include fresh 

water systems and non-living organic material, such as soil carbon. 

• The oceans, including dissolved inorganic carbon and living and 

non-living marine biota. 

• The sediments including fossil fuels. 

The annual movements of carbon i.e., the carbon exchanges between 

reservoirs, occur because of various chemical, physical, geological. and 

biological processes. The ocean contains the largest active pool of carbon 

near the surface of the earth, but the deep ocean part of this pool does not 

rapidly exchange \\ ith the atmosphere. 



Chapter I 

The global carbon budget is the balance of the exchanges (incomes and 

losses) of carbon between the carbon reservoirs or between one specific 

loop (e.g., atmosphere +-+ biosphere) of the carbon cycle. An examination 

of the carbon budget of a pool or reservoir can provide infonnation about 

whether the pool or reservoir is functioning as a source or sink for carbon 

dioxide. • 

Figure 1.1 The carbon cycle (http://en.wikipedia.orglwikifCarbon_cycle) 
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Introduction 

ORGANIC COMPOUNDS IN AQUATIC SYSTEMS 

An organic compound is any member of a large class of chemical 

compounds whose molecules contain carbon. Organic matter plays a 

significant role in the biological, chemical and geological aquatic processes 

affecting water quality. As a result, the study of organic matter in aquatic 

environments has received increased attention. Among the natural 

ecosystems, the rivers are most intensively used by humans. Human 

activities in aquatic zones and contributing water sheds have dramatically 

changed the fluxes and biogeochemical composition of river inputs into the 

estuaries. At the present time. more than half of the large river systems of 

the world are affected by dams or other hydrological alterations (Nilsson et 

al., 2005). 

The organic matter originates from two main autochthonous sources such 

as algal exudates and detritus, as well as from allochthonous sources like 

decayed dissolved and particulate materials from terrestrial organisms 

(Thorp and Delong, 2002). River systems are aquatic zones capable of 

trapping large quantities of pollutants, nutrients, organics etc. Sediment 

present in the river can provide sink for these materials that are derived 

from marine and terrestrial sources. Direct adsorption, complexation with 

organic matter and the formation of insoluble sulphides all contribute to the 

trapping mechanism. A major part of organic matter in natural waters and 

sediments is composed of proteins, carbohydrates, phenolic compounds, 

amino acids etc. 
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Phenolic materials are found to be the main components of soil and riverine 

humic substances. The synthesis of humus is based on plant residues, most 

important compounds in this respect being lignin, carbohydrate and 

proteins (Gjessing, 1976). According to Flaig (1963), 50-60% 

carbohydrates, 1-3% proteins, 10-30% lignin and some phenolic 

compounds partieipatc in the humitication process. Among these groups of 

orgnnics, lignins are considered to he the most important, because 

carbohydrates and proteins have a higher rate of decomposition as 

compared to lignin. Most of these substances are derived from decaying 

vegetation and play a significant rolc in productivity and biological cycle in 

the aquatic environment. 

ORGANICS IN RIVERS / ESTUARIES 

Organisms and orgamc matter assume the principal role in the 

biogcochemical processes occurring in the hydrosphere. Biogeochemistry 

is essentially aimed at asscssing thc transfonnations, cycling and fate of the 

various fonns of organic matter in the hydrosphere. It is therefore an 

essential tool in alleviating the pressing problems that haunt the human 

racc, viz, depleting the oil and gas reserves, alanning proportions of 

industrial pollution, ilTational utilization of biological and mineral reserves, 

etc. 

Biogcoorganics is the word coined to represent the cntire array of organic 

compounds in the aquatic realm, which includes compounds with known 

strudures such as lipids, sugars, hyclrocJrbons etc, humic acids and other 
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hydrophobic acids of biological origin as weIl as compounds which have 

been subjected to geochemical processes like sorption/partition, 

precipitation, volatalisation, oxidation/reduction etc. The study of biogeo 

organics includes investigations on the sources of organic substances, the 

pathways along which they enter the aquatic environment, the pattern of 

accumulation in the biotic and abiotic components of the aquatic 

ecosystem, the mechanisms and rates of migration of bioorganic and 

pollutant and their transformations and other processes which determine the 

fate of toxicants in the environment. Biochemical cvaluatillll is also useful 

for the understanding of the behaviour of the substances such as protcins, 

sugars, lipids, toxic organochlorine compounds and sLlrluctants and of the 

accumulation of microimpurities il1 living matter. the migration of 

nutrients, production cycles and diagenysis of these organics in the aquatic 

environment. 

The growth of popUlation and the rapid advances in technological 

development have had significant detrimental effects on the natural 

environment. Anthropogenic inputs of industrial. municipal and agricultural 

nature containing enonnous quantities of organic and inorganic toxic 

substances both dissolved and suspended into the water bodies cause 

serious water and sediment pollution problems. These substances have 

deleterious effects on the flora and fuuna: photosynthesis, primary 

production and high trophic levels may be ndversely affected. The 

pollutants may be lethal to onc or more of the various estuarine 

communities. Toxic elements may get accumulated in the plant and animal 

tissues and through successive integration along the food weh, they may 

finally reach man. Such serioLls pollution problems can be dealt with 
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knowing the concentrations of inorganic and organic chemical species in 

the receiving watcrs/sediments, their interactions and transformations. 

Estuaries arc complex dynamic systems that serve as a transition zone 

betwcen terrestrial and marine environments. Estuarine processes control 

the distribution and transportation of suspended sediments. These processes 

vary in a systematic manner \-vith in the tidal cycles and weather conditions. 

Rivers link the major carbon reservoirs of the continents and the oceans, 

and thus, play an imp0l1unt rolc in the global carbon cycles (Likens et aI., 

1981). [n recent years, there has been rapidly growing interest in research 

on aquatic environment/estuaries and their organic contents in an effort to 

probe into the nature and cause of pollution and the pathways and means to 

control it. Sediments adsorb organic ancl bioorganics unci also release 

compounds to the overlying \-vater column as the system needs. The studies 

in chemical characteristics of the sedimcnts of the estuaries are useful in 

assessing the water quality ancl management of the ecosystems. The study 

on biogeoorganics in the sedimentary environmcnt will provide a deeper 

insight into the complexities that govern the organic load, source, fate and 

transfonnations of organics in the estuaries. 

Estuaries are an imp0l1ant stage in the transpol1 of the weathering products, 

besides being the meeting point of freshwater and seawater. Weathering 

products are brought by a variety of mechanisms which include river wind 

and ice transport. Goldberg (1971) has estimated that 1.8x I 0 16 g / of 

suspended solids from river discharge are transported through estuaries to 

the oceans while the contribution of solids by atmospheric transport 

10 14 -I S· I . directly into the oceans is between 1-5 x g y. 1I1ce t le fivers are 
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responsible for transporting solids to the oceans, estuaries assume an 

important role in global sedimentary cycle. 

Organic mattcr prcsent in estuaries consists of autochthonous contribution 

resulting fi'om primary production with in the estuary and an allochthonous 

content emanating from adjacent ecosystems. The decomposition of 

orgal1lc matter in estuaries can lead to anoxic conditions if the water 

exchange is poor or if large amounts of organic pollutants are introduced. 

Estuarine scdiments acts as a shOl1 or long tenn reservoir for many 

hydrophobic organic compounds (Prahl and Carpenter, 19X4). The organic 

matter in the sediment is a complex mixture of dead and living material 

which originate from both water column transport of organic carbon and in

situ synthesis. Organic matter thus include both labile compounds such as 

aminoacids and sugars as well as morc refractory compounds such as 

humic acids, tannin and lignin etc. 

TYPES OF ORGANIC COMPOUNDS 

Carbohydrates 

Carbohydrates or saccharides are the most abundant of the major classes of 

biol11olecules. They till numerous roles in Ii ving things, such as the storage 

and transport of energy (e.g., starch, glycogen) and structural components 

(e.g., cellulose in plants and chitin in animals). In addition, carbohydrates 
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and their derivatives play major roles in the working process of 

biocommunities. Carbohydrates make up most of the organic matter on 

earth because of their extensive roles in all fonns of life. These are simple 

organic compounds that are aldehydes or ketones with many hydroxyl 

groups added, usually one on each carbon atom that is not part of the 

aldehyde or ketone functional group. The basic carbohydrate units arc 

called monosaccharides. Monosaccharidcs can be linked together into what 

arc called polysaccharides (or oligosaccharides) in a large variety of ways. 

Muny carbohydrates contain one or more modi tied monosaccharide units 

that have had one or more groups replaced or removed. 

Carhohydrates are important structural and storage components of aquatic 

organisms. They exist as 1110nosaccharides, disaccharides. trisaccharides, 

polysaccharides etc. They are important carbon and energy sources for 

microheterotrophs Il1 both freshwater and manne ecosystems 

(Romankevich, 1984; Thurman, 1985) and contribute essentially to the 

bacterial production (Hanisch et aI., 1996; Rich et ai., 1996). Carbohydrates 

are some of the major biochemicals produced by living organisms, and 

constitute an important fraction of dissolved, particulate and sedimentary 

organic matter (Skoog and Benner, 1997; Borsheim et aI, 1999; Burdige et 

ai., 2000). The extra-cellular degradation of macromolecular particulate 

organic carbon to a range of organic carbon intermediates is an important 

part of sediment carbon remineralization (Hcnrichs, 1992; Bunlige and 

Gardner, 1998), and carbohydrates are known to be produced and 

consumed as intell11ediates during remineralization (Boschker et aI., 1995; 

Arnosti and Holmer, \999). 

8 



Due to the high percentage of structural carbohydrates in vascular plant 

tissues, most carbon and energy flow results directly from the oxidation of 

carbohydrates. Storage carbohydrates such as starch and sucrose, which 

play critical roles in ccllular metabolism also contribute to the total 

carbohydrate reserves in plants (Loewus and Tanner, 1981). Additionally 

certain carbohydrates arc either peripheral or integral components of other 

major compounds such as I ignins and tannins (Zucker, I ()~3). 

Despite the \vell recognized importance of carbohydrates in the aquatic 

carbon food web, there is surprisi ng! y I i It le in t()1111ation ahout thc in-situ 

composition, concentration and dynamics of the different fractions of 

carbohydrates such as monosaccharides and the polysaccharicles 111 

dissolved and particulate forms as well as in scdimcnts. 

Proteins 

Proteins or polypeptidcs are orgal1lc compounds madc of amino acids 

arranged in a linear chain. In chemistry, an amino acid is a molecule 

containing both aminc and carboxyl functional groups. These molecules are 

pm1icularly important in biochemistry. The amino acids in a polymer chain 

are joined together by the peptide bonds bctwccn the carboxyl and amino 

groups of adjacent amino acid residues. The sequence of amino acids in a 

protein is defined by the sequcnce of a gene, which is cncoded in the 

genetic code. Proteins can also work togctht!r to achieve a particular 

fUllction, and they often associate to fonn stable complexes like other 

biological macromolecules slIch as plllysaccharides and nucleic acids. 
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Proteins are essential parts of organisms and participate in virtually every 

process within cells. Many proteins are enzymes that catalyze biochemical 

reactions and are vital to metabolism. Proteins also have structural or 

mechanical functions, such as actin and myosin in mus'cle and the proteins 

in the cytoskeleton, which fonn a system of scaffolding that maintains cell 

shape. Other proteins an: important in cell signaling, immune responses, 

cell adhesion, and the cell cycle. Proteins are also necessary in animals' 

diets, since animals cannot synthesize all the amino acids they need and 

must obtain essential amino acids from food. Through the process of 

digestion, animals hreak down ingested protein into free amino acids that 

are then used in metabolisll1. 

Most amino acids in living organisms arc present as constituents of proteins 

(Billen, 19~4) and proteins account for more than about 50% of the organic 

matter (Romankcvich. I ()R4) and 85% of the organic nitrogen (Bi1lcn, 

1984) of marine organisms. [n nature, the breakdown of proteins is easily 

brought about by bacterial and fungal action. 

Phenolic compounds (tannin and lignin) 

Polyphenols are a group of chemical substances found in plants, 

characterized by the presence of morc than onc phenol unit or building 

block per molecule. Polyphenols are generally divided into hydrolyzable 

tannins (gallic acid esters of glucose and other sugars) and 

phenylpropanoids, such as lignins, flavonoids, and condensed tannins.The 

division of polyp he no Is into tannil1s. lignins, and tlavonoids is derived from 
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the variety of simple polyphenolic units derived from secondary plant 

metabolism as well as classical divisions based upon the relative 

importance of each base component to different fields of study. Tannin 

chemistry originated in the importance of tannic acid to the tanning 

industry; Iign ins to the chemistry of soi I and plant structure. 

As vegetable mattcr decomposes in \vater, some lignin degrades as long as 

oxygen is present. As the matcrials settle to the bottom wherc anacrobic 

conditions prevail. the cellulosc portion will bc decomposed via hydrolytic 

and fermwtative reactions but the lignin portion will accumulate. The 

process contributes to the build up of organics in sediments and to the 

formation Df bogs. The lignin component of vascular plant tissue represents 

a source-speci lie tracer that can uniquely characterize terrestrial organic 

matter (Hedges and Mann 1979a, b). Hedges and co-workers (Hedges amI 

Ertel, [9~2 ; Hedges et ai., 1(84) have shown thut it is impossible to 

identify the land-derived organic matter in atluatic systems, through the 

analysis of the oxidation products oflignin. This lignin together with other 

compounds such as tannins, polypheno[s and quininones can undcrgo 

condensation reactions to fonn the humic material that shapes a 

considerable part of organic material (Kononava, 1(66). 

Phenolic materials are abundant in the soil and wat(;r of eutrophic 

environm(;nts and are the main components of soil and aquatic humic 

substances (Haslam, 1(89). They result in adverse environmental 

conditions such as higb biological oxygen demand, undesirable aesthetic 

effects. tish fainting and toxicity to fish and other aquatic life. The very 

resistant nature of lignins is suggestive of long term damaging effects on 

1 I 



Chapter I 

the ecosystem. Several investigations have suggested that reduction of algal 

productivity and biomass in aquatic systems could occur due to diminished 

light intensity and changes in light quality. Tannins inhibit plant growth 

(Mahadevan et aI., 1984; Herrera and Ramirez, 1996). The effect of tannins 

on microorganisms and plant growth is described by Mahadevan et al., 

(19R4). Plant produced polyphcno!s entering the soil in litter or canopy 

through fall may influence the pool and nuxes of inorganic and organic soil 

nutrients in terrestrial ecosystem. Polyphenol concentrations increase with 

decreasing soil fertility (Hattcnschwitcr and Vitousek. lOOO). In nature. 

phenol will fonn complexes with nitr-ogenous compounds and makcs them 

less susceptible for microbial dcgrudation as compared to flTe proteins and 

amino acids. This reduces mineralization and release of nutrients_ 

Therefore, the abundance of phenolies in sediment plays an impol1ant role 

in nutrient cycling (Joseph and Chandrika, 2000). 

AIM AND SCOPE OF THE PRESENT STUDY 

The study area, Chalakudy river is a natural ecosystem. It is one of the vcry 

few rivers of Kerala, which is having relics of riparian vegetation in 

substantial level. The locations included dam, ferry and estuary alld these 

areas are an important source of carbon, nutrients and organics. Waters in 

the vicinity of ferry and dam are often .. tea coloured" due to the relatively 

high concentrations of dissolved organic matter that contain tanllins and 

other phenolic compounds. The dam itself causes no pollution but the 

submerged vegetation and organic matter can decompose creating orgmlic 
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imbalances. The distribution of biogeoorganics in the Chalakudy river is 

influenced by the increasing human activities, waste discharge from major 

industrial establishments into the river, river runoff and by the sewage 

through a network of large ancl small canals. MicrobiaIly mediated 

chemical dynamics exert control on material cycles in the active channel 

and associated riparian vegetation. The detrimental effects of pollutants not 

only affect the watcr quality but also the quality of the sediment. 

Chalakudy River is an aquatic zone capable of trapping large quantities of 

pollutants. particularly nutrients, organics etc. Sediments can provide a sink 

for these materials that are derived from aquatic and terrestrial sources. A 

major part of organic matter in natural waters and sediments is composed 

of aminoaeids, proteins, carbohydrates, phenolic compounds, etc. Most of 

these substances arc derived from decaying vegetation and play a 

significant role in the productivity and biological cycle in the aquatic 

environment, either inhibitory or stimulatory. No significant attempt for 

systematic chemical investigation on Chalakudy river has been reported. 

Hence, the present study \vhich is the first of its kind in this region is an 

attempt to generate adequate information on the relative abundances, the 

seasonal and spatial variations as well as on the source and fate of organic 

compounds found associated with the dissolved, particulate and 

sedimentary compartments of Chalakudy river system. The study aimed at 

investigating variations, the relative proportion of dissolved, particu[ate and 

sedimentary fractions of these materials as well as the pollution extent so as 

to be able to comment on the present condition of this river-estuarine 

system. This thesis focuses attention on the role of hiogeoorganics in 



Chapter I 

modifying the ecological and environmental condition of the dissolved, 

particuIate and sediment compartments with their minute variability 

subjected to various physical, chemical and biogeochemical processes. A 

scheme of study encompassing all these objectives provides the frame work 

for the present investigation. 

The scope of the present investigation are 

.:. to attempt a characterization of the organic compounds with a view 

to ascertaining their role in effective management of this ecosystem 

.:. to use them as biomarkers, by means of vvhich. the origin and 

transport of organic matter across a water system can be evalulltcd . 

• :. to characterise natural and affected environments 

.:. to prevent, treat and control organic pollutants 

.:. to make Interfacial studies involving media such as sediment. water, 

particulate and organism 

.:. to look forward to environmentally friendly pathways through 

ecotoxicology, risk assessment, environmental technologies 

effecting remediation and control 
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CHAPTERII 

MATERIALS AND METHODS 

INTRODUCTION 

The Chalakudy river in Kcrala originates, and continues to flow through 

much of the Westcm Ghats. Thc Chalakudy river is one of the few t1l)\ving 

rivers in India and it is the fifth largest river in Kerala. It is 144 Km long 

and 1704 sq km spread and is cnric!H.:d oy six tributaries. The river flows 

through one of the best patches of evergreen forests in the Westem Ghats. 

Deep in the t()rest, on the way to Valpara arc the two dams, Poringalkuthu 

and Sholayar Dams that generate hydroelectric power to the Kerala state. 

There are six reservoirs impoullded in this basin. The famous watert~!I1s 

Athirappilly and Vazhachal arc situated on this river. Chalakudy river runs 

through Chalakudy town which is in the Thrissur district of Kerala. The 

river tinally merges with the Periyar river at the village of Puthanvclikkara 

in Emakulam district. The Chalakudy river basin is thus a tributary of the 

Periyar, the largest river in Kerala. This river flows through one of the best 

remaining patches of ever green forests in the Westem Ghats. 

Downstream of these waterfalls, more than ten lakh people living in 25 

panehayats and 3 municipalities directly depend on this river t()r their 

drinking, agriculture and livelihood purposes. This river is constantly under 

the threat of pollution, sand mining and salt water intrusion in the down 

stream areas all along its journey till it joins the sea. This river joins the 



Chapter II 

right aml of the Pcriyar river at Elanthikkara and flows down to join the sea 

at Azhikode in Kodungallur taluk 

DESCRIPTION OF THE STUDY AREA 

The t!Jllowing is a hrief description of the characteristics of the stations 

where the present study was carried out. The area of investigation ancl the 

station locations are depicted in the Figure 2.1. Stations were fixed so as to 

obtain a fairly good coverage of the prevailing complex conditions. The 

basin of Chalakudy river is between 10° 05' to 10° 35' nOl1h latitude and 

76° 15' to 76° 55' east longitude. This area is located in Thrissur, 

Emakulam and Palakkad disricts of Kerala. The sampling sites with station 

numbers are given in Table 2.1. 

Table 2_1: Sampling siles \I-Irll .I'laliol1l1l1mbers 

Sampling IOC<ltions of Chalakudy river Station Numbers 
... _------ --. ----.------------------

Poringalkulhu clam 

Vazhachal waterfalls 

Athirappilli 

J\yyampuLha (PCK ferry) 

Chalakudy town 

Kanakkankadavu 

Kottappuram 

Azhikodu estuary 

2 

3 

4 

5 

6 

7 

8 
----- -----------_._-----_.-
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The first station is the reservoir at Poringalkuthu. The next two stations arc 

waterfall regions, namely Vazhachal and Athirappilly. These are located in 

the forest area at the entrance to Sholayar ranges, and these waterfalls arc 

tourist centers. Both these waterfalls are a part or Chalakudy river. The 

fourth river station is passing through the Plantation Corporation of Kerala 

(PCK) at Ayyampuzha, Athirappilli, and this plm:e is 63 km It'om lhrissur 

city with 2,300 hectares of rubber plantations and t~lctoril:S and then: is a 

ferry service across the river. The fitlh river station is below Chalakudy 

bridge in Chalakudy town. The sixth station is an undisturbed area, 

Kanakkankadavu. Before reaching the next station, the river merges with 

Periyar. Station 7 is at Kottappuram ",here then: is intrusion of sea\\ater. 

Station 8 is found to be exclusively estuarine in character as Chalakudy 

river merges into Arabian sea. A tish hatchery is situated very close to the 

station 8. Sewage and waste Irom this fish hatchery arc discharged into this 

area. 

20 
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lOCAllON WJ,POf THE STUDY AAfA 

I 

Figure 2.1 Locution map of the study area ' 
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Materials and Methods 

SAMPLING AND STORAGE 

Surface and bottom water samples and the surficial sediments were 

collected from the eight stations of Chalakudy river, during the period from 

May 2005 to March 2006 at bimonthly intervals. 

All collecting scoops, bags and containers were acid washed and rinsed 

thoroughly with milli.Q water before use. Surface water samples were 

collected using a clean plastic bucket and bottom water was taken by a 

modified Hi-Tech water sampler. The surticial sediment samples were 

collected using a van Veen grab. The water samples were then transferred 

carefully to precleaned polythene bottles. The sediment samples were 

stored in labeled plastic bags and kept deep frozen until analyses. 

ANALYTICAL METHODS 

General hydrographical parameters were measured immediately after 

sampling. pH was measured using a portable pH meter. The temperature 

was measured using a sensitive thennometer designed to read upto 0.05°C. 

The samples for determining dissolved oxygen were collected in 50 ml DO 

bottles and were fixed in-situ using Winkler A and Winkler B reagents. 

Only surface water samples were collected from stations 2 and 3 through 

out the period due to the low depth at these stations. 

Particulate matter was separated from dissolved fraction using GFfC filters 

having 0.45~lm pores and 47 mm diameter. Filters were preheated in a 

22 
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muff1e furnace at a temperature range 450oC-500 DC t()r 2 hours (Strickland 

and Parsons, 1972). These filters containing par1iculate organic matter were 

stored in a petri dish and kept in a deep freezer. The filtered water samples 

were kept at 0" C to minimize changes due to storage. 

All glass wares and plastic wares were thoroughly cleaned with acid and 

then with Milli-Q \vater. All reagents were ()f analytical grade. Reagent 

solutions and standard solutiolls were prepan.:d in Milli-Q water. The 

physico-chemical parameters like salinity, dissol ved oxygen and chemical 

oxygen demand were estimated by standard procedures as discussed below. 

Dissolved oxygen (~O): DO was foulld using ioclometric method. This is 

based on the addition of divalent manganese sol ution followed by strong 

alkali to the sample in a glass stoppered bottle. DO rapidly oxidizes and an 

equivalent amoLlnt of the dispersed divalent manganous hydroxide 

precipitate to hydroxide of higher valency state. In the presence of iodide 

ions in an acidic solution, the oxidized manganese reverts to the divalent 

state with the liberation of iodine equivalent to the original DO content, 

which is titrated against standard solution of thiosulphate using starch as 

indicator (APHA, 1998). 

Salinity: Salinity of water samples was determined on the same day of the 

collection by Mohr-Knudscn titrimetric method (Grashoff et al., 1983) 

using potassium chromate indicator. The chloride ions fonl1 a precipitate 

with a low solubility product with silver ions. 
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Chemical oxygen demand: The chemical oxygen demand (COD) is used 

as a measure of the oxygen equivalent of the organic matter content of a 

sample that is susceptible to oxidation by a strong chemical oxidant. COD 

was detennined by open reflux method, suggested in APHA (1995). The 

sample was refluxed in strongly acid solution with n known excess of 

potassium ciichromnte. After digestion, the remall1l11g unreduced 

dichromate was titrated with ferrous ammonium sulphate to dctermine the 

amount of dichromate consumed and the oxidisable organic matter was 

calculated in tenns of oxygen equivalent. 

Sediment orgal1lc carbon (SOC): SOC was determined hy chromic acid 

oxidation method (Gaudette and Flight, 1975), which involved thc 

oxidation of organic matter present in sample by a kllown quantity of 

chromic acid. The amount of ncid consumed \vas determined hy hack 

titration with O.SN ferrous ammonium sulphate (Mohr's salt) solution using 

ferroin as indicator. 

Moisture content: Approximately 109 of homogenized wet sediment 

sample was taken and the percentage of moisture in the sample was 

detennined. The sample was kept in a hot air oven at 90" C t()l' 48 hrs. The 

difference in weights of the wet and dry samples gave the moisture content. 

CHN analysis: Approximately, 2 mg of sample is measured into a tin 

cnpsule (Elementar Americas, 0 I (34) using a Sal10rius M2P microhalance 

(rcndability: 0.00 I mg, range: 0.1 mg - 55 g). The tin capsule is then 

cmefully folded into a cube approximately 2-3 mm in width with forceps 
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on a pane of glass. The capsule was then loaded into a Perkins Elmer 2400 

Series II CHNS/O analyzer for analysis. This analyzer operates by flash 

combusting the sample encapsulated in a tin CLIp at 1760 °C. The resulting 

gases are chemically scrubbed of the halogens and sulfur followed by 

separation in a gas chromatographic column prior to detection by a thermal 

conductivity detector. 

Texture analysis: Texture analysis was conducted hased on Stoke's law, 

which states that the settling velocity of fine sized particles is directly 

propol1ional to the size and diameter of the particles. The procedure was as 

follows. After removing carbonate by adding IO%HCL the sediment 

samples were treated with H20 2 for removing organic matter. Sediment 

collected by filtering was used for texture analysis, which was carried out 

by sicving and pipetting method. A known \\I'eight of wet sediment was 

dispersed ovemight In 0.025N sodiumhexamctaphosphate (calgon) 

solution. The sand fraction was separated hom the dispersed sediment by 

wet sieving using a 230 mesh (63~lm) ASTM sieve (Carvar, 1971 ),The 

filtrate containing silt and clay fraction was subjected to pipette analysis 

(Krumbein and Pettit John, 1938; Lewis 19X4) 

Methodology/or estimation of organic compounds 

Carbohydrates: Carbohydrates were estimated by the phenol-sulphuric acid 

method (Duhois et. at., \(56), To 1 ml of the sample. I ml of 5% phcnol 

and 5 1111 of conc.H2S04 were added. After cooling thc tcst tuhe at room 

temperature. absorbance was measured spectrophotometrically at 4l)O nm 
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using a Thennospectronic Genysis 10 uv-visible spectrophotometer. Blank 

and standards of D-glucose were also treated similarly. Blank corrections 

were applied to all set of readings. A calibration curve was plotted from 

which the concentrations of the dissolved monosaccharides was obtained. 

To obtain the total dissolved carbohydrates, the sample was hydrolysed 

with 1 N H2SO-l in 1: 1 ratio at 100" C for I hr and measuring the absorbance 

after developing colour using phenol and sulphuric acid. Carbohydrates 

from the sediment and particulate samples were leached with H2S04 for 

thour, cooled and filtered the samples and aliquots were taken in clean test 

tubes and meaSUrIng the absorhance after developing colour. 

Monosaccharides wcre detennined without sample hydrolysis. 

Polysaccharide concentrations were estimated by subtracting the 

concentration of monosaccharide from concentration of total carbohydrates 

(Bumey and Sieburth, 1(77) 

Proteins: Proteins in dissolved phase was measured using copper reagent 

and folin ciocalteu phenol reagent (Lowry et aI., 1(51). The method 

adopted was as follows. The samples were treated with IN NaOH at gOOe 

for 30 minutes to dissolve the proteins. After cooling and centrifuging, I ml 

of the extract was transferred to clean test tubes and 5 ml of copper reagent 

(mixture of 2 ml each of 2% CUS04 and 4% sodium potassium tartarate and 

96 ml of 3% Na2C03 in 0.1 N NaOH) were added followed by 0.5 ml of 

folin-ciocaIteu phenol reagent (1:1 mixture) after 10 minutes. After 40 

minutes, samples were analysed spectrophotometrically at 750 nm against 

reagent blank. A calihration curve using bovine albumin \vas plotted from 

which the concentration of proteins in the samples was obtained. 
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Tannin and lignin: The estimation of dissolved tannin and lignin was 

performed by sodium tungstate -phospho molybdate acid method (APHA, 

1995). The principle involved is the detennination of a blue colour on 

reduction of folin-ciocalteu phenol reagent by thc aromatic hydroxyl groups 

present in tannins and lignins. The effects of Mg and Ca hydroxides and/or 

bicarbonates present in the sample werc suppressed by the addition of 

trisodium citratc solution (Nair et aI., 19X9). To 10 ml ofthc sample, added 

in rapid succession 5 ml of 1.6 M tri-sodium eitrate solution t()lIowcd by I 

1111 of folin-ciocalteu phenol reagent and 10 ml of earbonate-tartarate 

reagent (200 g Na2CO-, and 12 g sodium carbonate in 750 ml hot distilled 

water, cooled to 20°C, and dilutc to llitre) and allowed to stand for 30 

minutes for colour developmcnt. Reagent blanks were similarly prepared 

omitting the sample. The absorbance was measured spectrophotometrically 

at 760 11111 against blank. The concentrations of each samples were 

calculated fi·om the calibration curve obtained using tannic acid standards. 

Sediments and partieulate mattcr were subjected to 0.05 M NaOH leaching 

for 72 hours. The sediment to solution ratio was maintained at 500 mg: 250 

m!. 5 ml of the supematant liquid was withdrawn for analysis as described 

for water samples. The blank solution was 0.05 N NaOH. 
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STATISTICAL ANALYSIS 

In the present study, Geostatistical Analysis was uscd for showing 

hydrogeochemicai variation. Geostatistical analyses welT calTied out using 

ArcGIS, which is an integrated collection of ClIS software products for 

building a complete geographic int<'H1nation. An.:GIS is an information 

system for geographic data. Here sample points wcre taken as reference 

locations in a landscape and creatcd a continuous surtilce. Geostatistical 

wizard was used to generate surface using [he various interpolation 

techniques available in it. 

The monthly data on vanous constituents \\ ere reduced to seasonal 

averages of 1110I1S0011 and nonmonsoon, so as to cstablish a reliable trend. 

Correlation analysis was carried out to find out thc n:lation among different 

parameters. Differences in parameters with station and season were tested 

using 3 way ANOVA after nonnalizing the data using transf(mnation, Zj = 

Xi- Xi / crXi where Xi is the parameter under consideration, Xi is the 

average of parameters and crXi is the standard deviation of the paramctcr 

over the sampling station and zi is the transformcd value of the ill! 

parameter i=1 ,2, ..... K where K is thc number of above mentioned 

parameters (Snedecor and Cochran, 1967; Jayalakshmy, 1998). When the 

difference in the parameter observed is found to be signi ficant, pair wise 

comparison is carried out using students -f test (Sobl and Rohlf, 19X 1) 

and the significance is put in the form of a Trellis diagram at 5% level of 

significance and I % level of significance (Tuckey, 1(49). 
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ANALYTICAL REPRODUCIBILITY 

Spectrophotometric method was followed t()r all orgalllc estimations. 

Calibration involved comparison of the sample absorption after chemical 

reaction with the absorption of a standard of known concentrations which 

had been treated in exactly the same manner. A sequence of standards from 

zero to a concentration slightly hcyond the expected maximum sample 

concentration v/erc prepared in pure \vater. Sample aliquots per standnrd 

were treated as descrihed for the respective analytical method and the 

absorbances were measured. Linear concentration/absorbance relationship 

were obtained from a plot of standard concentrations versus absorhanecs. 

The blank absorbance was detellllined by measuring a sample volume of 

pure water plus reagents against a pun: water reference without reagcnts. 

Thus the terms required to calculate sample concentrations were obtained. 

The reliability of calibrations decreascs with increasing concentration 

differences betwecn the sample and standard. Consequently, the best 

calibration and analytical results were ohtained which exactly matched 

sample and calibration ranges. 

')l) 
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CHAPTER III 

HYDROGRAPHICAL PARAMETERS AND 

SEDIMENT CHARACTERISTICS 

INTRODUCTION 

The study of the hydrographical pmamekrs has great impoltancc in 

characterizing the general features of a ri\'er- estuarine system. ;\ detailed 

study of the variations in the parameters such as kmperaturc, pH, salinity 

and dissolved oxygen was also carried out along with the organic matter 

analysis of the Chalakudy River. [he signiticant changes in the organic 

constituents are brought about by variations in the hydrographical features. 

The concentrations of Illany componcnts in the aquatic systems are 

controlled by the factors like salinity, pH and the major and minor ionic 

concentrations. Hence, the study of these parameters is indeed quiet 

relevant in the present context. Thc results of the present investigations arc 

presented and discussed in the following sections. 

The temporal and spatial dynamics of certain biological, physical and 

chemical parameters were investigated to gain a general approach into the 

system, and an endeavour had also been taken to present the environmental 

conditions along the river, though contaminants did not always follow the 

mineralogy, and are strongly influenced by outlets of human activities. 
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MATERIALS AND METHODS 

Temperature, pH, salinity, dissolved oxygen and chemical oxygen demand 

were analysed t()[ both surface and bottom water sampks and moisture 

content, CHN, grain size and organic carbon were analys(;d for sediments. 

The methods adopted arc discussed in Chapter I!. 

RESULTS AND DISCUSSION 

The results on water characteristics obtained in the present study are 

tabulated in Table 3.1 (for surface waters) and Table 3.2 (for bottom 

waters). The values of sediment characteristics are given in Table 3.3 

(moisture content and sediment organic carbon) and Tahle 3.4 (texture and 

CHN analyses). 



Hydrographical parameters and sediment characteristics 

Table 3. I Values ofhydrographical parameters along fhe surface m/fers 

Stations 

~Pa~r~a~m~e~te~rs~~M~o~n~t~hs~ __ ~S~1~ __ ~S2~ __ ~S~3 __ ~S~4~~S~5~ __ S~6~ ___ S7 S8 

I 
Cl. 

I 
o o 

"§, 
E 
o o 
u 

May 

July 

Sep 

Nov 

Jan 

Mar 

May 

July 

Sep 

Nov 

Jan 

Mar 

May 

July 

Sep 

Nov 

Jan 

Mar 

May 

Jui 

Sep 

Nov 

28,2 29.6 30,4 30,8 326 32 

25 25,2 25.4 27.2 27.4 282 

26 25.8 26.2 27.4 27.2 274 

27.6 26.4 272 274 28.4 278 

27.2 26.4 28.2 28.2 30.2 32,2 

27.2 ~.2 ~,2 ~,8 3~2 31,8 

6.85 7,15 7.43 7.25 6,94 6 78 

7.41 7.12 7.15 71 7.02 667 

7,35 745 7,56 746 7,34 7,34 

7,23 7,15 7,16 7 6.79 6.7 

7.65 7.5 7,53 7,35 7,1 708 

7,03 7,1 7,05 7.02 703 6.89 

001 0.02 0.02 0.02 0,02 008 

001 001 0.01 0.01 0.01 0.02 

001 0.01 0.01 0.01 0.02 0.01 

002 002 0.01 0.02 0.02 003 

0.01 0,01 0.01 0,01 0.03 0,06 

0,01 0.02 0.01 0.02 0.02 0.07 

5,33 5,06 6.2 4.64 3.79 4,68 

9.03 8,61 10,1 7,99 6.96 715 

8,35 8.35 9.16 8.44 6,62 6,72 

6.07 6.81 7,08 7.36 6.54 6.15 

33 

294 

314 

302 

31.6 

336 

725 

735 

7,:n 

:32,8 

292 

292 

302 

318 

118 

697 

741 

7 IQ 

802 R 09 

772 7 q 

16 Rl 2748 

o 46 I) 30 

0.16 2 79 

1:68119 

25.33 26,52 

18.7R 26 04 

3.16 2.77 

6.94 5 48 

6,28 

622 

554 

431 

Jan 5.59 6,62 6,71 6,94 625 671 545 1\,5 

Mar 4.77 4.37 4.92 4.35 391 4,63 3,2 2.77 

May 4.78 5.95 3,72 12.5 373 393 135.58 151.2 

Jul 16,1 18 16.1 16,1 40.2 774 3094 2321 

Sep 175 39,8 63.7 23,9 222 145 30.56 4584 

Nov 6.41 6,43 16.1 12.9 7,24 4.02 7,24 2.41 

Jan 12.9 1.61 5,63 402 13.7 08 40.2 48 24 

Mar 9,64 723 4,82 804 1,61 482 120,59 128 6 
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TuNe 3. 2 Vallles (~(hydrographic(/I parameters along file hoftom Inlfers 

Stations 

Parameters Montc.:h,,-s _---=8:...:1 __ B:::2==-_---=8:.::3 __ --=B4 _----'B::..:5'----_.::.B6_=___ B'--7 __ --=B:..:8_ 

J: 
a. 

'a. 
E-
o 
o 
o 

May 

July 

Sep 

Noy 

Jan 

Mar 

May 

July 

Sep 

Noy 

Jan 

Mar 

May 

July 

Sep 

Noy 

Jan 

Mar 

May 

Jul 

Sep 

Noy 

Jan 

Mar 

May 

Jul 

Sep 

Noy 

Jan 

Mar 

28.2 29.6 

25 25.2 

25.8 25.8 

28 26.4 

272 26.4 

28 28.2 

6.85 7.15 

7.22 7.12 

7.35 7.45 

7.25 7.15 

7.55 7.5 

7.13 7.1 

0.01 0.02 

0.02 0.01 

0.02 0.01 

0.03 0.02 

0.32 0.01 

0.07 0.02 

533 5.06 

861 8.61 

8.35 8.35 

5.55 6.81 

5.12 6.62 

4.07 4.37 

478 5.95 

56.3 18 

87.6 398 

44.2 6.43 

o 1.61 

10.5 723 

304 

25.4 

26.2 

27.2 

28.2 

30.2 

7.43 

7.15 

7.56 

7.16 

7.53 

7.05 

0.02 

0.01 

0.01 

0.01 

0.01 

0.01 

6.2 

10.073 

9.16 

708 

6.71 

4.92 

3.72 

16.08 

63.69 

1608 

5.63 

4.82 

31 324 31.8 

27.2 2U 282 

26.8 26.8 27.4 

27.4 28.4 27 8 

282 :30.2 :31 8 

302 32 J2 

7.05 f) 83 

7.43 7.02 6.95 

7.63 7.45 7.42 

7.33 fl 79 G 7 

7.15 71 7.05 

6.79 693 0.9 

0.05 0.17 0 OR 

33 326 

29.4 288 

30.8 28.8 

30.2 29.8 

316 31.8 

316 32 

7.25 

135 

74 

6.95 

75 

6.97 

7.52 

7.73 

8.02 8.03 

772 792 

16.83 28.78 

0.03 001 003 0.46 0.33 

001 0.02 001 0.39 150 

002 002 003 1 71 15.46 

001 0.03 0 07 25 33 25.71 

0.00 0.17 0.08 

4.52 439 4 ~6 

8.61 6.96 757 

8.35 5.37 6.35 

708 654 6.15 

6.49 6.25 6.32 

4.49 3.91 4.34 

13.14 5.26 4.45 

104.51 402 46.4 

129.88 260 22.9 

0.804 7 24 4.02 

o 13.7 0.8 

2.41 482 5.62 

1878 27.04 

3.16 2.89 

6.94 5.46 

6.28 

4.87 

545 

32 

136 

309 

22.5 

5.63 

40.2 

121 

4.86 

4.31 

4.5 

2.91 

163 

155 

222 

17.7 

48.2 

129 
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Temperature: Temperature of the environment is a major and even the 

deciding environmental factor in determining growth rate, metabolism and 

nutritional efficiency of aquatic life. In fact, temperature will influence all 

biological and chemical processes in an aquatic system. Seasonal variations 

are shown in Figure 3.1 
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Figllre 3.1 Spatial and seasonal mriatiOJ1S of temperatllre 

At all the 8 stations, the highest temperature for surface water samples was 

observed at station 7 (31.6°C) during nonmonsoon and lowest temperature 
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was 26.7(1C at station I during monsoon season. For bottom water samples 

the lowest temperature was observed at station 1 (26.8 llC) and highest 

temperature was observed at station 7 (32.6 °C) during nonmonsoon. 

pH: pH is all another important parameter which exeIis definite influence 

on the speciation of elements in water. The solubility of different 

constitucnts is ciependent 011 pH. The pH also controls the gro\vth of 

organisms regulating the activity of enzymes. In open ocean waters. pH 

ranges !i'om 7.R to 8.4. Variation of pH in coastal waters is caused hy 

many t~lctors . Estuarine pH generally varies from 7 to 7.5 in the fresher 

sections to hetween 8 and 8.6 in the more saline areas. The slightly alkaline 

pH of sea water is due to the natural buffering from the carbonate and 

hicarbonatc dissolved in the water. During the monsoon season, the fresh 

water discharge from the rivers lowers the pH. Photosynthesis, 

denitritication and sulphate reduction increase pH whereas, processes sllch 

as respiration and nitrification decrease pH (Zhang, 2(00). When 

photosynthetic reactions take place in the aquatic system, C02 is reduced to 

carhohydrate. Thus, the higher pH values for surface waters are caused hy 

the enhanced photosynthetic activity occurring at the surface. Respiration 

and degradation/decomposition of organic material arc the reactions that 

proceed in the opposite direction of the photosynthesis. Oxidation of 

orgal1Ic matter leads to the increase in CO2 levels and to a shift of 

equilibrium to the lower pH. Other factors that detcnnine the pH of thc 

water include hacterial activity; water turhulence; chemical constituents in 

runoff tlo\ving: sewage out tlows and impacts from other anthropogenic 

activities. Seasonal variations of pH are depicted in Figure 3.2. 
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The prominent factors int1uencing the pH in this part of Chalakudy river 

are photosynthetic (lctivity of phytoplanktolls, discharge of fresh waters 

from different rivers and the extent of salinity changes during salt water 

intrusion. During the period of this study, the pH variations were in the 

range 6.87 to 7.99 (in surface waters) and 6.97 to 7.97(in bottom waters). 

The pH value of river water usually increases when it mixes with saline 

water. This int1uence of saline water intrusion in the variation of pH values 

were also evident in this part of the study area. 
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Salinity: Estuarine waters were saline, whereas in riverine waters, chloride 

was least. During nonmonsoon salinity increased due to evaporation and 

low discharge of fresh water. Evaporation rate may be the highest during 

110n111011S00n with low or no rain fall. which explains the highest values of 

salinity during this period. Salinity intrusion occurred at station 8 during 

monsoon and nOl1monsoon seasons. Seasonal variations of salinity are 

depicted in Figure 3.3. 
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Of all the hydrographieal parameters, chloride content is perhaps the most 

important one being an index of the amount of dissolved solids in water. 
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Salinity varies with depth and from place to place. The principal natural 

processes, which lead to changes in the salinity are those which bring ahout 

the removal or addition of fresh water. Decrease in salinity results from 

atmospheric prccipitation, run off from land etc. 

Dissolved oxygen: Dissolved oxygen plays an important role in thc aquatic 

environment being essential to the survival of aquatic lifc. Oxygen enters 

the water primarily through direct diffusion at the air water inter phase and 

through aquatic plant photosynthesis. The quantity of oxygen dissolved ill 

water is determined hy a number of factors such as temperature. salinity. 

partial pressure of the gas in the atmosphere, biochemical degradation of 

organic matter, respiration, photosynthesis, biological activity, currents and 

mixing process. In fact, the maximum amount of oxygen that can he 

dissolved in water is only about 8.3mg/l at standard temperature and 

pressure and is referred to as oxygen saturation, which is influcnced by 

temperature and salinity levels. 

The competing process of photosynthesis and respiration are the mall1 

causes of insitu changes in the concentration of dissol ved oxygen and C02 

in the water. Photosynthesis in the phytoplankton leads to the removal of 

CO2 and to the liberation of oxygen. DO is consumed by the respiration of 

plants, animals and bacteria. The ultimate factor limiting the consumption 

of oxygen is the supply of organic matter. The oxygen is involved both in 

the photosynthetic and degradation processes in nature. oxygen is not a 

conservative clement ill the natural water. 

AI\ 
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The results of dissolved oxygen at surface and bottom waters of all the 

stations and the seasonal distribution are shown in Figure 3.4. For surface 

water higher content (8.18 mlll) was observed at station 3 during monsoon. 

Low dissolved oxygen content (3.63 mill) was observed at station ~ during 

nonmonsoon. For bottom water samples the high dissolved oxygen content 

(7.14 mIll) was observed at station 3 during monsoon and low dissolved 

oxygen content (3.7 mIll) was observed in statiol1 g during nOIlI1lDllS()On. 

The lowest value was observed at station ~ both for surflce and bottom 

watcrs .This may be explained as the combincd effect of low solubility of 

oxygen due to high salinity and temperature and also due to the utilization 

of oxygen for biodegradation of organic matter. High dissolved oxygen 

contents were observed during monSOOl1 due to greater solubility ()f oxygen 

in fresh water and high turbulence. 
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Chemical oxygen demand: According to American society of testing of 

materials, COD is defined as the amount of oxygen consumed under 

specified condition in the oxidation of organic and inorganic matter. Most 

types of organic matter could be destroyed by boiling in a mixture of 

chromic acid and sulphuric acid. The amount of organic matter liberated is 

then found out by titration with ferrous ammonium sulphate and COD is 

calculated. 
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The seasonal distribution are given in Figure 3.5. For surface water, higher 

COD (88.43 mgll) was observed at station 8 during nonmonsoon and low 

COD (2.81 mg/I) was observed at station 6 during nonmonsool1. For bottom 

water samples higher COD (104.43 mg/I) was observed at station 8 during 

1110l1soon and low COD was observed at station 2during nonmonSOOll 
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Figllre 3.5 Spatial and seasonal l'CIriarions a/COD 



Hydrographical parameters and sediment characteristics 

Table 3.3 Distrihlltion values olsediment parameters 

Stations 

Parameters Months Sl S2 S3 S4 S5 S6 S7 .. -~$§. -

?f!. May 49.5 18.9 2474 21.99 19.9 18 60 50 

C Jul 56.8 209 16.55 
2 

65.31 57.3 44.9 257 393 

47.9 c Sep 587 17.3 2574 57.59 55.5 35.3 15.6 0 
u 
~ Nov 39.2 18.6 21.13 3468 44 36.6 506 67.3 
:J 
in 
6 

Jan 70.1 207 2124 32.42 51.5 42.8 102 586 

::< 
Mar 51.8 20.6 21.29 2905 39) 29.6 58.5 51.1 

May 2.6 0.06 o 5:l 0.1 0.2" 035 1.14 1.a6 

?f!. Jul 4.07 0.2 () 1'1 331 385 188 066 1.35 
u 
0 
en 

Sep 5.07 0.07 (J ell -155 471 098 1.91 169 

Nov 2.52 0.06 0177 1.14 1.85 0.6 1 53 :l.83 

Jan 636 013 262 105 3.1 1.22 109 293 

Mar 3.33 0.12 0.18 o 4a 0.85 0.51 2}.L~ ... _-----_. 

Sedimcnt moisture contcnt: MoisturL: conknl in sedimcnts varied ti'om 

18.9% to 60.94% and minimum value was observed at station 2 and 

maximum value was observed at statio!) I (Figure 3.6). Seasonal and spatial 

variations were observed in the moisture content. Stations 2 and 3 were also 

characterized by minimum variahility ill moisture content. It was found that 

seasonal variations were not uniform among the stations. Higher percentage 

of moisture was found in the scdiments from stations 1,7 and 8. Generally 

stations 2 and 3 recorded the lowest values in monsoon and nonmonsoon. 

The comparatively lower percentages of moisture contents at stations 2 and 

3 were associated with the sandy nature of the sediments t()und at these 

stations. This is evident from the good l1egati ve correlation of moisture 

content with sand percentage (Tahle 3.5). Moisture content also showed a 

good positive correlation with organic carhon. From the ahove discussion, 
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it appears that thc variation in moisture content could be attributed to the 

variation in sediment texture and organic carbon. 

~\:)~ture content- rronsoon /Joisture content- nonrronsoon 
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60 ; 

"" 
",,40 
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Figure 3.6 Spatial and seasonal \'(/ri(/tiOI1 o{lIIoislllre content ()/sedilllcnt 

Sediment organic carbon: The level of organic carbon in scdiments is 

reported to be a reliable index of Ilutrient regeneration and the productivity 

of the water body. The carbon and nutrient cycles in the aquatic systems me 

temporally band spatially variable sincc they are regulated by a variety of 

factors such as soil type and texture, temperature and rain fall (Kristenscn 

et aI., 1992; Woociroffe, 1992; Robertson et aI., 1992; Alongi et aI., 19(3). 

As the preservation and burial of organic matter in aquatic environments is 

a function of the rate of primary productivity, water depth, dissolved 

oxygen content in the water column, sedimentation rate, biological activity 

and sediment stability, the organic carbon contents of sediments can be a 

sensitive indicator of the nature of source areas and the environments of 

dcposition (Emerson and Hedges, 19XX). Long tcnn burial of organic 

mattcr has becn a key process in the fonnation and maintenancc of an 

oxygen rich atmosphere (Berner, 20(1), be it burial of terrestrial plants in 
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fresh water swamps leading to extensive coal fonnation (Holland, 1987) or 

the deposition of organic matter in marine dcposits(dc Haas et al., 2(02). 

Whether the coastal system acts as net carbon sources or sinks remains 

debatable, largely because coastal systems varies substantially in response 

to external change (Hung and Kuo, 200 I). 

sac- rronsoon sac. nonr:unsoon 

Statllns Station, 

Figure 3.7 Spatial {l11!/ s(!asol7u/mriilfiol1s ojSOC 

The primary purpose of this investigation was, then:fllre, to determine the 

distribution of organic carbon and the extcnt to which this distribution is 

related to other factors, primary productivity, oxygen content, bottom 

topography and hydrodynamic features. Total organic carbon of the 

sediment has a major role in keeping the fertility of soil and there by 

augmenting their biological productivity. Sinec Chalakuc1y river is one of 

the most productive aquatic ecosystems, an understanding of this carbon is 

prerequisite for assessing and also detcl111ining the extent of nutricnts in 

surrounding water. 
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Seasonal variation showed a minimum at station 2 (0.09%) during monsoon 

and maximum at station 1(4.84%) during nonmonsoon (Figure 3.7). The 

scdiments of station 2 were poor in carbon and station I was richer. 

Organic carbon is imported as an energy source for organisms in aquatic 

systems. Estuarine sediments are rich in organic matter than those of the 

adjacent sea (Nixon and Lee, 19R2). The highest concentration of organic 

carbon at station I during nonmonsoon station may he due to the combined 

effect of ,high productivity, settling of organic matter, decay or vegetation 

and sewage effluent containing large amount of organic paIticles. In the 

ecosystem, organic production is favoured hy vegetation. texture of the 

sediments and degree of oxidation. In addition to this, rain water runoff 

through rivers, prevailing water currents and depth of occurrence play an 

important role in the accumulation of organic matter (Purandara and Dora, 

1987). 

Previous work done by Joseph (2002), on the distribution of organic carhon 

contents of sediments of Chitrapuzha river showed a range from 1.34 mg/g 

to 90.24 mglg. Rini Sebastian (2002) observed organic carhon variation in 

mangrove sediments of Co chin from 9.83 mglg to 152.76 mglg. 

Values obtained for SOC in the present study were slightly lower than 

those reported earlier, especially those at stations 2 and 3. This might he 

due to the sandy nature of the sediments of the area and also the enhanced 

oxidative degradation. 
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Tahle 3.4 Distribution values vfsediment parameters 

Stations 

Months S1 S2 S3 S4 S5 S6 S7 S8 

-g 
ro 

Vl 

May 25.3 95.9 

Jul 34.8 90.2 

Sep 34.8 90.2 

Nov 56.4 89.7 

Jan 56.4 897 

Mar 25.3 95.9 

May 67.6 1.89 

Jul 55.9 6.21 

Sep 55.9 6.21 

92.19 

69.63 

69.63 

65.02 

65.02 

92.19 

6.85 

25.46 

25.~6 

19.94 

22.14 

22.14 

11.92 

11.92 

19.94 

77.12 

70.51 

70.51 

4~1 46.3 78.9 41.2 

12.5 41.6 73.9 13 

12.5 41.6 73.9 13 

12.1 14.4 65.3 11.7 

12.1 14.4 65.3 11.7 

4~1 46.3 789 41.2 

48.8 49.7 14.8 54 

76.3 50.2 24.8 77 

76.3 50.2 24.8 77 

Nov 40.4 9.02 33.37 85.83 84 81.6 31.4 82.1 

Jan 40.4 902 33.37 85.83 84 81.6 31 4 82.1 
Ul 

____ M=ar'- _.::..6 7'-'.. 6~_1,-, . .::..8 9,--------,6=.85. _77_._1 2'----_4~8~. 8~ 49.7 14.8 54 

c 
o -e 
'" u 

c 
(l) 

Cl 
o 

~ 
I 

c 

'" Cl> g 
Z 

May 

Jul 

Sep 

711 

9.3 

9.3 

2.25 

3.57 

3.57 

Nov 3.29 1.32 

Jan 3.29 132 

Mar 7.11 2.25 

May 5.64 0.27 

Jui 7.71 0.21 

Sep 7.71 0.21 

Nov 5.71 0.12 

Jan 5.71 0.12 

Mar 5.64 0.27 

May 2 0.35 

Jui 2.06 0.4 

Sep 206 04 

Nov 1.81 0.19 

Jan 1.81 0.19 

Mar 2 0.35 

May 0.51 0 

Jul 0.49 0.03 

Sep 0.49 0.03 

Nov 0.49 0.09 

Jan 0.49 0.09 

Mar 0.51 0 

0.96 2.94 4.18 4.03 

4.91 735 11.2 8.18 

4.91 7.35 11.2 8.18 

1.61 

1.61 

0.96 

0.33 

208 

208 

0.43 

0.43 

0.33 

0.35 

1.05 

1.05 

042 

0.42 

0.35 

0.11 

0.00 

0.00 

0.13 

0.13 

0.11 

2.25 3.92 4.03 

225 3.92 4.03 

2.94 4.18 4.03 

0.71 0.93 0.83 

6.79 7.45 1.59 

6.79 7.45 1.59 

1.11 2.72 0.95 

1.11 2.72 0.95 

0.71 0.93 0.83 

0.42 0.29 0.5 

1.98 2.24 0.65 

1.98 2.24 0.65 

0.55 1.07 0.45 

0.55 1.07 0.45 

0.42 0.29 0.5 

0.12 0.11 0.14 

0.38 0.5 0.00 

0.38 0.5 0.00 

0.18 0.24 0.00 

0.18 024 0.00 

0.12 0.11 0.14 

634 

1.36 

1.36 

4.83 

10.1 

10.1 

3.25 6.2 

3.25 6.2 

6.34 4.83 

3.45 2.24 

299 2.22 

2.99 2.22 

1.82 3.64 

1.82 3.64 

3.45 2.24 

2.1 1.56 

1.6 1.17 

1.6 1 17 

0.87 2.02 

0.87 2.02 

2.1 1.56 

0.35 028 

0.32 0.25 

0.32 0.25 

0.21 0.45 

0.21 045 

0.35 0.28 

Grain size (texture) analysis: Grain size analysis is a fundamental 

procedure in sedimcntology and limnology. and it gives hasic inii.mnation 
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on the sediment composition and depositional environment. Natural 

sediments consist of particles of different sizes and for deciding the size 

groups, several class intervals based on average diametcr have been 

suggested. One such system includes the grading of particles into sand (>63 

pm), silt (4-63 ~lIn) and clay«4 ~m) sizes (Krumbein and Pcttijohn, 193R). 

The seasonal ancl spatial variations of sand, silt and clay are depicted in 

Figure 3.8. The sediments of station 2 and 3 were mainly composed of sand 

particles. 
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Figure 3. rS SpMial and seasonal I'(Iriafions oj'gmin size 

The sediment distribution pattem depends on several factors such as 

sediment sources, texture of the sedimentary materials supplied, bottom 

topography of the basin and general hydrographical features (Vcerayya and 

MU11y, 1974; Seralathan, 1986; Nair, 1992). At stations 7 and 8, the bulk of 

the sedimentary materials is supplied by the Periyar river, whereas at 

station the sedimcntary material IS supplied from Sholayar.The 

percentage of clay in the present study varied from 1.32 to 8.2%. 
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Percentage of clay was generally higher at stations I and 8 during 

monsoon. 

CHN analysis: Figure 3.9 shows spatial and seasonal variations of CHN. 

Higher percentage of carbon, hydrogen and nitrogen was observed at 

station 1 during monsoon. The percentage of carbon, hydrogen and 

nitrogen was lowest at station 2. The lowest percentage of carbon and 

hydrogen was observed during I1Ollmonsoon and nitrogen during 1110nsoon. 

In this study, high seasonal variations of c'H,N in the sedimcnts of station 

1 were observed and it could be attributed to the changes in physico

chemical characteristics of the seciil11cnts caused by the discharge of fresh 

water containing high terrestrial organic matter during mOI1SOOI1 months, 

and also to the more stable condition favourable t()f high planktonic 

production prevalent during 110111110n50011 seasons. As compared with 

station 1, lower values could be attributed to the sandy nature of the 

sediments at stations 2 and 3. 

50 



Chapter III 

Monsoon CHN Nonmonsoon CHN 
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inter parameter refatiol1.)'hips 

The geoehcmieul and hydrogeological results helped in getting an idea 

about the ecosystem of Chalakudy river. On compuring the hydrographieal 

parameters of samples from all sites, sevcral of the hyclrochemical data 

were significantly L:OlTclatecl (Table 3.5). 

Tahie 3.5Pem:mll corre/ation miltrix of'h.vdmchelllica/ j!mwneters in sediment.l· 

"-_ .. _._----,, 
Moisture 

SOC C% H% N% Sand % Silt % 
content -------. 

SOC 0.81 

C% 0.82 0.86 

H% 0.85 072 0.89 

N% 0.87 0.85 0.92 0.93 

sand % -0.52 -0.35 -0.37 -0.33 -0.40 

silt % 0.50 0.33 0.34 0.31 0.39 -1.00 

~% 0.59 0.41 0.63 0.62 0.52 -0.53 0.48 ----_. ._---
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Moisture content was positive to percentage of C, H, N, SOC, and clay. 

sac was significantly interlinked to C, Nand H. The percentages of C, H 

and N are interrelated at significant level with r values in the range (UN to 

0.93. Clay was found to be highly related with C and H. 

Some recent values of hydrographica\ parameters Il1 fivers, reported 

globally are presented in Table 3.6 

TaMe 3.6 Recent~y reported m/lies of hnlrographiw/ eUl"Ulile!Cf'.1 III J"lI'CI'S Oil 

worldwide 
rum - /\qumie system Conccntmtion Rdl'i'CIlL'C 
meters 

Wuli Lake in China 7.4~ ± 3.0~ Ill)! I I .fin l·t. ;Ii .. :!(}O(, 

SUllll<l Ri\'Cr, Eastern 
DO Bangladesh 5.52 -5.72 mg I I ,\I,lIll cl ;Ii .. :!O()7 

SUllll<l Rin:r, EQstern 
6.12() -6.093 AI,IIlICI ;Ii .. 2()()7 

Bangladesh 
pH Oukaillleden ri\'Cr (Morocco) 7.6 Oudra l't al.. 20()X 

Chloriue Moselle river, France 352 ± ()I mg I I :-., I (IIllargc,;-Pd !cticr ct 
al.. :!()(ji 

SOC('l;,,) Moselle river, France 0.77 -LUlI% 
I\.loIlt<lI'gcs-I't.:llcticr et 
al.. 2007 
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Hydrographical parameters and sediment characteristics 

Table 3.7 Distribution o/Dissolved oxygen in water 

Stations Average std CV% Stations Average std CV% 

S1 6.523 1.591 24.40 S5 5.678 1.310 23.06 

81 6.172 1.698 27.52 85 5.570 1.120 20.10 

S2 6.637 1.554 23.41 S6 6.007 0.999 16.03 

82 6.637 1.554 23.41 86 5.848 1.156 19.77 

S3 7.357 1.751 23.80 S7 5.208 1.498 28.76 

83 7.357 1.751 23.80 87 4.983 1.429 28.67 

S4 6620 1.577 23.82 S8 4.228 1.127 26.65 

84 6.590 1.639 24.88 B8 4.155 0.957 23.03 
-- ---_._. 

Dissolved oxygen averaged seasons ranged at surface between 4.23 

(S8) and 7.36 (S3) and rangcd between 4.16 (88) and 7.36 (83) at 

bottom seasonal variation at di tferent station both at surface and bottom 

were more or less similar. At surface st<1tion seasonal variations are 

higher than at hot tom except at station B 1, 86 and B 7 where it was 

higher than that at the surf~,ce (CV% varied between 16.63% and 

28.76%) (Table 3.7). 

3 way ANOVA (Table 3.8) applied to compare between station, 

between surface and bottom and between seasons showed significant 

station wise variations (F(7j5)= 185.59, P<O.OO I), surface and bottom 

variation (F(1J5)=5.217, P<O.Ol) ancl seasonal variation (F('i.35)= 549.15, 

P<O.OO I) along with signi ticant station season interaction (F(35.35= 

9.175, P<O.OO I )us indicated by higher values at station 3 and station 1 

during July and September irrespective of surface ancl bottom 

(intemction of surface and bottom with station and seasons were not 

signitic<1nt (P>O.05). 
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Tahle 3.H: 3 way ANOVA/or compairing DO in water with respect to 
station, sill/ace and bottom and ~'Vilh respect to season 

Source dof ss MSS F ratio Remarks 

Stations (A) 7 83.5481 11.9354 185.5916 (P<0.001) 

Sur/Bot (B) 0.3354 0.3354 5.2164 (P<0.01 ) 

Seasons (C) 5 176.569 35.3137 549.146 (P<0.001 ) 

AB interaction 7 0.045271 070398 NS 

BC interaction 5 0.0952 1.4806 NS 

AC interaction 35 0.58999 9.1746 (P<0.001) 

Error 35 2.2507 0.06431 

Total 95 37093.3 

Dendrogrum drawn to group the stations showed (Figures 3.10 a ilnd b) two 

distinct clusters 1. March, November and January and 2. May, July and 

Septemher separating the seasons into monsoon and non monsoon seasons. 

Dcndrogram drawn to group the station grouped the locations into two 

main clusters l. (SI, B1, S3, 83) and 2. (S6, 86, 88) (S2, B2, 84,87, S8) 

and (S4, SS, S7) at vcry high level of similarity (96%) on comparing the 

station at surface and bottom based on DO, show significant difference 

betwecn all station and also stations S3 and 83 from station 7 (p< 0.01) 

(t 1 0 >3.169 at 1 % level, p<O.OI). 



Hydrographical parameters and sediment characteristics 

j 
--- -- - ~ 

r~ I 
i I 

Figure 3.10 a. Dendrogram for seasons based on dissolved oxygen in 

water 
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Figure 3. JOb. MDS for stations based on dissolved oxygen in water 
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Chapter III 

Trellis diagram drawn to show the difference between the station based 

on dissolved oxygen is presented in Table 3.9 

Table 3.9 Trellis diagram for sludents ! les! to compare between sWlions 
based on dissolved oxygen (0 Not signijicam: . Significant or 10% level: . 
Signijicam at 5% le,·el: 0 Sigllijic(m! al 1% lend) 

s, " " " " " " .. " " " " " " " .. 
'" ,n 'n 0.79 '" ,., ." ... " ,." ,n '" '" ,." '" 

'" '" ". ". '" " '" 
,y 

'" '" ,os " '" '" , , ... ". '" '" 
, .. '" ". '" ,y '" u, , .. 

, ... , .. '" '" , .. '" '" .. , ,y 'n 2.'1 >0' , 
" '" '" '" " ", '" '" n. B. 

" 0.12 '" '" U '" '" ,os '" B' 

'" '" '" 013 , .. '" '" ". '" 
'" '" , ... '" 

,.., 
'" '" u. 

0.1' '" ,." '" .. , .. '" , ... ,~ '" .n '" '" 
'" '" '" '" ". 

• ". '" '" '" 
,~ ,n '" 

'" 
, .. 
,n 
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Hydrographical parameters and sediment characteristics 

Table 3.10 Distribution of Temperature in water 

Station Average std CV% Station Average std CV% 
_._---

S1 26.867 1.062 3.96 S5 29.667 2.165 7.30 

B1 27.033 1.219 4.51 65 29.533 2.162 7.32 

S2 26.933 1.504 5.58 S6 29.900 2.116 7.08 

62 26.933 1.882 6.58 66 29.833 2.047 6.86 

S3 27.933 1.882 6.74 57 31 533 1.459 4.63 

63 27.933 1.882 6.74 B7 31433 1 485 4.73 

54 28.467 1.365 4.79 58 30.800 1361 4.42 

B4 28.467 1.582 5.56 B8 30.633 1.555 5.08 

Temperature in water averaged over seasons ranged between 2().:.'O°C 

(S 1) and 31.5TC (S7) at surface and between n.63°C (82) and 

31.43°C (B7) at bottom with very low seasonal variations at all station 

(CV%<1.30 at surface and CY(Yo<7.32 at bottom). Comparatively 

higher temperature was observed at hottom at all stations (Table 3.10). 

3 way ANOYA applied to compare between station. sudace and bottom 

and between seasons, based on temperature showcd significant station 

wise (F(7.35)=1576.88, p<O.OOI) surf~lce and hottom (F(I.35)=2.143, 

p<0.05) and season wise variations (F(535 1'-'-2 I 07.21, p<O.OOl) along 

with season-surface/bottom interaction (FLU),· 4.0714. p<O.OO 1) and 

station - season interaction (F(~5J))=51.826, P<O.OO I) as indicated by 

higher temperature during 110nmonSOOll seasons than 111011soon seasons 

particularly at stations 3-8 compared to stations I &2 (Table 3.11). 
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Table 3.11: 3 way ANOVA for comparing temperature in water with 
respect to station. surfClce alld bottom and seasons 

Source ss dof MSS F ratio Remarks 

Stations (A) 241.461 7 34.4944 1576.88 (P<0.001) 

Sur/Bot (B) 0.04687 0.04687 2.1429 (P<0.05) 

Seasons (C) 230.477 5 46.0953 2107.21 (P<0.001 ) 

AB interaction 7 0.0301339 1.37755 NS 

BC interaction 5 0.0890625 4.0714 (P<O.Ol) 

AC interaction 35 1 13371 51.8265 (P<O.OOl) 

Error 0.765625 35 00218750 

Total 81214.3 95 

Denclrogram drawn to group thc seasons has highlighted two distinct 

clusters of seasons: 1. SeptemhlT, November 2. January, March, May 

and July at 9X.5% similarity level (Figures 3.11 a and b). Dendrogram 

drmvn to group the stations has produced three distinct clusters of 

station: 1. (S6, 86), 2. (S I, B 1) and 3. station 2, 3, 4, 5& 8 with surface 

and bottom linked together, at (1).5% similarity level. 
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Figure 3.11 a. Dendrogram for seasons based on temperature in water 
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Figure 3.11 b. MDSfor stations based on temperature in water 
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Trellis diagram drawn to show the difference between the station based 

on temperature showed significant difference between station (S2, SI) 

and (S5,S8) (tI0>2.228, p<0.05) and stations (S3,S4) and (S7,88) 

(Table 3.12). 

Table 3.12 Trellis diagram for sludenls , resl /0 compare between sWlions 
based on temperufllre (. Not signijiclIl1f: . Sigl1ijicmlf (1/ IOfJ-u le\'el: . 
Sigllifiea", at j % level: • SignijiclI/11 al 1% lewd) 

" " " " " " '" " " ~ " " " " " " 
" '" ,~ ,~ " " '" 'M " ". 2." ". m .. ". .., 
" '" '" " " '" '" ", '" '" '" ." '" ." 'O, 

" 
, 

'" ." , .. '" '" HO ". '" . " H • .~ '" 
" '" 0'3 '" ", ", '" H' '" ." H' .... '" 
" • , 

'" 0.'9 '" '" '" '" ,." ". u. '" 
" '" 0.' 9 '" '" '" ,." '" ". H' '" .. , ,,. 

'" '" '" '" '" 2;11 ,~ 

" '" 1.21 ' .18 '" 'M '" ". .. " , n '" " ,., '" 0.81 

" • '" '" '" '" , " '" 
" 

,,. 
'" ", , ... '" .. '" , .. 'M ,m 

" '" '" '" 
" • '" '" .. • • '" 
" 
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".. Hydrographical parameters and sediment characteristics 

Table 3.13 Distribution of Salinity in water 

Station mean std CV% Station mean std CV% 

S1 0.013 0.002 15.30 S5 0.018 0.004 22.82 

81 0.076 0.109 143.81 85 0.069 0.071 103.27 

S2 0.014 0.003 20.87 S6 0.044 0.025 56.49 

82 0.014 0.003 20.87 B6 0.048 0.027 56.35 

83 0.013 0.002 14.61 S7 10.542 10.177 95.97 

83 0.013 0.002 14.61 B7 10.584 10.075 95.18 

S4 0.014 0.003 23.39 S8 14.554 12.186 83.73 

84 0.020 0.015 72.49 B8 11 100 11.791 71.59 

Salinity in water arranged over the seasons ranged between 0.013 (S3) 

and 14.554 (S8) at surface and between D.I:) (133) and 16.470 (BX). At 

surface stations, seasonal variations was low at station SI &S2- ss 
(CV<22.82%) and very high at station S7 (CV= 95.97%). But at 

bottom high seasonal variation was felt at station (8 I ,85-88) (56.35:; 

CV%::; 143.87%) (Table 3.13). 

3 way ANOV A applied to compare between stations, surface / bottom, 

seasons and their first order interactions (Table 3.14), showed high 

station wise difference (F(7.35)=330.41, P<O.OO 1) and season wise 

difference (F(5.35)= 101.59, P<O.OO 1) with moderate surface and bottom 

variation. Station- season interaction effect was very high (F ():-\. 35) 

=45.375, P<O.OOl) indicated by high salinity during nonmonsoon 

seasons and low salinity during 111011S00n seasons, particularly at 

stations 7 and 8 irrespective of surface and bottom. 
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Tahle 3.14: 3 way ANOVA/c)r salinity in water with respect to stati()n, surface 
and bottom and seasons 

Source ss dof MSS F ratio Remarks 

----.---
Stations (A) 3192.68 7 456.098 330.41 (P<0001) 

Sur/Bot (B) 1.6267 1.6267 1.1784 NS 

Seasons (C) 701.210 5 140242 101.595 (P<O 001) 

ABinteraction 7 1.34365 0.9734 NS 

BCinteraction 5 1.3353 0.9673 NS 

ACinteraction 35 62.6354 45.3745 (P<O 001) 

Error 48.3143 35 1.3804 

Total 7185.98 95 
--_.---_._- ----_. --- --

Dcndrogram drawn to group the months based on salinity has grouped 

the January to July together separating November and September which 

shows low similarity between them as \vell as \vith the cluster 

(similarity <60%). Station wise grouping sho\ved two distinct groups 

of stations \'iz I. (S6, 86, S7, 87, SX, BR) and 2. (S3, 

B3,S4,S2"B2,S I ,SS) at 80% level of similarity, separating B I and BS 

and 84, with 84 more similar to cluster 2 and B5 to cluster I, which are 

stations with least average salinity (Figures 3.12 a and b). 
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Chapter III 

Trellis diagram drawn to compare between stations based on salinity 
showed highly significant difference between all stations. station I 10 5, 
at surface and bottom with station 6 to 8, al surface and bottom «110 
>2.228, p<O.05) (Figure 3.15). 

Table 3. 15 Trellis diagram for SIt/dents I lest 10 compc/re between SllIfimlS 

based 011 ,wlill ity (0 Nor ,~igll ific(ll/l: • Significant at 10% lel'e/; • Significant at 
5% ICI1e/; • Sigll ijicam (If 1% /el'el) 

" " " ~ " " .. ~ .. " " " " " " " ". '" '" "" "" 0.51 '" 2.·S '" " 2." '" 
,~ '" 312 

'" '" ". u, '" '" ". '" , .. '" '" '" '" '" , 
" •• '" 0.'2 '" ,n '" v. '" '" U> 3.12 

" " ,.~ '" '" '" '" no ,u ,» 2.l!1 '" , ,." '" '" on '" '" ,u ". '" '" ... \.\ . ,~ on 2.81 '" '" ,» 2.81 '" 
• ,~ '" '" H' '" :U3 '" 2.17 3.1 2 

'" " ,~ '"' '" ". u, '" • '" '" 2 .• ' ,U ". 2,81 3.12 

'" " '" ,u '" '" 
'" '" ". ". '" 

,U 'M ,., 
'" 

'" '" "" 
'" '" 

"" 

TaMe 3. / 6 Distribulion of pH in water 

Station Average "" CV" Station average ". CV% 

51 7.253 0.260 3.58 SS 7.037 0.167 2.37 

01 7,225 0.213 2.94 OS 7.048 0.203 2.88 

52 7.245 0.164 2.27 56 6.910 0.236 3.41 

02 7.245 0.164 2.27 06 6.975 0.226 3.24 

53 7.313 0.200 2.74 57 7.418 0.372 5.01 

03 7.313 0.200 2.74 07 7.448 0.342 4.59 

54 7.197 0.171 2.37 58 7.490 0.389 5.19 

B4 7.230 0.272 3.76 Ba 7.612 0.346 4.54 
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Distribution of pH in water averaged over seasons showed higher value 

at bottom stations (S4 to S8) than the stations B4 to B8 where as at SI 

to S3, higher or equal values than at 81 to B3 separately wcre observed. 

pH values were highly consistent with respect to seasons as indicated 

by very low coefficient of variations, both at surface and bottom 

(CV%<5.19%) (Table 3.16). 3 way ANOVA (Table 3.17) applied to 

compare bctween stations, surface and bottom and between seasons 

showed signi ficant station wise variation (F(7J»=54.4158, P<O.OO I), 

surface and bottom difference, (F(I.35)=2.3798, P<O.05) and season wise 

difference (F(s.35)=64.823, p<O.OO I) along with high station season 

interaction (Fm.35 ) = 10.86l), p<O.OO I) as indicated by lowest pH value 

at SI ,B I ,S6 and 86 during May and higher values during January at SI. 

Bl, S7, B7, S8 and B8 and high valucs during September at S3, B3, S4 

and B4. 

Dendrogram drawn to group the seasons based on pH valuc to group 

the seasons based on pH value has grouped the seasons into two 

clusters: 1. January and March 2. May to November thus distinctly 

grouping dry season and wet season separately (Figures 3.13 a and b) at 

98.5% similarity level. Stations grouped based on the same index of 

similarity, at 98% level of similarity showed two distinct clusters I. 

Stations 7 and 8 2. (84, stations t ,2, S4, and stations 3,5 ancl 6) 

showing the signiticant difference between station7&8 and other 

stations. 

66 



Chapter III 

Table 3.17: 3 way ANOVA for pH in water with respect to station. 
surface and bottom and seasons 

Source ss dot MSS F ratio Remarks 

Stations (A) 3.20508 7 0.4578 54.4158 (P<0.001) 

SurlBot (B) 0.0200195 0.02002 2.3798 (P<0.05) 

Seasons (C) 2.72656 5 0.5453 64.8226 (P<0.OO1) 

AB interaction 7 0.00662 0.7877 NS 

BC interaction 5 0.016895 2.0083 (P<0.05) 

ACinteraction 35 0.09143 10.8690 (P<0.001) 

Error 0.2944 35 0.008413 

Total 5052.10 95 

-- r------- --------

I 
f--------

I 

Figure 3. J 3 a. Dendrogram for seasons based on pH in water 
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.. 

Figure 3.13 h. MDSfor stations based on pH in water 

Trellis diagram shown to show the significant station wise differences 

(Table 3.18) showed high differences between stations 2 and 3, 5 and 6 

and both at surface and bottom «tlO >2.28, p<O.05), S5,S6 and 83,84 

(tlO ~.28, p<O.05) and B I-B4 and stations B5-B8 (tlO ~2.28, p<O.05). 
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Table 3./8 Trellis diagram for s tudenrs I lest to compare between stations 
based on pH (- NOI significanr; • SigllijiClIlII ar lOOAJ level: • Significant af 5% 
level; • Significant or 1% level) 

" " " " " " " ~ " " " " " " " " 
" ". .... , ... '" '" '" o.t • ,~ '" ." '" '" '" '" '" 
" 'H 'H ". , .. on 0.03 '" 

,~ w " '" '" ,~ '" 
" 

, ,~ ... •• 0.11 ,~ , .. U1 ". '" U D' '" 
" ,~ '" ,. 0 ,1\ ,~ ". '" ". '" " D' '" 
" • '" ,." '" ". '" " '" ' .n '" '" 
" '" '" '" ". '" " '" ,n '" '" 
" '" " '" " '" '" '" ,." '" .. " . " '" '" '" '" '" '" 
" ,., ". '6 ." '" ,~ ", .. • '" '" ..0, m '" " . 
" '" ". " '" m .. • '" ,." , ... '" ,r • '" '" '" 
" ". '" 
" '" .. 
Table 3. J 9 Distribution of COD in waler 

Station Average >Id CV% Station .-.. Old CV% 

51 37.485 61.677 164.54 55 48.002 78.672 163.89 

61 33."'" 31.713 93.60 65 55.158 92.310 167 .36 

52 13.178 12.909 97.96 56 27,746 52.548 189.392 

62 13.178 12.909 97.96 56 '''.039 16,154 "5.068 

53 18.331 20.916 " 4.07 57 60.852 48.761 80.1 31 

63 18.337 20.916 114.07 67 59.243 49.962 84.334 

54 12.902 6.235 48.33 BB 66.593 54.438 al ,147 

54 41 .791 53.993 129.20 68 99.103 77.6315 78.338 

Distribution of COD in water (Table 3.19), arranged over seasons 

showed high seasonal variability at all stations with least variation at S4 

(CY=l8.33%), and highest variation at S I (CY~ 164.54%), COD wa5 

at lower level at stations S2. 82, S3, 83, S4, S6. 86 and S7 
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(l2.90~COD~27.746) and higher values at Sl& 84 and stations 5,7& 

8(31.713~COD~99.103). At the bottom samples, COD varied over a 

larger range with least COD at B2 (I 2.9(4) and highest value at BIS 

(99.103). Seasonal variations was higher at bottom stations 81, 82, B3, 

84, B5&86 (93.60~CV%~167.J6). Bottom COD values are higher 

than the con-esponding surface valucs (Tahle J.20) at station 4,5, 7 and 

8. 3 way AN OVA (Table 3.10) applied to compnrc spatially and 

seasonally based on COD valucs, it is obtained that COD values vary 

highly with respect to stations (Fru,,=7.71S, p~O.OOI) and seasons 

(F(5,35)= 18.152, p~O.OO I hut not wi th respect to surface and 

bottom(p>O.05) with high station season interaction (F(35J5)=4.04S, 

p<O.OOI as indicated by very high valuc during September at stations 

Sl-S6 and during May and March at station 7 and g both surt~lce unci 

bottom and low values during January to May ut stations 1 ,2,3-() at 

surface and bottom. Depth wise variation in COD is not significant 

(p>O.05). 

Table 3.20: 3 way ANOVA (f)r c()lJ/jloring COf) il1 It'ofer !I'i,h re.lpecf fo 

station, sw:!clee and hottom, ({nd .I'C({S(}1/S 

Source ss dot MSS F ratio Remarks 

Stations (A) 49101.9 7 7014.55 7.7148 (P<0.001 ) 

Sur/Bot (B) 923.906 923.906 1.0161 NS 

Seasons (C) 82523.1 5 16504.6 18.1520 (P<0.001 ) 

AB interaction 7 787.790 0.8664 NS 

BC interaction 5 289.297 0.3182 NS 

AC interaction 35 3646.40 4.0104 (P<0.001 ) 

Error 31823.6 35 909.246 

Total 4430260 95 
.•. _-._-.. -
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Dendrogram drawn to group the seasons showed two distinct clusters of 

months: I. Iow COD values months 2. High COD values months at 

55% level of similarity (Figure 3.14). Clusters of stations obtained at 

80% level of similarity are: I. Stations 7&8 (surface and bottom) 2. 

[(S6, SI, S5, B5) (S4. 8 I, S2, B2, S3, B3), B4, B6] (Fibrure 3.14). 

lIDS FOR STATIOtOS BASal OH COO '" WAT!!P. 

-, ... ~ ... '.~ 

.. 

Figure 3. /4 MDSfor stations based on COD in water 

Trellis diagram drawn to compare between stations showed S2, 84, S4, 

86 are significantly different from (t (l 0» 1.812, P<O.lO) (Table 3.21). 
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Table 3.21 Trellis diagram for stlldems t rest IQ compare between station$ 
based on COD (0 NOI signijiccml; 0 Significant al I (JO/o le\'el; . Significant at 
5% level: • SignijicolIf at 101, let.·el) 

" " " " " " .. .. " .. .. .. " " " .. 
" '" , .. 'M '" '" '" '" ,~ ". '" ,u ". 0.11 '" ". 
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" • ,y 0.9' .. , 0,81 '" ". ". u. '" 
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" • • '" '" ", '" '" 
,,, 

'" 
,,, H. .. • '" ". '" " ". '" on ". 

" • • '" , .. ,." '" 0.27 '" '" .. • • • '" ... '" "" '" '" 
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,., 
'" '" .. • • • • ,,, ,., 2.07 '" 

" • • • '" , '. '" 
" ,n '" 
" ,n .. 
Table 3.22 Distribution of sand. sill and clay 

Sand S. Clay 

stalion mea" ... CV% mean "d CV" mea" ,Id CV% 

SI 38.837 12.979 33.42 54.597 11 .44 20.42 6.567 2.483 37,82 

S2 91 .91 2.803 3.0SO 5.707 2.932 51 .39 2.380 0.923 38.79 

S3 75,61 11 .872 15,70 21.893 11 .117 SO.78 2.493 1.729 69.36 

54 18.00 4.392 24 .40 77.62 6.274 '.06 4.180 2 ,259 54.05 

S5 23,897 16.373 58.52 69.677 15.110 21 .69 6.427 3.363 53.33 

S6 34 .083 14.078 41.31 60.S03 14.926 24,67 5,413 1.953 36.14 

S7 72.677 5.581 7.68 23.673 6.827 26.84 3.650 2.053 56.24 

sa 21 .973 13.619 61 .98 70.993 ,12.231 17.23 7.033 2.219 31 .55 

Sand percentage averaged over seasons varied between 18.00 (station 

4) and 91.91 (station 2) with seasonal variation ranging between 2.80% 

(station 2) and 68.52% (station 5). Silt percentage averaged over 
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seasons varied between 5.70% (station 2) and 77.82% (station 4) with 

seasonal variation ranging between 8.06 (station 4) with seasonal 

variation ranging between 8.06 (station 4) and 51.39 (station 2). Clay 

concentration ranged between 2.38(station 2) and 7.03 (station 8) with 

seasonal variation ranging bet\.vecn 31.55~/o (station 8) and 69.36% 

(station 3). A t stations 2. 3 and 7 sand was the dominant sediment 

structure where as at stations 1,4,5.6 and 8. silt concentration was the 

dominant sediment structure where as clay concentration was very less 

in all stations (Table 3.22). 

TaMe 3.23: 3 It'ar A NO VAjiw cOil/paring sand, silt and clay concentration in 
sediment.l· H'ifh respect to s((Ifiol1s. sediment str1lcture and seasol1s 

Source ss dof MSS F ratio Remarks 

Stations (A) 7 

Sand, Silt and clay (8) 58773.5 2 29386.7 259.613 (P<O.001) 

Seasons (C) 5 

AB interaction 14 4672.72 41.2805 (P<0.01) 

BC interaction 10 408.764 3.6112 (P<0.05) 

AC interaction 35 

Error 7923.61 70 113.194 

Tota! 296201.0 143 

3way ANOV A applied to compare the sediment structure between 

stations and between seasons and between sediment type showed high 

significant variation between the sediment types (FC~.7!l)=259.613 

p<O.OOI) and high st:ason-sediment type interaction 

(Ft [0.'0)=3.61 I,p<0.(5) and high station sediment type interaction 

(f(!-l.;I))=41.28, p<O.OO 1 as indicated by lcast sand concentration at 

stations 4.5 and 8 particularly during July. September. November and 
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January and high values for silt during these months at these three 

stations clay concentration is comparatively higher at station 4,5 and ~ 

during July and September (Table 3.23). 

Dendrogram drawn to group the seasons based on sediment structure 

has divided the study period into three clusters: I.March, May 2. July. 

September and 3. November and January. All the three cases (Figures 

3.15 a to f) are at 85% of similarity level. Based on sand (Figures :3.1:) 

a and b) the stations Clre grouped as Cluster l. station I , station:) Cluster 

2. stations 2, 3, 4, 6 7. Station I is quite different lI'om other stations at 

80% level of similarity. Cluster 1 have the maximum seasonal 

variability where as cluster 2 stations have seasonal vuriati(lllS CV (!I)' 

41.31 %. Based on si I t, two distinct cl usters are obtai ned: l. stations 

2and 3, 2. Stations 4, 5, 6, 7and 8. Cluster I statiolls have same 

seasonal variations, CV-51 % where <IS cluster 2 stations han: seasonal 

variations, CV<28.84%. Station I is not associated with any of the two 

clusters (Figures 3.15 c and cl) <It 80% level of similarity. Based 011 

clay, only a single cluster containing all stations other than station 7 is 

obtained at 85% level of similarity. The se<lson<.d variations for the clay 

distribution at stations in cluster 1 is almost similar, CV<40(1'o except at 

station 3 where a seasonal variation of 69.36% is ohserved. St<ltions 4,5 

have similar seasonal variation, -54%, so also station I and station 2 it 

being -38%, station 3 and station 7 are having higher seasonal variation 

(Figures 3.15 e and 0. 
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Figure 3./5 b. MDSfor stations based 017 sand 
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Figure 3.15 d. MDSfor stations based on silt 
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Figure 3. J 5 e. Dendrogram jor seasons based on clay 
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Figure 3. J 5/ MDSfor stations based on clay 

Tuble 3.24 Distrihution of carbon, nitrogen and hydrogen 

carbon hydrogen nitrogen 

station mean std CV% mean std CV% mean std 

S1 6.353 0.960 15.10 1.957 0.107 5.45 0.497 0.009 

S2 .200 0.062 30.82 0.313 0.090 28.59 0.040 0.037 

S3 0.947 0.802 84.76 0.607 0.315 51.89 0.080 0.057 

54 2.870 2.777 96.75 0.983 0.707 71.87 0.227 0.111 

S5 3.700 2.751 74.34 1.200 0.801 66.78 0.283 0.162 

S6 1.123 0.334 29.70 0.533 0.085 15.93 0.047 0.066 

S7 2.753 0.686 24.92 1.523 0.505 33.16 0.293 0.060 

S8 2.700 0.665 24.62 1.583 0.347 21.94 0.323 0.088 

CV% 

1.90 

93.54 

71.44 

49.04 

57.23 

141.42 

20.52 

26.96 

Distribution of carbon, hydrogen and nitrogen averaged over seasons, 

showed that carbon was the highest at all stations compared to 

hydrogen and nitrogen and nitrogen was at the least level, invariably at 
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all stations (Table 3.24). Seasonal variations were felt maximum for 

carbon followed by nitrogen and then by hydrogen, generally carbon 

was maximum at station 1 (6.35) and least at station 2 (0.20) with least 

seasonal variation at station 1 (CV%= 15.1 0) and maximum seasonality 

at stations 3 & 4 (CV> 84.76%). Hydrogen values varied hetween 

1.957 (station I) and 0.313 (station 2) with maximum seasonal variation 

(CV %=5.45). Nitrogen ranged between 0.047 (station (») and 0.497 

(station 1) with highest seasonal vatiability (CV = 141.42(~(») at station 6 

and least seasonal variation at station I (I. 90°;(» 
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3 way ANOVA (Table 3.25) applied to compare between the three 

components, between stations and between seasons, showed high 

difference between C, Hand N (F(2,7tl)= 149,113, p<O,OOl) between 

stations (F(7,7o)=29,8917, p<O,OO I) between seasons (FC';,7tl)=9.34I 0, 

p<O.OO 1) along wi th higb speci fi ci ty for location (F(14, 70)=5 ,421, 

p<O.OOl) and seasons, (F(lO,70)=4.7993, p<O.OOI) station season 

specificity was also not negligible, Fn '>,70)=2.6264, p<O.05). 

Tuh/e 3.25: 3 HDy ANOVllji)}' cOli/paring hc/'vreen carbul/, hydrogen lIl1d 
nitrogen (in (i sloljons in (j seasons) 'I'illl "('.\1'e'ct 10 3 c()mponents sluliol1s (/l1d 
seasons 

Source ss dot MSS F ratio Remarks 
.----- ~--

C,H&N (A) 136.468 2 68.2341 149.1130 (P<O.001) 

Stations (B) 95.7412 7 13.6773 29.8917 (P<0.001) 

Seasons (C) 21.3704 5 4.2741 9.3410 (P<0.01) 

AB interaction 14 5.42135 11.8483 (P<0.001) 

BC interaction 35 1.2018 2.6264 (P<0.05) 

AC interaction 10 2.1960 4.7993 (P<0.01) 

Error 32.0294 70 0.4576 

Total 667.954 143 
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CHAPTER IV 

PROTEINS: PHASES-COUPLED 
SPATIOTEMPORAL VARIABILITY 

INTRODUCTION 

Rivers are obvious and visihle patlmays for terrestrial runoff. Rivers 

deliver both particulatc and dissolvcd organic matter to coastal regions via 

estuaries. An accurate characterizatioll of the nature and quantities of 

organic material delivered as well ,IS the transfollnations of the organic 

matter in the estuary, is central to ullderstand the functioning of these 

systems in their present form. 

Natural organic matter (NOM) has hcen widely studied in all aquatic 

environments for decades but still, much of its structure and properties is 

not fully understood. NOM which is present in every drop of natural water, 

in every particle of suspended material can be conveniently classified into 

two categories, particulate organic matter (POM) and dissolved organic 

matter (DOM) based on its filter passing properties. The latter embraces 

material having a diameter greater than OA5pm, whercas the former 

includes the dissolved matter togethcr with colloidal materials that passes 

through OASpm membrane filter. The quantity of dissolved organic matter 

greatly exceeds that of suspended or particulate organic matter 

(Romankevieh, 1984), Dissolvcd organic matter, the supply and loss ot' 
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which are generally balanced, is converted into a suspended state when 

utilized by organisms as strudural material. 

A significant proportion of NOM is believed to compnse of refractory, 

chemically heterogenous copolymers often called humic substances (Aiken 

et al., 1985). Humic suhstances are known to be important binding agents 

for trace clements and organic contaminants in both fresh and marine 

waters (Muntollrtl et al.. 1975: Tipping and Hurley, 1(92). 

Dissolved organic carbon (DOC) in marine and fresh water ecosystems is 

onc of Earth's largest actively cycled reservoirs of organic matter (Bushaw 

et al., 1996). The oxidation of organic matter affects the redox potential, 

which, inturn can have dramatic dfects on biological and chemical 

processes (Breck, 1(74). Thus. dissolved organic substances play a vital 

role in biological, chemical and geological processes (Hayase and 

Shinozuka, 19(5). 

Enrichment of DOC in the water column occurs through degradation I 

transfonnation of particulate organic carhon (rOe), either in the water 

column or in bottom sedimcnts by leaching processes, dcsorption of 

particulatc organic carbon due to modification of environmental conditions 

(salinity, pH etc.) and diffusion from interstitial water. Elimination 

processes of dissolved organic matter in estuarine environment include 

flocculation, udsOlvtion and degradation (Mannino and Harvey, 19(9). 

Microbial dissolution is undoubtedly important in the decomposition of 

cellulose, hemicellulose, proteins and lignin in the sense that thesc macro 

molecules must be broken down into monomers which c[Jn cntcr the cell. 
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Dissolved organtc matter 1S known to be an important light ahsorbing 

component of natural waters and hence has an important rolc in aquatic 

photochemical processes. Photochemical oxidation of biologically 

refractory DOM may fonn geologically labile products, thereby providing a 

potentially important removal mechanism it)r this pool ()f DOM. 

Photochemical transformations of DOM occur upon direct absorption of 

UV and visible light by organic chromophorc in aquatic ellvironments. The 

significance of chromophoric dissolved organic matter to biogeochcmical 

processes has been studied hy many researchers with respect to 

photochemical reactivity (Zatiriou et aL 1984: Moffctt ane! 7ika, 1987; 

Mopper et aI., 199 I), light attenuation ancl optical characteristics, which 

can affect primary production rates (Blough ct aL 1993: Nelson et al.. 

1998; RocheIle-Newall and Fisher, 2002a,b) and the fueling of microbial 

respiration by photo degraded chromophoric dissolved organic matter 

(Miller and Moran, 1997; Benner and Biddanda, 199R; Opsahl and Benner, 

1998; Reche et aI., 19(8). Chromophoric dissolved organic matter has also 

been used as a tracer for terrestrial sources of DOM to the estuarine 

systems (Zimmennan and Rommcts, 1974; Chen and Bada, 1992; De sousa 

Sierra·et aI., 1997; Coble, 1996; Chen, 19(9). Because of its photochemical 

reactivity, much of the chromophoric dissolved organic matter entering into 

the estuarine systems arc removed through dire<:t photochemical 

transfonnation as well as photodegradation in conjunction with microbial 

respiration, before it reaches the marine environment (Miller and Moran, 

1997', Bel1ner alld BI' 'lu'\1 cl '" , 1 <1, 1998; Opsahl and Benner. 19()~). 
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Biogeochemical as well as photochemical processes create umque 

environments for biogeochemical and photochemical activities. 

Partieulate matter eompnses a large fraction of the orgalllc material in 

estuarine and coastal waters. The organic fraction of particulate matter 

includes mainly living organisms and other decay and metabolic products 

(Riley and Chester, 1971). In surface layers, variation in composition of 

organic matter may be due to the variation of phytoplankton species or to 

variable ratios of constituents of particuiate matter. In deep waters, detritus 

is the principal constituent of particles and the variations are due to the 

differential decomposition of the material (Montcgut and Montegut, 1983). 

Particulate organic matter is produced by aquatic organisms through 

photosynthesis utilizing inorganic carbon and nutrients. Phytoplankton, 

benthic algae and vascular plants are the predominant groups of autotrophs, 

supplying most of the insitu primary production. Sinking through the water 

column, particulate organic matter is oxidized by microbial activity, 

utilizing dissolved oxygen and releasing inorganic carbon and nutrients to 

the water column, a process known as remineralisation. Protcin in the 

phytoplankton (up to 75%) of the particulate nitrogen (Nguyen and Harvey, 

1997) are rapidly recycled in the water column (Harvey ct aI., 1995) 

The organic matter 111 sediments is derived t]-om terrestrial and 

estuarine/marine sources. Aquatic organisms like algae are more abundant 

in the marine/ estuarine environment, and primary productivity is an 

important factor controlling the distribution of organic molecules in 

sediments. Moreover. rivers can bring about the distribution of large 

quantities oftcrrestrially derived organic matter to the sediments. 
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Organic matter is composed of labile and refractory compounds whose 

relative importance might have profound implications for organic matter 

diagenesis and turn over (Rowe and Deming, 1985). Conversely, the 

refractory fraction of organic matter is largely composed of complex macro 

molecules which arc degraded slowly, subjected to burial and thus lost in 

short tenn for the benthic food webs (Fubiuno and Danovaro, 19(4). This 

residual fraction of the organic carbon is that part of which is not accounted 

for by lipids, proteins and carbohydrates and consists of complex molecules 

like tannin and lignin, humic substances etc. 

A small and perhaps variable component of dissolved organic matter 

consists of the compounds typically associated with the general 

biochemical machinery of living organisms. Included in this group arc 

proteins, carbohydrates, amino acids, lipids etc. Carbohydrates and amino 

acids are biochemical components comprising substantial portion of living 

biornass (80% of algal carhon and 65% of tcrrestrial plant carhon) and are 

important components of DOM in fresh water, in estuaries and in the 

Oceans. Many of these compounds are essential in life processes and 

probably undergo fairly rapid biological transfonnations and degradation 

and hence are labile (Fichez, 1991; 1995; Cividanes et aI., 20(2). 
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MATERIALS AND METHODS 

Proteins in dissolved as well as scdimentary and pmticulate phases were 

measured using copper and folin-ciocalteu phenol rcagents, as discussed in 

Chapter I I. 

RESULTS AND DISCUSSION 

Analysis of proteins in varIOUS environmental cOl1lpmtments were done 

himonthly alld the results were discussed in hereunder. The temporal 

changes in concentrations of dissolved, particulatc and scdimentary phases 

of proteins arc illustrated in Tahles 4.1 to 4.3. 

Dissoil'ed protein (DP) 

Tah/e 4. J Hilll()lI{h~v distrihlltion of rfisso/l'cd protcins (llIg/1) ill Ihe slOj({(.:c (fm! 
f)(){/o/ll Imtl.!/'S Id CI/(l/({kll(~v ril'CI' 

Stations 
Months SI S2 S3 S4 S5 - .. --- .. _--"-----"-----------'-

May 1.59 0.82 0.72 0.B2 1.01 

t July 1.01 0.05 0.09 0.43 0.59 

j Sep 1.10 0.06 0.10 0.52 0.62 

25 Nav 1.40 0.69 0.51 0.69 0.98 
~ 
~ Jan 1.31 0.71 0.66 0.78 1.10 

S6 

0.99 

0.43 

0.50 

0.62 

0.79 

S7 

1.51 

0.83 

0.77 

1.13 

1.26 

SB 

1.83 

0.99 

1.10 

1.57 

1.17 
(fJ 

__ ~M~.a~r __ I~.5~7 __ 0=.7~1~_0=.=69~~I.~12~~I.~3~2_~I~.0~8 _1~.2=O_~1~.9~4_ 

Stations 

BI B2 B3 B4 B5 96 B7 B8 

May 1.59 0.82 0.72 1.17 121 1.25 1.71 2.14 

Cl'> July 0.82 0.05 0.09 0.24 0.59 0.38 0.B3 1.23 
Q; m Sep 0.500.060.100.640.700.41 0.79 1.15 
;;: 
E Nav 1.25 0.69 0.51 0.89 1.07 0.62 1.17 1.91 
.9 '0 Jan 1.110.710.66 0.B2 1.100.561.261.52 

~.~_~.~~_~_!.:~L~7. _ __..!.:i1._~~~ 



~ _____ ----~P~r~o~te~i~n~s~:~P~h~a~se~s~-~c~o~u~p~le~d~sp~a~t~io~t~e~rnwp~o~r~a~l~v~a~r~ia~b~il~i~tYL-______ ___ 

Surface monsoon: In monsoon, the surface distribution profile of dissolved 

protein (Figure 4.1) showed slightly higher concentrations at the reservoir 

station 1 which there after showed a zigzag trend up to station 6. Beyond 

this station, concentration showed a slight hike with the maximum at the 

saline station 8. 

2.0 

::a, 1.5 

.s 1.0 

~ 0.5 
0.0 

2 

SURFACE MONSOON 

3 4 5 

Stations 

6 7 8 

Figure 4.1 Di.l'(ri/lllliol1 (if dis.wil'cd jlrotein (OF) (III!!./!) ill slll/ilCC mlle}'s during 
monsoon. 

Surface nonmonsool1: The nOl1l11onsoonal trend in surface followed more or 

less a similar trend us that in rnonsoon (Figure 4.2). Near to stations 1 and 

5, slightly higher values were seen compared with the stations 2, 3,4 and 6. 

From the estuarine station 7 onwards u slight increase in concentration was 

seen, where the maximum was at the cnd station 8. 
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SURFACE NONMONSOON 

2 3 4 5 

Stations 

6 7 

... -1 

I 
I 

8 

Figllre .f.2 /)islrihllli()1/ or disso/J'C'i/ I)},Olcil7 (!Jp) in slIr/llce mlter.\' dl/ring 
I7OI7I11( IIIS(!( Ill. 

Bottom 111011S0011: In Illonsoon, the distrihution profile of dissolved proteins 

in bottom waters \vere in an in'cgular manner up to station 6 (Figure 4.3); 

similar to sUI'bee monsoonal trend. For stations 7 ancl 8 \vhich were in the 

dO\V11 stream cnd, a gradual increase in concentrations was observed. In 

short, thc diamcnsional characters of dissolved proteins were not 

significantly int1ut:nccd by the depth-wise variability. 

BOTTOM MONSOON 

3.0 

"Cl 2.0 
.E-
a.. 1.0 
Cl 

0.0 

2 3 4 5 6 7 8 

Stations 

Figllre 4.3 Dislrihuliol/ (lr disso/J'ed proteil1 (DP) (I/Igll) in bo//o/1/ mlla.\' during 
11/ () 11.1' 0 () I/. 
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Bottom nonmonsoon: As observed In the monsoon season, the 

nonmonsoonal dissolved protein concentrations \vcrc also in a random 

pattem upto station 6 (Figure 4.4). From the station 7 on wards, the 

concentration gradually increased towards the coastal region. 

BorrOM NONMONSOON 

3.0 

c;, 2,0 
E-
ll. 1.0 
Cl 

0.0 

2 3 4 5 6 7 8 

Stations 

Figure 4.4 Dis/rihwiol1 (~rdiss()IFed protein (DP) (lIIg.'/) ill hll/Will Ij'u/crs dllrillg 
nonmonS()(}I1. 

General: In the distribution profile (Figure 4.5) of dissolved proteins, 

nonmonsoon values were higher than monsoon values, for the surface 

stations. For the bottom stations also, exactly the same trcnd was observed 

where nonmonsooll season recorded the maximulll values. At waterfalls 

stations 2 and 3, comparatively lower values were obscrved both seasonally 

and temporally. At the reservoir and conf1ucnce stations (l and 8), 

dissolved protein concentrations were found to be higher than the rcst of 

the stations, both spatially and seasonally. In short. the station-wise 

specificity is the most important factor 111 detennining the levc1s of 

dissolved proteins rather than scasonality. 
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It has been proved difficult to distinguish between marine plankton remains 

and terrigenous organic matter delivered by nearby major rivers (Onstad et 

aI., 2000). The concept of dissolved organic carbon as encountered in the 

context of estuarine and marine research needs to be carefully defined and 

related to current perspectives on the dissolved organic carbon generated in 

the upstream areas and delivered to the estuary. Riverine dissolved organic 

carbon is produced primarily by leaching of leaf litter with in the stream, 

and by ground water inflows which have infiltrated through organic rich 

areas of the soil. It is composed primarily of humic substances (Ertel et aI., 

1996) with lesser amounts of polysaccharides, carbohydrates and amino 

acids (Volk et aI., 1997). Part of this material can be taken up by bacteria 

(0' Connel et aI., 2000) and upto about \ 0% of the riverine DOC can be 

respired on passing through the estuary (Moran et aI., \999). Riverine DOe 

has a major impact on coastal DOC dynamics and forms part of the 

microbial food web there (Zweifel et aI., \995). 
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Figure 4.5 Spatial distrihlltion ofdissol\'(td proteins in mgll. 
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Particulate protein (PP) 

Bimonthly distribution of particulate proteins in mg/l in the surface and 

bottom waters of Chalakudy river are given in Table 4.2 

Table 4.2 Bimonthly distrihution olparticulate proteins (mg//) in the surface and 
hottom waters o[ Chalakudv river 

Stations 
S1 S2 S3 S4 S5 S6 S7 S8 

May 0.06 0.01 0.01 0.04 0.04 0.03 0.06 0.07 

~ July 0.05 0.01 0.01 0.03 0.03 0.02 0.04 0.05 
Q) 

m Sep 0.04 0.01 0.01 0.02 0.02 0.02 0.04 0.04 
~ 
Q) Noy 0.09 0.02 0.02 0.07 0.05 0.05 0.08 0.09 u 
~ Jan 0.08 0.01 0.03 0.06 0.03 0.05 0.07 007 
:;J 

(J) 
Mar 0.06 0.01 0.02 0.04 0.04 0.03 0.06 0.07 

Stations 
81 92 93 84 B5 96 97 B8 

May 0.06 0.01 0.01 0.24 0.05 0.05 0.06 0.09 

~ July 0.05 0.01 0.01 0.04 0.03 0.03 0.04 0.05 
Q) 

m Sep 0.04 0.01 0.01 0.02 0.03 0.03 0.05 0.04 
~ 

E Noy 0.09 0.02 0.02 008 0.06 0.05 0.08 0.13 
0 

~ Jan 0.08 0.01 0.03 0.06 0.03 0.05 0.07 0.09 
III 
--~~~~~~~~~ 

Surface monsoon: In monsoon, surface distribution (Figure 4.6) of 

particulate proteins followed an irregular pattern, the highest observed 

concentrations being at estuarine stations. Lowest monsoonal values were 

near to stations 2 and 3. In the down stream part, a gradual increase in the 

concentration was seen, more precisely after station 6. 
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Figure 4.6 Disrrihutiol1 olearticIIllI((! pro(cin (fll)) (lIIg//J ill sllr/ace lU/fers dl/rillg 

monsoon. 

Surface nonmonsoon: In nonmonsoon aIso, surtllcl: distribution of 

particulate protein showed till: typical irregular pattern (Figure 4.7). The 

highest particuIate protein values were reported in the up stream region, 

while considering the seasonal as well as spatial variations. Thl: 100vcst 

observed values were also in the waterfalls region i.e., stations 2 and 3. 

SURFACE NONMONSOON 

0.1 

-Cl 
E -D.. 

D.. 
0.0 

1 2 3 4 5 6 7 8 

Stations 

Figure 4.7 Distriblltion o(pllr/iclIill(C proteill (PP) (lJIg/1J in slIrt(/L'e \\'(//ers dl/ring 
nOI1lJ)o I1S0() 11. 
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Bottom monsoon: In monsoon, bottom particulate protein concentrations 

never displayed a wide variation from the surface monsoon values (Figure 

4.8). As observed for the surface stations, here also the lowest observed 

concentration was at station 2 and the highest at station 4. From station 2 

onwards, partieulate protein concentrations sho\vcd a gradual increasing 

trend towards the downstream. 

0.3 

C, 0.2 ! 

E-
o... 0.1 
0... 

0.0 

2 

BOTTOM MONSOON 

3 4 5 6 7 8 

Stations 

Figure 4.8 Di.l'trihlltio/1 of" /ial'ticu/ate protein (/IIg/1) 111 ho/tom wa/ers during 
JJl0I1S00J1. 

Bottom nonmonsoon: In nonmonsoon, pUlticulate protein distribution 

showed a gradual increase from station 2 to the estuarine end, except an 

odd hike at the ferry station 4 (Figure 4.9). At stations 2 and 3, 

comparitively low values were observed. Enrichment of partieulate protein 

in the bottom water of the reservoir station (I) during nonmonsoon season 

also indicated the availability of organic pools in dams. 
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,--- - ------------
- BOnOM NONMONSOON 
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Figure 4.9 Distribution of particlIlate protein (mgll) in bottom waters during 
nonmonsoon. 

General: While discussing the particulate protein distributions at stations 2 

and 3, no wide variations in concentration were observed, both spatially 

and seasonally (Figure 4.10). At stations 1, 6 and 8 nonmonsoonal values 

were slightly higher than monsoonal values. At station 4, the surface 

nonmonsoonal values showed a sudden hike and this was the highest 

reported particulate protein concentrations in the study area. 

Variation of particulate proteins In the present investigation showed a 

maximum value at station 8 (0.08 mg/I) for bottom water samples during 

nonmonson and a minimum at station 2 (O.Olmg/l). The high protein 

content at station 8 may be due to the high productivity and the low value at 

the waterfalls station 2 could be attributed to the increase in the turbulent 

character of river system which removes the particulate organic matter as 

readily as it forms and hence proteins. 
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SPATIAL DlSTRlIII10II Of PAmUlATt PROTEINS Img!) 
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Figure 4. /0 Spalia/ di.~/rihution of peJ/"liclI/ale proteins in mg//. 
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Sedimentary protein (SP) 

Bimonthly distribution of sedimentary proteins in mglg in the sediments of 
Chalakudy river are presented in Table 4.3 

Tahle4.3 Bimonthly distribution of sedimentary proteins (mg/g) in Ihe sediment .... 
QjCh!1lcrkudy river 

Stations 
S1 S2 S3 S4 ss S6 S7 58 

May 8.58 0.95 1.30 5.91 2.82 3.08 4.23 9.34 

July 4.35 0.39 0.58 3.79 0.78 1.09 1.27 5.15 

Sep 3.97 0.43 0.69 3.04 0.69 1.77 1.30 4.58 

Nov 6.84 0.69 0.92 3.08 1.27 2.32 2.90 7.51 

Jan 5.24 0.56 0.81 3.88 1.07 2.70 2.52 6.81 

Mar 9.87 0.82 1.09 6.84 2.32 4.60 4.60 10.20 

Monsoon: The monsoonal distribution of sedimentary protein showed an 

irregular distribution pattern (Figure 4. I 1). Reservoir and estuarine stations 

recorded comparatively higher concentrations of sedimentary proteins. 

Waterfalls stations (2 and 3) in the upstream portion recorded the lowest 

values. Station 4 which was also in the upstream region recorded slightly 

higher concentrations. 

MONSOON 

10 --a 
m 
E 5 -i Q. I 
tJ) ! 

0 .l 

2 3 4 5 6 7 8 

Stations 

Figure 4. J J Di.l'trihlllion (?f'proleins in sediment.l· (SP) (mglg) eluring mOl1soon. 
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Nonmonsoon: The nonmonsoonal sedimentary protein distribution depicted 

the same trend as that in the monsoonal distribution; the highest observed 

concentrations being at stations 1 and 8 (Fibrure 4.12). In this season, the 

lowest observed value was at station 2. On generalizing the distribution of 

sedimentary protein through out the entire stream, the pattern was found to 

be similar to that of dissolved! particulate phases. 

NONMONSOON 

2 3 4 5 6 7 8 

Stations 

Figure 4. J 2 Distribution 0.( proteins in sediments (SP) (mglg) during nonmonsoon. 

General: While discussing the general trend in the distribution of 

sedimentary proteins (Figure 4.13), nonmonsoon values were higher than 

monsoon values through out the study area. At stations 1,4,6,7 and 8 

nonmonsoon sedimentary protein concentrations widely varied from 

monsoon concentrations. 
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SPATIAl. DmlBU110II OF SElllENTAR'f /R01EINS In9lI 
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Figure 4.! J Spu/iu! distribution q( sedimentary proteins in mglg 
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Rivers can bring about the distribution of the large quantities terrestrially 

derived organic matter, to the sediments. In the present study the highest 

protein concentration (8.5 mg/g) was observed at station 8 during non

monsoon and the lowest (0.61 mg/g) at station 2 during monsoon. The low 

protein content at station 2 may be due to the low organic matter and high 

sandy nature of the sediment. High flowing character of the river at this site 

restricted the accumulation of proteins. Presence of high organic matter and 

clay content increased the amount of proteins at station 8. Proteins are 

strongly adsorbed onto organic matter and clay minerals. Low tidal activity 

provides a suitable condition for the settling and adsorption of protein onto 

the sediments. The proteins were strongly and rapidly adsorbed by clay 

minerals and sediments, and much of the adsorbed proteins were not 

readily desorbed (Ding and Henrichs, 2002). 

Proteins account for more than abollt 50(Vo of organic matter (Romankevich, 

1984) and 85% of the organic nitrogen of marine organisms. At all stations, 

monsoon concentrations were the least. Leaching might have increased the 

protein concentration in nonmonsoon seasons. Photochemical processes 

may also be important in cycling of some biochemical compounds (Keiber 

and Mopper, 1987). For surface water samples, the lowest value for 

dissolved proteins was recorded at station 3 (0.35 mg/l) during monsoon 

season and the highest value was recorded at station 8 (1.55mg/l) during 

nonmonsoon. The high values at station 8 during both monsoon and non

monsoon seasons also rcflect the enhanced biological activity, especially in 

the estuarine region. The decomposition of phytoplankton and other 

vegetation and sewage which contain enormous amounts of proteinaceolls 
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materials contribute to protein concentration. Generally, higher 

concentration of protein was found at station 1 during both seasons. For 

surface water samples, station I recorded a maximum value of 1.43 mg/l 

during nonmonsoon and for bottom water sampIcs, the value was 1.37 

mgll. Comparatively higher concentration of proteins was found at station 4 

during nonmonsoon season which could be due to the settling of plant 

materials discharged fi'O!11 rubber factory, plantation corporation of Kerala 

(PCK ferry) which is situnted I km away from the station 4. There is an 

increasing evidence that. contrary to the traditional view of proteins as very 

labile molecules, certain protein species of bacterial origin present in 

aquatic environment may be particularly resistant to degradation (Nagata et 

aI., 1996) suggesting that some protein components are resistant to 

enzymatic attack and accumulate in water. 

Although high molecular orgalllc materials were refractory to microbial 

attack, they tend to adhere onto the surface of detritus and consequently, 

particles are easily fonned from high molecular weight materials. Partial 

hydrolysis of macromolecules such as proteins and other compounds may 

take place on the detrital surfaces under the influence of bacterial enzymes 

and consequently, a portion of macromolecules may be transfonned into 

low molecular weight compounds easily utilized by aquatic organisms 

(Ogura, 1977). Mneromolecular DOM may not be directly utilized by 

aquatic organisms, but they may be transformed into smaller compounds on 

detrital surfaces by baetririal activity and take part in food chains in aquatic 

systems. 
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Previous studies have shown that adsorption of polymeric organic materials 

such as proteins to surfaces can occur very rapidly and that the adsorption 

can have substantial effects on the degradation rates of organic material 

(van Loosedrccht et aI., 1990; Fleteher, 1991; Keil and Kirchman, 1994) 

and tbe dissolved organic matter aclsorbed to colloids was less easily 

degraded than freshly dissolved organic matter. Marine colloids and sub 

micron particles provide large surface areas which could have substantial 

implications for biochemical cycling in aquatic environment. Effect of 

surface area on degradation of organic matter could be stimulative, neutral, 

or even inhihitory (van Loosdrccht et aI, 1990, Fletcher, 1991). But the 

results appear to vary depending on several factors, including concentration 

of organic matter on the surface and the nature of the interactions between 

organic matter and surfaces (van Loosc1recht ct aI., 1990; Griffith and 

Flctchcr. 19(1). 

Proteolytic enzymes bound to bacterial cells are suggested to be responsible 

for high tUIl1 over of dissolved proteins (Hollibough and Azam, 1983). To 

utilized absorbed proteins, bacteria need to remove protein molecules from 

the surface. Hydrolysis of adsorbed proteins are initiated only when the 

affinity of bacterial pro teases or 'protein binding proteins' that bind to 

proteineous substratcs exceeds the bond strength between proteins and 

surfaces (Nagata and Krichman, 1996). 

Mechanisms underlying the variation in degradability of dissolved proteins 

and other dissolved organic components in aquatic systems are not well 

understood. Onc hypothesis is that labile protein is transfonned into less 
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labile protein due to abiotic modifications including, adsorption, 

condensation and photochemical reactions (Keil and Krichmann, 1994; 

Nagata and Krichman, 1996). Recent research has suggested that 

association of proteins with other organic components may affect greatly 

the degradability of proteins in water (Keil and Krichmann, 1994; Nagata 

and Krichman, 1996). Because of the slow turn over and close association 

of proteins with other macromolecules including proteins probably have 

more chances to be modified geochemically which may result in the 

formation of refractory proteins (Keil and Krichmann, 1994). This process 

is significantly enhanced by radiation, especially in the ultraviolet range 

(300-400 nm) (Keil and Krichmann, 1994) while originally refractive 

dissolved organic matter becomes labile upon uv exposure (Lindell et 

al.,1995,1996; Wetzel et aI., 1995, Graneli et al., 1996, Kaiser and Hemdl 

1997, Reitener et al., 1997). However, not only the light but also the 

sorption processes of labile organic matter onto sediments contribute to its 

refractory nature (Keil et a1. 1994; Hedges and Keil, 1995). Thus, structures 

of macromolecular organic complexes and their interactions with bacterial 

assemblages could substantially influence storage, turn over and transport 

of organic matter especially proteins. The overall distribution of proteins in 

dissolved, particulate and sedimentary phases are pictured in Figure 4.14. 
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• SoII .... ~ pro<" • Disloh ~ Prot" 

Figure 4.14 Overall distribution of proteins in dissolved. particular!? and 
sedimentary phases. 

Role of hydrographical parameters on protein distribution 
profile 

On examining the influence of hydrographica\ as well as sedimen lological 

parameters on the distribution of proteins. certain significant correlations 

were observed based on Pearson's correlation coefficient values. Dissolved 

oxygen was found to be negatively corre lated to dissolved as well as 

particulate protein (Figure 4.15 and 4.16). Sedimentary proteins showed 

good positive correlation with Sac. clay, silt and nitrogen ((Figure 4.17). 
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Statistical Approach 

Abbreviations 

:'>IS 

\-1 SS 

(I'<"O.(l5) 

(1'- 0.(1) 

(1'< ().O() I) 

11,1 D:; 

Not Significant 

degrees of ti'eet!olTl 

Mean Sum of Squares 

calculated F is signiticunt at 5% level 

calcubted F is signitic,ult at J \I~) ICI'cI 

calculated F is significant at O.! % !c1'cI 

Multidill1cnsinnul ~caling 
----------------

Fahie 4.4 Disfrihuliol1 o/disso/l'ed proteins 

Station Average std CV% Station 

S1 1.329 .219 16.50 SS 

81 1.154 A03 34.91 85 

S2 .508 .323 63.62 S6 

82 .508 .323 63.62 86 

S3 .460 .267 58.02 S7 

83 .460 .267 58.02 87 

S4 .727 .223 30.69 S8 

84 .834 .336 40.34 88 

average std CV% 

.. _----_._._. 
0.936 0.258 27.61 

0.974 0.238 24.50 

0.736 0.240 32.67 

0.772 OA06 52.59 

1.117 0.251 22.49 

1.161 0.305 26.30 

1.433 0.369 25.75 

1.719 0.452 26.32 

Distribution of dissolved proteins (Table 4.4) averaged over seasons 

showed very low proteins at stations 2 to 3 (6 proteins <O.50R) and 

comparatively higher values at SI, S7, S8 with high seasonal variation at 

S2, S3 (CV %> 58.02) and consistent - seasonal values at stations SI, S4, 

S5-S8 (CV %< 32.67). Bottom proteins showed an increasing trend from 

B3 toB~ with higher values from B2-87 to 88 (I. 1 54sproteinssI.7 19) with 
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(CV %) seasonal variations rangmg between 22.50% (B7) and 63.62% 

(CV% for B2) 

3way ANOV A (Table 4.5)applied for station \vise, seasonal and depth wise 

comparison showed significantly high spatial (FoJs )=210.305, p<O.OO I), 

seasonal (F{S.J)l= 189.70, p<O.OO I) and surfacelbottom difference 

(F(I,35)=S.1197, p<O.Ol) with all interactions significantly high (F> 3.352X, 

p<0.05) as indicated by least values at stntiollS 2 & 3 during July and 

September at all stations and highest values during March and May at all 

stations and surface/bottom difference heing high at station 4 to SR. 

Tahle 4.5 3 H,({Y ,·lNOV;I./ilr c(lllI/wring r/issn/J'cd /)}'()fcin ill Imfe,. ,I'ill! res/leef I() 

station, slIr/cn:e and hO/tolll, !llTd S(,({SOIlS 

Source ss dol MSS F ratio Remarks 

Stations (A) 12.1289 7 1.7327 210.3046 (P<0.001 ) 

Sur/Bot (B) 0.04218 004218 5.1197 (P<0.01 ) 

Seasons (C) 7.8150 5 1.5630 189.700 (P<0.001) 

AB interaction 7 0.04903 5.9510 (P<0.01 ) 

BC interaction 5 0.02762 3.3528 (P<0.05) 

AC interaction 35 0.03333 4.0456 (P<0.001 ) 

Error 0.28838 35 0.008239 

Total 104.355 95 

Dendrogram drawn separated July and September (cluster I) from January 

to May and November (cluster 2) at 90% level of similarity (Figure 4.1 g a). 

Clustering calTied out for stations separuted stations 2 and 3 from rest () 

stations (Figure 4.18 b) at 90% level of similarity other than station BC) 
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which is differing from the rest of the stations, because at this stations July 

to January show more consistency in protein distribution while March and 

May show 1.33 as the average which is nearly three times the average 

protein observed during other months. 

.. ~- - - - -~---- ------

1 

... 
2 

Figure 4. 18 a. Dendrogramfor seasons based on dissolved protein in water 
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~, 
(~ 

Figure 4.18 b. MDSfor stations based on dissolved protein in water 

Trellis diagram drawn to compare between stations showed significant 

difference between stations SI and B 1 with stations S2 to B6 (t 

10>3.169, p<O.Ol) and stations 2 to 4, different from that of stations 1 

to 8 (t 10>20228, p<0.05) at surface and bottom and stations 5 to 6 

from that of S8 and B8 (t 10>3. 169,P<0.01) (Table 4.6) at surface and 

bottom for stations 5 and 6. 
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Table 4.6: Trellis diagram for stilt/ems I test fO compare between stations 
based an dissolved protein (0 Not signiJicam: . Significant al / 00/0 level: . 
Significanl af 5% level: 0 Signijicam at 1% level) 

" " " " " " " " ~ M Y M " " .. .. 
" '" " " '" "" . " , .. < .. < .. .... u .. , ... '" ", 
" u u W 3_21 2.01 ", '" ... '" UII '" •. " '" .... 
" , '" ,~ ... ,~ <" < .. ,~ '" n" H' '" .. , 
" .~ '" '" '" u, <" ", ". ,,,,, ,,~ ." • . 17 

" , '" '" < .. '" '" .. " '" 
,,, HO , ... 

" '" '" <" ,,, 112 '" '" ,." HO ,.'" .. • , . 1.31 '" ,." '" U <0, , .. ... .. ." 0.1& 0.53 '" 1.S1 '" < .. 3.51 

" • ". '" '" '" H, W ". 
" .." , .. ,." , ... <" '" 
" '" ,." <" , " ." 

" '" 171 <" ,.. 
" '" ,." <0, 

" 1.27 U. 

" ,." .. 

Table 4. 7 Distriblltion oJ particlI/ute protein 

station m .. , <Id CII% ... "" MoM old CV% 

S, 0 .061 0.017 27 .68 SS 0.036 0.008 23.43 ., 0.067 0.018 26.80 .5 0.042 0.012 28.96 

S2 0.101 0.004 37.79 sa 0.032 0.013 40.15 

. 2 0.010 0.004 37.79 B6 0.042 0.010 24.00 

53 0.016 0.008 SO.56 S7 0.056 0.014 25.32 

.3 0.016 0.008 SO.56 .7 0.060 0.014 23.SO 

54 0.041 0.017 40.33 sa 0.064 0.017 26.75 

B4 0.130 0.184 141 .74 .8 0.080 0.028 35.17 

Distribution of particulate proteins arranged over seasons (Tab le 4.7) 

showed comparatively higher values at station 1 and station 8 at surface 

and a steady increase in value from station 2 to station 8 (0.010-0.064) 
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with seasonal variation between 23.43% and 50.56%. A similar trend 

was observed for bottom samples also. With highest variations over 

seasons at station 4, B4 (CV%=141.74%). Maximum protein at surbcc 

was 0.061 and minimum was 0.0 I 0 at station 2. The corresponding 

values at bottom were 0.080 (station 8) and 0.010 (station 2). 

Table 4.8 3 way ANOVA for colIl/wring !)(II'riclIlo((! /woreil7 I\'irh i"(;'.I/}('CI {() 

stations, slII/w;e and hntloll1 and S('(/.\·OIlS 

Source 

Stations (A) 

Sur/Bot (B) 

Seasons (C) 

AB interaction 

BC interaction 

AC interaction 

Error 

Total 

ss 
0.060199 

0.00630505 

0.026396 

0.08848 

0.52576 

dof MSS F ratio Remarks 

7 0.008599 34015 (P<0.05) 

0.0063051 24941 4.12 (P>0.05) 

5 0.0052793 20883 249 (P>O. 05) 

7 0.0026496 10481 (P>0.05) 

5 00026525 1.0493 (P>0.05) 

35 0.0026767 1.0588 (P>0.05) 

35 0.002528 

95 

3 way ANOVA (Table 4.8) applied to compare between stations, 

surface and bottom and between seasons based on particulatc proteins 

showed high station wise difference (F(7J~)=3.40, p<O.05), but low 

significance for surface and bottom difference (F(l,m=2.49, p<O.12) and 

low significance for seasonal difference, (F(5.35) =2.0883, p<0.09). No 

significant station season specificity was observed (p>O.05), 

Dendrogram drawn to group the months showed that May is different 

from other months as indicated by the single cluster containing the 
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months September, January, November, July and March at 90% level of 

similarity. Stations were grouped into single cluster excluding station 4 

at bottom were seasonal variation was the maximum. Stations 5, I, 7 

and 2 showed consistent values of proteins both at surface and bottom 

(Figure 4.19). 

" 

'. 

.. - - - I--~====:::r:....:::..-=--=---;- - - - -
I 

M' I I 

Figure 4. J 9 Dendrogram/or seasons based on particulate protein in water 
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Table 4.9: Trellis diagram for students t test to compare between stations based on 
paniculate protein (. Not significant: . Significant at I()'J/o level: • Significan, at 5% 
level: • Significant at 1% level) 

" " " " " " 
,. ~ " ~ " M " " " .. 

" ". ,." ,." .... . ... '" .~ .oo '" .... '" ... ... .. " '" 
" ... .... 5.15 5.75 '" .n '" '" H. .... .... .~ 0.2' .... 
" • ... , ... ' .'2 ,." '" 5.'5 HO on ' .M ". ... .. " 
" '" ,." ' .12 '" .... . .. '" ... 'M '" 1.82 ." 
" 

, 
'" , .. 3.15 3.93 2.31 .. , '" .M ... .. , .. '" ". '" 3.U 2.31 U~ 5." ' .M ... .. , 

,. 
'" '" '" , ... 0.'2 ,." 1.93 '" .~ 

~ '" 1.07 ". 'M ,." , .. 0.79 ... 
" 0.91 , .. 

" m '" '" u. 

" '" 0.07 '" W '" '" .. ,." >.n ", '" 3.' 2 .. • '" u ... 2." 

" '" 0.78 , .. 
" ... '" 
" , .. .. • 
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Trellis diagram drawn (Table 4.9) to compare between stations showed 

high difference in protein values between stations SI and station 8. 

S2,S3,SS and S6 similarly for B 1 with B2,B3,BS,B6, stations S2,B2,S3 

and B3 are different from SS,BS,S6,B6,B7,S7,S8 and B8. Also B4, SS, 

B5 and S6 are different from S7, B7, S8 and B8 (t1 0>3.169, p<O.O I). 

Table 4.1 () Distribution olcarbon equivalents of proteins 

Station average std CV% 

3.173 1.066 33.60 

2 0.314 0.099 31.51 

3 0.440 0.119 26.93 

4 2.167 0.706 32.59 

5 0.731 0.391 53.54 

6 1.271 0540 42.50 

7 1.374 0.631 45.97 

8 3.560 0.998 28.03 

Distribution of proteins average over seasons showed that proteins 

varied between 0.314 (station 2) and 3.560 (station 8). Maximum 

seasonal variation was observed at station S (CV%=53.S4). Stations 

with higher proteins have comparatively lower seasonal variations 

(Table 4.10). 
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TaMe 4.11 3 way ANOVA for comparing hetween carhon CCllIil'(t/enl of' 
protein with respect to station and seasons 

Source ss dol MSS F ratio Remarks 

protein (A) 18.0161 18.0161 279.579 (P<O.OOl) 

Stations (8) 55.9159 7 7.9879 123.975 (P<O.OO1) 

Seasons (C) 16.1577 5 3.2315 50.1542 (P<OOOl ) 

AB interaction 7 2.0881 32.4075 (P<O.OOl ) 

BC interaction 35 0.18565 2.8813 (P<0.05) 

AC interaction 5 0.4211 6.5357 (P<0.01 ) 

Error 2.2552 35 0.06444 

Totai 252.754 95 

3 way ANOV i\. (Table 4.11) applied to compare proteins, between 

stations and between seasons showed significant difference in protein 

concentration (1'( 1,35)=279.579, p<O.OOI) between stations 

(F(7,35)= [23.975, p<O.OOI) and between seasons (F(5.3'i)=50.154, 

p<O.OOI), Protein distribution depicted a season station interaction, 

with higher values at station 1 and station 8 almost all the months and 

very low values during July, September and November at stations 2, 3, 

5 and 7. 
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CHAPTER V 

CARBOHYDRATES: PHASES-COUPLED 
SP A TIOTEMPORAL VARIABILITY 

INTRODUCTION 

In the water column orgal1lc matter exists III dissolvcd and particulatc 

fonns. Initial input of the organic matter consists of all major classes ot' 

naturally occuning organic compounds such as carbohydrates, proteins. 

aminoacids. pigments, phenolic substances, lipids and other constituents of 

living organisms (Premuzic et al., 19~2). During sedimcntation only a small 

pOliion of the initial input in the [om1 of large particles such as fecal pellets 

or murine snow reaches the sediment floor (Asper, 19~7). 

Carbohydrates arc polyhydroxy aldehydes! ketones or compounds that call 

be hydrolysed to these compounds. Carbohydrutes form an imporlnnt 

reactive ti-Llction of organic matter in water and sediment where they exist 

as several classes, monosaccharicles, oligosaccharides, polysaccharides and 

saccharides bound to humic substances. 

Carbohydrates are the most abundant class of compounds produced in the 

biosphere. Generally, they are linked with polymers, and there are several 

impOl1ant polymeric sugars that decompose and enter into the aquatic 

system. The important pulymers include amylose and hyaluronic acid. 

Another important polysaccharide that may he present in the aquatic systcm 
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IS alginic acid which is a component of algae and kelp. All of these 

biopolymcrs arc susceptible to degradation, both chemical and biochemical 

and are important sources of monosaccharides and polysaccharidcs in the 

aquatic environment. 

The majority of the carbohydrates In fresh water originates 111 terrestrial 

systems, i.e., from plants after death and dry out and may release :W(Yo of 

organic matter into watcr (Dahm, 1981). Half of this material is simple 

carhohydrates, probahly monosaccharides and polysaccharidcs. the 

remaining hal f bcing organic acids rich in carbohydrates. Thus, watcr 

lechatc of plant matter is an important source of carbohydratcs in watcr. 

On the other hand, soils contain carbohydrate rich organic dcbris that are 

not readly soluble in water. Stevenson (1982) stated that as much as 5 to 

2YYo of soil organic mattcr is carbohydrates, including amillo sugars. uronic 

acids, hexoses, pentoses. cellulosc and its derivatives. The cl1zymatic 

hydrolysis of polysaccharides by soil microhes rcleascs simple 

monosaccharides and oligosaccharides into soil solutions, which are 

flushed from soils, during wet seasons into streams ancl rivers. Since simple 

sugars are easily utilized by soil organisms such as bacteria, mould and 

fungi, they are a reactive fraction and are continually released and used. 

Thus, plant and soil organic matter are imp0l1ant contributors to 

carbohydrates in water. 

In aquatic systems such as large lakes and occans, algac are the il1lpor1ant 

source of carbohydrates. Carbohydrate concentration correlates closely to 

the algal population and usually. concentration of carbohydrates decreases 

with depth as the algal population decreases. Seasonal and temporal 

", 
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variations in the carbohydrates were reported in different water systems, 

since they are among the most important hiopolymers in fresh water 

systems (Buffle, 1990: Sig!eo, 1996; Munnino and Harvey, 2000) 

Carhohydrates are the largest identi til:ci fraction of organic matter in the 

aquatic systems, accounting for 20 - }O% in thl: surface water (Pakulski 

and Benner, 1994; Benner et al., 1992: Skoog anci Benner, I 997) and occur 

as monosaecharides, oligosaecharides and polysaccharides. They arl: the 

versatile molecules that serve as energy, storage and structural components 

of cells. In aquatic systems. chmlical ~nergy is stored in the form of 

phytoplankton derived carhohydrates. and this in turn provides energy to 

the non photosynthesizing organisms through the process of glycolysis and 

respiration (Witter '.lIld LutheL 1(02). Glucose and to a lesser extent the 

other dissolved neutral lllon()sa~charidc components probably fuel a large 

fraction of bLlctcrial respiration (Rich et al., 1996). Carbohydrates, 

especially free glucose, hLlv~ heen shown to he hiologically rl:uctive 

molecules (Skoog and [3enner. 19(7). They are found to vary 

geographically and seasonally. and arc primarily derived from 

phytoplankton and vascular plants. 

The present study focLlses on the spatial as well us temporal variations of 

dissolved, particulatc and sediml:ntary carbohydrates in the Ji ffcrent 

selected stations of Chalakucly river. 

MATERIALS AND METHODS 

Carbohydrates were estimated by the phcnol- sulphuric acid method as 

descrihed in Chapter 11. The anaiysl:s were carried out in the disso\n:d. 

,,,-. 
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particulate and sedimentary phases. Monosaccharides and polysaccharides 

were estimated. 

RESULTS AND DISCUSSION 

The temporal changes in the (.;oncentrations of dissolved, particulate and 

sedimentary monosaccharides and polysaccharides are illustrated in Tables 

5.1 to 5.6. 

MO}1osacc/wride'<'j ill the dL<·;so/ved phw.;e(DMS) 

The concentration protile of dissolved l11onosaccharides rctlects the balance 

among dissolved, pariicuiate and sedimentary 

sol uhil isation. 

carhohydrates vIa 

T';lble ().! L/iJ]}Ollth(l' distribution of di880lved mono8tlcciwl'ide8 (,l1glj) 
i17 the SUr/lUX' /wd hot/om H"flters ofClwj<Jklldy river 
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Dissolved Monosaccharide-Surface monsoon 

2 

1.5 
C, 1 
E 

0.5 

0 1. 

2 3 4 5 6 7 8 

Stations 

Figllre :J. I DistributioJ1 of dic;.'wived lll0I108/u:dwridl:'s (Ill,!..;//) ill surl,:,cu 
waters during 1110n80011. 

Surface monsoon: The surt'tlce distrihution pattern of clissohTd 

monosaccharides in the monsoon showed (Figure 5.1) more or less an 

irregular pattel11 in the upstream portion where comparatively lo\\' "alllcs 

were observed near to stations 2 and 3. The dO\l,/Il stream portion of the 

river showed a gradual increase in concentration beyond station () where the 

highest recorded values were at the estuarine stations 7 and 8. 

Surface nonmonsoon: In the nonmonsoon season (Figure 5.2), 

comparatively lower values were seen near to stations 2 and 3, whereas 

station 5 showed a slightly higher dissolved monosaccharide concentration 

towards the down stream end. A gradual increase in concentration \vas 

observed towards the estuarine cnd, where thc highest value \vas at the 

Azhikkode area (station 8). 
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Dissolved Monosaccharide-Surface nonm onsoon 

2 

1.5 

Cl 1 
E 

05 

o 
2 3 4 5 6 7 

Stations 

8 

Figure :;.:d Distribution o{ di~solved lJ}Ol1()s!lcc/inriries (mM/I) in surface 
w;JtUl'S during 110IJIl10J]Soon. 

Dissolved Monos accharide-Bottom m onsoon 
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1.5 

Cl 
E 

0.5 

0 i 

2 3 4 5 6 7 8 

Stations 

Figure 5.:1 Distribution of dissolved 111011()StIU.:/wl'ides (mgll) in 
bottoJ]Hvate1'8 during ]]]01180011. 

Bottom monsoon: No spccific pattcm was observed in the distribution of 

dissolved monosaccharide in hot tom waters upto station 6 (Figure 5.3). 

Beyond this st<ltiOll. a gradual increase was ohscrved in the distribution of 

monosaccharidcs towards the estuarine end. Comparatively lower values 

17.r,. 
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were observed near to the waterfall stations 2 and 3. The highest observed 

concentrations were the confluence regions of the estuarine systems. 

Dissolved Monosaccharide-Bottom nonmonsoon 

2 

1.5 

0.5 

o 
2 3 4 5 6 7 

Stations 

8 

Figure /S. ,f Distribution of diss'()/ved lllOIJOSflCchflJ'ie/es (w,!:I!) ill b(lttu!l] 
wfltel'S during 17onmom .. -oull. 

Bottom nonl11onsoon: The nonl11onsoonal distrihution (Figure 5.4) of 

dissolved monosaccharides in hottom water was exactly similar to that 

observed in the monsoon season. Here also, upto station 6, the distribution 

profile exhibited an irregular variability. Beyond station 6 

(Kanakkankndavu), a gradual increase in concentration was observed 

towards the down stream end where the highest concentration was at the 

estuarine cnd. 

The presented himonthly data showed a highest Illonosaccharide 

concentration of 1.52 mg/l at station R during nonmonsoon for surface 

Water samples and 1.64 mg/l at station 8 during l1onmonsoon for bottom 

water samples. The concentration protile of dissolved carbohydrates 
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reflects the halance between the production of dissolved carbohydrates via 

solubilisationihydrolysis from particulatc organic carbon and consumption 

of carhohydrates hy fcnnentative bacteria. Once hydrolysed, most 

monosacharides would likely to be remineralised rapidly (Sawyer and 

King, ]lJ93; Rich et al., 1996). The major monosaccharide utilisers were 

reported to he the micro heterotrophs, namely, hacteria, yeasts and possibly 

some algae. Their concentrations were found to he highly variahle with 

respect to tidal cycle (Millero and Sohn, 1992). Although carhohydrates arc 

the impol1ant constituents of dissolved organic matter (usually 10-20 0/r)) , 

relatively little is known about them in estuarine and coastal ecosystems. 

Leaf material from vascular plants is an important source of organic carbon 

in a variety of coastal and estuarine ecosystems (Valeila et al., 1984) and a 

potentially important source of dissolved and pal1iculate carbohydrates. 

The obsen·t.xl enrichment of dissolved carbohydrates at station 8 may be 

mainly due to the leaching of dead and decayed kaf litter. Due to the 

variation in tidal flow, the leaf litter remains accumulated in station 8, 

which \-vill lead to an increase in concentration of carbohydrates. The waste 

products from fish hatchery unit situated very close to the station 8. can 

also contribute to the increased level of carbohydrates at this station. 

While discussing the general trend (FigureS.S), both spatially and 

seasonally at most of the stations (1,4,5,6,7 and 8) the nonmonsoonal 

values were higher than the monsoonal values for both surface and bottom 

samples. At stations 2 and 3 no wide variations were observed in the 

dissolved monosaccharide concentrations. seasonally. 
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Figure S.S Spatial distribution of dissolved mOl1osaccharides in mgll. 

\39 



Chapter V 

Polysaccharides in the dissolved phase(DPS) 

Table 5.2 BimontNy distribution of dissolved polysaccharides (mgll) In 
the surface and hottom waters of Ch alakudy river 

Monlhs Stations 

S1 S2 S3 S4 S5 S6 S7 S8 

May 1.00 0.13 1.16 128 1.29 1.17 '.91 1.77 
rJl 

2 July 0.58 0.95 0.56 0.98 0.96 0.84 1.22 1.23 
!\l 
~ Sep 0.57 0.46 0.68 0.68 0.82 072 1.32 1.50 
Q) 
u Nov 1.12 0.58 0.74 0.86 0.83 0.85 1.22 1.38 !\l 
't: 
:l Jan 0.98 0.59 0.82 0.86 1.10 0.82 108 1.46 (f) 

Mar 1.02 0.56 0.67 0.96 1.13 1.01 1.22 1.25 
Stations 

B1 82 83 84 B5 86 B7 88 

May 1.00 0.13 1.16 1.16 1.03 1.66 1.79 1.82 
'" 2 July 0.68 0.95 0.56 1.12 0.96 0.91 1.79 1.40 
!\l 
~ Sep 0.81 0.46 0.68 0.75 0.94 0.91 1.26 1.62 
E Nov 1.01 0.58 0.74 0.91 0.92 0.85 1.30 1.41 0 
:t:: 
0 Jan 1.10 0.59 0.82 094 1.10 1.10 1.08 1.51 ID 

Mar 1.10 0.56 0.67 1.01 1.50 1.10 1.22 1.44 

Surface monsoon: In monsoon, the distribution pattern (Figure 5.6) of 

dissolved polysaccharides in surface was more or less in a regular manner 

where a gradual increase was seen from the upstream end towards the 

estuarine end of Chalakudy river. Here also, maximum observed 

concentrations were near to the stations 7 and 8, that is in the estuarine 

environments. 
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DISSOLVED POl YSACCHARlDE- SURFACE MONSOON 
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Figl1re 5,6' Dis,tl'ihul iOll of dissolved poi.l-''''·(lcch;u'ides ulJp:IJ) 111 

Sl1l'£7Ce water,.:; dlll'illf[ 111()l1.";OOl1. 

Surface nonmonsoon: In nOl1mOl1soon (Figure 5.7), the surface disso! ved 

polysaccharidcs c(lnccntrtttions t()iiowed a random pattel11 up to station 6, 

Here also, maximulll values were noted nettr to the down stream stations, 

that is 7 and 8. 
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Fif(ure 5, '7 /Jistribution of dissoiJ-ed pO(I-s:lcciwl'ic/es (/J},~/l) in surf/w(' 
W:ltel'S dllJ'inf{ 110nJl}0l1::;()OI1. 
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Bottom monsoon: In monsoon, the part of the study area up to station 6 

showed randomness in the concentration gradient (Figure 5.8). In the down 

stream part of the study area a gradual increase was observed in the 

dissolved polysaccharide concentration where the maximum values were 

near to stations 7 and 8. 
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DISSOLVED POl YSACCHARIDE· BOTTOM M ONSOON 
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8 

Figure ;5.8 Dl; .. ;fribllti()n of' di<:8o/Ff'd P()~F~CJ(xJ1rIJ'ides (mg//) in bottom 
1Ft] tel',-; during ]]J()I1S00JJ. 

Bottolll nonmonsoon: In non1110nsoon also the bottom distribution profile 

of dissolved polysaccharides was im.:gular up to station 6 (Figure 5.9). In 

this season also 11 gradual increase in concentrations was seen only beyond 

station 6 towards the sea side, the maximum being at station 8. 
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Figure 5.9 DistribuHon of dissolved pofysaccharides (mgll) in bottom 
waters during l1onmonsoon. 

While discussing the general trend in the dissolved polysaccharide 

concentrations both spatially and seasonally, the lowest values were at 

station 2 (Figure 5.10). At stations 7 and 8, which were at the down stream 

end, comparatively high values were observed when compared with the rest 

of the stream. At stations 1, 2, 5 and 6, nonmonsoonal values were slightly 

higher than monsoonal values at surface. At stations 7 and 8, the 

monsoonal values of the dissolved polysaccharides exceeded the 

nonmonsoonal values. For bottom samples, upto station 6 nonmonsoonal 

values were slightly higher than monsoonal values. At stations 7 and 8 

monsoon recorded slightly higher concentrations than nonmonsoon season. 
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SPATIAL D~T~BunO!l OF D~OLVED POLY SACCHARlDES Im~ 
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Figllre 5.10 Spatial distribution of dissolt;ed po~rsaccharjde in mgl/ 
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The present study showed the maximum value 1.56 mgll at station 8 during 

monsoon for bottom water samples and 1.47 mg/l at station 8 during 

monsoon for surface water samples. The lowest value was recorded 111 

station 2. Comparatively high value \vas recorded at station 7 

(Kottappuram), where Chalakkudy river merges with Periyar river. The 

highest concentration observed in this station could be due to the combined 

effect of various contributing factors such as high productivity, transport of 

organic matter and hiogenic production caused by nutrient rich \vatcr. The 

ohserved low value of carbohydrate at station 2 may be due to the dilution 

and oxiclative degrudation of organic mutter. 

MOl1osaccharides in the part jell/ate phase (P/v!S,) 

Carhohydrates arc the structural and storage components of hoth manne 

and terrestrial orgunisms. In pat1iculate samples. the contrihution of 

carbohydrute carbon to the particulatc organic carhon may vary from I 0-

30% (Hernes et al., 1996; Sigelo, 1996). Phytoplankton and the detritus 

largely detennille the carbohydrate composition of particubte matter. 
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Table 5.3 Bimonthly distribution ofparticlllate monosaccharides (mgll) in 
the surface and bottom ,vaters o{Chalaklldy river 

~S~ta~t~io~ns~~----------------

______ --.:S:..:1 __ S2 S3 S4 S5 S6 S7 S8 

'" Qj 
ro 
;; 
E 
g 
"0 
CD 

May 

July 

Sep 

Nov 

Jan 

Mar 

May 

July 

Sep 

Nov 

Jan 

Mar 

0.14 0.00 

0.11 0.00 

0.10 0.00 

0.26 0.01 

0.16 0.01 

0.11 0.00 

0.06 0.09 0.10 0.12 0.16 0.18 

0.03 0.03 0.06 0.09 0.13 0.13 

0.04 0.03 D.04 0.09 0.12 0.12 

0.11 0.16 0.13 0.15 0.20 0.39 

0.090.160.130.130.160.29 

0.06 0.14 0.11 D.11 0.14 0.17 -- -----_. __ ._------
Stations 

B1 B2 B3 B4 

0.14 0.00 0.06 0.18 D.14 0.14 0.16 0.24 

0.13 0.00 0.03 0.05 0.06 0.13 0.13 0.16 

0.13 O.OD 0.04 0.04 0.06 0.11 0.12 0.14 

0.32 0.01 0.11 0.16 0.15 015 0.28 0.41 

0.23 001 0.09 0.18 0.13 0.15 0.16 0.38 

----'0::..:.,.1.:...;,8=__ .. _0_.0_0_. __ 0_.Q6 ___ 0.1~ __ 0._12 __ 0_.1_4 0.14 0.17 

Surface monsoon: In monsoon, the ~urt~ICC distribution of particulate 

monosaccharide showed more or ks~ Cl gradual increase heyond station 2. 

(Figure 5.11). Maximum observed concentration being near to station 8. the 

lowest observed concentration was neur to station 2. The dam station 

(station 1) also reporteci slightly high value. 

SURFACE MONSOON 

0.40 
~ 

=a, 0.30 

.s 0.20 
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Figure j.ll Dislribllliol1 1~t'P{/rtiClllilIC /1/Ol1o.\'(/cc/wride.l' (II/g/f) in sur/flU! mlters 

durillg /IIOIl.WIII1. 
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Surface nonmonsoon: In nonmonsoon season, particulate monosaccharide 

distribution in surface depicted an irregular pattern, the lowest being near to 

station 2 and the highest near to station 8 (Figure 5.12). After the middle 

stream portion i.e., atter station 5, a gradual increase in concentrations 'NUS 

observed. 
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'B, 0.30 

.s 0.20 
Cl) 

~ 0.10 
Cl. 

0.00 
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6 7 8 

Figllre 5.ll fJisfrihUfioJl of'IHlrticlI/ate i/1OJ7IJ.I({cc/lllriiles (I/Ig/I) in ."lIr/clcc mlfen' 

during 1/()IlIll(}IlS()()I1. 

Bottom monsoon: In monsoon (Figure 5.13), particulate monosaccharide 

concentration \vas f()und to he low at station 2, whereas the highest 

observed concentration was at station 8. The monsoonal values were 

slightly lo\\/cr than the n0I1111ol1soonal values. Spatially, bottom stations 

recorded slightly higher values than surhlce both in monsoon and 

nonmonsoon 
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BOTTOM MONSOON 
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Figllrc 5. J 3 Distri hlltioi1 oj'purticlI/ute I/lOI7()s(Jcc//(/rides (mgl/) ill ho! (0111 \)ulers 
during I/IOI1S()On. 

Bottom nonmonsoon: In the distribution of partieulate monosaccharide, the 

pattell1 was more or less an irregular in the upper stream half (Figure 5.14). 

Comparatively low value were seen near to stations 2 and 3. In the down 

stream portion beyond station 6, a gradual increasing trend was seen tn 

particulate monosaccharide distribution. Comparatively 

concentrations were seen at dam station 1 and the estuarine station 8. 
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In the present study, particulate monosaccharide showed a maximum of 

0.27 mg/l at station 8 during nonmonsoon and the lowest was observed at 

station 2 (0.003 mg/I) during monsoon (Figure 5.15). In the general 

distribution of particulate monosaccharide, both in surface and bottom, 

nonmonsoon recorded slightly higher concentrations than monsoon, a 

gradual increasing trend in concentration was observed from stations 2 to 8 

where the maximum was at station 8 both spatially and seasonally. The 

station 2 i.e, the waterfalls region is characterized by high rate of water 

turbulence which facilitated the oxidative decomposition of organic 

materials to a large extent. Except at station 7, higher particulate 

monosaccharide concentrations were seen in bottom stations and in the 

nonmonsoon season. The higher estuarine concentration in nonmonsoon 

may be due to the combined effect of several factors- high productivity, 

transport of organic matter (estuarine/terrestrial), anthropogenic input, high 

rate of sedimentation and decomposition (both aeroboic and anaerobic) and 

subsequent preservation due to ambient conditions prevalent in the 

ecosystem such as pH, salinity, DO, Eh etc. 
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SPATIAL DISTRIBUTION OF PARTICULATE MONO SACCHARIDES Imgn) 

-
Figllre 5./5 Spatial dislrihufion of parliculare monosaccharide in mgl/. 
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Po/ysaeeharides in the partfeu/ate phase (PPS) 

Table 5.4 Bimonthly distribution o!particlllatc po~vsaccll{lridcs (mg/I) III 

the sw/ace and boltom ~mtcrs oj'Clw/akll((v rirer 

Stations 

S1 S2 S3 S4 SS S6 S7 S8 

May 0.16 0.01 0.03 0.12 0.11 0.12 0.18 0.23 
Vl 

2 July 0.14 0.00 0.01 0.08 0.05 0.10 0.12 0.12 
(1] 

;; 
(l) 

Sep 0.14 0.01 0.01 0.12 0.02 0.12 0.12 0.12 
<.> Nov 0.39 0.05 0.06 0.17 0.14 0.16 0.25 0.40 2 
~ Jan 0.30 0.03 0.08 0.16 0.13 0.14 0.23 0.34 if) 

Mar 0.29 0.01 0.05 0.14 0.09 0.14 0.14 0.26 

Stations 

81 82 83 B4 85 86 87 88 
----~--

May 0.16 0.01 0.03 0.16 013 0.16 0.22 0.31 
Vl 

:v July 0.16 0.00 0.01 0.11 0.05 0.12 0.12 0.17 
C;; 
~ Sep 0.16 001 0.01 0.13 0.06 0.12 0.14 0.14 
>= 
.9 Nov 0.35 0.05 0.06 0.19 0.12 0.16 0.29 0.46 
(5 

Jan 0.38 0.03 008 0.17 0.13 0.15 0.23 0.45 [D 

Mar 0.36 0.01 0.05 0.15 0.14 0.12 0.14 0.39 ._--------_ .. ------y .. _------

Surface monsoon: In monsoon (Figure 5.16), surface distribution of 

particulate polysaccharidcs depicted <I mnclol1l pattem upto station S. 

Beyond this station, a steady increase was seen towards the lower stream 

end, maximum observed concentration heing at station 8. Here also, as seen 

earlier, lowest value was at station 2. 

1S1 
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Figllre 5.1 () /)isfrihllfi()1/ ()rpllrriClIlule polvsaccharide.\' (lI1g/f) in s/IIfc/ce It'aters 
dllring 111017S()()11. 
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Figllre 5.17 Disrri/Jlftion or IHlrficlI/ale puZvsucclwrides (mg/I) in slIrface walers 
during nunIl1OI1S()OI1. 

Surface nonmonsoon: The nonmonsoonal distribution profile of particulate 

polysnccharides was exaetly the same as that in monsoon, i.e, highly 

irregular distrihution trend upto station 5 (Figure 5.17). Towards the lower 

end of the stream, a stcady increase was secn in pat1iculate ploysaccharides 

distribution, the maximum being at station 8. 
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Bottom monsoon: The monsoon bottom distribution profile (Figure 5.18) of 

particulate polysaccharide was also irregular upto station 5. Beyond this 

station, a gradual increase was observed, maximum being near 8. Stations 2 

and 3 in the upper stream side recorded comparatively low particulate 

polysaccharide concentrations. 
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Figllre 5. f 8 Distrihutiol1 of particII/ate j)II/)/s(/ccharide (lIIg//j ill /Jo!/nlll lI"(1/(,rs 

during IJlOI1SIIOI1. 

Bottom nonmonsoon: In nonm0I1S00n, the bottom distribution pattern 

(Figure 5.19) of particulate polysaccharide showed a showed Cl stagdy 

different distributional features in which stations 4 to 6 maintained Lt 

unifonnity in the values. As seen in the monsoonal distribution pattern, 

here also lowest concentrations wcre seen near to stations 2 and J. Dam and 

estuarine stations continued to kcep their peak values. 

Considering the general trend in particulatc polysaccharide distribution. 

both seasonally and temporally, 110nmonsool1al values were slightly higher 

than monsoonal values (Figure 5.20). The lowcst observed concentrations 

were near to the stations 2 and 3 and the highest being ncar to the stations I 

and 8. At stations I and R. bottom I1ut1monsoonal valucs shO\v'cd Lt slight 

1"i1 
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ll1crease in particulate polysaccharide concentration. In the present study 

particulate polysaccharides showed a maximum of (0.42 mgll) at station 8 

during nonmonsoon and the lowest was observed at station 2 (0.015 mgll) 

during monsoon. 

The highest concentration of particuIate polysacharides observed in the 

estuary (station 8) could be due to combined effects of high productivity, 

transport of organic matter, anthropogenic input etc. in addition to this, 

decay and decomposition of floating plants in this station can also 

contributed to an increase in concentration of carbohydrates. 
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Figllre 5.19 Disfrihllfiol1 o/'parlicu/ate PO~vs((ccl/(/ridc:.\ (lIIg/I) ill ho!!ol1l mlfers 
till ri ng 110111J1011S0()11. 
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SPATlIL DISTRIBUTION OF PARTlCULATE POLY SACCHARIDES Irng!] 
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Figure 5.20 General distrib/l tion Irend o!pu(I'.l"£ln·harides in pUl"/inilarr: muller in 
mgll 
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Monosaccharides in the sedimentary phase (SMS) 

Sediments are the indicators of the quality of the overlying waters and its 

study is a useful tool in the assessment of the status of environmental 

pollution. 

A large fraction of orgamc matter deposited on sediment surfaces is 

degraded and remineralised by early diagenetic processes near the sediment 

water interface. Several factors are believed to control the reaction rates in 

surface sediments, including organic matter quality, age, particle 

associations and environmental conditions (Keil et aI., 1994; Mayer, 

1994a,b). All these processes influence the vital activity of aquatic 

organisms by either facilitating or suppressing the respiratory and nutritive 

systems. 
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TaNe 5.5 Bimunthly distrihution of m{)nosaccharide.~· (mgll) in the sedimenf.\· or 
Chalakudy river 

Stations 

Months S1 S2 S3 S4 SS S6 S7 S8 --'-
May 0.57 0.09 0.16 0.50 0.28 0.38 0.52 0.61 

July 0.25 0.03 0.06 0.16 0.11 0.12 0.14 0.29 

Sep 0.18 0.03 0.04 1.17 0.17 0.10 0.18 0.38 

Nov 0.38 0.05 0.10 1.27 0.19 0.27 0.38 0.50 

Jan 0.34 0.05 0.11 0.25 0.17 0.24 0.33 043 

Mar 0.61 0.07 0.18 0.50 0.34 0.44 0.50 0.79 ---.-.-- --. -- ---... 

Monsoon: In monsoon, sedimentary monosaecharides distribution (Figure 

5.21) followed a random pattern, where both the highest and lowest 

reported values were in the upstream region (stations 4 and 2 respectively). 

A gradual increase in concentrations was seen to\vards the estuarine cnd. 

Thus. the overall distributional pattern highlighted an odd enrichment at 

station 4. 
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Figure 5.21 Disfrihllfiol7 III lI/ol7o.\'(/cc//{/ric/e.\· 111 scdill/clI!.\· (II/,t!/:~) ill/ril/g 
1//0 11.\' () () 11. 
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Nonmonsoon: As seen in the monsoon, the lowest observed concentration 

(Figure 5.22) of monosaccharide was at station 2. lin this season. the 

highest reported value was at station 8 i.e ., Azhikode. Here also after 

station 5, a gradual increase in concentration was seen tc)\vards the seaside. 
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Figure 5.:n /)islrilmrio/1 of" IlIOJlo.wcc!Jaride in sedilllenrs (mg.!g) ill/ring 
11 OIlIlUJlI.\'()()//. 

On generalizing the distributional characteristics of sedimentary 

monosaceharides, the nonmonsoonal values were higher than the 

monsoonal values except at station 4 (Figure 5.23). In this mid-station 

mOllsoon recorded slightly higher value than nonmonsoon, At station 2 

also, the seasonal variation in concentration was negligible where monsoon 

and non monsoon recorded almost the same sedimentary monosaccharide 

concentrations. 
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SPATIAL DISTRIBUTION OF SEDIMENTARY MONO SACCHARIDE Imgig) 

• SW\K)F('.TS . ... .... , . .,..,. 
• -

Figure 5.23 Spalial dislrihuliol1 qrseJimentary monosaccJwridl!!i in mg/g. 
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In the present study, sedimentary monosaccharide showed a maximum of 

(0.61 mg/g) at station 8 during nonmonsoon and the lowest was observed at 

station 2 (0.003 mg/g) during monsoon. High values at station 8 largely 

associated with the clayey nature of the sediments. The interaction of 

orgamc matter with solid surfaces 1S an important process In 

biogeochemical cycling of carbon in aquatic systems (Ding and Henrichs , 
2002). The association of organic matter with smaller grain size was a well 

known phenomenon (Erlenkeuser et aI., 1981; Jocteur- Monrozier et al., 

1983; Liebezeit, 1986). The reason for this is the high surface area and the 

high adsorptive capacity of fine grained sediments (Suess, 1973). The low 

carbohydrate content at station 2 reflected the sandy texture of the sediment 

and high flowing character of river. 

Polysaccharides in the sedimentary phase (SPS) 

Monsoon: In monsoon, sedimentary polysaccharide distribution (Figure 

5.24) followed an irregular pattern, where the highest concentration was at 

stations 8, and the lowest at station 2. In between 1 and 8, neither a regular 

increase nor a decrease can be seen in the concentrations of sedimentary 

polysaccharides. Similar to monosaccharides, poIysaccharides also marked 

odd higher values at station 4. 

Table 5.6 Bimonrhly distribution of particlIlate polysaccharide,,' (mgll) in the 

sediment,,' o[Chalakudl' river 
Stations 

Months S1 S2 S3 S4 S5 S6 S7 S8 

May 4.48 0.72 1.39 2.77 1.46 3.12 1.89 5.59 

July 1.02 0.13 0.47 1.15 102 0.86 1.03 1.78 

Sep 1.24 0.11 0.59 1.20 1.14 0.82 1.02 1.86 

Nov 1.91 0.29 0.62 1.38 1.30 1.03 1.25 2.19 

Jan 2.12 0.47 0.76 1.46 1.42 1.52 1.03 3.27 

Mar 351 0.69 1.03 2.18 1.48 2.26 175 4.73 
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Figure 5.24 Distril)l{tio!l of po/rs([cc/wrides ill sediments during mOI/S0011. 

Nonmonsoon: Distribution of sedimentary poly saccharicles in non 

monsoon followed an exactly similar pattern (Figure 5.25) as that in 

monSOOl1. In this season also station 8 displayed the highest value and 

station 2 the lowest.in hetween stations 2 and 7 an alternating trend, can be 

seen in the distributional characteristics of sedimentary polysaccharides. In 

the distribution of sedimentary poly saecharides through (Jut the study area 

non monsoonal values were found to he higher than that of monsoonal 

value. 
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NONMONSOON 
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Figllre 5.25 /)is{rihuri()1/ o/j){)/v.lUcc/wrii/cs ill sediment.l· dl/ring 1101l1JlOII.l'00I1. 

In the present study. sedimentmy polysaccharide showed a maximum of (4 

mg/g) at station 1\ during nonmonsoon and the lowest was observed at 

stntion 2 (0.31 mg/g) during monsoon (Figure 5.26). High values at station 8 

might he clue to the combined effect of several contributory factors: high 

productivity, transport of organic matter, anthropogenic input, high rate of 

sedimentation, decomposition etc. Carbohydrates were the most abundant 

fr<lction of the organic matter in the secliments. This might be attributed to 

the quality of organic m<ltter settling into the sediments and its consequent 

transfonnation by benthic organisms. Carbohydrates represent an important 

food source for heterotrophic organisms and arc rapidly recycled (Gagosian 

and Lee, 1981; I ttekkot et aI., 1984). The low carbohydrate contents at 

station 2 might be due to sandy texture of the sediment. 
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SPATIAl. DlSTRIBUllON OF SIDIIEHTARY POlY SACCHARIDES ImWgj 

-
Figllre j.26 Sparia/ disrriblllion of sedimenfGlJ' monosaccharides in mg/g. 
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In aquatic environments, bacterioplankton release considerable quantities 

of cell material (Stoderegger and Herndl, 1998), usually referred to as 

extracellular polysaccharides or exopolysaccharides. The structure and 

function of these polysaccharides are still poorly understood, in spite of 

their importance for the limnology of tropical areas in which the organic 

carbon released may contribute significantly to the pool of organic 

compounds, in their dissolved or particulate forms. The substances released 

by plankton depend on their growth stage. When metabolically active, 

plankton release mainly polysaccharides derived from renewal of cell wall 

capsules (Stoderegger and Hemdl, 1998), while during the senescent stage, 

intracellular structures are preferentially released. The compositions of such 

extracellular polymers vary with type of microorganisms (Vaningelgem et 

al., 2004), nutrient availability (Ricciardi et al., 2002), phase of 

microorganisms growth and environmental conditions (Fisc her et al., 2003; 

Bahat-Samet et al., 2004). In general, such compounds consist primarily of 

high-molecular weight, hydrated polysaccharides. 

Particulate organic matter (POM) is produced by aquatic organisms through 

photosynthesis utilizing inorganic carbon and nutrients. Phytoplankton, 

benthic algae and vascular plants are the predominant group of autotrophs, 

supplying the most of the insitu primary production. Phytoplankton 

produces organic particles in the water column: microphytobenthos 

production takes place on the bottom. Sinking through the water column, 

particulate organic matter is oxidized by microbial activity, utilizing 

dissolved oxygen and releasing inorganic carbon and nutrients to the water 

column, a process known as remineralization. 
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Carbohydrates are much higher in vascular plants than in algae (Cowie and 

Hedges, 1984). Carbohydrates values were 0.37 mg/g to 5.35 mg/g in the 

barbor and coastal sediments of Vishakapattanam (Sarma and Rao, 1988). 

Lecerda et aI., (1995) reported variation of carbohydrates in the core 

sediments of Avicennia soil in south eastern Brazil (1.41 mg/g to 3.83 

mg/g) and that of Rizophora soil (2.44 mg/g to 2.50 mg/g). Some reported 

values of carbohydrates (!lg/l) are produced in Table 5.7. The overall 

distribution of monosaccharides and polysaccharides in dissolved, 

particulate and sedimentary phases are pictured in Figure 5.27 and Figure 

5.28 respectively. 

Table 5.7 Earlier reported values of Carbohydrates (ug/1) 

No S,Ystem Range Reference 
1 Elron estuary 90- 1080 William et 

aI., 1991 
2 N arragansett Bay 122-156 10hnson et 

aI., 1977 
3 Coastal waters, 0.5-29 Kamat, 

Goa 1976 
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Figllre 5.!7 Ol'erull dislrihll/ion o/monosaccharides in dissob·ed. parlicu/ale {md 
sedimemary phases. 
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l !eoineIQyfW/laCCllllldes I rm'Id~ I 1Ra~ 
Fig/lre 5.]X DI'emll distribution of po~~'saccharides ill di.uolved, parlicul£lfe and 
sedimental,)· phases. 
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Role of hydrographical parameters on carbohydrate distribution 
profile 

While examining the influence of hydrographical as well as 

sedimentological parameters on the distribution of carbohydrates, some 

significant correlations were observed based on Pearson's correlation 

coefficient values (Tables 5.8, 5.9, 5.10 and 5.11). 

In surface, during monsoon (Table 5.8), dissolved monosaccharides, 

dissolved polysaccharides and particulate polysaccharides displayed good 

positive correlation with temperature. Both monosaccharides and 

polysaccharides in all the phases were inversely related to DO (Figure 5.27 

and 5.28), in which significant ones were between DMS and DO (r = • 

0.851), and DPS and DO (r = ·0.821). In monsoon, SMS and SPS displayed 

good negative correlation with sand (r = -0.693 and -0.769 respectively). 

The SPS showed good positive correlation with clay (r = 0.765). All the 

organic constituents studied showed significant positive correlations among 

themselves. For example, dissolved, particulate and sedimentary proteins 

displayed significant positive correlation with mono and polysaccharides in 

all the three phases. 

In monsoon, in the bottom samples (Table 5.9), dissolved as well as 

particulate fraction of monosaccharides and polysaccharides displayed 

significant positive correlation with temperature. All the forms of 

carbohydrate in the dissolved as well as sedimented phases displayed 

positive correlation with COD of the water samples. Both monosaccharides 

and polysaccharides in the dissolved, particulate and sedimental phases 

displayed negative correlation with DO. Here the significant correlations 
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were between DO and DMS (r = -0.985), DO and PMS ( r= -0.731), DO 

and DPS (r = -0.848), DO and PPS (r = -0.732) and DO and SPS (r -= 

0.616). On examining the influence of textural characteristics on 

carbohydrate distribution, sediment monosucchurides as well as 

polysacchurides were inversely related to sand fraction (1= -0.693 and -

0.769 respectively). The silt fraction displayed significant positive 

correlation with SMS (r = 0.728) and SPS (r = 0.7(9). 

Table 5.8 Corrc/mi()/J !IIatrix all/ong dWi.:n.:nt !){//"(/II1c!CI".\· ()f \/lrjilC(, III()I/S()()/I 

TemE ~_Q~L COD ~OC Sand S,II Cla-"----.LJ~L_ P"l~ ?MS D~.§.._ pPS. 

pH 022 

chlonde 0.77 0;>4 

DO 0.85 032 
COD 0.79 -0·11 ·070 
SOC 002 ·007 ·0.21 001 
Sand -017 -) 31 -} 38 016 082 
Silt 020 030 ·039 016 081 -1.00 
(;Iay 014 ·0 ~B -04B 0.26 085 -0.86 084 
DMS 086 Q 08 -085 0.57 0.27 -0.26 0.28 0.35 
PMS 007 032 035 006 0.65 -065 063 071 047 

SMS 0.25 017 ·022 o 14 0.52 069 o 73 o ~1 031 i) 3~J 

DPS 093 003 -082 064 0.25 ·032 0.36 o 29 -J 96 J 39 J..l1 

PPS 093 003 ·0.82 064 025 -032 036 0.29 096 l1 '3~j 0<11 100 
SPS 0.41 0.00 -062 0 . .18 0.67 -0.77 D.!.!....-.. 0_7_7 _0. ~. __ Q~ .) 60 ~ 0.65. 

Tahle 5.9 Corre/aliol1l11alrix all/ong diffi!rel1( J7arWlle(er.\ {)(hol/()}}/ !JlI)l1.\·OOI1 

lemE ~_~ COD _ SOC ~and _~~~S _~r.tS~~~~L 
pH 010 
chloride 0.69 056 
DO -0.84 ·0.02 
COD 0.51 043 ·0.69 
sac 0.02 005 -0.25 060 
Sand ·0.15 000 036 ·0.68 ·082 
Silt 018 0.02 0.37 069 0.81 -1.00 
Clay 0.13 -0.24 ·049 063 035 ·0.86 0.84 
DMS 086 0.29 ·090 0.72 035 -037 040 043 
PMS 061 017 -073 065 058 -058 059 066 o B9 
SMS 024 047 ·020 o S3 052 -0.69 073 031 0.39 045 
DPS 0.93 026 085 062 021 -032 035 030 C 97 0) 8.\ 0.40 
PPS 0.59 025 ·073 0.67 060 ·061 063 063 0.8a 097 0.59 082 
SPS 038 0.30 -062 074 067 ·0.71 077 __ 077 _~_._O92_~~_ 093 
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Tah/e 5.1 () Correlation matrix among di/krent parameters (~ls/lflace nonmonsoon 

Tem~ ~H DO COD SOC Sand Sil!~ OMS PMS SMS OPS PPS 
pH 032 
chloride 060 094 
DO -0.51 ·0.88 
COO 0.58 095 ·0.94 
SOC ·018 0.21 ·0.31 0.16 
Sand 051 016 018 ·0.07 003 
Slil 049 ·019 -015 0.04 0.01 ·100 
Clay 0.63 0.44 ·076 062 036 066 oJ 63 
[)MS 059 054 ·0.83 070 054 ·053 z) ~oJ 0) 87 
PMS 056 054 ·0 70 0.68 0.39 ·068 :) G6 087 0.83 
5MS DAD 0.56 ·071 066 056 ·054 J 51 ) 31 0.82 0.95 
DPS 066 059 ·0.84 075 0.47 o 5a o 5S 089 099 090 0.06 
PPS 0.18 057 ·0.68 0.59 o 75 -035 ;i)2 o 73 )17 083 0.95 078 

_}PS 022 0.48 ·066 053 0.57 ·055 oJ ::i2 Og5.~.~~ 092 0.76 .~L 

Table 5.11 Correlation matrix a/llong di/Ii.Tel// jJ(I}'({III('fCr.l' oj'h()/tom l1onmonsoon 

Temf> EH DO COD SOC Sand S,?! ~.DMS .. PMS SMS DPS PPS 
pH 0.35 
DO ·0.48 ·081 
COO 0.65 0.92 ·086 
SOC ·013 025 ·051 o 12 
Sand ·0.53 0.25 0.21 ·0.07 003 
Sdi 051 ·0.28 ·018 0.04 001 -, DO 

Clay 067 044 ·081 063 036 -066 J 6l 
DMS 069 043 ·0.81 066 040 070 <1.63 0:;0 
PMS 0.69 0.43 ·081 066 040 ·070 o GB 'J S0 100 
SMS 047 0.50 ·083 062 0.56 ·054 '} 51 001 087 0.07 
DPS 0.70 036 ·0.78 0.59 045 ·0 72 069 094 098 098 083 
PPS 019 054 085 053 075 ·031 0.31 076 075 o 75 092 074 

~. 028 0.45 ·078 0.50 057 ·0 ?5 __ 0~~.~8 078 092 0.78 096 

In surface, during nonmonsoon (Table 5.10), dissolved monosaccharides as 

well as polysaccharides displayed significant positive cOITelation with 

temperature. pH also showed a direct correlation with all the carbohydrate 

fonTIs in the three phases. COD of the water column showed a direct 

relation with all the carbohydrate forms in the three phases. While 

cxal11ll1ll1g the int1uence of textural characteristics 111 carbohydrate 

distribution, in nonmonsoon, sand displayed significant negative cOITclation 

\\·ith carbohydrate. On the other hand. clay contcnt showed a positive 
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correlation with all the carbohydrate fonns studied here. The labile as well 

as refractory organic constituents showed significant positive correlation 

among themselves. For example, dissolved proteins displayed high 

positive correlation with both DMS and DPS in all the three phases. 

Sediml:ntary proteins also showed highly significant positive cOITelation 

with mono and polysaccharides in the dissolved, particulate and 

sedimentary phases. The carbohydrate fractions also displayed strong 

positive correlations alllong themselves. 

For the hottom samples, in nOn111011S00n (Table 5.11), dissolved as well as 

particulalc monosaccharides and polysaccharides displayed good positive 

correlation with temperature. All the carbohydrate forllls were inversely 

related to the DO of Waler samples, the significant oncs being DMS (lnd 

DO (re"C -O.X95), PMS and DO (r:= -0.731), DPS and DO (r ~ -0.848), PPS 

and DO (r - -0.732) and SPS and DO (r = -OJ)16). SMS and SPS were 

inversely related to sand fraction of sediment texture (r = -0.693 and -

0.769 respectively) \vhereas they showed positive correlation with silt ( r .. 

0.728 ancl 0.769 respectively). Here also, the organic fractions stuelied 

displayed significant positive cOITelations among themselves. Dissolved, 

particulate as well as sedimentary proteins displayed significant positive 

eOlTelation with mono and polysaceharides in the three phases (Figures 

5.29,5.30) 
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-- Correlati~nb~tween O~; and 00 - -l r--- CorreJaUon~~twe~n~MS and DO - --I 
Surface Monsoon \ Surface Nonmonsoon I 

:::-10 1---- ~ _ 1 I\:::-~ ~ ---l I 
i 51 . ~ ! II I i4 L· .. i I 
o \ . 02 : 
Cl 0 L . ---,-__ ! I 00 .. _._~ I 

0 0.5 IS! i 
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r : - 0_8510 

Correlation between OMS and DO Bottom 
Monsoon 

10 1- - -------------

== \ . : 
~Sl ~! 
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r:·0_8331 
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15 

y=·1.8316x + 7.0757 

ff = 0.6631 
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Figure.: 5.29 Currelation o(disso"'ec/ lJ/ol1o.\·(lCCllllride wirh DO 
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10 Ir----------
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Figure 5.30 Correlati{)11 ojdiss()ln:d J!o/v.mccllUric/e with DO. 
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Protein/Carbohydrate ratio 

In the dissolved phase(Tahle 5.12), both in monsoon and nonmonsoon, 

protein/carbohydrate ratios were less than onc for surface as well as bottom 

stations. In surface, highest ratio was at statioll I for both seasons. In 

bottom. station I recorded tIle highest ratio ill monsoon whereas station X 

recorded the highest in nonmol1soon. In the particulate phasc(Table 5.12), 

station 2 recorded the highest, ancl stJtiOll 3 the lowest in 111011S00n. In 

11011111011S00n also, highest observed cOIlcentration was at station 2. In this 

season station S recorded the Io\vcst protein/carhuhydrate ratio. [n bottom 

samples, highest monsoomtl protein/carbohydrate ratio was at station 4 and 

lowest at station 6. 

TaMe 5. f 2 Pmtl!in: C(frhohvilmle mfi().1 ill dissoll'C'iI (f17(1 parficlIl(/fe malleI' 

Water· Particuiate matter· 
Protein:Carbo.hydr0!..r: .. Protein:Carbohy~~~_ 

Stations Monsoon Nonmonsoon Monsoon Nonmonsoon ._-----

S1 0.738 0.653 0.143 0.143 

S2 0.339 0577 0.556 0.400 

S3 0.229 0444 0.114 0.154 

S4 0.345 0514 0.200 0.172 

S5 0.425 0.494 0.233 0.190 

S6 0.360 0.492 0.154 0.160 

S7 0.397 0.502 0.294 0.182 

S8 0.486 0.540 0.146 0.115 

B1 0.565 0.606 0.158 0.123 

B4 0.384 0.484 0.667 0.152 

B5 0.459 0425 0.211 0.160 

B6 0.327 0.441 0.115 0.185 

B7 0.393 0.500 0.139 0.182 

B8 0.537 0.622 0.143 0.116 
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Table 5.13 Protein: Carhohydrate ratios in sediments 

Sediment-
Protein:Carboh drate 

Stations Monsoon Nonmonsoon 

S1 2.372 2.287 

S2 1.694 1.095 

S3 1.024 0.922 

S4 1.653 2.447 

SS 0.993 0.994 

S6 1.241 1.637 

S7 1.522 1.978 

S8 ~---.1018 _ 1.844 

In the sedimentary phase (Table 5.13), both in monsoon and l1onmonsoon, 

protein/carbohydrate ratio \Vas greater than one at all stations except at 

station 5 (for hoth seasons) and at station 3 (only in nonmonsoon). 

Protein/carbohydrate ratio greater than two was recorded at station I (in 

both 1110nsoon and llol1lnonsoon), station 4 (nonmonsoon) ancl station 8 (in 

monsoon). In !10!11l10nS0!1, station 4 recorded the highest 

protein/carhohydrate rntio (2.447) and station 3 the lowest (0.922) ratio. 

The highest observed ratio in monsoon was at station I (2.372). Station 5 

recorded the lowest ratio in monsoon. 

In the dissolved as well as particulate phases, protein/carhohydrate ratios 

were less than onc. Such dominance of carhohydrates versus proteins is a 

typical feature of detrital-heterotrophic environments (Danovaro, 1996). 

Since proteins are mobilized l110re rnpidly than carbohydrates, low value of 

protein/carbohydrate ratio indicate the presence of aged (i.e.not freshly 

produced) organic detritus. In the sedimentmy phase, protein/carhohydrate 

ratios were greater than one both in mOllsoon and Ilonmonsoon seasons. 
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Statistical Approach 

Abbreviations 

NS 
dof 

MSS 

(p«J.{IS) 

(P<O.OI) 

(P<O.{)()! ) 

MDS 

Not Signiticant 

degrees of ti'cedom 

Mean SUlll of Sqllare~ 

eakulated r is si~nitkanl at 5';'(, !cH: I 
c , 

cakulatcd F is significant at 0 1 '~ ... ;) k\cl 

:\1ultidilllensional "calill~ 

Tahle 5.14 Distrih/lriol/ ()(di,\·.wh·ed lI1ollos(I(xharide 

station mean std 
CV% W'OO j\ilcan std Cy% 

-' -.-- .. 

SI 1.007 0.338 33.60 SS 1.044 0.238 22.77 

131 1.032 0.262 25.43 B5 1.111 0.226 20.30 

S2 0.656 0.143 21.75 S6 ().l)O5 0.IX2 20.125 

82 0.656 0.143 21.75 B6 1.000 0.142 14.15<) 

S3 0.759 0.129 16.% S7 1.280 0.129 10.045 

133 0.759 0.129 16.96 [37 1.313 0.164 12.46 

S4 0.870 0.178 20,42 SS 1.403 0.154 I 1.00 

B4 1.002 0.267 26.68 138 1.4<)7 0.233 15.57 
0'-'--,---

Distribution of dissolvcd monosaccharides (Tnbk 5.14) an~Tagcd O\'er 

seasons showed an increasing trend in the element hoth at Surt~lCC and 

bottom ti'om station I to station t; ranging be!\veen O.h52 (station 2) to 

1.403 (station R) at surhlcc and between 0.652 (B2) to IALJ7 (B~) at 
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bottom. Seasonal variations decreased from station to station 8 at 

surface and bottom. 

3 way ANOV A applied (Table 5.15) to compare between seasons, 

seasons and surface and bottom shmved statioll wise (F(7J5)= 129.94, 

p<O.OO I) surface and bottom (F( I ,35)= I 1.81, p<O.OO I) and season wise 

(F(5,35)=87.43, p<O.OOI) with high statioll-season interaction. 

(F{35J5)=3.9359, p«J.05) as indicated by high values at station 1,7 & 8 

during January to May and Septl:mber to Novcmber and lower values 

observed during July at stations S3 and 83. Dendrogram drawn 

showed t\VO clusters of seasons: I. July and Septcmber stations with 

comparatively lower values and 2. March, May and November, the 

seasons with high values (Figures 5.31 a and b). 

Tahle 5./5 3 1t'(I,V flNO VA fi)!' CO Ill/wring disso/I'(:d IIlol7o.mcc/wride \I'ill! respect 

to statiol1, sur/ilce and /Jot/om (ll7d seasuns 

Source SS c10f MSS F ratio Remarks 

Stations (A) 5.7231 7 0.081759 129.9391 (P<O.OOI) 

SurlBot (B) 0.07431 0.07431 11.8102 (P<O.OOI) 

Seasons (C) 2.75065 5 0.55013 87.4322 (P<O.OOI) 

ABinteraction I 7 0.0070823 1.1256 NS 

BCinteraction 5 0.003013 0.4787 NS 

ACinteraction 35 0.02476 3.9359 (P<0.05) 

Error 0.22022 35 0.0062921 

Total 109.254 95 
--- -------
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Figure 5.3/ a. Dendrogram ji.Jr seasons based on dissolved 11lon()sClcc:/lllrilie 

in water 
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- --,..- --.. 

Figure 5.3 I h. MDSfor stations based on dissolved monosaccharide in water 

Trellis diagram drawn to detennine significant station wise differences 

showed high differences between station 2 and 3 with stations 5,6,7 and 

8 and station 6 with station 7 and 8, both at surface and bottom (Table 

5.16) (t( 1O)~3.169, p<O.Ol). 
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Table 5.16: Trellis diagram for students t test 10 compare between stations
based on dissolved monosaccharide (-. Not significant: • Significant at 10%
level; • Significant at 5% level: • Significant at 1% level)

" " sz " sa ea .. " ss es se ee " " " ..
" ,n '" 2.1. '" 153 c.e ce " 057 cs ' ''' 169 1.83 2.39 2,67

" 2,61 261 ,.. ,.. 1.1. 0,18 ,.. 051 ,.. 02. " ' ''' 2 71 a.ee

sa o " " a.t '" 313 381 '" '" 7 27 617 ,.. e.e

ea " " " 2 55 3 13 3111 2 . 1 382 W on '" ' "
sa c '" '" '" 303 ". 281 " '" '" ""
ea 1.13 ,." 2,35 3.03 ,~ 2,81 " ' " 1,11 "".. 0 9. 1,31 187 031 1.:18 .18 " 5 01 . ,78

" 0 ,28 ,.. 0,87 0 02 " '" 2111 3 12

ss ,,~ ' ''' ,,~ '" ,.. ' " ' '''
es '" "" ,~ '" '" '"
se oe a.re 373 .81 '"
" '" 3 2. ." .'"
" , ~ 1.31 '"
er 089 '"
se 0 15

"
Table 5.17 Distribution ofparticulate monosaccharide

sta tion mean old CV", staton Mean old CV",

51 0.146 0.053 36.15 55 0.095 0,034 36.05

B1 0.188 0.070 37.19 B5 0.109 0,036 32.65

52 .004 0.002 49 ,80 56 0.116 0.032 1 17.99

B2 0.004 0.002 49.80 B6 0.136 0.011 17.99

53 0.065 0.027 41,85 57 0.151 0.026 17.58

B3 0.065 0,027 41,85 B1 0.167 0.054 32.37

54 0,101 0,057 56.05 58 0.213 0.095 44 ,8 1

B4 0,061 0,061 47,95 BB 0.250 0.108 43.21

Distribution of pani culate monosaccharides averaged over seasons

showed high values of monosaccharides at surface was at station
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8(0.213) and least values at station 2(0.004). An increasing trend from 

station 2 to station 8 is observed in its distribution with the same pattern 

for seasonal variation (17.58~CV% ~56.05%). At bottom same trend 

as observed at surface was obtained with maximum (0.0250) at station 

8 and least value at station 2 (0.004). Seasonal variation also showed a 

similarity with surface values (l7.99~CV%~49.80%) (Table 5.17). 

3 way ANOVA applied to compare stations, seasons and surface and 

bottom based on monosccharide distribution showed significant station 

wise (F(7.35)=198.54, p<O.OOl) season wise (F(5.35)=105.29, p<O.OOl) 

and surface and bottom difference (F(I.35)=31.65, p<O.OOl) together 

with statioo- surface/bottom interaction (F(735)=2.412, p<0.05) and 

station- season interaction (F(35.35)= I 0.138, p<O.OO 1) as indicated by 

higher values at bottoms of station 4 to 8 and higher values during 

November monsoon seasons at stations I to 3 (Table 5.18). 

1 or. 
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TaNe 5.18 3 way ANOVA ((J/o comparing hetween elemcnis, dissolved (DM) 
and particulate (PM) monosaccharide.\· al .\'1Ir/(ICe, hetween station and 
between seasons 

Source ~~S dof 
Elements DM and PM (A) 18.5456 1 

Stations (8) 2.0167 7 

Seasons (C) 0.8520 5 

AB interaction 

BC interaction 

AC interaction 

Error 

Total 

7 

35 

5 

0.3063 35 

5250.75 95 

MSS 

18.5456 

0.2881 

0.1704 

0.1162 

0.01034 

0.09330 

0.008751 

F ratio Remarks 

1688.92 (P<0.001) 

32.9199 (P<0.001) 

19.4719 (P<0.001) 

13.2768 (P<0.001) 

1.1818 NS 

10.6607 (P<0.001 ) 

Dendrogram dra\-vn (Figures 32 a and h) to group the seasons has 

divided the seusons into 3 clusters as I. July, Septcmhcr- the months 

with 100ver values 2. May and March- the periods with modulate values 

ancl 3. Novemher, Jllnuary- the periods \vith higher values at 92% level 

of similarity (Figure 5.32). stations \-vere grouped into 3 clusters 

1.84, SS, B5 

2. 86,S6,S 7 and 

3. S2, B2, S3, £33, SX, [38, B I, SI, B7 

The grouping of the hottom station with surface and bottom of other 

stations clarifies the difference between surface and hottom values 

as well as the station-surface/bottom interaction. 
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Figllre 5.32 a. Dendrogramfor season ... based on particlI/ate monosaccharide 
in water 

182 



Carbohydrates: Phases-coupled spatiotemporal variability 

Figure 5.32 h. MDS jar stations based on particll/ate monosaccharide in 
water 

The Trellis diagram shows the significance of the difference between 

stations. Station I is significantly different from station 2 and 3 both at 

surface and bottom (t (10) ~ 3.169, P<O.O 1). Similarly station 2 is 

different from other stations (t (10»3.169< p<O.OI). So also station 3 

from that of station 6- station 8 (t (10) ~3.169, p<O.OI). Difference 

between station 6 to 8 is only at a lower level (t (10) ~.228, p<0.05) 

(Table 5.19). 
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Table 5.19: Trellis diagram f or students t test to compare between stations
based on particutate monosaccharide (0 Not significant; 0 Significant at 10%
level; 0 Significant at 5% level: 0 Significant at 1% lend)

sr " sa ea sa " .- '" ss as se '" sr " se "" 0,13 2.1. 1,' . 153 '" .. 001 " 0.51 ... ". t es 183 ,~ 261

" '" 261 ,." '" 1.1. 0.16 '" 051 ... 02. " '" a.ra , ~

sa c " " " 2 55 ,n '" 2.1 '" 1.21 6.11 ' " ."
" " " " H' 3,13 3 81 2.' 3,82 1.21 e.n ' " ."
sa c \ .13 1.83 'M 3,03 '" ' " •• '" 111 '"
ea 1.13 18 3 235 3.03 '" ' " •• '" 7 11 ",
.- 0 92 1,31 1,81 0.3\ ". .,18 " 5,01 HO

'" , '" 069 0 61 eo " az 2 91 3.12

ss ." '" '" '" " s ' M ".
as ' " ' " '" '" 239 ' ".. , ~ 3.18 3.13 .81 .,. 1

" 3 28 32. . 31 ...
" ' " \37 ' "
" ". ' "

" 0 15

"
Table 5.20 Distribution ofdissolved polysaccharide

station mea n . td CV% station Mean <t, CV%

51 0,879 0,219 24.86 55 1.022 0.168 16 49

B1 0.950 0.156 16.36 B5 1.075 0.199 18,53

52 0 544 0.242 44 ,45 56 0.902 0.147 16.30

B2 0 544 0.242 44 ,45 B' 1.089 0.23 25.04

53 0.770 0,191 24,84 57 1.329 0.270 20.30

B3 0.770 0,191 2483 B7 1407 0.279 19.86

54 0 ,936 0 ,184 19,67 58 1.432 0.181 12.63

B4 0 ,982 0.137 13.99 B' 1.153 0148 9 67

Distribut ion of dissolved polysaccharides averaged over seasons was

least at surface station 2 (0.544), maximum at station 8 (1.432) at

surface. Seasonal variation was maximum at station 2 (44.45%) and
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least at station 7 (12.63%). Bottom values were maximum at station 8 

(1.533) and minimum at station 2 (0.544) with corresponding values for 

seasonal variation as station 2 (44.45%) and station 8 (9.67%) 

respectively (Table 5.20). 

Tah/e 5.21 3 H'Cly ANO VA for COIJI{Hlring disso/J'cd fJ()/rS(fcc/wrides 

respect to swrioll. slIr!c/(.:e ([JUI ho/folll mu! seasons 
Source I ss dot MSS F ra--::ti:-::-O --::-c------,:R::-e---::m-,ar-,,-kS 

Stations (A) 7.6658 7 1.09512 106.6391 (P<0.001) 

Sur/Bot(B) 0.108269 0.108269 10.5429 (P<0001) 

Seasons (Cl 0.99528 5 0.19906 19.3835 

AB interaction 7 1.0018577 1.0573 

BC interaction 5 00093202 0.9076 

AC interaction 35 0.077314 7.5286 

Error 0.35943 35 0.0102694 

Total 109.952 95 
-_ .. ------'-----------

(P<0.001 ) 

NS 

NS 

{P<0.001 ) 

with 

3 way ANOV A carried out (Table 5.21) to study tht: station \\I'ISC. 

season wise and surfaceibottom comparison showed vt:ry high station 

wise (F(7.3s)=I06.64, p<O.OOl), surface/bottom ditl<:rence (F11J5 /,-10.56, 

p<O.OOI) and seasonal difference (F(s.35)=19.38. p<O.OOI) with low 

station-surface/bottom interaction (F(7.;s)= I.O(), p>0.05) and station 

season interaction (F05,3S)=7.53, p<O.OO I) as indicated by the high 

dissolved polysaccharides during May at almost all stations and lowest 

values during July and September only one clustt:r 1. September, 

March, November and January are grouped \vith July and May 

independent of this cluster, at 90% similarity level (Figures 5.33 a ancl 

b). Three clusters of stations were obtained 

cl uster 1. S2, B2 

cluster 2. B5. SI. Bland 
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cluster 3. B7, S5, S6, S4, B4, B6, S3, B3, S7, S8, B8) 

showing the indifference of station 2 from other stations which has the 

maximum seasonal variation, both at surface and bottom (Figures 5.33 a 

and b). 
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Figllre 5.33 a. Dendrogramfor seasons hased on dissolved po~v.'iaccll{lride in 
l-VlIter 
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Figure 5.33 b. MDS for stations based on dissolved polysaccharide in water 

Trellis diagram drawn (Table 5.22) to show the station wise difference, 

indicated the high difference between station 1 and station 2 

(t(10»2.228, p<O.05) and difference between stations I to 6 from 

station 7 and 8 (t(10»3.169, p<O.OI). 
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Table ll2: Trellis diagram for students t lest 10 compare belWeen stalions 
based 0 " dissolved polysaccharide (. Not signifiea",; • Signifieam at 10% 
level; · Significanl al 5% level: . Sig"ijica11l a11 % le\'el) 

" " " " " " " .. " " " .. " " " .. 
,." " u ". ". ,.U '" ". ,~ ". ,,. , .. '" " . .. ~ 

3.11 ". n, ,.U '" ". " , " IHl , ... ", ". __ 51 
1.01 

, , ... , ... , .. ,." ,." '" ,u .~ .... '" .~ m 

1.64 , ... , .. 
"" '" '" ,u ,.~ ... .n .~ '" , 

" 
,,, U1 ,., ,." ,,. HO .. " .. " ,." 

" 2.01 U1 W '" 
,,. us .'" .. " '" ". ' .n ". ." '" , .. ) ,15 .. " .. " 

0._1 ,." ... " . , .. '" ·._2 1,10 

, ... 
" '" ". , .. '" ." 
'" , .. n. ,,, u. ." 

". ". '" ... ' .n 

" lA' ,~ ,." 
". 0.71 ". 

0.17 ' .M> .. , 

Table 5.l3 Distribution o/parficulate polysaccharide .- moon ., cv", otallon Mo~ RI CV% 

SI 0.238 0.097 40.686 55 0.089 0.042 4fi .70 

Bl 0.262 0.103 39.38 B5 0.104 0.036 34.05 

52 0 .017 0.016 96.97 56 0.129 0.016 13.71 

.2 0.017 0.016 96.97 .. 0.137 0.018 13.27 

53 0.040 0.026 64.63 57 0.174 0.053 30.50 

B3 0.040 0.026 64.63 B7 0.189 0.062 32.77 

54 0.129 0.026 21 .90 58 0.245 0 ,104 42.58 .. 0.152 0.024 16.05 B8 0.319 0.128 40.17 

Distribution of particulate polysaccharides averaged over seasons 

showed a max.imum value of 0.245 at station 8 and a max.imum value of 
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0.017 at station 2 at surface. Seasonal variation ranged between

13.71 % at station 6 and 96.37% at station 2. Bottom values ranged

between 0.016 (station2) and 0.319 (station 6) and 96.37% (station 2) a

steady increase from station 2 to station 8 was observed in particulatc

polysaccharides values (Table 5.23).

3 way ANOVA applied to compare between stations, seasons and

surface and hottom showed significant difference between stations

(1"7151 ~328.84, p<O.OOl) between surface and hottom (F(I.35i~30.055.

p<O.OO I) and between seasons (F(\351~In. 724, p<O.OO 1) with high

station-surface-bottom interaction (F(7..15)~5.n, p<O.O I) and station

season interaction ((FiJ5.J51~13.46, p<O.OOl) as indicated by high values

of polysaecharides during November, January and March and during

July and September lower values at all stations (Table 5.24)

Tabli: 5.24 3 1\'Ut' /L\'()VA.f(n" comparing porticulat« polvsacchuride with rnpecl

to station, surlace and bottom and seasons

Source rss dof MSS F ratio Remarks
------ ------.

328.8378Stations (A) 0.732197 7 0.10460 0.1%

Sur/Bot (8) ,0.0095601 0.009560 3055 0.1%

Seasons (C) 0.203139 5 0.040628 127.724 0,1%

AB interaction 7 0.00167714 52725 1.0%

BC interaction 5 0.0003432 1.0789 NS

AC interaction 35 0.0042799 13.4550 0.1%

Error 1~111332 35 0.000318091

Total 953.07553

Dcndrogram drawn to group the seasons showed two clusters 1. march,

Novemher and January, the months with higher values and 2. July and
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September, the months with lower values of polysaccharides (Figures 

5.34 a and b). 

" 
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.. ----------------------- r----

.. 
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Figure 5.34 a. Dendrogrum for seasons based on particu/ate P(}~vsClccharide 
in water 
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!lIDS FOR STATIONS MSED ON PMTICUlATE POt. Y'SACCHMIlES 

4 

3 

1 

® 

Figure 5.34 b. MDSfor stations based on particulate polysaccharide in water 

Trellis diagram showed significant difference between station 1 and 

station 3-6 (t(10) ~2.228, p<0.05) and stations 2 and 3 with stations 4 to 

8 (t(1 0) ~3.169,P<0.001). Difference observed between station 6 and 

station 7and station 8 are also not negligible (t (1 0) ~ 1.812, p<O.IO) 

(Table 5.25). 
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Table 5.l5: Trellis diagram for stlldenrs t lest to compare between Slat ions 
based Oil particlllate polysaccharide (. Not significant: . Significant at 10% 
le\'el; . SignificlIlltat 5% lel'el: . Signijicafll at 1% leve/) 

s, " " " " " " .. " os " " " " " " 0 .37 ." .. " w ... , .. 1.82 '" '" ," u. " ,~ '" 113 

• n . .,. ... ... W 2,31 3 .• 7 3.12 , .. , .. , .. ,~ 0.25 ,." 
, 

'" '" '" 10.3 3,62 ." ". " .. " ." .. , .. " 
'" '" '" '" U, 5.01 10 .• " .. " ." ." .. " 

, ... '" 
,,, ,." .. " .. " ". ... .,. m ... 1,01 '" >.t, .. " .. " .... .... .,. m 

". '" ,." '" ,.~ '" UT '" >.t, 

• '" '" '" " '" '" '" ". 
• '" , .. 2.37 ,,, , 

" '" 
'" 'M , .. ". us ". 

0. 75 1.11 " ,." ,to 

141 " ,to 3.1' 

O.~2 ". ,~ 

'" '" 
, ... 

192 



Carbohydrates: Phases-coupled spatiotemporal variability 

REFERENCES 

Asper, V.L. (1987) Measuring the flux and sinking speed of marine 
snow aggregates. Deep Sca Rcsearch 34: 1-17 

Bahat-Samet, E., Castro-Sowinski S. and Okon, Y. (2004) Arabinose 
contcnt of extracellular polysaccharide plays a role in cell aggregation 
of Azospirillum brasilense. FEMS Microbiology Letters 237: 195-203 

Benner, R .. Pakulski, lO., Mc 01lil1y. M .. Hedges, J and Hatcher, P.G. 
(1992). Bulk chemical characteristics () f dissol ved organic matter in the 
ocean. Science 255: 1561-15M 

Bume, J. (19()O) Complcxatilll1 reactions in aquatic systems. An 
analytical Approach. Ellis Horwood limited. England. 

Cmvic, G. L. and Hedges J.L (1984) Carbohydrate sources in a coastal 
marine environment. (jcochimic(l c/ c()sl7Iochil71ica Acta 4R: 2075-2087 

Dahm, C'.N. (1981). Pathways and mechanisms for removal of 
dissolved organic carbon from leaf Icachate in streams. Canadiall 
JOllrnul ojFis/u!rics uml L1C{/I(/lic SciC'llcc.I 38: 68-71 

Ding, X. and Henrichs, S.M. (2002) Adsorption and desorption of 
proteins and polyaminoacids by clay minerals and marine sediments. 
;\;fClrinc Chcl71i.'WY 77: 225-237 

Erlenkeuser, H., Oawsoll, R., Futten:r, D .. Heinrich, H., Liebezeit, G., 
Meischner, D., Muller, P and \-Vafcr, W. (1981). Environmental 
changes during the last 9000 years as retlected in a sediment core from 
HaITington Sound, Bermuda. In G. Wefer, R. Oawson and G. Hemprlcs 
(Eds.). The HatTington sound projects. Kid Uni)·. Bermuda Bio!. SIll. 

Spec. Pub. 19: 23-60 

Fischer, S. E., Marioli J. M. and Mori, G. (2003) Effcct of root exudatcs 
on the exopolysaccharide composition and the lipopolysaccharide 
profile of Azospirillum brasilcnse Cd under saline stress. FEMS 
t'vlicrobiology Letters 219: 53-62 

193 



Chapter V 

Gagosian, R.B and Lee, C. (1981) Processes controlling the distribution 
of biogenic organic compounds in sea water. In E.K Ouursma and R. 
Oawson(Eds) Marine Organic Chemistry, Elsevier. Amsterdam pp 91-
123 

Herncs, P.J., Hedges, 1. I., Peterson, M,L., Wakehan, S.G., Lee, C. 
(1996). Neutral carbohydrate geochemistry of particulate material in the 
central equatorial Pacific. Deep Sea Research 43 1181-1204 

lttckkot, V., Degens, LT and Honjo, S. (1984) Seasonality in the t1uxes 
of sugars, amino acids and amino sugars to the decp ocean: Panama 
basin. Deep SL'a Rescarch 31: 1071-1083 

lhonson,K.M. and Sciburth. McN.J( 1(77) Dissolved carbohydrates in 
seawater, lV/arin(' ('hclllis!rv 6: J 

locteur- Monrozicr, R., Bcnijoly, M., Pillou, P., Andreux, F. and 
Souchicr, 8. (19X3) Distribution of organic matter in grain- size 
frat.:tious of somc recent :-.;ediments. In: M. Bjory, Albrecht, P., Conford 
C. (Eds), Advances in Orgunic Gcochcmistry, Wilcy, New York 323-
327. 

Kamat, S.B. (1976) Carbohydrate in the estunrine and coastal waters 
around Goa. Indian Journal o{Marine Science. 5. 232 

Keil, R.G., Tsamakis, E .. Fuh, c.B., Giddings, C and Hedges, J.1. 
(1994) Mineralogical unci textural controls on organic composition of 
coastal marine sediments. Hydro dynamic separation using SPLlTT 
fraetionation. Geochimica et Cosmochimica Acta 57: 879-893 

Lacerda, L.O., Ittekot, V and Patehineelam, S.R. (1995) 
Biogeochemistry of mangrove soil organic matter a comparison 
betwecn Rhizhophora and A viccnnia soils in South-east em Brazil. 
Estuarine Coastal and Shel{ScieJ1ce 40: 713-720 

Liebezeit, G. (1986) Pclagic and bcnthic sources of sedimentary 
carbohydrates in a shallow-water cnvironment, Kicl Bight, Baltic. 
Marine Gcologv 71: 201-213 

-, 
! 



Carbohydrates: Phases-coupled spatiotemporal variability 

Mannino, A. and Harvey, H.R (2000) Biochemical composition of 
particles and dissolved organic mattcr along an estuarine gradient. 
Sources and implications for DOM reactivity. Uml1ologv alld 

Oceanography 45: 775-788. 

Mayer, L.M. (1994 a). Surface area control of orgal1lc carbon 
accumulation in continental shelf sediments. Gcochil1lic(I cl. 

Cosrnochimica Acta 58: 1271 -12X4 

Maycr, L.M. (1994 b). Relationships between mineral surfaces and 
organic carbon concentration in soils and sediment.'i. (,hemicul 
Geology 114: 347 -363 

Millero, F.J ancl Sohn, M.L. (1992) Chemical Oceanography. eRe 
Press, Ann Arhor. London. 

Pakulski J.D., Benner, R. (1994) Abundance and distrihution or 
carbohydrates in the ocean. Liml1ology ([nd (}cc(ll1ogmphy 39: 93()-940 

Premuzic, E.E., Benkovitz, C.M., Gafti1ey, 1.S. and Walslll. J.J. (1');-\2) 
The nature and distribution of organic mattcr in the surt~lce sedimcllts 
of world oceans and seas. Orgallic C;coc/icmistry 4: ()3-72 

Riceiardi, A., Pat"Cnte, E., CrudeIe, M.A., Zanetti, F., Scolari, Cl. and 
Mannazzu, 1. (2002). Exopolysaccharide production by Streptococcus 
thermophilus SY: production and preliminary charactcrization of the 
polymer. Journal of Applied Microhiology 92: 297-306 

Rich, J.H., Ducklow, H. W. and Kirchman, D.L. (1996) Concentrations 
and uptake of neutral monosaccharides along 1400W ill the equ()torial 
Pacific. Contribution of glucose to heterotrophic bacterial activity and 
DOM tlux. Limnology and Oceanography 41 : 595-604 

Sanna, N.S and Rao, I.N. (1988) Organic constituents of Harbour and 
Coastal sec1imcnts of Visakhapatnam, East coast of India. Indiall 

JUllrJwl (~(Marine Sciences IJ 287-290 

Sawyer, T.E and King, G.M. (1993). Glucosc uptake and end product 
fonnation in intertideal marine sediment. Applied r'Ill'irOIllJl(lllfa/ 
AIicrubio{ogy 59: 120-128 



Chapter V 

Sigleo, A.C. (1996) Biochemical composItion in suspended particles 
and colloids: Carbohydrates in the Potomac and Patuxent Rivers. 
Organic Geochemistry 24: 83-93. 

Skoog, A. and BenneI', R. (1997) Aldose in various size fractions of 
marine organic mutter. Implications for carbon cycling. UI11J1ology and 
Oceanography 42: 1803-1813 

Stevenson, F.J. (1982) Humus chemistry, John \viky and sons, New 
York 

Stodereggcr, K.E. und Hernd!, G.J. (1998) Production and release of 
bacterial capsular material and its suhsequent utilization by marine 
bactcrioplankton. Ul11n%gv ([nd Oce({lIography 43: 877-884 

Suess, E. (1973). Interaction of organic compounds with calcium 
carbonate 11: Organo-carbonate association in recent sediments. 
Gcochimica et. CoslJloc/zimica Acta 37: 2435-2447 

Valeila, J.1., WilsOIl, .1., Buchsbam, R., Rietsma.,c., Bryant, D., 
Fonnan, K, and Tcal, J. (1984). Importance ofchcmical composition of 
salt marsh litter on decay rates and feeding by detritivores. Rlllletin of 
Marine Science 35: 261 

Vaningelgem, F., Zamfir, M., Mozzi, F., Adriany, T. Vancanneyt, M., 
Swings, J.and De Vuyst, L. (2004). Biodiversity of exopolysaccharides 
produced by Streptococcus thermophilus strains is rctkcted in their 
production and their molecular and functional characteristics. Applied 
and Em'irofll7lcnta/ Alicrobiologv 70: 900-912 

William, S. and Chevelot, L. (1999) Studies of dissolved carbohydrates 
in an estuarine environment .iV1arine Chcmistl)' 32: 19 

Witter, A.E and Luther, G. W. (2002) Spectrophotometeric 
measurement of seU\vater carbohydrate concentrations in neritic and 
oceanic waters from the U.S middle Atlantic Bight and the Delaware 
estuary. iH({rillC Chemistl)' 77: 143-156 



CHAPTER VI 

TANNIN AND LIGNIN: PHASES-COUPLED 
SPATIOTEMPORAL VARIABILITY 

INTRODUCTION 

Organic matter IS composed of labile and refl'actory compounds whose 

relative importance might have profound implications for organic matter 

diagenisis and turn over (Rowe and Deming, 19R5; Fabiano et al., 1995; 

Cauwet et aL 20()2). Conversely, the refractory fraction of organic matter 

is largely composed of complex macromolecules (like humic and fulvic 

acids ami complex polymers) \vhich are degraded slowly, subjected to 

burial and thus. lost temporarily for the benthic food webs (Fabiano and 

Danovaro, IlJlJ4). This residual fraction of the organic carhon is that part of 

which is not revealed by lipids, proteins and carhohydrates and consists of 

complex molecules like tannin and lignin, humic substances etc. 

Suspended paliiculate matter is one of the main f0ll11S in which vanous 

materials, including nutrients, hydrophobic organic micropoIIutants, and 

heavy metals are transferred from land to marine environments (Hong et 

al., 1999: Turner and MiIIward, 2002; Che ct aI., 2003). Occupying a 

position bet\veen the land and marine environments, estuaries are often a 

nexus for matcrial exchange and biochemical processes. Increasing amount 

of nutrients and organic pollutants, supplied hy ri\'ers in the t(ml1 of 

suspended pmiiculatc matter can affect coastal environments adversely. 

Understanding the nature and behaviour of suspended pmiiculate matter in 
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estuarine systems, therefore, allows for better estimates of the transport of 

terrigenous and anthrpogenic materials to marine environments. 

More the suspended solids, more the tannin and lignin fonned in the 

dissolved phase. Concentrations of dissolved organic nutrients are 

inl1ucnccd by local plant production, decomposition and sorption 

equilibrium with p3!1ieulate mattcr and sedimcnts. Dissolvcd organic 

mattcr concentrations also dcpend on t1ushing of organic matter during rain 

cvcnts. Dissolved organic earbon is one of the largest pools of reactive 

carbon in the occans (Hedges, et aI., 19(7). A better understanding of 

oCL:anic dissolved organic carbon dynamics as well as biogeochcmical 

proccsses with in and Doe transp0l1 through estuaries and coastal scas is 

essential to better constrain global carbon models (Bauer and Druffel, 1998; 

Cauwct et aI., 2002). Through high discharge rates and material loading, 

largc rivers and their plumes contribute substantial dissolved and 

particulate materials to continental margins and subsequently to thc oceans 

Ytcyhcck, 1982; Dagg et aI., 2004). Many studies have revealed the strong 

affinity of hydrophobic contaminants for soil or sediment particulate 

organic mattcr (Kariekhotf, 1981; Luthy et aI., 1997; Chiou et aI., 2000) 

and for dissolved organic matter (Burkhard, 2000; Kopinke et aI., 2001). In 

natural waters, like estuaries, contaminants such as polyaromatic 

hydrocarbons may therefore be free, bound to DaM, or sorbed to 

suspended particulate matter and seciiments. 

Chemical biomarkers, sueh as lignin phenols, amino acids, sugars and fatty 

acids. offer another approach for indenti fying the sources and digenetic 

pathways of dissolved organic matter (Hedges nnd E11e1, 1982; Dauwe and 
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Middelburg, 1998; Amon and Benner, 2(03). In particular, 

macromolecule that has been widely used to truce and quantify land

derived refractory organic matter in marine (Hedges and Mann, 1979) and 

river environments (Bianchi et aI., 20(4). However, recent studies have 

shown that lignin composition is also controlled by hydrologic and soil 

mineral sorption process in drainage basin (Kaiser et ai., 2001; Kaiser et 

aI., 2004; Dalzell ct ai., 2005; Hemel ct ai., 200Cl). 

Chemical tracers, such as lignin-derived phenols and stable carbon 

isotopes, havc heen applied in coastal cnviwnments to identify source and 

fate of DOM and particulate organic matter. Lignin is a unique tracer for 

vascular plant materiaL even suitahle to distinguish vegetation types, e.g., 

between woody angiospenns, gymnosperms or nonwoody vascular plants 

(Hedges and Mann, 1979). Phenolic compounds especially lignin are 

unique constituents of vasculm plants that is typically found to be resistant 

to microbial degradation (Benner et aI., 19.s6). Therefore, lignin can be 

useful as biomarkers for vascular plant derived organic matter 111 

heterogenous samples such as seciiments, dissolved organic matter etc. 

(Meyers-Schulte and Hedges, 1986; Hamilton and Hedges, 1 n8). Phenolic 

compounds, including tannins, arc a significant component of plant 

secondary mctabo1ites. Tannins occur in plant leaves, roots, wood, bark, 

fruits and buds (Kraus et aI., 2003), and arc estimated to be the fOUl1h most 

abundant compound types produced by vascular plant tissue after cellulose, 

hemicellulose and lignin (Hemcs and Hedges, 2(00). The nutritional 

quality of dissolved organic matter declines with the increase in lignin and 

cellulose contents. The seasonal changes in the concentrations of natural 

phenolic mnterial in aquatic ecosystem may he driven by climatic patterns 
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that control hydrologic transport of detrital organic matter from water shed. 

If climate patterns shift significantly because of global scale changes, the 

associated changes in concentration of natural phenolic material could 

seriously affect the functional relationships of the aquatic ecosystems. 

Pat1iculate matter adsorbs various organic contaminants such as tannin and 

lignin, and carries these pm1icle reactive contaminants to the ocean. 

Partieulatc matter discharged from rivers is transported through the coastal 

\vatcr column and tinally deposited in coastal and open ocean sediments. 

Particle reactive tannin and lignin undergo various chemical and biological 

transt(mnations in the water column before their burial in the bottom 

sedimcnts, where they arc preserved under relatively stable conditions. 

The organic matter in scdiments is dcrived from terrestrial and estuarine / 

marine sources. Aquatic organisms like algae are more abundant in the 

marine I estuarine environment, nnt! primary productivity is an important 

factor controlling the distribution of organic molecules in sediments. 

Moreover, rivers can bring about the distribution of large quantities of 

terrestrially derived organic matter to sediments. Organic matter exists in 

particulate and dissolved fonTIS with in the water column. Initial input of 

the organic matter consists of all major classes of naturally occurring 

organic compounds such as carbohydrates, proteins, amino acids, phenolic 

substances, lipids and other constituents of living organisms (Premuzic et 

al., 1982). During sedimentation only, a small portion of this initial input in 

the fonn oflurge particles reaches the bottom (Wakeham and Canue!, 1986; 

Aspcr. 1987). The survival of individual organic constituents during 

sedimentation depends on a number of factors including their chemical 
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stability, biochemical usefulness, oxygen concentration and their 

interaction with clay minerals. After reaching the sediments, significant 

modification of organic matter takes place due to thc activities of benthic 

orga11ls!1ls. 

Phenolic compounds (tannin and lignin) arc one of the major groups of 

secondary metabolites in plants. Othcr sources in sedimcnts arc tlavonllids 

leached ti"om plant dcbrius ancl those synthesized hy soil 111icro organisms. 

Lignin is a main component of wood and occurs in the cell walls of all 

vascular plant tissue. Leaves and other herhaceous plant tissues, however 

often contains varying amounts of other components, sllch as cyclitols, 

tannins and the aliphatic constituents of cuticlcs. that can account tQr 

substantial fraction of total organic matter (Kolattukudy and Espclie, IYX5). 

Waters in the vicinity of decaying leaves are often tea coloured due tu the 

relatively higher concentrations of dissolnxl organic matter that contain 

tannins and other phenolic compounds (Benner et al., 1990). 

It is probably because of its hetero polymeric structure of phenyl propanoid 

that lignin is hardly accessible to most microorganisms, building a 

relatively stable biopolymer. These features make lignin a unique tracer ttlr 

vascular plant matter, suitable even t(}!· chel11otaxonomie distinction 

between anglOsperms, gymnosperms and nomvoody vascular plants 

(Hedges ancl Mann, 1979). 
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MATERIALS AND METHODS 

The estimations of dissolved, particulate and sedimented tannin and lignin 

were perfonned by sodium tungstate-phospho molybdate acid method as 

described in Chapter ILThc principle involved is the determination of a 

blue colour on reduction of follin-ciocalteu phenol reagent by the aromatic 

hydroxyl groups present in the tannin and lignin. The effects of Mg and Ca 

hydroxides and / or bicarbonates present in the sample were suppressed by 

the addition uftrisodium citratc solution. 

RESULTS AND DISCUSSION 

Tannin and lignin in the dissolved phase (DTL) 

The bimonthly values of tannin and lignin 111 the dissolved phase of 

Chalakudy river are given in Tablc 6.1. 

Surface monsoon: In surface waters, the monsoonal trend in dissolved 

tannin and lignin distribution pnttern was largely irregular uptu station 6 

(Figure 6.1). A gradunl increase was observed heyond this station towards 

the lower end, the maximum being near to the saline stations 7 and 8. In 

monsoon, maximum surface concentration (1.13 mg/l) was at the estuarine 

station 8 and minimum (0.13 mg/I) at station 2. The observed concentration 

range for this pal1icular senson in surt~lcC was 0.13-1 .13 mg/l. 
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Tabk 6.1 Bimonthly distribution of dissolved tannin and lignin In the 

surface and bottom waters of Chalakudy river 

Months Stations 
S1 S2 S3 S4 SS S6 S7 S8 

.---.-~. 

May 1.14 0.24 0.36 0.56 0.68 1.09 0.94 1.46 
cJ) 

July 0.53 0.04 0.03 0.32 0.38 0.68 0.68 095 Q:; 
ro 

Sep 0.68 0.06 0.04 0.46 0.36 0.56 0.58 081 !: 
Q) 
0 Nov 106 0.19 0.28 0.36 0.46 0.85 0.81 1.32 «l 
't: 

:::J Jan 1 12 0.10 0.19 0.46 0.58 0.95 0.74 1.09 Ul 

Mar 1.42 0.32 0.51 0.68 0.81 1.39 1.29 1.54 

Stations 
B1 B2 B3 B4 B5 B6 B7 B8 

~ 
May 1.14 024 0.36 0.53 0.74 1.12 0.92 1.15 

2 July 0.95 0.04 0.03 0.46 0.38 0.74 0.68 1.09 ro 
~ 

~ 
Sep 0.94 0.06 0.04 0.51 0.41 0.57 0.61 074 

'0 Nov 0.92 0.19 0.28 0.44 0.58 0.85 0.80 1.39 
CD 

Jan 1.04 0.10 0.19 0.41 0.58 0.68 0.74 1.12 

Mar 1 14 0.32 0.51 0.95 0.94 1.51 1.29 1.61 
----------------------

SURFACE MONSOON 

2.0 

Cl 1.5 

.s 1.0 
...J 
f- 0.5 I:) 

0.0 
2 3 4 5 6 7 8 

Stations 

Figure 6. J Dislrihlltiol1 ()f disso/l'I.:d (([l1l1il1 al1d lignil1 in sur/lice m/fers durillg 
IJ /() I1S () () 11. 
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Surface nonmonsoon: In nonmonsoon, the distribution trend was highly 

irregular throughout the entire stiudy area, where highest concentration was 

near to the estuarine station 8 (Figure 6.2). At station 2, the values were 

slightly lower than the rest of the stations. The tannin and lignin 

concentrations displayed a variation of 0.21-1.69 mgll. In this season, the 

reservoir station I also displayed an appreciable concentration of tannin 

and lignin type refractory compounds. 

SURFACE NONMONSOON 

2 

Cl 1.5 

.s 

..J 
I- 0.5 
Cl 

0 

2 3 4 5 6 7 8 

Stations 

Figure 6.2 Distribution o( dissolved tannin al7d lignin il7 sur/ace lI-u/ers during 
17 () 1711 IOI1S{)()11. 

Bottom monsoon: In monsoon, the bottom distribution gradient of 

dissolved tannin and lignin followed a zig zag trend upto station 5 (Figure 

6.3). This was exactly similar to that observed for surface stations in 

monsoon. Comparatively low concentrations were observed near to stations 

2. and 3 and the highest value was at the confluence station H of Azhikkode. 

The concentration range displayed for this season \-vas 0.13-1.15 mgll. 

Like monsoon, here also, the bottom dam water (station I) showed its 

enrichment 0 f refractory organic material. 
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c, 
.s 

1.5 

-l 0.5 
b 

o 
2 

BOTTOM MONSOON 

3 4 5 6 7 8 

Stations 

Figllre 6.3 Dis(rihwioll (lrdis.loll'cd /(/l/lIin alld ligl/in ill /JO((()III 1\'l(lcrs dtlril7g 
mOl7soon. 

Bottom nonmonsoon: The J)onl1lonsoonal distribution pattern in bottom 

samples (Figure 6.4) followed an exactly similar trend as that in monsoon. 

Here also, the mid-rivcrine stations :z and .1 showed comparatively low 

values. The estuarine cnd member stations still continued to exhibit its 

replenishment with dissolved tannin and lignin like substances. In this 

season, station 8 displayed the 111uximum concentration of tannin and lignin 

(1.40 mgll) whereas the minimum \vas at the waterfalls station 2 (0.21 

mgll). 
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BOTTOM NONMONSOON 

2 

- 1.5 Cl 

g 
...J 
I- 0.5 
Cl 

0 . 1 

2 3 4 5 6 7 8 

Stations 

Figure 6.4 iJislrihllrion ()r disso/1'ed {(IlIn;1I (llId ligllin ;11 I)()ffolll mlfen during 

ill In iJlOIIS(lOII. 

While discussing the general trend (Figure 6.5) in thc dissolved tannin and 

lignin distrihutioll pattcm for both surface and bottom stations, 

nonmonsoonal values were slightly higher than monsoonal values, 

throughout the entire study area. At the town station 5, nonmonsoon scason 

recorded exceedingly higher concentration in the surface sample. For all 

other stations, no widc fluctuations were observed in the distribution of 

dissolved tannin and lignin temporally. 
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SPATIAL D~T~BIITIDN OF DISSOLVED TANNIN AND UGNIN Imgn) 

.~-....:_tfO(t~ 

:IiSIto'!i .... ~...". 

• XIliS--.c..a.!Il-:WtaO:Cl 

.~-.a«,(,M!Il""lI1(MlIQ7I I 

WUiIllai~ 

. lE' 
i!.£R 

lOllffi -

, 
~-j 

Figul'''' 6.5 Generul diSlrihutirm trend oflunnin und lignin ill dissolwtd slule. 
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In the present study, bimonthly data in dissolved phase showed maximum 

tannin and lignin at the estuarine station 8 (I.4 mg/l) and minimum at the 

waterfalls station 2 (0.13 mg/l). Low concentrations at the waterfalls might 

be due to the flowing character of the river system and subsequent removal 

from the well-oxygenated water column. Lignin like compounds may be 

removed in large quantities from the water media by adsorption onto the 

microbial cell wall and also by processes like coagulation. sorption on 

purticulates, oxygenative degradation, and dilution by receiving waters etc. 

It is reasonable to expect a proportion of the organic material in the 

estuarine waters to consist of phenolic materials' like tannin and lignin. 

Dilution effect may also be one of the reasons for the observed variation of 

tannin and lignin concentrations. Another possible reason is the adsorption 

by clay, minerals, organic matter etc. The lignin derived phenols in 

dissolved organic matter was far below the values found in sedimentary 

organic matter. explained herein in the subsequent sections. This may 

substantiate the processes of rcmoval of these inhibitory compounds from 

the water column either by precipitation, coagulation or by adsorption onto 

clay minerals. 

Correlatiun 

In this study, dissolved tannin and lignin were found to be inversely 

correlated with DO in monsoon for both surface as well as bottom samples 

( r = -0.7714, P > 0.01; r = -0.7373, P > 0.02). In nonmonsoon also, in the 

bottom samples, dissolved tannin and lignin displayed inverse correlation 

with DO (r = -OJQ37, p > 0.(1) (Figure n.6). This feature revealed the fact 

20g 
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that oxygenated degradation of tannin and lignin substances are facilitated 

in Chalakudy river. 

10 

:::: 

~ 5 
C> 
c 

0 

0 

Correlation between dissolved T&L and 00 

(S)·MonsDDn 

• r- • • • . - • 
-----, 

0_2 04 0_6 08 12 

Dissolved TU (mgll) 
y = -2 5233x + 79856 

R:=05951 r.·07714 

Correlation belween dissolved T&L and 00 

!B)·Monsoon 

!':t ~-~-'-. 
OLI-----~----~----~ 

05 

assolved T&L!m gll) 

1.5 
y = -2_4584x + 7 9154 

R: = 0_5436 r -0 7373 

Corre lalion between dissolved T&L and 00 

(S) ·NonmonsDon 

~ssolved T&L (mgil) 

• t 

• 

j = -0 i204x + 51797 
R- =;J 2476 

Correlation between dissolved T&LJnd 00 

IB)-Nonm onsoon 

_8 r----
~; I f""~-'-_..tt"'I_-,.~:~_---._ 

o .--------- ---------_ .... ---

05 

assotved T&L Imgfl) 

1.5 
y = -1 d5~8x + S 1796 

R: =06785 r -G6237 

Figure 6_0 Correlation or disso/l'ed tal1l1in and lignin I\'irh di,I.\O/1'(:d m:vge/1 
content (S-Sw/ace, B-Bo(/oll1) , 

In a previous study by Kalcsh et a\. (2001) along the west coast of India, 

tannin and lignin levels varied between 80 pg!l ~l11d 147 pg!1 v,'cre reported, 

They found a positive and negative correlation \\lith oxygen in surt~lce and 

bottom waters respectively and a negative and positive correlation with 

salinity at low v,'uter depths [lilt! in deep \vaters resrecti\'(~ly. This indicates 
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that substances such as lignins behave more conservatively III higher 

salinity waters. 

Cwol.ltion h.;tween disSQlv~d TaL .III!! (jiss.)lved 
plolleinlSHAonsoon 

o 05 
Dissolved T ~ L !nlgh 

15 
';'; 0 9:::0.31, + I] ~J1;', 

.::. 0 7978,r Ij ,lS33 

Conel.ltil,n between diss.)lved 18 L .1Ild dissolved 
I 

I 
I 

1 I 
'~ L r-------------------· - . 

s 15 1 .! 
~'i .~ \ 
i Q5j ~ • 
.~ 0 t t 
Q 

o 05 
DiSS'ilved T8llm~ Il 

15 
t; 0.9812, + Im32 

R: 07oa' " 0"'" I . = .1)A) •. :}(14'1.J 

CQ/f.;I.ltioll hetween dissolved Hl Jnd ,fissolved 
l"ottilllSHlunnlonSOOIl 

i; 04:jI8x. 05:321 
R:, 0.6168,1 0 7854 

Curl ;;I,ltioll bdwe<'1I dissolved 1 &l Jnd disSQlved 
PI (>!dIl16HI'imll')II~')OIl 

~ ~ r---- --------1 
;';~1 + i 

:_: g 0
1 

j, ___ ~ __ __r----__,_.-_---ii 
_ ..- t t I 

.:l 

G5 
[Iissolved T &L InlQli 

1.5 
y : 0881 x + 1)4063 

R': 0.7696, r IJ.3772 
L-__________________________ ~ 

Figure 6.7 Correlation of'dissolved t(/nnin (lnd lignin )l'irh dissolved proteins{S
SIII/(/ cc. B-B () rr () 11/). 

Dissolved tannin and lignin was found to be positively correlated with all 

other labile organic constituents studied in the dissolved phase, i.e. 

dissolved protein (Figure 6.7), dissolved monosaccharides (Figure 6.8) and 

dissolved polysaccharides (Figure 6.9). This might be due to the 

accumulation of these compo~nds by low rate of degradation 111 the 
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presence of these phenolic compounds. Direct relationship between them 

also suggests same source of origin of these components (Rini, 2002). 

Corr el.lti')1I hetwwI di$~oIved rtl ,md (lissolwl 
m(,1l0S.1ccllo1lide {Sf-M'lllsoon 
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eNI d.ltj.)Jj ileh'lr.ell diw!]ved T &L .md dissolv,-d 
mOllos.1Cr.h.uid,-,B)-I!I':OIlSO,)1l 

{ : 1) 55;~7:· + (I 64!~7 
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Figure 6.8 Corre/ation or (/issoh'ed tannin 
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COHtiatioll between dissolved T &l Jnd dissolved 
polysmh.uide {S)-Mrmsooll 

d1··~ 
·tl~,_ • 

o , 
o :J5 I " , 

[iiwAved 1&Llmgl) 
i'GcB~.rtO:G~; 

R:'05351,r 0./315 

C"H.\,lti('1l between dissolved UL ,lnil diss~!ved 
P';/ys.ltchalide IBI-Mf)IlSOH) 

(I 

-- ---------- -------

Il~ 15 
"i,O}118' .0)932 
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Iloiys.lcch.nide {S).!lol1ntQIISOOII 

~ 15 .,---------.-.-~ 

~L1 ~t • > ,.. ... I 
}U~ 
U~:1J5 • I ,_ \1 

~~ I ! O+--~-----r--~--~ 

o 05 
[iiSSf)\ved T&L Img'll 

15 2 
v ~ 0.3~:!3;, • O.6~46 
R:,O 526,1. I] 7~12 

C('II el.ltioll between dissolved T n Jnd dissolved 
l)f)/ysm\l,1f ide {Bl-/lfmmollsool1 

t~~l~[' ~----) ~.,. . 
£q I 
~ ~ ~ n~ 
Q ~ -: 

~ U +---------,-,---,)----
tJ 05 1 15 

v;: o 6332l +0526;) 
R:,1]7;:;31,r 03::-;:;1 

Fig/ll'c 6_ Y Corrclation (l dissolved /(}lInin (ll1d ligl1il1 with dissoh'c:d 
!)()/V\i!(·cJwridc:s(S-Sllr!r.rce, B-Bot/Olll). 

Tannin and lignin in the particlIlafe phase (PTL) 

The physicochemical and biological parameters of estuarine waters are 

dynamic both spatially and temporally. Drastic changes in salinity occur 

during the tidal mixing of fresh and salt waters, activities of primary and 

secondary producers arc high, and dissolved and particulate matter of 

tetTcstriai, autochthonous ancl marine origin are present with adequate light 

penetration and nutrient supplies, fresh, autochthonous organic matter is 

present through photosynthetic activity (Tada et aL 200 I). However, 
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relatively little is known about the composition and behaviour of estuarine 

suspended particulates with regard to bulk chemical structure, quantitative 

contributions of telTcstrial and autochthonous materials, and transfonnation 

by active biological processes. 

Tahie 0.2 Bill/()n(hh' dis(rihll(i(!/1 ()/(Ollllill ([lid ligllill in (fir! /JUrticlI/olcs (!/'slII./iIC(, 

(/nd hot/o/ll m/fers ore/w/alll/dv ril'cr 

Stations 
Mon~s S1 52 S3 S4 SS S6 

.. _---- ._.-,-,,---:-'-'--
May 0.68 0.07 0.08 0.11 0.10 0.22 

57 S8 

~ July 0.21 0.07 0.03 0.03 0_03 0.04 
0.58 
0.13 
0.15 
0.39 
0.22 
0.52 

0.71 
0.33 
0.38 
0.54 
0,48 
0.68 

ill ~ Sep 0.15 0.05 0.02 0.03 0.03 0.05 
g G Nov 0.42 0.04 0_06 0.08 0.07 0.14 
'tt 
::J m Jan 0.37 0.03 0.07 0.06 0.06 0.08 
(/)0. 

____ M.ar __ O§~ _ ._O_.0-,-,9 __ 0'-.C.07 ___ 0_.1_2_. 0.0-,-9 _",-0.=29,-

(f) 

ill 
m 

EO; fl:e 
o to 
mo. 

Stations 
B1 B2 B3 B4 85 B6 87 B8 .. _---_. 

May 0.68 0.07 0.08 0.11 0.12 0.29 0.67 0.75 
July 0.25 0.07 0.03 0.04 0.03 0.04 0.13 0.38 
Sep 0.19 0.05 0.02 004 0.03 0.05 0.16 0.36 
Nov 0.51 0.04 0.06 0.08 0.13 0.14 0,42 0.56 
Jan 0.39 0.03 0.07 0.07 0.06 0.10 0.22 0.51 
Mar 0.65 0.09 0.07 0.13 0.13 0.31 0.52 0.71 -----"-----------_.------ --------_. 

To date, not much information is available on the contribution of lignin to 

the suspended pat1iculate fraction in aquatic systems. It was in this context 

that field studies \'v'ere under taken to measure the concentration and 

variation of the lignin in suspended partieulates of Chalakudy River, so as 

to leam how this material is modified during its transit through this 

important environmental compartment (Tablc 6.2), 

Surface monsoon: In surface pat1iculatcs, tannin and lignin distribution 

pattern in monsoon was in u more or less uniform pattern from station 2 
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onwards up to station 6 (Figure 6.10). To the lower end of the study area, a 

sudden increase in concentration was seen, the maximum observed value 

(0.49 mgll) was at the estuarine end of station 8. The minimum observed 

concentration was at station 3 (O'()4 mgll). 

SURFACE MONSOON 

0.8 

Cl 0.6 

-S 0.4 
....J 
;- 0.2 
0.. 

0 

2 3 4 5 6 7 8 

Stations 

Figure 0.1 () /)istri/JlIfioll 0/ /(I1/17;n (//1(1 lignin ;n s!IIfe/cc: part;clIlatc:s dl/ring 

1/1( !IlS()() 1/. 

Surt~lce nonmol1soon: The l1onmol1soonal trend (Figure 6.11) in the 

distribution of pm1iculate tannin and lignin in surface followed an exactly 

similar trend as that in mOI1SOOI1. In between stations 2 and 5, no wide 

t1uctuations were observed in concentrations. Estuarine and reservoir 

stations rep0l1cd comparatively high particulate tannin and lignin 

concentrations, reflecting the maximum concentration at station 8 (0.58 

mgll). 
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I 
! 

SURFACE NONMONSOON 

0.8 1 -=a, 0.6 

..s 0.4 
-J 
E:: 0.2 

o ! 
2 3 4 5 6 7 8 

Stations 

Fig/lre: 0.11 {)isrrihlltiUIl of ({IIII/ill and lignin III sill/ace /)(l/'ticlI/ule durillg 
1I()11111( IIIS!)( )/1. 

Bottom monsoon: In monsoon, bottom P,1l1iculatc tannin ancl lignin 

concentrations displayed no wide variatiolls tt-om statiolls 2 to :) (Figure 

6.12). Irrespective of the depth-profile of surt~lce and bottom, suspensates 

of riverine and saline stations (1, 7 and X) retained the high concentrations 

of tannin and lignin, A gradual increasing trend in particulate tannin and 

lignin concentrations was seen in the down stream end i.e., atter station 6. 

The minimum observed concentration v.'as O.c)4 mgll (at station :3), 
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BonOM MONSOON 

3 4 5 6 7 8 

Stations 

Figllre O. J 2 Distri!mtiol1 of t({lIl1in (flld lignin III h(}/WIII j)(ll'lic/I/(f/es iIuring 

IJ/OIISO() 17 . 

Bottom nonmonsoon: The nonmonsoonal trend of tannin and lignin in 

bottom sllspensates depicted the same hchuviol' as that in mOl1soon (Figure 

6.13). Here also, the middle stream portion displayed almost a uni form 

trend in concentration. The observed concentration range for this season 

was 0.05-0.61 mg/1. In this season too, thestation 8 reported the maximum 

tannin and lignin concentration (0.61 mgil) and minimum was at station 2 

(0.05 mg/l). 

0.8 

=a, 0.6 

.s 0.4 

...J 

~ 0.2 

o 

BonOM NONMONSOON 

2 3 4 5 6 7 8 

Stations 

Figure O. J 3 Distri/llllioll or lallllill a/l(! lignin in hOllom jlarlicll/({leS during 
/1O/11I/()I1S0( 111. 
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SPATIAL OISTijBUTION Of PAR1~UU1E TANNIN AND UGH~ Im~ 

. :ara..\!._.lIIllIl_ 

. >I['t:UIM __ ~oa:D 
.-atr! ... 1Mr.:lIlIlIDlI 

.on:LI!"".lar;"3~ 

-
Figure 6.14 Geneml di.~(rihlltion trend of tannin und lignin in J"Jrtimlutt' mutter. 
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Considering the general trend (Figure 6.14) in the distribution of particulate 

tannin and lignin, more or less a uniform low sus pens ate loads of tannin 

and lignin were concerned from the stations 2 to 6. Thus, the seasonal 

variability along this riverine strap is too narrowed to project any specific 

features. The higher observed concentrations wcre near to the stations in 

the reservoir and saline locale, the maximum being at station 8. For both 

surface and bottom samples, 110nmonsoonal values were slightly higher 

than monsoonal values. 

In the prescnt study, higher particulate tannin and lignin at station 8 might 

be due to its removal from the water medium by adsorption onto the 

microbial cell \\/all and by processes like coagulation, sorption on 

particulates and others (Kalcsh et aI., 200 I). The lower values at riverine 

stations are primarily due to the Ilowing nature of river, and continuous 

flushing out of organic matter. 

Correlation 

Particulatc tannin and lignin showed a co-variance with its counterpart in 

the dissolved phase (Figure 6.15). As observed for dissolved phase, in the 

particulate phase also, tannin and lignin was inversely correlated to 

dissolved oxygen both seasonally and spatially (Figure 6.16). These 

inverse relations suggest that accumulation of phenolic compounds occurs 

at a faster rate under anaerobic conditions. If there is availability of oxygen, 

rate of degradation ofphcnolic compounds is much faster (Rini, 2002). 
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Here, particulate tannin and lignin displayed positive correlations with 

other labile constituents, I.e. proteins, monosaecharides and 

polysaccharides in the dissolved and sedimentary phases (Figures 6.17 to 

6.22). This might be due to the reduced rate of degradation of these labile 

constituents in the presence of inhibitory compounds like tannin and lignin. 

high concentrations of tannins might destroy microbial colonization (Lee, 

ll)l)l)). This may also be due to same rate of degradation from the same 

source (Rini, 20(2). 
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Tannin and lignin in the sedimentw:v p/zase (STL) 

The present study repol1s (Table 6.3) on the scasonul variation of phenolics 

in the sediments of eight stations of Chalakudy River along with other 

cm'ironmental parameters. 
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TaMe 6.3 Bimonthly distribution of sediment{//y tannin (ll1d lignin (mglg) in (he 
sedimenl.\· of' C//(//akl/((V ril'CI' 

--,._--,,-,"---_ .. -- --' 

Months S1 S2 S3 S4 S5 S6 S7 S8 -----,. -------
May 1.59 0.59 0.78 1.31 1.06 1.22 1.12 1.71 

July 1.09 0.13 0.24 101 0.87 1.11 0.88 1.32 
Sep 1.13 0.19 0.35 0.98 0.64 0.99 0.96 1.26 
Nov 1.38 0.37 0.56 1.23 0.97 1.16 1.05 1.65 
Jan 1.26 0.21 0.41 1.18 0.88 1.24 1.12 1.46 
Mar 1.64 0.46 0.61 1.42 1.35 1.16 1.22 1.84 _. __ .. --- ,-,------ --- ._--- -_.-----

Monsoon: In l1l011S00n, st:dimentary tannin and lignin distrihution pattern 

(Figure 6.23) was highly irrt:gular, wht:rc catchment and estuarine mouth 

stations (1 and ~) respecti\'c!y reported slightly higher conct:ntrations. 

Similar to the fluvial tannin and lignin loads, stations 2 and 3 located in the 

upstream portion also record comparatively low valucs in sediments. A 

unifoml variation in the concentration cannot he seen in the distrihution of 

sedimentary tannin and lignin, hccause high values were ohserved near to 

station 1- the first station in the up stream portion, und at station 8- the last 

station in the dowllstream region. The range o!' concentration observed for 

this season was O.32-1.4g mg/g. 
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MONSOON 

Figurc 0.23 Dislri/Jlff;()1I !I/ll/IIl/ill alld lignin in sc:dimc:nf.\· during lI/onsool1. 

NOl1monsoon: The 110nl11onsoonul trend (Figure 6.24) in the distribution of 

sedimcntary tannin and lignin was same as that in monsoon season. The 

middle stream stations (stations 4-7) did not show a wide variation in 

concentration. As seen in monsoon, nonmonsoonal values were also low at 

the stations :2 and 3. In this season, stations I and 8 recorded comparatively 

higher concentrations of sedimentary tannin and lignin (stations 1 and 8 

respectively being the upper most and lower most regions in the study 

area). The maximum repol1ed value for this season was 1.65 mglg (at 

station 8), minimum being 0.33 mg/g (at station 2). 

The increased tannin and lignin concentrations observed at the dam site 

(station I) could therefore he attributed to the influence of gravitational 

settling of organics occurring in this region. Salinity induced flocculation at 

the contluence region lead to incrcased value of tannin and lignin in the 

scdimcnts of estuarine mouth station (i.e., 8). The lower levels of tannin 

and lignin noticed at the waterfnll stations were the consequence of the 
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increased particle size which decreases the adsorption/ incorporation of 

organics and also the oxygenated decomposition of organic matter under 

the increased cycles of water turbulation. These stations were fresh water 

dominated and the textural characteristics of the sedimcnts were sandy in 

nature. 

NONMONSOON 

2.5 
Cl 2 
Cb 1.5 g 
...J 1 
~ 0.5 Cl) 

0 
2 3 4 5 6 7 8 

Stations 

Figllre 0.24 Distributi()n oj"lafll7ill and lignin in sediment.l· during l1onmOnSOOI7. 
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SPATlIL DIS1WIBUTlON OF SEDIIENTARY TANH~ AND UGHIN IIIIW9I 

-
Figure 6.25 General distribution trend oflannin and lignin in .~edimetlfa,.y phase. 
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In the distributional profile of sedimentary tannin and lignin (Figure 6.25). 

nonmonsoonal values were found to be higher than that of monsoonal 

values through out the study area. The low monsoonal values can be 

explained as a n.:sult of renewal of sediment by high nm off or as due to the 

dilution of sedimentary lignins by lignin deficient organic materials. The 

overall distribution of tannin and lignin in dissolved, particulate and 

sedimentary phases are pictured in (Figure 6.26). Here, the waterfall 

stations (2 & 3) displayed comparatively low tannin and lignin 

concentrations. Estuarine sediments are mainly composed of silty-clay or 

clayey-silt, whereas the riverine sediments are predominantly sandy. This 

could he the prime reason for the lower concentration of tannin and lignin 

in the riverine stations compared to estuarine stations. Earlier reported 

values of tannin and lignin are gin:n in Table 6.4. 

Tah/e (j.4 Reported m/ues ojtalll1in and lignin 

No Syste!11 
Cochin baL'kwatc:rs 

1\·langro\·c I.-:a\ I:S 

-~ Cuchin Estuary 

-i Wcst cuasl or Arabian 
sea 

~ l\·lall~rO\ cs 

6 Mangr,AC:s in Kochl 

7 Mangro\.: lea\'es 

watc:r 
().o-2~ In)!' 

3.2~-20'()20 

Illg/1 

O.OX-O.I-i 7 
mgl 
0.1 12-.R2Illg 1 

O.IR7-1.676 
Ingl 

231 

sc:dil11c:nt 

.05-10.56I11gg 

1.22- 6.X-l1 Ingg 

Ret',: re 11 cc 

l\uir et al.. 
199() 
Kalhircsan. K. 
and Vc:eran 
1990 
!'Jair 1992 

Kulcsh cl al 
2001 
Rini 2002 

Nisha 2002 

13.71 10 90.56 l.in ct al.. 2006 
Ingg 
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Figurt! 6.}6 Overall distribllfion o.f tannin and lignin in "i.\·.~o/n'd. par/iell/atf! (Il1d 
sedimentary phases. 
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Correlation 

In this study, sedimentary tannin and lignin was inversely rdated to the 

percentage of sand, whereas it displayed positive cOITelations with silt and 

clay fractions (Figure 6.27 to 6.29). The grain size of the sediments plays a 

significant role in controlling the distribution of organic compounds. 

Clayey-silt and silty-c1ay sediments were capablc of loading morc organics 

than the sandy ones. Different signiticant correlations as related to 

dissolved, pnrticulate and sedimentary tannin and lignin arc shmvn III 

tigures 6.27 to 6.41. 
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Conel'Jtion between sedimentary T!l ,)I\d 
11.)Jticul.lte mOllosJcch.uiile IS)-Mol1soon 

Conel.ltioll betlleen $~djmeln.lIY r~l;llId p.vticukde 
monosmh.lIide (S)·lIonnlonsoon 

--------1 
I 

I 
• 

• 

C(of[ el.ltic·/l b~twetll sediment.uy UL ,11111 1',1Ili(lll.lte 

n1e'Il.)smhJri(jf /Bf -M'IIlS')'1I1 

:: 
: 03 ------.. --.. -.-.-. --_ .. . ~ I 

~;I:/i1 L ,;; , . 
~:(lIi • . , . 
'a 01 ~1 .. 
:I. 

I) 

Sedimenl.1IY r &lIOlg"JI 
"I) 16;:;:) -OC407 
R:'Ot;~61,1 1)":96 

2 
v= I) lr,9,. 00-222 

p.:, 0.364.\. r 0.91'):3 

Fig/lre fI.37 Corn:/utio/1 of' sedimentary tallnin alld lignin with part jell/ate 
lIIol1osaccha ride. 



Tannin and lignin: Phases-coupled spatiotemporal variability 
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Hydroxylated aromatic compounds of telTestrial origin arc found in the lo\v 

range of concentration at stations 1 to 6. Stations 7 and 8 showed 

comparatively higher vulucs. The slight enhanccment in the concentration 

on these estuarine stations mainly contrihuted by the tish hatchery unit 

situated near to station g. The distrihution of sediment organic carbon in 

?4~ 
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and around bar mouth region noticeably differs from other stations and also 

with the distribution of tannin and lignin. The study reveals the presence of 

tannin and lignin like substances more in the estuarine regions than the 

freshwater regions. The n:moval of lignin from the water media may by 

itscl f he a complex phenomena accountable by either one or a combination 

ofthc fc)llowing processes 

a) Coagulation 

h) Formation of lingo sulphonates 

c) Sorption on particulates 

d) Limited hacterial oxidation 

e) Diution by receiving waters 

t) Formation of compounds undctectahk to the analytical methods. 

Summarizing the general observations, 111 all the compartments i.e. 

dissolvcd, sedimental and particulate phases, tannin and lignin 

concentrations were t()und to he higher in the estuarine region compared to 

riverine stations. Lower concentrations observed in the riverine stations can 

be the consequence of increased particle size which decreased the 

adsorptionlincorporation of organics fi·om terrestrial origin. In nature 

phenol will f<.mn complexes with nitrogenous compound like proteins and 

free amino aeids and makes thcm less susceptible for microbial 

degradation. This reduces mineralization and release of nutrients (Joseph 

and Chandrika, 2000). 
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For all the environmental compartments studied here an 1I1crease 111 

concentration is observed downstream which sho\vs that majority of 

organics originated in the upstream area arc carried downstream and 

precipitated in the estuarine stations in the downstream cnd. \1ixing of river 

watcr of high ionic strength and estuarine water llf high ionic strength is 

known to result in precipitation of organics (Burton and Liss, IlJ76). 

Though, station [, was riverinc in nature, the concentrations reported here 

\vas slightly higher than the other riverine stations. The low content noticed 

in the other riverine region may be a result of frequent dredging of river 

sand and the intluence of grain size (sandy nature). 

Statistical Approach 

Ahhrevi<lliollS 

NS 

U(lf 

---,--,-----=-:---:--=--------_ .. - ._-
:-.Jot Signitil:ant 

~ISS 

(11 • (l.05) 

(p.O. OJ) 

(1'---0.001) 

MDS 

(kgrl:c~ of freedom 

I\kan Sum of Squares 

calcuiakd F is significant at 5% Ic\ 1:1 

calculmcu F is ,;ignificant at 1% k\'d 

l:ukulJtcu f is significant at 0.1 '1;, Ic\cl 

1 ... 1 ultidil11cnsionaI ,;cJling 

'lA::: 



Chapter VI 

Table 0.5 Distribwion of di.I',\'o/l'L'd ((/l1l1in and lignin 

station mean std . ~~~~. Lstation Mean std eV% 

S1 0.993 0.301 3027 I S5 0.545 0.162 29.69 

81 1.023 0.091 891 65 I 0.606 0.162 31.66 

S2 0.157 0.101 64.22 S6 ! 0.919 0.272 29.63 

82 0.157 0.101 64.22 66 j 0.911 0.319 35.01 

S3 0.236 0.172 7315 S7 I : 0.840 0.229 27.29 , 
63 0.236 0.172 73.15 I 67 i 0839 0.223 26.60 

S4 0,475 0.118 ::~;t~ J~;:: . :::: 22.17 

B4 0.553 0.184 22.78 
..... _- .. _-_.-

Distribution of dissolved Tannin and Lignin (Table 6.5), averaged over 

seasons, showed a range of 0.157 (station 2) to 1.195 (station 8) at 

surface with a seasonal variation of 22.17% (station 8) to 73.15% 

(station 3). Tannin [me! Lignin at hottom depicted a pattern similar to 

that observed at surtbec with Cl highest vulue of 1.182 at station 8 and 

least value of 0.157 at station 2 along a seasonal variation range of 

8.91 % (station B I) to 73.15% (station 83) with an increasing trend both 

for seasonal average as well as seasonal variation. 

3 way ANOVA (Table 6.6) cmTied out showed only high station wise 

(F0 .35)=205.52, p<O.OO I) and seasonal (FI5J5)=82.83, p<O.OOI) with 

high interaction between stations and seasons (F(J56,35)=2.23, p<0.05). 
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Tahle 6.6 3 way ANOVAfor comparing dissolved tannin and lignin with respect 
to station, surface and bottom and seasons 

Source ss dot MSS F ratio Remar1!.s 

Stations (A) 11.4716 7 1.6388 205.5179 (P<0.OO1) 

Sur/Bot (B) 0.00799942 1 0.007999 1.00317 NS 

Seasons (C) 3.30234 5 0.66047 82.8262 (P<0.001) 

AB interaction 7 0.003530 0.4427 NS 

BCinteraction 5 0.011282 1.41487 NS 

ACinteraction 35 0.017803 2.23265 (P<0.05) 

Error 0.279095 35 0.007974 

Total 60.0470 95 

Dendrogram drawn, grouped July and September in one cluster, which 

are the periods of lower values at stations 1 to 3, both at surface and 

bottom and brrouped January, November, May and March together 

which are the periods of flourishing values of Tannin and Lignin at 

stations I to 8 (Figures 5.42 a and b). 

i 
2 

Figure 6.42 a. Dendrogramfor seasons hased on dissoh'ed tannin and lignin 
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J 
Fi&Ture 6.42 b. MDSfor stations based on dissolved tannin amI lignin 

Trellis diagram depicted the significant difference between station 1 

and station 2-5 (t(1 0) ~3.l69, p<O.O I) and station 2 and 3 with station 

4- 8 (t(1 0) ~3.l69, p<O.OI) and also station 4 and 5 with stations 6 to 

station 8 (t(1 0) ~ 1.812, p<0.1 0) (Table 6.7). 

248 



Tannin and lignin: Phases-coupied spatiotemporal variability 

Table 6,7 Trellis diagram jor students / lest 10 compare between sratiOns 
based 011 dissoil'ed umnin and lignin (. No' significam: . Significant 01 Jrr/o 
lel'el; • Significant at 5% lel'el; • SignificlJnt (If 1% lewd) 
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Tahle 6.8 Distriblltion o/particlI{ate tannin and lignin 

station mean std CV% station Mean std CV% 

51 0.401 0186 46.29 S5 0.063 0.025 40.55 

81 0.443 0.187 42.25 85 0.083 0.045 54.67 

52 0.057 0.019 33.49 56 0.136 0.093 68.20 

B2 0057 0.019 33.49 B6 0.136 0.108 69.25 

53 0.054 0.024 4482 S7 0.332 0.176 5294 

83 0054 0.024 44.82 B7 0.353 0.199 56.23 

54 0.071 0.034 47.91 58 0.521 0.138 26.56 

84 0.078 0.035 44.42 88 0.545 0.147 26.96 

Particulate tannin and Lignin (Table 6.8) observed at station, surface 

and bottom, averaged over seasons depicted a distribution with range, 

0.057 (station 2 to 0.521 (station 8) and with a seasonal dispersion of 

values, range, 26.56% (station 8) to 68.20% (station 6) at surface. At 

bottom the corresponding values are 0.057 (station 2) to 0.545 (station 

8) with values 26.96% (station 8) to 69.25% (station 6). 

3 way ANNOV I\. (Table 6.9) carried out for vanous comparative 

purposes, showed high station wise differences (F (7.35)= 1688.62, 

p<O.OOOI) surface and bottom differences (F(!,35)=19.47, p<O.OOl) and 

seasonal differences (f(5J5)= 19.4 7, p<O.OO 1) with high station

surface/bottom interaction (F(97.d= 13 .28, p<O.OO 1) and station-season 

interaction (F(35J51= 10.67, p<O.OO I) as indicated by high values at 

bottom. at stations 4 to 8 and lower values during July and September at 

all stations. 
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Table 6.9 3 way ANOVA for comparing particulate tannin and lignin with 
respect to station, suiface and bottom and seasons 

Source SS dot MSS F ratio Remaf1(s 

Stations (A) 3.0711 7 0.43873 1688.9171 0.01% 

SurlBot (B) 0.006884 0.006884 32.9199 0.1% 

Seasons (C) 0.74549 5 0.149098 19.4719 0.1% 

AB interaction 7 0.000590393 13.2768 0.1% 

BC interaction 5 0.00041151 1.18178 NS 

AC interaction 35 0.014025 10.6607 0.1% 

Error 0.00909185 35 0.00025977 

Total 8.6753 95 

Dendrogram for season grouped the 6 months into 2 clusters: 1. July 

and September, periods of lower particulate Tanin and Lignin 2. 

January, November, May and March, periods of comparatively higher 

values of Tanin and Lignin (Figure 6.43). 

Figure 6.43 Dendrogramfor seasons based on dissolved tannin and lignin 
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Trellis diagram presented the significant differences between station 1 

and station 2 to 6 (t(IO»3.169, p<O.90) and also between station 2 to 6 

and stations 7 and 8 (t( 10) ~3. I 69, p<O.OI )(Table 6.10). 

Table 6. /0 Trellis diagram jor sludents I leSl 10 compare belWeen Slal ions 
based 0" ptll"liclllote lamlill and Jig"in (. NOI sigll ijiclmt; • Signijicanl UI J(Y'/o 
level; • Signijicalll al 5% lel'e/: • SignijictJl1I al 1% le~'eI) 
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SUMMARY 

Environmental biogeochemistry is a dynamic subject, because it is greatly 

concerned with chemical transformations especially those that are catalysed 

by living organisms. This thesis focuses attention on the role of 

biogcoorganies in modifying the ecological and environmental condition as 

well as the status of the scdiments with their minute variability subjected to 

various physicochemical processes. 

The investigations reported herein pe11ain to the studies conducted on the 

dissolved, particulatc and sedimentary environments of Chalakudy river 

between 2005 and 2006. The study has incorporated the general 

hydrographic parameters like temperature, pH, salinity, dissolved oxygen 

and chemical oxygen demand for water samples and sediment organic 

carbon, moisture content, CHN and grainsizc for scdiments. Quantitative 

evaluation of proteins, carbohydrates and tannin and lignin were discussed 

in detail. 

High values of salinity were registered only at the estuarine stations. 

Textural studies based on sand, silt and clay ratios of sediments indicated 

that sand was predominant in the riverine region and clay or silt in the 

estuarine region. The decreasing trend was observed in grain size due to the 

transport of sediment from riverine to estuarine region. The important 

factors affecting the general hydrography of estuarine stations are raint~dl, 

freshwater inflow and intrusion of seawater through the river mouth. 



Summary 

Organic matter comes from a once-living organism, is capable of decay or 

the product of decay or is composed of organic compounds. The definition 

of organic matter varies upon the subject it is being used for. Measurements 

of organic matter generully quantify only organic compounds or carbon, 

and so are only an approximation of the level of once-living or decomposed 

matter. Proteins are organic compounds made of amino acids arranged in a 

linear chain. Carhohydrates included polyhydroxylated aliphatic 

compounds ranging in size from monomers to large biopolymcrs. Tannin 

and lignins are high molecular weight polycyclic aromatic compounds 

widely distributed throughout the plant kingdom. Waterfall stations 

exhibited the lowest carbohydrates and proteins and tannin and lignin. The 

concentrations were highest at the dam and estuarine end. Protein, 

carbohydrates and tannin and lignin contents of waterfall regions were 

lower than other six stations which was due to low organic matter and high 

sandy nature of the sediments. High t10wing nature of the river at these 

sites restricted the accumulation of organic carbons and were washed away 

with every incoming water. The maximum value was obtained at the 

Azhikodu estuary. Presence of high organic carbon and clay contents 

increased the amount of carbohydrates, proteins and tannin and lignin at 

reservoIr and the riverinc stations. These components could he strongly 

adsorbed onto pmiieulate matter and clay minerals and the sediments of 

these stations contained much of the adsorbed proteins and those were not 

readily desorbed. The high values of these organic components in the 

estuarine region could also be attributed to anthropogenic input, high rate 



Summary 

of sedimentation, productivity and death and decay of aquatic organisms 

and floating plants. 

A1I parameters were annlyzed for comparing between surface and bottom 

and among stations in the dissolved. particulate and scdimentary 

environment and statistical approach was done as applicable to each of the 

parameters using 3 way ANOVA. Advantagc of the 3 way ANOVA ovcr 

the 2 way ANOV A is that \-vc get the interaction betv,fcen the 3 factors, 

taken two at a time in the fonm~r case. Pair wise comparison cUlTicd out 

using students 'r test gave significant results. 

The studies of biogeoorganies revealed that the organic matter is mostly of 

terrestrial origin and make profound influencc in the biogeochcmical 

processes and there is every scope fix effective management of the 

Chalakudy river- estuarine system. 
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