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PREFACE

Among various geological agents at work, rivers have been receiving special

attention from the beginning of mankind. Rivers are the chief carriers of water, dissolved

salts and organic matter from land to the sea. They are the prime architect in shaping the

geomorphic features of tropics and subtropics. The natural channels and flowing waters

that form the essential components of rivers act as corridors for the free movement of

organisms among various aquatic ecosystems. But, it is unfortunate that, increased human

interventions consequent to economic development in the past 3- 4 decades have imposed

tremendous pressure on these life support systems. Recent studies reveal that human

interventions have caused world-wide increase in river input of geochemical constituents,

especially nutrient elements, to the coastal ecosystem by many folds. This in turn leads

to imposed eutrophication incidences in many parts of the coastal areas. Construction of

dams / reservoirs and associated structures, on the other hand, causes considerable

reduction in the supply of water and sediments downstream, thereby affecting the natural

river processes and also its stability. The scenario is being complicated further by the

huge discharge of toxic contaminants from point and non-point sources. As a result of all

these interventions / processes, the river systems of tropics and sub-tropics have been

altered to levels often beyond their natural productive capacity.

Kerala State is blessed with 44 small rivers with catchment area < I0000 krrr'.

Estimates show that these rivers together transfer about 78000 million m3 of water into

the Lakshadweep Sea every year. Uncontrolled discharge of pollutants from urban,

agricultural and industrial sources, indiscriminate mining of construction materials (clay

and sand) from instream and floodplain areas, damming of rivers, inter-basin water

transfer, etc., have adversely affected the natural processes of these river systems. The



recurring incidences of fish diseases and ecosystem disorders are nothing but the signals

ofman-imposed stresses in these ecosystems, which obviously need immediate attention

and corrective measures.

The present study is an attempt to address issues related to sediment properties

like texture, mineralogy and geochemistry as well as water quality of two important

rivers of central Kerala - the Periyar (River length: 244 km, Catchment area: 5398km2
)

and the Chalakudy (River length 130 km, catchment area 1704 krrr') rivers. These river

basins are located between North latitudes 9°15'50" & 10°32'53" and East longitudes

76°7'38" & 77°24'32".

The entire thesis is addressed in seven chapters. Chapter 1 comprises the general

introduction of the study area with its location, drainage, river discharge, physiography,

geology, structure, climate, landuse, population, environmental degradation and the

objectives of the study. The various methods employed in the study, consisting of

fieldwork, sampling, laboratory investigation and computation of data are presented in

Chapter 2. Chapter 3 deals with textural characteristics like, grain size and statistical

parameters, bivariate plots, CM pattern and classification of sediments. Mineralogical

parameters such as heavy mineral assemblage and correlation matrix of heavy minerals

etc. are incorporated in Chapter 4. Chapter 5 is devoted to geochemistry and pollution

assessment using statistical parameters like enrichment factor and contamination factor.

Chapter 6 deals with a detailed analysis of water quality and nutrient fluxes of these

rivers. The summary and conclusions of this study are dealt in Chapter 7. The relevant

literature cited is given at the end of the thesis.
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CHAPTERl

GENERAL INTRODUCTION

1.1 INTRODUCTION

Rivers are the major geological agents in tropical and sub-tropical regions.

Year by year, rivers transport about 37000 krrr' of water (Meybeck, 1976) and 13.5 x 10
9

tonnes of sediments (Milliman and Meade, 1983) from terrestrial environments to the

world oceans. During transportation, water and sediments undergo considerable changes

in their physico-chemical properties depending on terrain characteristics and climate of

the region through which the river flows (Gibbs, 1977a; Lal, 1977; Subramanian, 1979;

SajMet aI., 1992; Walling, 1999; Somayajulu et aI., 2002; Ankers et aI., 2003; Turner

and Rabalais, 2004). It is now well understood that river transport of particulates,

nutrients and minerals plays a major role in maintaining the productivity of the coastal

and the nearshore environments of the world. Rivers and its estuaries provide

connectivity between terrestrial and marine environments and also act as corridors for

free movement of aquatic organisms among various sub-environments. But,

unfortunately, increased human interventions consequent to the economic development in

recent years have imposed tremendous pressure on the river systems. Several studies

reveal that human interventions have caused worldwide increase in river input of

geochemical constituents, especially nutrient elements to the coastal ecosystem by many

folds leading to 'imposed eutrophication' incidences in many parts of the coastal areas.

Construction of engineering structures like dams, spillways etc. are also responsible for

changes in natural processes of river environments. The scenario is being complicated

further by the huge discharge of toxic contaminants from point and non-point sources. All



these, in one way or the other, have negatively affected the natural productive capacity of

these lifesupport systems of tropics and sub-tropics.

The situation is not so different in the river systems of Kerala, especially in the

Periyar and Chalakudy rivers draining, respectively, the industrial and cultural capitals of

the State. Discharge of pollutants from urban, agricultural and industrial sources,

indiscriminate mining of construction grade materials (clay and sand) from instream and

floodplain areas, damming of rivers, inter-basin transfer of water etc., have adversely

affected the natural processes of these river systems. The recurring incidences of fish

diseases and ecosystem disorders are signals of man-imposed stresses in these

ecosystems, which obviously need immediate attention and corrective measures based on

careful observations and studies.

The present study is an attempt to address certain aspects of the sediment and

water systems of the Periyar and the Chalakudy rivers flowing through Idukki,

Ernakulam and Thrissur districts of Kerala. The study includes a systematic analysis of

sediment properties like texture, mineralogy and geochemistry and also the quality of

overlying waters of these river systems. An attempt has also been made to evaluate the

pollution status ofthe area.

1.2 STUDY AREA

1.2.1 Location

The area selected for the present study, the Periyar and Chalakudy river basins,

falls within the central part of Kerala (Fig. 1.1) and lies between North latitudes 9°15' 50"

- 10°32'53" and East longitudes 76°07'38" - 77°24'32". The area spreads in the Idukki,

Ernakulam and Thrissur districts and comprises 16 taluks - 5 in Thrissur, 7 in Emakulam

and 4 in Idukki.

2



Study area
Periyar and Chalakudy river basins

Fig. 1.1 Locatio. map oflb. study area



1.2.2 Drainage

Periyar river

The Periyar river other wise called the Poorna nadi, is the longest river of Kerala

and also the largest in water discharge potential (Kerala State Gazetteer, I Q8l:,).Fig 1.2

depicts the drainage characteristics of the river which has a length of about 244 km and a

catchment area of 5398 krrr'; out of which a total of 5284 km2 lies in the Kerala State and

rest in the Tamil Nadu State. The river originates from the Sivagiri hills at an elevation of

about 1830 m above mean sea level (msl) and flows through highly varied geologic and

geomorphic regions. The major channel supplying water and sediments to Periyar river

are the Muthirapuzha, Perinjankutty, Edamalayar and Mangalampuzha tributaries. The

river bifurcates near Aluva township into two major distributaries: the southwesterly

branch is called as the Marthanda Varma distributary (flowing through Eloor

Kalamassery industrial belt) and the northwesterly branch as the Mangalapuzha

distributary. Both the distributaries debouches into the Lakshadweep Sea either directly

(Mangalapuzha distributary) or through backwaters (Marthanda Varma distributary);

(Annexure I). The drainage density and stream slope are 0.21 km / km2 and 7.14 m / km,

respectively. The important reservoirs in the Periyar river basin are Bhoothathankettu,

Idukki, Lower Periyar, Kallarkutti, Ponmudi, Mullaperiyar, Mattupetti, Anayiragal,

Kundla and Idamalayar. Table 1.1 summarises the relevant details of some of these

reservoirs whose information is available in published accounts. The longitudinal profile

of the river is depicted in Fig. l.3a. The river is perennial and generally exhibit a

dendritic drainage pattern.

Chalakudy river

The Chalakudy river is a comparatively smaller perennial river than the Periyar.

Though Chalakudy river in strict geological sense is a tributary of Periyar river, for all

3
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practical purposes it is treated as a separate river by Government and other agencies. The

river joins the Periyar river near its mouth. It originates from the Anamalai hills of the

Western Ghat mountain ranges and flows through the northern part ofPeriyar river. After

draining through varied physiographic and geologic terrains of Tamil Nadu (minor

portion) and Kerala (major portion) States, the river merges with the Periyar river at

Elanthikkara located about 10 km upstream of the Periyar river confluence at

Munambam. The Chalakudy river has a length of about 130 km and a catchment area of

about 1704km2
• Out of the total catchment area, about 300 km2 lies in Tamil Nadu and

the remaining in Kerala. The river is formed by the confluence of 5 major tributaries:

Parambikulam, Sholayar, Kuriyarkutti, Karappara and Anakkayam. Out of these, the first

two tributaries originate from the Tamil Nadu State and the remaining from the Kerala

State. The Chalakudy river hosts several waterfalls, of which Peringalkuttu and

Athirappalli are the major ones. The reservoirs constructed in the river basin are

Peruvarippallam, Tunakadavu, Parambikulam, Sholayar and Peringalkuttu (Table. 1.1).

The river, in general, exhibits a dendritic drainage pattern. The longitudinal profile of the

river is given in Fig.l.3b.

1.2.3 Riverdischarge

Analysis of 8 years of water and sediment discharge data (1987/88 - 1994/95)

collected from the offices of the Central Water Commission (CWC) located at

Malayattoor-Neeleeswaram (Ernakulam district) in Periyar river and Arangali (Thrissur

district) in Chalakudy river reveals that, on an average, 6613 million m3 of water and

346089 tonnes of sediment (sand = 83603 tonnes; mud = 262486 tonnes) are discharged

through Periyar river every year. The corresponding water and sediment discharges of the

4
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Chalakudy river are 1903 million m3 and 59917 tonnes (sand = 13060 tonnes; mud =

46857 tonnes), respectively. The year - wise discharge of water and sediments during the

period 1987/88 - 1994/95 are summarized in Table 1.2. Fig 1.4 depicts the monthly

discharge of water and sediment through Periyar and Chalakudy rivers during the year

1987. From these figures it is very evident that about 60% of water and 65% of sediment

discharge occur during southwest monsoon (June - August). Northeast (September

November) monsoon discharges only about 30% of sediment and water into the

Lakshadweep sea.

1.2.4 Physiography

Physiographically, the study area can be broadly divided into 3 major zones 

lowland « 8m amsl), midland (8 - 75m amsl) and highland (>75m amsl); (Fig. 1.5).

Fig.I.6 depicts a detailed relief map of the region. The lowland has a width ranging from

10 to 15 km. The area close to the coast is dominated by a network of backwater

channels. The midland region is characterized by an almost rugged topography comprising

small flat-topped low mounts and broad valleys. The midlands are intensely cultivated. The

highland is characterized by scarp, valleys, plateau and mountains. The highland host

many reservoirs. The highest mountain peak in Kerala, the Anamudi run in a north-south

direction in the eastern border of Periyar river basin. Plates 1 and 2 depict a few

geomorphic features related to the Periyar and the Chalakudy river basins.

1.2.5 Geology

Kerala State forms a part of the peninsular shield, comprising the major rock

units: Pre-Cambrian crystallines, Tertiary sedimentaries, laterites developed over the Pre

Cambrian crystallines, Tertiary sedimentaries and Recent to Sub-Recent (late Quaternary)

5
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a

Ptate t : Some selected scenes from the Periyar basin.
a) Muthirapuzha tributary - a distant view;
b) Sand deposits within channel near Munnar;
c) Sand deposit of Periyar near Kalady town



Plate 2 Some selected scenes from the Ch•••kudy river.
ol Tbe Albiroppolly woler rolb;
b) Ch.I.kudy river near Cb....kudy lown;
cl Cbolokudy river ..ith huuriaDl riPOrioD

vegetation near Kadukutty.



sediments. This geological suite is bounded by the Western Ghats on the east and the

Lakshadweep Sea on the west.

Geologically, the Periyar and Chalakudy river basins are occupied by a spectrum

ofrock types, which include crystalline rocks of Pre-Cambrian age and the sedimentaries

ofTertiary and Quaternary Periods (Fig. I.?). More than 95% of the study area is covered

by Pre-Cambrian crystallines. The crystallines are comprised of quartz-feldspar

hypersthene granulites (chamockites), chamockite gneiss, hypersthene-diopside gneiss,

hornblende gneiss, hornblende-biotite gneiss, quartz-mica gneiss and pink granite. A

large part of these crystalline rocks have undergone polymetamorphic and

polydeformational activities. At many places, acidic and basic rocks intrude the Pre

Cambrian crystallines. Pegrnatitic intrusions are recorded at many places. Tertiary

sedimentaries occur as sub-surface formation especially in the coastal area. The Pre

Cambrian crystallines and Tertiary sedimentaries are covered at many places by laterites.

Recent to Sub-Recent sediments of Quaternary age overlie the Tertiaries in the lowland,

especially near coastal zones.

1.2.6 Sub-surface geology

Boreholes drilled by Central Ground Water Board (CGWB) reveal that a greater

part of the Periyar and Chalakudy river basins is composed ofPre-Cambrian crystallines

such as charnockites (major occurrence), hornblende gneiss, garnet biotite gneiss and

biotite gneiss (minor occurrence). Sedimentary rocks of Tertiary and Quaternary ages

occur in the coastal tract (Soman, 2002). The studies of ONGC in the offshore basin of

Kerala indicate that sedimentary thickness increases steadly from north to south. As per

CGWB (1993), the Tertiaries are represented mainly by Warkalli, Quilon and Vaikom
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Formations (Fig.1.8). Minor occurrence of Quilon Formation is recorded at the

Chellanam borehole. The Tertiaries overlay laterites at many places. The thickness of

Quaternary sediments varied between 20 m and 54.3 m. The Tertiaries and Quaternaries

are composed ofalternate layers of sand and clays.

1.2.7 Structureand tectonics

The crystalline rocks of Kerala were polyphasedly deformed. In the present area,

fairly tilted isoclinal folds with NW-SE axial orientations can be demarcated on a

regional scale. These folds seem to be of second generation whose orientation has been

modified by folds of the third generation. The later fold system is manifested in the form

oflarge upright synforms and antiforms whose axial traces trend NW-SE (Nair, 1990).

The Kerala region covers a significant part of the western continental margin of

India and the major lineaments here are considered to represent deep fractures or shear

zones. Three major lineament orientations are observed, namely, WNW-ESE, NW-SE

and NE-SW. The NE-SW sets, which maintain an orthogonal relationship, can be

considered as conjugate pairs and also seems to be younger, as it displaces the NW-SE

set. It may be that the NE trending ones were reactivated at a later stage (Chattopadhyay

and Chattopadhyay, 2004).

There is rough parallelism between the general trend of lineaments and the

foliation. The NW trending foliation in the central part of the area runs parallel to the NW

trending major lineaments. In the southern part of the area, to the south of intersection of

the NE and NW oriented major lineaments, the foliation has a N to NE trend. In the area

ofmaximum intersection of the lineaments, a major synclinal structure is defmed by the

foliation.

7
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In regard to the relationship of the lineament with the geology, it is seen that the

major lineaments are either located at the boundaries of the rock formations or they cut

across the rock formations. The composite gneiss trending NW-SE and the granite bodies

elongated in the NE-SW direction are sub-parallel to the major lineament directions. The

basic dykes are parallel to the WNW-ESE trending lineaments (Sinha Roy, 1981).

1.2.8 Soils

Soils of the Periyar and Chalakudy river basins fall within 6 broad categories.

They are: I) lateritic soil 2) hydromorphic saline soil 3) brown hydromorphic soil 4)

riverine alluvium 5) coastal alluvium and 6) forest loam. Of these, lateritic soils are the

predominant soil type of the midland region. The brown hydromorphic soil is mostly

confined to valley bottom ofundulating topography of the midland. They are formed as a

result of the deposition of material derived from the adjoining hills and slopes. A major

portion of the upland is covered by forest loam having the surface layer rich in organic

matter. Theriverine alluvium occurs mostly along the river channels and their tributaries.

The coastal alluvium is believed to be developed from marine and estuarine processes.

1.2.9 Climate

The study area is characterized by a tropical humid climate with summer season

from March to May, and rainy season from June to September. Wet type of climate

prevails in the higher hill ranges. The area receives an average annual rainfall of 3000

mm. The rainfall increases from west to east. Nearly 68.2% of the total rainfall occurs

from June to August (southwest monsoon) period. The period September -November

(northeast monsoon) contributes about 17.5 % of the total rainfall. A total of 13% of

8



rainfall is received during March to May and the balance is obtained during January to

February. Outof the total 133 rainy days 83 days are during southwest monsoon.

The relative humidity is higher during monsoon months. Wind speed records the

highest mark during May (10.9 km/h). The area experiences almost uniform temperature

throughout the year. However, the maximum temperature is in the month of March and

minimum inDecember.

1.2.10 Landuse I land cover

The study area occupies landuse classes, like tea I coffee plantations,

forests, open scrub, mixed crops, rubber plantations, paddy fields and water bodies (Fig

1.9). The landuse I land cover of the area can broadly be grouped into agricultural land,

forest land, wastelands and water bodies.

The upper region consists of forest land, agricultural land, wastelands and

water bodies. The forest land consists of forest plantations, ever green I semi-ever green

forests, deciduous forests and degraded forests. Of the forest land, nearly 10% is covered

by forest plantation, 12% by degraded forest, about 8% by deciduous forest and 5% by

evergreen I semi evergreen forest. Nearly 40% of the upland is agricultural land, which is

mainly under mixed agricultural I horticultural plantations. About 10% ofupper region is

wasteland which is occupied equally by barren rock and land with or without scrub. Rest

ofthe area is occupied by water bodies.

The midland is occupied by agricultural land, forest land and wasteland.

Nearly 85% of the area is agricultural land which is mainly under mixed agricultural I

horticultural plantations. Forest land is occupied by evergreen I semi-evergreen forest and

9
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degraded forest. Rest of the area comes under wasteland, which is land with or without

scrub.

The lowland is occupied by agricultural land and water bodies. Nearly 75%

is occupied by mixed agricultural/horticultural plantations and about 15% by double

cropped paddy lands. Rest of the area is occupied by water bodies.

1.2.11 Population

As per 1991 census, the total population in the Periyar and the Chalakudy

basins comes to about 3.5 million. A total of 125 local bodies, including 6 municipalities

fall within these basinal areas. In addition to these, a portion of Tamil Nadu State also

falls within the eastern part of the study area. Of these 125 local bodies of Kerala State,

9S fall completely within the study area and the remaining comes only in part.

1.2.12 Environmental degradation

Population explosion and rise in demand for resources has lead to serious

environmental problems in the river basins of Kerala, especially in the Periyar and

Chalakudy river basins. The Periyar river near Eloor - Kalamassery regions hosts many

fertilizer and chemical industries (Plate 3). All these industries together discharge an

amount of about 260 million m3 of liquid wastes into the river channel, annually

(Dineshkumar, 1997). Additionally, an amount of 113000 tonnes/year of urban wastes is

also added in Periyar and Chalakudy basins from various urban local bodies (CESS,

1999). The unscientific disposal of these wastes could enhance the level of pollution in

the area. Analysis of secondary data from Agricultural Department, Government of

Kerala reveals that an amount of 46000 tonnes/ year ofchemical fertilizers are applied for

10
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enhancing theproductivity of the area. It is a fact that substantial part of these chemicals

will also be reaching these river channels in one way or the other.

Indiscriminate mining of minor minerals like sand, tile / brick clays, hard rocks /

dimension stones, soil, etc. are also imposing severe environmental problems in Periyar

and Chalakudy river basins. River sand mining is reported from the entire channel

netWorks. A total of 40 local bodies of Periyar and 9 local bodies of Chalakudy river are

engaged in sand mining. About 364 sand mining locations (locally known as 'kadavus')

are identified in the Periyar (320 locations) and Chalakudy (44 locations) rivers. The total

quantity ofsand being mined from these locations amounts to 7.8 million tonnes / year. It

is estimated that the sand mining sector sustains about 11500 laboures in two river basins.

There are many environmental problems related to indiscriminate mining of sand.

The river bank is cut deeply at many locations (particularly downstream stretches) for the

passage of vehicles into the riverbed. Incidents of river bank slumping, weakening of

engineering structures, lowering of water table in wells adjacent to sand mining sites,

etc, are common in the area (Padmalal et aI., 2003). There are several reports of

aggravated sea water ingression consequent to lowering of river channel in areas close to

river mouth. All these impose added stress to the physico-chemical and biological

environment of the river ecosystem (Kondolf, 1994; Brown et aI., 1998; Sheeba and

Arun, 2003; Sreejaet aI., 2003). Fig 1.10 depicts the riverbed lowering in the Periyar and

Chalakudy rivers near the gauging stations at Malayattoor - Neele~waram (Periyar river)
"

and Arangali (Chalakudy river). Plate 4 potrays some selected scenes from the sand

mining sectors of these two rivers.

Apart from river sand mining, indiscriminate clay mining from paddy fields for

manufacture of roofing tiles, bricks and other clay articles is another serious

11
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environmental problem in the area. The process, generally confined to the wetland

systems of the area, has a direct impact on paddy production of the State. From the

borehole samplingand analysis, it is revealed that, tile and brick clay occur to about 5m

below ground level, on an average level. Further, active clay mining is recorded from an

area of about 0.96 km'. About 135975 tonnes / year of clay is being scooped from the

area and used by various industrial establishments (Padmalal et al., 2004a). Some

selected scenes from clay mining sector of the Periyar and Chalakudy rivers are displayed in

Plate 5.

1.3 OBJECTIVES OFTHE PRESENT STUDY

Considering the significance of the socio-economic and environmental

scenario of the two river basins and in the overall development of Kerala, a detailed

investigation on the sediment and water quality aspects of Periyar and Chalakudy rivers

have been attempted. The following are the specific objectives of the study.

• To investigate the textural and mineralogical characteristics as well as

transportation and depositional mechanisms of the sediments of Periyar and

Chalakudy rivers.

• To find out the geochemical variability of organic carbon, phosphorus and certain

major (Na, K, Ca and Mg) and minor / trace (Mn, Pb, Ni, Cr, and Zn) elements in

thebulk sediments and mud fraction of these rivers.

• To evaluate the status of heavy metal pollution registered in the sediments of

these rivers.

• To assess the physico-chemical characteristics and water quality of Periyar and

Chalakudy rivers.

• To estimate the dissolved nutrient flux through the Periyar and Chalakudy rivers

into the receiving coastal waters.

12



~

c

u-...
"C

.fl
oS
".c
U
"C
C

"~.c
o<l

"~
"s-,.~
~
E
Q

.::..
c
c
E
~

-.;..
c
.~

.c
~

~

.c
Co

~..
Q-Q
.c
Co

"C..
0:
on..-"0::



CHAPTER 2

MATERIALS AND METHODS

2.1. INTRODUCTION

This study covers a spectrum of subject components such as texture,

mineralogy and geochemistry of sediments, and hydrochemistry of Periyar and

Chalakudy rivers. Various procedures adopted for the present study can broadly be

grouped into three: a) field survey and sampling b) laboratory investigation and c)

computation and compilation of results.

2.2. FIELD WORKAND SAMPLING

A detailed fieldwork has been carried out in the Periyar and Chalakudy

river basins for the collection of primary and secondary data (from the field and

various offices) as well as sediment and water samples for laboratory investigation.

Secondary information was collected from various State and Central Government

Departments like Kerala State Land Use Board (KSLUB), Central Ground Water

Board (CGWB), Central Water Commission (CWC), State Planning Board (SPB),

Department of Economics and Statistics (DES), Agricultural Directorate and also

from various local bodies in the Periyar and Chalakudy river basins. This information

is updated using necessary field checks / verifications as and when required. A total of

56 sediment samples were collected systematically from the Periyar (34) and the

Chalakudy (22) rivers for detailed textural, mineralogical and geochemical studies

(Fig. 2.1). A stainless steel van Veen Grab was used to collect bottom sediments from

the two river basins. All samples were carefully transferred to neatly labeled

polythene bags and preserved for further analysis. Additionally, a total of 19 water

samples were also collected from the study area (11 in Periyar and 8 in Chalakudy

river) during monsoon (in the month of July) and non - monsoon (February) periods
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for hydrochernical analyses (Fig. 2.2). The water samples (2 liters) were collected

from each location using a well cleaned plastic bucket. The pH and temperature of

water samples were noted in the field itself. In addition to these, separate samples

were collected for Dissolved Oxygen (DO) and Bio-chemical Oxygen Demand

(BOD) estimations. All the samples were brought to laboratory and analysed for

various parameters for achieving the objectives of the study. Utmost care was taken

for not to contaminate the samples during collection and handling.

2.3 LABORATORY PROCEDURES

2.3.1. Texture

The sediment samples were dried on an air oven at 55±2oC to constant

weight. Representative portions of the samples were sieved for 15 minutes on

mechanical Ro-Tap sieve shaker using a standard set of ASTM Endicott sieves at half

phi (1/2 4» intervals. The fractions left over in each sieves were carefully transferred,

weighed and cumulative weight percentages were calculated. The cumulative weight

percentages of the above analyses were plotted against the respective grain sizes in <P

units ona probability chart. The cumulative frequency curve is drawn for each sample

and values of 1, 5, 16,25, 50, 75, 84 and 95 percentiles were recorded. The statistical

parameters such as phi mean, median, standard deviation, skewness and kurtosis were

calculated following Folk and Ward (1957):

Mean size (Mz) = ~16 + ~ 50 + ~ 84

3

Median = ~50

~84 - ~16 ~95 - ~5
Standard deviation (o) = 'I' 'I' + -'-.'1'_-..:...'1'_

4 6.6

Skewness (SK) = rjJ16 + rjJ84 - 2rjJ50 + rjJ5 + rjJ95 - 2rjJ50
2(rjJ84 - rjJ16) 2(rjJ95 - rjJ5)
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Kurtosis (Ko) = ,,95 - ,,5
2.44(,,75 - ,,25)

The grain size classes like pebbles, granules, sand (various size grades)

and mud were separated following the size limits of Wentworth and studied for their

differential segregation along the profile of the Periyar and Chalakudy river systems.

23.2 Heavy andLight minerals

Heavy and light minerals were separated from coarser (Imm - O.25mm) and

finer (O.25mm - O.063mm) sand fractions using the heavy liquid, bromoform (CHBr3

- specific gravity: 2.85 at 20°C changing O.023fC) and a separating funnel. The

minerals thus separated were washed with acetone, dried and weighed to find out the

total heavy and light mineral contents in the samples. The magnetic fractions

(magnetite) in the heavy mineral suite were separated using a hand magnet. The heavy

minerals were then boiled for a few minutes with dilute HCl and a tinge of stannous

chloride crystals to remove Fe / Mn coating over the detrital heavy grains. A total of

300 - 400 grains from each residue were mounted on glass slides using canada

balsam. The individual minerals in each slide were studied under a Leitz petrologic

microscope.

233 Clay minerals

The mineralogy of clay fraction was identified by X-ray diffraction technique.

The organic matter in the samples was eliminated by treating with H202. Oriented

smear slides as suggested by Gibbs (1967) were prepared for clay fraction «2 urn)

and run on Philips X - ray diffractometer using Ka radiation and Ni filter. The slides

were then glycolated and repeated the experiment. The chart drive 1cu/min,

goniometer l°/min and intensity 2 x 102 were maintained.

(I) Kaolinite will give peaks at the same spacing as that of the mineral chlorite and

hence their identification is really a difficult task. However, Biscaye (1964)

X' 1'i



pointed out that kaolinite in addition to two strong peaks at 7.16Ao and 3.58AO

gives always verysmall peak at 2.38A0.

mGibbsite gives distinct peak at 4.85A0.

(3) Montmorillonite is identified by its (001) peak at 14A° which expands to 17A°

on glycolation.

2J.4 Geochemistry

An amount of O.5g of very fmely powdered bulk sediments as well as the

mud fractions were digested with perchloric acid and hydrofluoric acid in 1:3

proportion ina clean dry Teflon crucible and heated on a sand bath till no fumes come

out of it. Anamount of 5 ml of double distilled water was added to it and filtered the

solution until the digestion of the sample is completed. Made this upto a known

,'olume (50 ml) and was then used for geochemical analysis following various

techniques (Table 2.1).

Table 2.1 Various analytical methods I instrument I make I model
employed in the geochemical study

SI, Parameters Method Instrument Reference

~o, Make/Model

I Sediment organic Titrimetric El Wakeel and
carbon Riley(1957)

, Phosphorus Colorimetric SHIMADSU 15A Murphyand-
Double Beam Riley( 1962)
Spectrophotometer

3 Sodium and Flame photometric Systronics FPM APHA(1985)
Potassium Digital Model

4 Calcium Titrimetric APHA(1985)

5 Iron Colorimetric SHIMADSU 15A APHA(l985)
Double Beam
Spectrophotometer

6 Manganese and trace Atomic Absorption Perkin Elmer Rantala and
elements Spectrophotometric Model 2380 Loring(l975)

- 16



A brief description of the methods employed for geochemical estimations

is given below:

Organic Carbon

The organic carbon in the bulk sediments and mud fraction were

determined by wet oxidation method following El Wakeel and Riley (1957). The

principle is that the organic matter in the sample is oxidized by a known quantity of

chromic acidand the amount of chromic acid consumed is estimated by back titration

against ferrous ammonium sulphate to obtain percentage oforganic carbon.

Phosphorus

Phosphorous as P04 - P was determinant based on the reaction of the ions

with an acidified molybdate reagent to yield a phosphomolybdate complex (Murphy

and Riley, 1962). It was then reduced to a highly blue coloured compound. The

concentration of the P04 - P in the solution will be proportional to the intensity of the

colour developed. The maximum absorption at 880 nm, shows the blue colour. The

amount of P04 - P was determined by comparing with a set of standard samples.

Sodium and Potassium

Sodium and Potassium were determined using Flame Photometer, based

on the procedure described in APHA (1985). In order to avoid the inter element and

anionic effects, Fe and AI were removed from solution by precipitating with ammonia

solution. It was then aspirated for the estimation of Na and K. Calibration curve for

Sa and Kwas drawn separately and concentration of the metals was estimated from

the calibration curves.

Iron (Fe)

Fe was determined colorimetrically following APHA (1985). The

experiment was based on the formation of pink-red coloured complex between Fe2
+

17



and orthophenanthrolin. A 10% hydroxylammonium hydrochloride was used to

reduce Fe at a pH 4.8 to 5. The intensity of the colour was measured at 510 nm by

spectrophotometer (Model SHIMADZU 15A). The amount of total Fe was estimated

from standard calibrated values.

Manganese and Tracemetals

Manganese and tracemetals (Ni, Zn Ph and Cr) were analysed using

Atomic Absorption Spectrophotometer (AAS; Model PE 2380) following the method

ofRantala and Loring (1975).

Precision and Accuracy

The precision and accuracy of heavy metal estimation were checked

against the USGS standard rock sample W1 (Table 2.2). All the metal values were in

agreement with the published values of Rantala and Loring (1975) and Flanagan

(1976).

Table 2.2Heavy metal concentration of USGS standard rock W I (Fe in
percentage; others in ppm)

Fe Mn Zn Cr Ni Pb

W1

Observed 7.85 135 88 119 73 34.28

(0.02) (0.002) (1.3) (1.2) (0.82) (0.32)

(l) Published 7.76 132 86 114 76 31.20

(2) Published 7.96 127 86 116 66 34

Parenthesis - standarddeviationoftriplicate analyses (1) Flanagan (2) Rantala and Loring

2.3.5. Water quality analysis

The water samples were analysed for various physico-chemical parameters

following standard methods (APHA, 1985 and Grasshoff, 1976). Nutrients and Fe
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were determined after filtering the samples through 0.45 urn millipore membrane

filter paper. All colorimetric determinations were made using a double beam

spectrophotometer (SHIMADZU DV 160A). The various methods used for the

analyses are furnished in the Table 2.3.

2.4. COMPUTATION ANDCOMPILATION

The voluminous data generated in this study has been processed using various

statistical procedures / computational techniques. The results obtained were evaluated

in the light of available published research works in India and abroad for drawing

valuable conclusions.
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Tlble2J Details of hydrochemical parameters estimated in the water samples

SI '0. Parameters
pH

Conductivity

Dissolved
Oxygen
BOD

Alkalinity

Chloride
Sulphate

Nitrite-Nitrogen

Nitrate-Nitrogen

'! Ammonia-
Nitrogen
Total Nitrogen

Inorganic
Phosphorous

Total
phosphorous
Silicate-Silicon

Hardness
Calcium

Magnesium

Iron

TDS

TSS

Methodology
Measured using a portable pH meter, ELICO Water
Quality Analyser PE 136, with an accuracy of 0.001 pH
units.
Measured using a portable pH meter, ELICO Water
Quality Analyser PE 136, with an accuracy of 0.1 J..lS
units.
Winkler method with the azide modification.

Unseeded dilution technique and incubation at 20±1QC
for five days.
Titration with standard acid using bromocresol green
indicator.

Argentometric titration with chromate ions as indicator.
Precipitation with barium chloride and measured the
turbidity photometrically at 420 nm.
Complexation with 4-amino benzene sulphanilamide
and N-(l-naphthyl)-ethylene diamine dihydrochloride
and measured the intensity of colour using spectrometer
at 543 nm.
Reduced quantitatively as nitrite in a cadmium column
and estimated as in nitrite-nitrogen.
Measured by the phenate method. The blue colour of
indiphenol was measured photometrically at 630 nm.
Oxidised by autoclaving to inorganic nitrate forms,
which further reduced to nitrite by passing through
cadmium column and estimated as nitrite-nitrogen.
Converted to molybdenum blue by ammonium
molybdate and ascorbic acid and the colour were
measured photometrically at 882 nm.
Converted all organic forms to inorganic forms by
oxidation and estimated as molybdenum blue.
Converted to molybdosilicate and measured
photometrically at 810 nm.
EDTA titration using Eriochrome Black T indicator.
EDTA titration using ammonium purpurate (Murexide)
indicator.
EDTA titration (Total (Ca+Mg), from Hardness - Ca)

Complexation with 1-10 phenanthroline and the orange
red complex was measured colourimetricaly at 510 nm.
Filtration through 0.45 urn Millipore membrane filter
paper and evaporation of water in platinum dish and
drying of the residue till constant weight.
Drying and weighing of the residue left in 0.45 urn
Millipore filter paper.



CHAPTER 3

TEXTURE

3.1 INTRODUCTION

Texture is one of the basic descriptive measures that refer to the relative

proportions of various particle size classes (i.e., grain size classes), constituting sediments

and sedimentary rocks. The grain size characteristics of sediments are studied for a

variety of reasons. Knowledge in grain size is important in the understanding of the

mechanisms operative during the transportation and deposition of sediments. Information

on grain size classes of fluvial sediments is often used for unraveling the distance of

sediment transport in both modern and ancient sedimentary deposits. Furthermore, it is

widely accepted that variation in grain size is related to many aspects like channel

morphology, source materials, and process of weathering, abrasion and corrosion of

grains and sorting processes during transportation and deposition. Grain size also depends

on properties like permeability of sedimentary aquifers, which in turn, have major

economic and social implications. All these reasons have continued to make grain size

analysis as an important tool for sediment related research areas.

3.2 PREVIOUS STUDIES

For the last five decades, granulometric researches witnessed an upboost, which

brought out the intricate mechanisms of sediment transportation and deposition. Many

studies on the size distribution of clastic sediments have revealed the existence of

statistical relationships between the different size parameters such as mean size, sorting

(standard deviation), skewness and kurtosis. The relation between mean size and sorting

is particularly well established. The studies of Griffiths (1967), Allen (1970), Hakanson
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and Jansson (1983) and Pettijohn (1984), have revealed that the best-sorted sediments are

generally those with mean size in the fine sand grade. The interrelationship between grain

size frequency distribution and depositional environments has been used successfully in

many earlier studies to identify the depositional agent and also to recognize the operative

processes of sedimentation of ancient terrigenous deposits (Quidwai and Casshyap, 1978;

Goldberg, 1980; Khan, 1984; Ramanamurthy, 1985; Mahendar and Banerji, 1989;

Pandya, 1989; Joseph et aI., 1997; Majumdar and Ganapathi, 1998). Several attempts

have been made to differentiate various environments from size spectral analysis, because

particle distribution is highly sensitive to the environment of deposition (Mason and Folk,

1958; Friedman, 1961; 1967; Griffiths, 1962; Moiola et aI., 1974; Stapor and Tanner,

1975; Nordstrom, 1977; Goldberg, 1980; Sly et aI., 1982; Seralathan, 1988; Padmalal,

1992; Badarudeen, 1997; Mohan, 2000 and Reji, 2002). The most noticeable distinction

of sands in modem environments like beaches, dunes and rivers are depicted by a scatter

diagram of moment standard deviation (sorting) versus moment skewness. Moment

measure is a sensitive environmental discriminator, which incorporates the entire size

frequency range population (Friedman, 1967).

In many of the earlier studies the image of grain size spectrum, its properties and

the statistical parameters computed from size populations are used for getting insight into

the transportation and depositional processes of sediments and sedimentary rocks

(Friedman, 1961; 1967; Visher, 1969; Blatt et aI., 1972; Sly et aI., 1982; Pettijohn, 1984;

Sajan et aI., 1992; Seralathan and Padmalal, 1993 and many others). Exhaustive studies

on global scale reveal existence of significant correlation between size frequency

distribution and depositional processes. Proper selection and combination of statistical
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parameters can excellently be used to discriminate various environments of deposition of

ancient as well as recent sediments (Folk, 1966; Griffiths, 1967; Friedman, 1967; Hails

and Hoyt, 1969; AlIen, 1970; Goldenberg, 1980; Pettijohn, 1984). Furthermore, the

particle size distribution can invariably influence the mineralogical (Mishra, 1969; Patro

et al., 1989) and chemical (Williams et al., 1978; Forstner and Wittmann, 1983)

composition of sediments. The characteristics of grain size distribution of sediments may

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

grains and sorting processes during transport and deposition.

Passega (1957; 1964) in his classic studies, has established the relationship

between texture of sediments and process of deposition rather than between texture and

environment as a whole. He opined that a clastic deposit is formed from sediments

transported in different ways. In particular, the finest fraction may be transported

independently of the coarser particles. Swift sedimentary agents are characterized best by

parameters, which give more information on the coarsest than on the finest fractions of

their sediments. Hence, the logarithmic relation between the first percentile (C) and

median (M) of clastic sediments is highly significant in understanding the

transportational regimes. Based on the log normal distribution of grain size

characteristics, Visher, (1969) has identified three types of population such as rolling,

saItation and suspension that indicate distinct modes of transportation and depositional

processes. Other significant contributions in the textural attributes of clastic sediments are

of Cadigan (1961), Fuller (1961), Greenwood (1969), John (1971), Davis and Fox

(1972), Veerayya and Varadachari (1975) and Stocks (1989).
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Textural attributes of sediments from the different environments in Indian

scenario have been attempted by many researchers like Rajamanickam and Gujar (1985),

Samsuddin (1986), Seralathan (1988), Jahan et al. (1990), Padmalal (1992), Badarudeen

(1997) and Reji (2002). Rajamanickam (1983) and Rajamanickam and Gujar (1985) have

investigated the grain size distribution of surficial sediments of west coast of India.

Granulometric attributes of the beach, strand plain and inner shelf sediments of northern

Kerala coast have been investigated by Samsuddin (1990). Textural characteristics of the

fluviatile and estuarine sediments of the Nethravathy river basin has been studied by

\arayana (1991). Studies on textural and sedimentological aspects of central Vembanad

estuary were carried out by Padmalal (1992). Seetharamaiah and Swamy (1994) worked

out the textural characteristics of inner shelf sediments of Pennar river, east coast of

India. Seralathan and Padmalal (1994) carried out detailed textural studies of

Muvattupuzha river and Vembanad estuary. Badarudeen (1997) has carried out a detailed

study on sedimentology of some selected mangrove ecosystems of Kerala. A detailed

study on geochemical and sedimentological aspects of Kayamkulam estuary has been

carried outby Reji (2002).

Considering the importance of textural/grain size analysis in sedimentological

studies, anattempt has been made here to study the particle size distribution of sediments

of Periyar and Chalakudy rivers so as to have a better understanding of the fluvial

processes of these river systems.
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J.3RESULTS

J.3.l Grain sizecharacteristics

River sediments are composed of a wide spectrum of particle sizes ranging from

boulders to clay particles. Particles of coarser entities such as boulders and cobbles are

confined mainly to the upland with high gradient physiographic characteristics. In river

environments, there will be a progressive decrease in grain size downstream. Information

on the relative proportions of grain size classes often is used as an efficient tool to

unravel theenergy conditions of the depositional environment.

The sediment samples of the Periyar and Chalakudy rivers exhibit a wide

spectrum of particle sizes, ranging from pebbles to mud. The cobbles and boulders are

excluded fromthe present study because of the difficulty in measuring the size of these

larger particles. Tables 3.1 and 3.2 summarize the percentage content of various grain

size classes of the Periyar and Chalakudy rivers. Figs. 3.1 and 3.2 depict the variation of

grain size classes along the profiles of these rivers. The ranges of gravel (pebble +

graaule), sand and mud are 1.14% -73.66% (av.15.92%), 25.06% - 98.39% (av. 82.17%)

and 0.11% - 10.71% (av. 1.9%) in the Periyar river and 0.59% - 40.4% (av.13.6%),

58.71% - 97.53% (av. 84.78%) and 0.53% - 5.06% (av. 1.71%) in the Chalakudy river.

Of the various size classes, pebbles and other coarser particles dominate in the river

channel due to high gradient physiographic features. Coarser particles register high

values in the river stretch between 100 and 132 km upstream ofPeriyar (50.23 %) and 60

km upstream of Chalakudy river (Figs. 3.1 and 3.2). These areas are with comparatively

higher channel gradients and hard rock exposures within the river channel. Of the grain
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Table 3.1 Percentage of various size grades in the sediments of Periyar river

Sample
\0.

6

9

JO

11

12

13

14

15

16

17

JS

19

20

21

26

:9
30

PE
(I)

5.49

4.00

7.09

5.20

8.20

0.48

5.10

50.23

0.30

2.12

25.43

29.92

8.92

0.54

1.91

6.45

1.22

1.36

1.51

0.63

4.63

4.17

0.22

2.73

1.52

1.94

2.95

2.83

GRAN
(2)

12.07

3.50

5.97

17.34

10.13

2.83

6.02

23.43

3.37

15.43

1.14

16.20

9.13

15.37

8.16

1.31

10.16

2.83

15.74

2.41

9.74

11.36

7.678

26.86

6.13

2.79

3.64

9.74

19.85

13.71

8.26

GRAV
(1+2)

17.56

7.50

1306

22.54

18.33

3.31

11.12

73.66

3.67

17.55

1.14

41.63

39.05

24.29

8.70

1.31

12.07

9.28

16.96

3.77

11.25

11.99

12.30

31.03

6.35

2.79

6.37

11.26

21.79

16.99

11.09

VCS
(3)

35.02

2.00

22.95

26.58

16.57

10.08

11.58

11.28

23.27

21.23

5.23

23.40

12.74

37.51

29.61

9.46

21.01

25.26

30.81

22.31

27.13

34.08

40.58

36.86

10.84

18.82

11.49

27.15

32.79

57.80

49.77

CS
(4)

35.14

37.00

44.05

31.19

27.72

37.59

28.46

6.71

57.26

24.43

29.21

18.20

18.72

24.61

27.65

35.66

26.08

33.80

38.11

23.12

45.81

42.55

31.73

24.01

20.70

65.48

25.37

45.83

27.58

21.08

22.54

4.81

MS
(5)

9.72

35.00

13.71

16.38

27.50

39.42

32.49

5.68

15.09

19.65

38.92

8.30

18.17

11.31

17.99

47.71

29.22

27.61

12.19

37.46

14.14

7.60

10.15

7.17

40.74

6.45

46.35

14.15

11.61

2.85

3.77

14.4

FS
(6)

1.67

10.50

2.68

2.59

6.54

6.60

7.54

1.80

0.55

10.90

13.55

5.62

9.12

1.88

11.20

5.25

9.34

3.20

1.59

8.89

1.08

1.84

2.61

1.76

18.61

3.09

9.23

1.08

4.00

1.21

0.94

5.49

VFS
(7)

0.11

2.00

0.23

0.25

0.43

0.49

0.74

0.08

0.03

2.20

1.24

1.37

1.19

0.07

4.49

0.31

1.53

0.48

0.18

2.84

0.22

0.69

0.22

0.04

1.44

1.56

0.78

0.22

0.96

0.16

0.11

0.36

SAND
(3+4+5+6+7)

81.66

86.50

83.62

76.99

78.76

94.18

80.81

25.55

96.20

78.41

88.15

56.89

59.94

75.39

90.94

98.39

87.18

90.35

82.88

94.62

88.38

86.76

75.29

68.84

92.33

95.40

93.22

88.43

76.94

83.10

77.13

25.06

MUD
(8)

0.79

6.00

3.32

0.47

2.92

2.51

8.08

0.81

0.14

4.04

10.71

1.47

1.01

0.32

0.36

0.29

0.74

0.38

0.17

1.47

0.37

1.19

2.39

0.11

1.25

1.81

0.38

0.33

1.23

0.23

1.78

74.94

lE· Pebble, GRAN- Granule, GRAV-Gravel, VCS- Very coarse sand, CS- Coarse sand
\!~ ~edium sand, FS- Fine sand, VFS- Very fine sand



Table 3.2 Percentageof various size grades in the sediments of Chalakudy river

~ple PE GRAN GRAV VCS CS MS FS VFS SAND MUD
\0 (I) (2) (1+2) (3) (4) (5) (6) (7) (3+4+5+6+7) (8)

.. -~ 24.75 15.65 40.40 27.96 17.11 10.88 2.55 0.21 58.71 0.90

3~ 21.13 9.49 30.62 9.99 11.82 26.63 17.47 1.23 67.14 2.24

}5 19.03 12.76 31.79 13.15 12.69 25.28 15.10 1.98 68.20 1.54

}6 22.44 6.08 28.52 17.14 16.44 27.81 7.40 1.44 70.23 1.23

]' 0.29 1.39 1.68 29.98 40.02 20.58 6.32 0.63 97.53 0.79

}8 7.44 17.54 24.98 32.03 20.53 17.23 4.41 0.19 74.39 0.90

39 3.89 1.46 5.35 28.93 31.66 25.44 7.30 0.42 93.75 0.73

40 1O.l2 5.02 15.14 13.29 24.09 31.95 7.21 0.27 79.81 5.06

41 6.94 3.17 10.11 18.28 32.25 28.19 8.98 0.97 88.67 1.11

41 0.59 0.59 9.60 22.83 36.54 22.18 5.33 96.48 2.87

43 0.53 0.74 1.27 2.14 5.30 52.03 31.19 2.46 69.12 2.54

.j4 2.48 2.48 20.16 29.61 32.23 11.36 1.98 95.34 2.16

45 2.14 7.78 9.92 23.66 37.48 21.36 5.52 1.05 89.07 1.68

46 13.38 4.46 17.84 15.23 21.34 28.01 13.31 2.30 79.19 2.92

47 8.98 3.92 12.90 15.20 16.01 22.37 26.75 3.22 83.55 3.48

48 2.27 9.29 11.56 24.09 32.47 21.70 6.58 1.21 86.05 2.40

49 1.58 3.65 5.23 23.51 32.66 32.40 5.40 0.54 94.51 0.53

50 4.46 10.49 14.95 35.53 24.01 19.66 4.74 0.51 84.45 0.61

51 3.69 2.19 5.88 15.57 34.22 36.47 6.22 0.53 93.01 1.15

52 3.03 10.10 13.13 13.29 22.77 37.73 11.51 0.70 86.00 0.88

53 0.41 1.50 1.91 6.11 12.12 60.48 17.19 1.21 97.11 0.99·

54 3.66 9.45 13.11 40.92 32.56 10.69 1.55 0.22 85.94 0.90

?E· Pebble, GRAN-Granule, GRA V-Gravel, VCS- Very coarse sand, CS- Coarse sand
\fSo Medium sand, FS- Fine sand, VFS- Very fine sand
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size classes, sands of very coarse to medium categories dominate a greater part of the

river channels, except in areas of high turbulence.

The grain size categories also follow the physiographic attributes of the terrain.

This isespecially true in the case of Periyar river. The granulometric composition of the

sediments collected from the plateau region of the Periyar almost resembles to that of the

lowland. Respective averages of gravel, sand and mud contents in the sediments are

11.82%, 83.82% and 4.3% in the plateau region and 13.29%, 84.52% and 1.11% in the

lowland (also see Fig. 3.3). The difference in the size composition of the samples, if any,

is related to difference in local geology or slope characteristics. The sample collected

from Stn. 6, which is located about 132 km upstream of river confluence, exhibits subtle

quantities of pebble (0.48%) and granule (2.83%). This sampling station is located

downstream of Idukki dam and is now a comparatively low energy zone, which favoured

the deposition of coarse and medium sands. From hereon, the content of pebble and

granule (gravel) increases which reaches the highest values at Stn. 8 located in the scarp

zone coinciding with the high energy condition (gravel = 73.66%, sand = 25.55% and

mud =0.81%). Stn. 9, which is located at the base of the scarp zone, experiences

comparatively low energy regime and characterized by nominal amount of gravel

(3.67%) and high amount of very coarse to medium sands. From Stn. 8 there is a change

in physiographic condition as the river enters into the midland and lowland which in turn

are characterized by fluctuating energy conditions and varied granulometric

compositions.

Unlike Periyar, the Chalakudy river exhibits marked fluctuations in grain size

compositions. Here the sampling is done only from the foot hills of the first scarp
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onwards (more precisely from 73 km onwards). The grain size composition exhibits the

first marked variation at 60 km with low contents of gravel and high contents of very

coarse to medium sands. This sampling Stn. is located downstream of the Athirappally

waterfalls, where turbulence of water is comparatively lower. Thereon, the river again

attains vigour, which is reflected in the comparatively high content of gravel in the grain

size spectrum. The energy regime again changes abruptly at 40 km near Pulani. The

samples near these zones are characterized by low amount of gravel and high content of

very coarse to medium sands. The grain size composition once again changes with

substantially high contents of gravel till 6 km upstream from river mouth. Minor

variations observed in this zone are related to the changes in the riverbed characteristics

or presence of meanders.

3.3.2 Statistical parameters

Thestatistical parameters computed for the sediments ofPeriyar and Chalakudy

rivers are furnished in Tables 3.3 and 3.4 and their variations along the longitudinal

profiles of these rivers are presented in Figs. 3.4 and 3.5. The following sections

summarize the major observations drawn from this study.

Phi mean

Mean size expressed in phi (<1» unit, represents the statisticalaverage of grain size

population. In the Periyar river, the phi mean varies from -1.8<1> to 1.26<1>. The sample

collected from the Periyar confluence zone of Vembanad lake records high phi mean

value of 6.67<1>. In general, the phi mean exhibits a fluctuating trend along the profile of

the river system. However, as revealed in the case of granulometric analysis, there are

similarities among the samples of each physiographic unit like plateau, scarp, midland
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Table3.3 Statistical parameters of the sediments of Periyar river

Sample No. Mean (<I» Standard Deviation (<I» Skewness Kurtosis

1 -0.07 1.01 -0.08 0.99

2 0.88 1.04 -0.15 1.76

2 0.20 1.10 -0.35 1.36

4 -0.06 1.17 -0.10 0.85

5 0.33 1.40 -0.36 1.00

6 0.92 0.81 0.17 1.55

7 0.65 1.24 -0.32 1.32

8 -1.80 1.61 0.20 1.19

9 0.43 0.67 -0.35 0.99

10 0.46 1.43 -0.07 0.90

11 1.26 0.78 0.08 1.30

12 -0.75 1.83 -0.04 0.95

13 -0.46 2.18 -0.22 0.80

14 -0.38 1.23 0.11 0.94

15 0.58 1.30 0.24 1.00

16 0.97 0.70 -0.17 1.15

17 0.52 1.23 0.10 0.96

18 -0.46 1.61 -0.05 0.82

19 0.01 0.97 -0.13 0.85

20 0.78 1.10 0.13 0.87

21 0.21 0.86 -0.26 0.96

22 0.05 0.84 -0.09 0.91

23 -0.01 0.95 0.04 1.11

24 1.11 1.16 -0.25 1.24

25 0.46 1.25 -0.24 0.92

26 0.40 0.77 0.18 2.14

27 0.91 1.01 -0.30 1.23

28 0.20 0.87 -0.22 1.07

29 -0.10 1.13 0.12 0.93

30 -0.36 0.79 0.29 1.33

31 -0.75 1.10 0.04 1.04

32 6.67 4.17 -0.10 0.76



Table 3.4 Statistical parameters of the sediments of Chalakudy river

Sample No. Mean (<1» Standard Deviation (<1» Skewness Kurtosis

33 -0.63 1.54 0.05 0.70

34 0.23 2.00 -0.36 0.17

35 0.20 2.00 -0.35 0.79

36 0.07 1.79 -0.23 0.69

37 0.56 0.88 0.09 1.02

38 -0.23 1.31 0.07 0.92

39 0.66 1.05 0.05 1.02

40 0.40 1.59 -0.51 1.12

41 0.63 1.39 -0.29 1.48

42 1.47 1.04 0.23 1.05

43 1.80 0.59 0.16 0.96

44 0.83 1.08 -0.03 1.01

45 -0.47 1.11 -0.13 1.08

46 0.40 1.39 -0.36 0.58

47 1.00 1.69 -0.28 0.92

48 0.43 1.18 -0.16 1.02

49 -0.56 0.80 0.04 0.64

50 0.03 1.18 0.23 0.96

51 0.77 1.02 -1.10 1.39

52 0.77 1.29 -0.65 1.15

53 1.47 0.80 -0.30 1.54

54 -0.03 0.93 -0.14 1.01
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and lowland. The phi mean, in general, registers high negative values (range: -1.80~ to 

0.46; av. -1cI» in the scarp zone. The respective ranges of phi mean values are -0.76<1> to

1.2M> (av. 0.51 <1» in the plateau region, -0.46~ to 0.97<1> (av. 0.25<1» in the midland and

.Q.75l1> to 1.11<1> (av. 0.20<1» in the lowland region.

In the Chalakudy river, the samples were collected only from the midland and

lowland. The highland is generally covered with dense forest. The three uppermost

samples (Stns. 33, 34 and 35), exhibit low phi mean values (or high mean size in mm)

(range: -O.63cI> to 1.8<1>; av. -0.06<1». This is due to the high energy conditions prevailing

in the area, controlled by the high gradient terrain characteristics. The maximum,

minimum and average values of phi mean are - 0.56~ to 1.8<1> (av. 0.59<1» in the

midlands and -0.03<1> to 1.47<1> (av. 0.60~) in the lowlands.

Standard deviation

Standard deviation or sediment sorting is the particle spread on either side of

average value. It is a measure of particle sorting in a sediment sample. Standard deviation

is auseful statistical measure in textural analysis of clastic sediments and gives clues on

the efficiency of depositional medium. The sediment sorting becomes good if the spread

size is relatively narrow. Investigations show that mean size and sorting correlate well in

sand and pebble grades and correlation worsens as grain size increases. It is also claimed

that silt and clay show better sorting as grain size increases.

The standard deviation values of the Periyar river varies between 0.67<1> and

2.18~ (moderately well sorted to very poorly sorted) with an average of 1.23<1>. Fig.

3.4 shows the spatial variation of standard deviation along the profile of Periyar river.

From this figure, it is clear that the sorting worsens in the scarp zone and the standard

27



1.6

1.4

1.2

0.4

0.2

O+---"'T"""--"""'T"---~--"""T'"---r-----r-----r------,

0.4

0.2

o

1
.{l·2

.{l.4

fl cs
.{l.B

-1

-1.2 +----r----r---......,..-----,,....----r---"'"T""--......,..-----,

80706030 40 50

Dislanee (km)

1.9

91.7

S1.5
i11.3i1.1

0.9
fl

0.7

0.5

2

1.5

9

I 0.5

I
0

-0.5

·1

0 10 20
RIVER
MOUTH

fig. 3.5 Downstream variation of statistical parameters of the Chalakudy river



deviation ranges from 1.61C1> to 2.18C1> (av. 1.87C1». The respective standard deviation

values ofplateau, midland and lowland are 0.78C1> to 1.40Cl> (av.1.07C1», 0.7C1> to 1.61 Cl>

(av. 1.09<1» andO.77C1> to 4.17C1> (av.1.32C1».

In the Chalakudy river, the standard deviation varies between 0.59C1> and 2~

(moderately wellsorted to poorly sorted) with an average of 1.26C1>. Most of the sediment

samples exhibit poorly sorted particle dispersal pattern (Fig. 3.5). The standard deviation

in the midland and lowland is 0.59C1> to 1.69C1> (av. 1.17C1» and 0.8C1> to 1.29«1>

(av.1.04<1», respectively.

Skewness

Skewness provides information on the energy level prevailed during the

deposition ofsediments (Damianiand Thomas, 1974; Sly, 1977; 1978). It is a measure of

the asymmetry of the grain size population and gives clues on the type of environment. It

is an important parameter in textural analysis and its extreme sensitivity in sub

population mixing is a noteworthy feature. Well-sorted unimodel sediments are usually

symmetrical with zero skewness. In a fine skewed sediment population, the distribution

of grains will be from coarser to finer and the frequency curve chops at the coarser end

and tails at the fmer. The reverse condition is the characteristic of coarse skewed

sediments. Martin (1965) has suggested that coarse skewness in sediments could be due

to two possible reasons: a) addition of materials to the coarser terminal or, b) selective

removal offme particles from a normal sediment population by winnowing action.

In the Periyar river, skewness varies between -0.36 and 0.29 (very coarse skewed to

fine skewed). The skewness ranges from 0.36 to 0.17 (av. 0.16) in the plateau, -0.22 to
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0.20 (av. -0.020) in the scarp, -0.26 to 0.249 (av. 0.013) in the midland and -D.30 to 0.29

(av. ~.044) in the lowland.

In the Chalakudy river, the skewness ranges from -1.1 to 0.23 (very coarse

skewed to fine skewed) with an average of -D.07. The computed skewness values in the

highland and midland are -D.51 to 0.23 (av. -D.l2) and -1.10 to 0.23 (av. -D.39),

respectively.

Kurtosis

Kurtosis is also a sensitive grain size parameter that provides the degree of sorting

of the tails relative to the central portion of the size distribution curve. In other words, it

is ameasure of the contrast between sorting at the central part of the size distribution

curve and that of the tails. Figs 3.4 and 3.5 show the spatial variation of the kurtosis in

the Periyar and the Chalakudy rivers. In the former, kurtosis varies between 0.76 and 2.14

(platykurtic to very leptokurtic) with an average of 1.1. The kurtosis values in the plateau,

scarp, midland and lowland are 0.85 to 1.76 (av. 1.26),0.80 to 1.19 (av. 0.98), 0.82 to

1.15 (av. 0.94) and 0.76 to 2.14 (av. 1.18), respectively.

In Chalakudy river, the kurtosis ranges from 0.17 to 1.54 (platykurtic to very

leptokurtic). The range of values in midland and lowland are 0.58 to 1.48 (av. 0.95) and

0.95 to 1.54 (av. 1.21), respectively.

33.3 Bivariate plots

Bivariate plots between various statistical parameters are one ofthe effective tools to

assess the inter-relationships existing among these parameters. Pioneer researchers in

sedimentology observed some significant trends when they plotted grain size parameters

against each other (Folk and Ward, 1957; Friedman, 1967; Khan, 1984). Fig 3.6 depicts
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the scatter plots of various statistical parameters worked out for Periyar and Chalakudy

rivers. The scatter plot of phi mean vs standard deviation exhibits a general trend that

finer particles (i.e., particles with higher phi mean values) shows improved sorting. The

scatter plots disclose wide scattering in the case of Chalakudy river than the Periyar river.

The plot of phi mean vs skewness shows distinct scatter patterns in Periyar and

Chalakudy rivers. In Periyar, the sample points generally fall in the phi mean of very

coarse and coarse sand sector and the skewness vary widely between very coarse skewed

to fine skewed. On the contrary, in Chalakudy river, the phi mean also vary considerably

like the skewness. The bivariate plot between skewness and kurtosis shows wide

scattering both in Periyar and the Chalakudy rivers. The difference observed in the scatter

plots of the Periyar and Chalakudy rivers is attributed mainly to the difference in the

physiographical set up of these rivers.

3.4 DISCUSSION

The Periyar and Chalakudy rivers receive clastic sediments through different

processes, the chief among them are: 1) hill slope process and 2) channel process. The

former (i.e, hill slope process) controls the gravity of sediments made available to the

river channel through rain splash detachment, overland flow and a variety of mass

movement mechanisms. The latter (the channel process) on the other hand, controls the

~ance between deposition and transport, and add additional sediments from channel

erosion. The sediments generated through these processes move through the river

channels depending on the velocity / hydraulic conditions within the channel reach and

:ale of supply of bed materials from upstream channel reaches / tributaries by other

means (pets and Forster, 1985).
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Detailed analyses of granulometry of the sediments of Periyar and Chalakudy

rivers reveals that there is a progressive decrease in grain size downstream. Coarser

particles like pebbles and granules register comparatively high values in river reaches

with higher channel gradients and / or local turbulence. For example, the scarp zone,

located between 104 km and 136 km upstream of the river mouth of Periyar records

higher proportion of coarser particles like pebbles and granules (>52%) than the finer

entities, compared to samples collected from the lowland. As velocity increases in these

high gradient scarp zones, more and more grains in the finer entities in the particle

spectrum are entrained and will be selectively removed downstream leaving the coarser

particles in the scarp zones as lag concentrates. In addition to these major physiographic

controls, rock exposures within river channel, meanders, man-made structures like

bridges and check dams (Table 1.1) also have a profound effect on the overall dispersal

pattern ofsediments. Minor fluctuations in the size population if any, may be attributed to

these factors, a process also observed elsewhere (Shideler and Flores, 1980). Compared

10 Periyar river, the Chalakudy river exhibits more fluctuations in the grain SIze

population, presumably due to the effect of natural and man-made obstacles like

meanders, check dams and bridges along the river course. The variation of mean size is

also in consonance with the granulometric findings. The phimean increases (Le. decrease

in grain size) downstream, consequent to progressive decrease in the energy conditions

downstream. The gradual decrease in grain size in the direction of transportation in a

river channel is resulted from two important processes namely differential transport

(Shideler, 1975; Allen, 1964; Seralathan, 1979) and abrasion (Thiel, 1940). Both these

processes operate together and bring about a decrease in the mean size in the Periyar and
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Chalakudy rivers. Though there are quite a number of opinions on the effect of

transportation and the impact of grain size, the size vs distance relationship is not fully

understood. However, it is well established that during transport the corners and surfaces

of larger particles are rounded and smoothed and that the down current decline in size, is

caused byabrasion (pettijohn, 1984).

Differential transport along a stream channel is generally initiated by

progressive decline or fluctuation in the competency of the transporting agent. The

change in fluvial morphology and mean discharge of sediments seem to be most

important factors for progressive downstream decrease in the competency of the Periyar

and Chalakudy rivers. Fluctuations in the competency of the transporting agents are

usually governed by the seasonal variation in the discharge. But the decrease in the grain

size along the Periyar and Chalakudy river sediments downstream is to a greater extent

related to the physiography as well as fluvial morphology of these rivers. The foregoing

discussion reveals that a change in the river pattern is one of the factors affecting a

decrease in the competency of transporting agent, which in turn brings about a decrease

in mean sizeofthe Periyar and Chalakudy river sediments downstream.

Standard deviation values significantly decrease downstream, or in other words,

the sorting of the sediments improves significantly in the Periyar and Chalakudy rivers.

The improvement of sorting is attributed to the differential transport of the sediments.

There is a tendency for the sediments to assume normal distribution progressively

downstream. Such a tendency arises from the successive lagging behind of the larger

particles whose presence imparts comparatively ill-sorted character to the sediments

upstream rather than downstream. Inman (1949) made a suggestion that once a sediment
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attained maximum sorting values any further fall in competency results in the increase of

fine particles in the sediment which will then "round the turn" on the curve and sorting of

it will worsen. Generally decrease in the standard deviation, without any abrupt change in

the values, indicates the absence ofconsiderable amount ofvery fme particles.

The skewness of sediments is a sensitive indicator of environment of deposition

(Friedman, 1961; 1967; Martins, 1965; Hakanson and Janson, 1983; Sreejith et aI., 1998).

Perfectly sorted symmetrical and unimodal sediments have a skewness value ofzero. The

positive skewness indicates a relative increase of the coarse admixture in the sediments

over the fine while in the case of negative skewness the converse is true. It has also been

said byCadigan (1961), "by convention poorer sorting in the coarser half is measured as

negative skewness". Folk and Ward (1957) made a generalization that the pure modal

fractions are in themselves nearly symmetrical, but the mixing of the modes produces

negative skewness in the sediment due to two possible causes: (i) addition of material to

the coarser terminal, or (ii) subtraction of fines from the normal population.

Figs. 3.4 and 3.5 indicates that there is an overall decrease in the skewness values;

in the river channel and a sharp rise in skewness values starting from the head of the

estuary to the river confluence. Eventhough, there are much fluctuations of skewness

upstream mainly ranging from very positive to nearly symmetrical values, they are not

significant in the lower reaches of the fresh water river channel. The high positive

skewness values upstream (Figs. 3.4 and 3.5) indicate that the sediments are

predominantly of coarse mode. The relationship between phimean size and skewness in

the sediments of Periyar and Chalakudy rivers (Fig. 3.6) further substantiates the above
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Jiscussion. It isevident that as the phi mean size increases, the skewness value decreases

irom very positive to nearsymmetry and further changes to negative skewness.

Folk and Ward (1957) and Cadigan (1961) while classifying kurtosis, have stated

:ha! ifthe central partof the grain size distribution is relatively better sorted than that on

the average in the tails, the distribution is called leptokurtic, while the converse is true in

the case of platykurtic. When the sorting of sediments in the central part of the size

jjsujbution curve is nearly same as that of the average in the tails, it is mesokurtic. In the

light of the above defmitions, it can be stated that the lack of significant variation in the

l.urtosis over a distance of 100 km ofthe Periyar and 40 km of the Chalakudyriver is due

iOtheuniformly good interval sorting in majority of the sands analysed. Figs. 3.4 and 3.5

\bows that moderately sortedriver channel sands are predominantlymesokurtic in nature.

The predominant mesokurtosis of the river channel sediments indicates that there is no

~gnificant variation in sort of the central part relative to the tails of the size distribution

curves. Though there are significant variations in the values of skewness (-0.36 to 0.29 in

Ptriyar and -0.65 to 0.23 in Chalakudy), variations in kurtosis values are comparatively

less (0.76 to 2.14 in Periyar and 0.17 to 1.54 in Chalakudy). This signifies that, although,

!light addition of fine mode to the predominant coarse sand mode influences the

\3riations in skew of the river sands, it does not alter the internal sorting or kurtosis ofthe

lCdiments to any great extent.

3.SCLASSIFICATION OF SEDIMENTS

The sediment samples of the present study are composed essentially of gravel,

iIld and mud. Hence the textural classification put forth by Folk et al. (1970) for gravel

mg sediments has been applied for deciphering the sediments (Tables 3.5 and 3.6).
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Table 3.5Gravel, sand and mud contents in the sediments of Periyar river

Sample No. Gravel % Sand % Mud %
Sediment type
(Folk et.al.1970)

1 17.56 81.65 0.79 Gravelley sand

2 6.17 88.82 5.01 Gravelley sand

2 13.06 83.62 3.32 Gravelley sand

4 22.54 76.99 0.47 Gravelley sand

5 18.33 78.75 2.92 Gravelley sand

6 3.31 94.18 2.51 Slightly gravelley sand

7 11.12 80.80 8.08 Gravelley sand

8 73.66 25.53 0.81 Sandy gravel

9 3.67 96.19 0.14 Slightly gravelley sand

10 17.55 78.41 4.04 Gravelley sand

11 1.14 88.15 10.71 Slightly gravelley sand

12 41.63 56.90 1.47 Sandy gravel

13 39.05 59.94 1.01 Sandy gravel

14 24.29 75.39 0.32 Gravelley sand

15 8.70 90.94 0.36 Gravelley sand

16 1.31 98.40 0.29 Slightly gravelley sand

17 12.07 87.19 0.74 Gravelleysand

18 9.28 90.34 0.38 Gravelley sand

19 16.96 82.87 0.17 Gravelley sand

20 3.77 94.62 1.47 Slightly gravelley sand

21 11.25 88.38 0.37 Gravelley sand

22 12.00 86.76 1.19 Gravelley sand

23 12.30 85.29 2.39 Gravelley sand

24 31.03 68.84 0.11 Sandy gravel

25 6.35 92.34 1.25 Gravelley sand

26 2.80 97.10 0.11 Gravelley sand

27 6.37 93.22 0.38 Gravelley sand

28 0.33 76.37 23.3 Slightly gravelley sand

29 21.79 76.95 1.26 Gravelley sand

30 16.66 83.11 0.23 Gravelley sand

31 41.09 58.13 0.78 Sandy gravel

32 0.00 25.06 74.94 Sandy mud



Table 3.6 Gravel, sand and mud contents in the sediments of Chalakudy river

Sample No. Gravel % Sand % Mud %
Sediment type
(Folk et.al.1970)

33 40.39 58.71 0.90 Sandy gravel

34 30.62 67.14 2.24 Sandy gravel

35 31.32 68.17 1.54 Sandy gravel

36 28.52 70.23 1.23 Gravelley sand

37 1.68 97.53 0.79 Slightly gravelley sand

38 24.77 74.34 0.90 Gravelley sand

39 5.35 93.74 0.73 Gravelley sand

40 15.14 79.80 5.06 Gravelley sand

41 10.12 88.67 1.11 Gravelley sand

42 0.59 96.48 2.87 Slightly gravelley sand

43 1.27 96.12 2.54 Slightly gravelley sand

44 2.48 95.33 2.16 Slightly gravelley sand

45 9.76 88.63 1.68 Gravelley sand

46 17.83 79.19 2.92 Gravelley sand

47 12.90 83.56 3.48 Gravelley sand

48 11.57 86.04 2.40 Gravelley sand

49 5.23 94.51 0.53 Gravelley sand

50 14.95 84.45 0.61 Gravelley sand

51 5.88 93.01 1.15 Gravelley sand

52 13.13 86.01 0.88 Gravelley sand

53 1.91 97.10 0.99 Slightly gravelley sand

54 13.11 85.94- 0.90 Gravelley sand



Figs. 3.7 and 3.8 depict the distribution of ternary plots representing the sediment

samples of the Periyar and Chalakudy rivers.

In Periyar river, about 65% of the samples fall in the gravelly sand, 19% in the

slightly gravelly sand and 16% in the sandy gravel sediment categories. The former two

categories are the samples either representing the plateau region or the midland region.

The similarity in the textural classes of these two physiographic zones is one of the most

striking features of the Periyar river that distinguishes it from the other rivers of Kerala.

On the other hand, the sandy gravel sediments are confined to the high gradient (scarp)

zones of the Periyar river. Like the case of Periyar, the Chalakudy river also recorded

similar types of sediment suites such as sandy gravel (14%), gravelly sand (64%) and

slightly gravelly sand (22%). Of these textural types, the former is confined to upstream

ofthe Athirappally water falls (Stns. 33 and 34). The latter two categories represent the

remaining part ofthe midland and lowland areas.

3.6 CM PATTERN

The CM pattern of the Periyar and Chalakudy rivers are depicted in Figs. 3.9 and

3.10 and values of C and M (in microns) are presented in Table 3.7. Most of the

sediments of the Periyar and Chalakudy rivers are having above 5000 microns of C,

indicating the coarsest material which are transported by rolling and are deposited

upstream reaches. The rolling mode of transportation is the major process of sediment

movement in the pebble rich tributary channels. The high gradient terrain with high

perennial flows is capable of enhancing the competency of the river. Particles with 3500

and 5000 microns of C are transported mainly by rolling and suspension modes. The

particles ranging from 1400 to 4000 microns of C will be moved predominantly by

suspension and partly by rolling.
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Fig. 3.7 Ternary diagram illustrating the nature of sediments in Periyar river
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Table 3.7 C and M values of Periyar and Chalakudy river sediments

Periyar sediments Chalakudy sediments

Sample C M
Sample

C M
No. No.

1 7460 1040 33 10500 1650

2 8600 520 34 14900 570

3 16500 770 35 26000 4600

4 6300 980 36 13000 610

5 11310 620 37 2850 660

6 3360 500 38 8000 3100

7 9800 540 39 7000 6620

8 32000 4000 40 9200 500

9 3030 660 41 9200 580

10 4760 660 42 1900 430

11 2140 440 43 3500 310

12 25990 1570 44 2850 540

13 42250 1070 45 5600 620

14 8880 1410 46 21500 540

15 3610 780 47 15000 430

16 2000 480 48 5700 660

17 4920 650 49 4600 620

18 20390 1320 50 9800 1500

19 4150 940 51 7500 520

20 4590 500 52 7500 470

21 4600 790 53 3050 330

22 3630 930 54 8000 1500

23 6730 1070

24 3250 410

25 6500 620 C (one percentile) and M (median) are
26 2800 760 expressed in microns.

27 6960 470

28 4300 800

29 4600 1100

30 200 1520

31 9850 1740

32 2850 1350
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CHAPTER 4

MINERALOGY

4.1 INTRODUCTION

Minerals, the naturally occurring inorganic substances with a defmite

chemical composition and regular internal structure, form an integral part of rocks and

sediments. The study of minerals in sediments and sedimentary rocks assumes much

importance in the understanding of the pathways of sediment movement. Additionally,

infonnation on the nature of contribution and energy condition of the depositing medium

can also be deduced from the relative proportions of heavy and light mineral fractions. In

sholt, minerals serve as a source of information about the nature of initial size

distribution resulting in the mechanical disintegration at the source, the effect ofdynamic

process on the original size distribution and assertion in nature of the phenomenon of

hydraulic equivalence of size. In some cases, the mineralogical constitution of samples

!ba1 belong to one association can also vary considerably especially in the case of fluvial

sediments often, but not always, rapid changes in composition occur due to various

reasons, such as addition of new minerals by tributaries, erosion of bottom materials and

b~ the varied hydrodynamic condition during transportation and deposition. The

mineralogic make of detrital constituents of sediments is of profound importance in

bringing outthe depositional history of sedimentary basins. Studies on the mechanism of

fluvial and alluvial placer evolution have facilitated a better appreciation of process

operating in the entrainment and concentration of minerals (Singerland, 1977; Komar and

Wang, 1984; Peterson et aI., 1986; Komar, 1987; Komar et aI., 1989).



Heavy mineral (specific gravity >2.89) fraction in sediments is often

composed of diverse mineral species in which each mineral grain conveys its own

history. It is the sedimentary petrologist's task to decipher the message encoded in the

mineral assemblages and apply them for the purposes of a) determining provenance, b)

tracing sediment transport paths, c) mapping sediment dispersal patterns, d) outlining

and, in suitable cases, correlating various sand bodies, e) indicating the action of

particular hydraulic regimes and concentrating process, f) locating potential economic

deposits and g) elucidating diagenetic processes. Heavy minerals are often the only

means of re-constructing provenance in sedimentary sequences. Pettijohn et al. (1972)

has suggested that the diversities in heavy mineral assemblages are more in the youngest

sediments than that of ancient ones. And, further, the number of heavy mineral species

may gradually decrease as the age of the sediment increases. It is commonly believed that

heavy minerals have a limited value of time. Each lithostratigraphic unit is often

associated with a specific suite of heavy mineral assemblage. Depositional breaks or

unconfonnities are typified by marked changes in heavy mineral suites. This emphasizes

the stratigraphic significance of heavy minerals. Heavy mineral studies have been proved

to be an important contributor to the analysis of sedimentation associated with

teetonically active hinterlands. Heavy minerals are sensitive indicators of sedimentary

processes and are useful in signaturing even the minute change of the depositional

environments of facies (Mange and Maurer, 1992).

UREVIEW OFLITERATURE

Ever since the introduction of hydraulic equivalent concept by Rubey (1933), it

has been widely recognized that the hydraulic behaviour of heavy minerals is jointly
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influenced by their physical properties (size, shape and density), availability of minerals

and dynamics of transporting medium. The complex interrelationship between the source

rock characteristics and the transportational processes was stressed by Rittenhouse

(1943). Interrelationship between various heavy minerals and the influence of size, shape

and density on hydraulic sorting has been further investigated in detail by Briggs (1965).

Bradley (1952), Van Andel and Poole (1960), Lowright et al. (1972), Stapor (1973),

Singerland (1977), Flores and Shideler (1975), Morton (1985) and Statteger (1987) have

used the heavy mineral assembles in unraveling the transportational and depositional

histories ofsediments. Pettijohn (1984) has opined that the reduction of number of heavy

mineral species with time is related to the prolonged action of intrastratal solutions. The

effect of physical and chemical weathering on minerals is often difficult to distinguish

(Dryden and Dryden, 1946; Raeside, 1959). Several investigators have made systematic

approach to the study of mineralogic diversities observed along the course of rivers.

Pollack (1961) has summarized that selective sorting based on shape factor is not an

important factor for downstream variation of heavy minerals. However, Briggs et al.

(1962) have pointed out that both density and shape of minerals are important in

imparting sorting of minerals downstream. The role of progressive sorting based on size

and density differences has also been investigated by researchers like Allen (1970),

Carver (1971), Blatt et al. (1972), Komar and Wang (1984) and Komar et al. (1989).

InIndia, many renowned scientists have studied in detail about the heavy mineral

constituents of recently deposited sediments. Tipper (1914) was the pioneer scientist to

study the heavy mineral deposits between Quilon and Cape Camorin in the Southwest

coast of India. Jacob (1956) made a detailed study on the heavy mineral concentrate of
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the beach sands of Tirunelveli, Ramnad and Tanjore districts of Tamil Nadu. Studies are

also available for the major river systems like Godavari (Naidu, 1968), Krishna

(Seethararnaswamy, 1970), Mahanadi (Sathyanarayana, 1973) Vasishta-Godavari (Dora,

1978) and Cauvery (Seralathan, 1979) as well. Chatterjee et al. (1968) and Siddique et al.

(1972; 1979) have made detailed studies on the heavy mineral assemblage in the

sediments of Mangalore coast. In addition, considerable amount of information exists on

the heavy mineral occurrences of the beach environments of the Indian coast.

Investigators like Aswathanarayana (1964), Rao (1968), Mallik (1986), Purandara et al.

(1987), Mallik et al. (1986), Unnikrishnan (1987), Sasidharan and Damodaran (1988) and

Purandara (1990) have studied the heavy mineral suite of the beach sands of Kerala.

Samsuddin (1990) has evaluated the heavy mineral assemblages of the beach, strand

plain and inner shelf sediments of the Northern Kerala coast. Padmalal (1992) have

discussed mineralogical composition of Muvattupuzha river and Central Vembanad

estuarine sediments. The heavy mineral deposits of the shelf region of the west coast of

India have also been studied by several investigators (Mallik, 1974; Siddique et aI., 1979;

Siddique and Rajamanickam, 1979; Rajamanickam, 1983). Mallik (1981) has

investigated the distribution of heavy minerals of the continental shelf of Kakinada.

Kidwai et al. (1981) have investigated the distribution of heavy minerals in the outer

continental shelf sediments between Vengurla and Mangalore. They have suggested that

heavy mineral assemblages of sediments indicate mixed igneous and metamorphic

provenance. Detailed geological and geophysical surveys conducted along the Konkan

coast by Gujar et al. (1989) reveals the occurrence of several promising isolated placer
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mineral deposits in that area. Rajendran et al. (1996) have studied the heavy mineral

constituents of the lower Bharathapuzha sediments.

The composition of light minerals (bromoform floats) of clastic sediments is also

used extensively for sedimentological analysis. It is a fact that the compositional

\ariability of light minerals is related closely to the mineralogical maturity and fluvial

~sses. Pettijohn (1984) has pointed out that the mineralogical maturity of sediments

can be expressed by the quartz / feldspars ratio. Though there is no much difference in

the specific gravities betweenquartz (2.65) and feldspars (2.70), there exists considerable

differences in the stability index between the two, because feldspars are comparatively

less stable than quartz. Many researchers opined that an increase of quartz / feldspars

ratio downstream is the result of selective abrasion of the easily weatherable feldspars

\Russel, 1937; Pollack, 1961; Seibold, 1963; Seetharamaswamy, 1970; Seralathan, 1979;

Pettijohn, 1984). The relative proportions of these minerals in sediments have also been

extensively used for reconstructing climatic as well as tectonic history of ancient

iedimentary deposits (Blatt et aI., 1972;Hashrni and Nair, 1986).

Like heavy and light minerals, knowledge on clay minerals is also very useful for

~I sediment related studies. The clay mineral composition of sediments can provide clues

in unraveling the conditions under which the sediment deposited (Grim, 1953). Many

iUCh studies are available in literature. Shaw (1973) has studied the mineralogy of the

;~y deposit of the recent sediments of the Alicia basin, North Eastern Mediterranean.

~per and Slatt (1977) have evaluated the Southeast Indian Ocean sediments. Rao and

Rao(1977) brought out the regional distribution of clay minerals for the sediments of the

Eastern part of Bay of Bengal. In his classic study on the bottom sediments of the
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Amazon shelf and Tropical Atlantic, Gibbs (1977b) revealed the mechanisms of clay

mineral segregation in the marine environment,

4J RESULTS AND DISCUSSION

4J.l Mineralogy of sand

The coarser and fmer fractions of the sediments of Periyar and Chalakudy rivers

have been analysed for various heavy and light minerals. Clay fraction from selected

sediment samples were studied using X-ray diffractogram. The results obtained from

these analyses are discussed in the following sections.

Total HeaVY Minerals (THM)

The total heavy mineral residue in the coarser (lmm - 0.25mm) and finer

(O.25mm - O.063mm) fractions of Periyar and Chalakudy rivers are shown in Table 4.1

and their downstream variations are depicted in Figs. 4.1 to 4.10. In the Periyar river, the

THM vary between 3.53% and 25.26% (av. 11.690,/0) in the coarser fraction and between,

9.14% and 57.74% (av. 24.07%) in the fmer fraction. Spatial analysis of heavy mineral

residue reveals distinct features. The highland exhibits comparatively higher

concentration ofTHM than that of the midland and lowland. However, the fluctuations in

the THM content downstream are more in the case of Chalakudy river and which is

attributed to natural and man-made obstacles. The ranges ofTHM in the Chalakudy river

are 4.2% - 59.73% (av. 17.95%) in the coarser fraction and 13.2% -79.02% (av. 37.93%)

in the finer fraction.
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HeaVY Mineral Assemblage

Magnetic Fraction (MF) -Magnetite

The fractions of heavy mineral residue separated using a hand magnet is referred

here as the Magnetic Fraction (MF). This fraction is composed mostly of magnetite with

an Fe203 content of over 68.97 %. Magnetite is concentrated substantially in the finer

fraction than coarser fraction. In the Periyar river, the content of magnetite varies from

0.24% to37.25% (av. 11.53%) in the coarser fraction and 0.94% to 58.67% (av. 19.67%)

in the finer fraction. The respective concentrations of magnetite in the Chalakudy river

are 2.43% to 45.30% (av. 23.39%) in the coarser fraction 3.07% to 73.16% (av. 31.84%)

in the finer fraction. Spatial distribution ofmagnetite reveals that they are concentrated in

highland compared to midland and lowland. The scarp zone of the Periyar river accounts

for the highest content of magnetite both in coarser and fmer fractions. However, a

fluctuating trend in the content ofmagnetite is noticed in the case ofChalakudy river.

.'Ion-Magnetic Fraction (NMF)

The heavy mineral residue left after the separation of the magnetic fraction (i.e.,

magnetite) is referred here as Non-Magnetic Fraction (NMF). In the Periyar river, the

NMF varies between 62.75% and 99.76% (av. 88.46%) in the coarser fraction and

41.33% and 99.06% (av. 80.33%) in the finer fraction. The contents of NMF in the

Chalakudy river ranges between 54.70 % and 98.41% (av. 76.61%) in the coarser fraction

and 26.84% and 96.93% (av. 68.16%) in the finer fraction. The NMF comprises a

spectrum of minerals (plate 6), viz: ilmenite, inosilicates, zircon, garnets, boitite,

monazite and sillimanite. In addition to these, a small portion of weathered / unidentified

42



2
3

4

13

Plaft 6: Heavy minerals {non magnetic) In the sand fraction of tbe study area.
I:PiDk garnet; 2&S:Monazite; 3:Colourless garnet; 4,lO&13:Zin::on;
1.7.l9&12:loosilicates.; II:Ilmenite; 14:Heary mineral residue in tbe rmer saod
frxtioo of Periyar river; IS:Heavy mineral residue in th e fine sand fraction of
Ollakudy river.
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minerals are also present in many of the samples. They are categorised here as 'other

minerals'.

Rmenite

Ilmenite constitutes one of the most dominant opaque minerals in the coarser

and finer fractions of Periyar and Chalakudy rivers. These grains are generally sub

angular to sub-rounded in shape. The average number percentage of ilmenite in the

coarser and fmer fractions of the Periyar river are 45.32% (range: 12.33 to 72.37) and

37.90010 (range: 2.33 to 81.85), respectively. The Chalakudy river accounts for

comparatively higher content ofilmenite in the coarser fraction (av. 57.16%; range: 20.15

to 74.68) and the finer fraction (av. 49.09%; range: 23.57 to 69.58). Like magnetite, the

highest concentration of ilmenite is observed in the high gradient upstream reaches

(plateau: 59.95%; scarp: 50.88%) of the Periyar river than the low gradient midland

(32.42%) and lowland (32.74%). A similar trend is observed in the case of Chalakudy

river as well (highland: 61.33%; midland: 51.02% and lowland: 53.27%).

lnosilicates

Inosilicates are the common rock forming minerals of many igneous and

metamorphic rocks. The inosilicate group, referred to here, includes hornblende

(amphibole) and hypersthene (pyroxene) as the major minerals. The former accounts over

60010. Asthese two minerals fall in the lighter heavy mineral category (specific gravity of

hornblende = 3.5; hypersthene = 3) and with almost similar hydraulic properties, they are

treated in this investigation as a single group - the 'inosilicates'.
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In the Periyar river inosilicates averages 41.52% in the coarser fraction and

47.13% in the finer fraction, while in the Chalakudy river, inosilicate averages 26.75% in

the coarser fraction and 38.37% in the fmer fraction. The plateau region of the Periyar

river accounts for an average inosilicate content of 24.66% in the coarser fraction. The

respective inosilicate concentration in the scarp, midland and lowland are 29.85%,

53.57% and 44.92%. Finer fraction account for an average inosilicate concentration of

32.75% in the plateau region, 38.37% in scarp, 52.89% in midland and 57.71% in

lowland. Highland, midland and lowland of Chalakudy river account for an average of

34.97%, 24.63% and 26.94%, respectively in the coarser fraction and 21.70%, 46.24%

and 45.31%, in the fmer fraction.

Gamets

Detrital garnets occur either as euhedral crystals or sharp irregular fragments

often with conchoidal fracture. Most of the garnets are pink under plane polarized light.

Minor amount of colourless garnets are also seen in some samples, especially in the

downstream reaches. The average content of garnets in the coarser and finer fractions of

the Periyar river are 4.52% and 2.92%, respectively. In the Chalakudy river, the garnets

averages about 1.52% and O.~%, respectively, in the coarser and fmer fractions. Except

an initial decrease from upstream, in general, the concentration of garnets does not

exhibit any specific trend along the longitudinal profile of either Periyar or Chalakudy

rivers.

Zircon

Zircon is considered as a valuable index mineral in petrographic studies. The

mineralogical characteristic of zircon is indicative of the physical and chemical
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conditions of the depositional environments. Zircon grains are characterized by high

relief and surrounded by a black halo. Average zircon contents in the coarser and finer

fractions of the Periyar river are 0.90,10 and 3.45% and that of Chalakudyriver are 1.32%

and 4.98%, respectively. The number percentage of zircon in coarser and finer fractions

reveals interesting results. In the coarser fraction zircon generally exhibits a decreasing

content downstream, whereas in finer fraction, the number percentage of zircon exhibits

an opposite trend, a feature also observed earlier by Padmalal et al. (1997a) in

Muvattupuzha river. Zircon in the coarser fraction ofplateau, scarp, midland and lowland

region ofPeriyar river are 1.34%, 1.62%,0.53% and 0.71% and in the finer fraction the

respective content are 2.79%, 4.41%, 2.40% and 5.67%. For the Chalakudyriver, coarser

fraction contains 1.74%, 1.39% and 0.89% in the highland, midland and lowland

respectively, while in the finer fraction the concentrationsare 5.55%,5.01% and 4.55%.

Biotite

Biotite exhibits brown colour under plane polarized light. It is usually flaky in

nature. The average biotite content in the coarser and finer fractions of the Periyar river

are 5.08% and 5.88%, respectively. In Chalakudy river, biotite accounts for an average

concentration of 10.73% in the coarser fraction and 4.44% in the finer fraction.

J/onazite andSillimanite

Monazite and sillimanite are present only in lesser numbers (about 2% of the

tolaI NMF). Monazite grains are roundedto sub-roundedwith honey yellow colour under

~lane polarized light. They also show high relief and distinct borders. Sillimanite is

ilender, prismatic and colourless under plane polarized light. They show high relief,
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straight extinction, moderate birefringence and biaxial positive optical characteristics.

Monazite and sillimanite are concentrated in the finer fraction.

Other minerals

In this category, minerals which could not be confirmed because of their highly

altered appearance are generally included. Majority of the altered minerals appear to be

hypersthene, hornblende and biotite based on their shape and colour.

Correlation matrix ofheayy minerals

Correlation matrix analysis of heavy mineral species (magnetic and non

magnetic) in different samples is attempted to delineate the relationship existing among

different minerals of similar hydraulic properties. Tables 4.2 to 4.5 show the Pearson

correlation matrix for the heavy mineral suites of Periyar and Chalakudy rivers. In

coarser fraction, ilmenite exhibits a significant positive correlation with magnetite (r =

0.5) and zircon (r = 0.29). In general, the heavier heavies such as ilmenite, magnetite,

zircon and monazite give positive loading among each other. At the same time, these

minerals exhibit marked negative relationship with lighter heavies like biotite and

inosilicates. This is very much so in the case of Periyar. But slight deviations are

observed in the case of Chalakudy river, which can be explained in the light of the

differential settling of minerals due to natural and man-made obstacles encountered at

many locations in the river course. The cluster pattern of heavy mineral assemblage in

coarser and finer fractions is depicted in Figs. 4.11 to 4.14.
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Causes o[to18l heaVY mineral variation

The total heavy mineral content in the riverbed of the Periyar and Chalakudy

rivers reveals distinct segregation patterns. The highland physiographic provinces like

plateau and scarp in the case of Periyar river exhibit higher concentration of THM.

Further the content of THM is substantially higher in the finer fraction than coarser

fraction. These observations corroborates well with the earlier studies of Rubey (1933),

who stated that the grains of different densities if deposited together should have the

same settling velocities or that the denser mineral should be smaller by an amount

predictable, on the basis of settling velocity equation. Based on the theoretical

observations, he emphasized that the grain size distribution of heavy minerals would be

displaced towards the finer size grades with respect to quartz. However, subsequent

investigations by a number ofother researcher's show that the heavy and light minerals in

natural sands and sandstones are seldom in hydraulic equilibrium (Briggs, 1965;

Lowright et aI., 1972; Singerland, 1977). Thus, the working hypothesis proposed by

Rubey is considered to be somewhat imperfect. Hand (1964) has also observed the non

hydraulic equilibrium conditions in modem sands and explained the heavy light mineral

lariations primarily on the basis of selective sorting. White and Williams (1967) have

iound that heavy minerals once deposited are less easily entrained and transported by

currents than grains of light minerals of the same size and shape. Therefore, heavies

moving by saltation along with lighter minerals would tend to be smaller than the

predicted size by settling velocity equation. The heavies are further shielded from

;urrents by larger quartz grains and thus remain behind, while larger quartz grains are

:noved. The upstream of the Periyar river is characterized by high gradient physiographic
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features with high flow velocity during monsoon season. This high energy hydrodynamic

regime is favourable for the concentration of the heavier / denser heavy minerals in the

sediment population along with coarser lighter particles like pebbles and granules. The

observed enrichment of total heavies in this section is in consonance with the high energy

condition characterized by the simultaneous deposition of the coarser (lighter) and

heavier grains in the upstream side consequent upon the drop in the gradient of the river

profile as it enters in the midland and lowland.

Selective sorting of the heavies based on their size, shape and density plays a

pivotal role in their entrainment and transportation resulting in their progressive

enrichment with finer size. Studies made by Komar et a1. (1989) also re-affirmed the

general impression that selective sorting process significantly effects the heavy mineral

composition in sediments. Apart from this, certain amount of variation can brought about

by the inability of the low energy currents to entrain the heavies after its deposition and

~so by the shielding action of coarser light minerals, which prevents further movement

ofheavies (White and Williams, 1967).

The Chalakudy river also exhibit a similar type of enrichment of THM in the

coarser and finer fractions - higher values in the upstream channels and lower

concentration in the downstream side. The respective content of average total heavy

mineral content in the coarser and fmer fractions are 8.93% and 32.52% in the lowland

region, in the midland an average of 15.60% in the coarser fraction and 32.22 % in the

finer fraction are observed while in the highland region, an average of 40.87% in the

coarser fraction and 68.91% in the fmer fraction are observed. The minor fluctuations

obserVed in the heavy mineral contents in the downstream might be due to the local
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turbulences resulted from natural and man made obstacles - a feature also reported earlier

from the Rio Grande river of South Western Texas by Shideler and Flores (1980). The

locally increased heavy mineral content can be explained by the presence of engineering

structures across the river. The flow pattern undergoes considerable changes due to the

presence of these structures. The jetting of water through the gaps creates local

turbulences, which in turn cause the flushing away of lighter grains and favour

concentration ofthe heavies and coarser lighter grains.

Causes of mineralogical diversities

The heavy mineral assemblage of Periyar and Chalakudy river sands consists

predominantly of ilmenite, ionosilicates, garnets and biotite. Monazite, zircon and

sillmanite are present only in minor quantities. In the Periyar river, opaques exhibit

decreasing trend downstream in both coarser and finer fractions. While the inosilicates

exhibit an opposite trend. Garnets in general, exhibits higher contents in upstream side,

but in the downstream, the mineral exhibit a fluctuating trend. Biotite in both the

fractions shows an increasing trend downstream. In the Chalakudy river, the

concentration of opaques in the coarser and finer fractions are almost similar and there

are some fluctuations in some locations.

The overall mineralogical diversities observed along the longitudinal profile

ofPeriyar and Chalakudy river sands could be explained in terms of progressive sorting

based on density differences of these minerals. During deposition, the denser minerals

such as magnetite (sp. gr. 5.2) opaques (4.7) garnet (4.3) and zircon (4.6) settle quickly at

the point of current impingements owing to their greater settling velocities, while the less

_ minerals like inosilicates (hornblende = 3.5 ; hypersthene = 3; biotite = 2.9;
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sillimanite = 3.2 etc) are transported still further downstream. Moreover, the high

competency of the river water does not allow free settling of low gravity minerals in the

upstream and as a result these minerals will be flushed further downstream and get

deposited. Therefore, opaques, garnets and zircon remain upstream owing to their higher

specific gravity. (Seralathan, 1979; Lewis, 1984; Kundras, 1987).

In the spatial variation diagrams (Fig 4.1 to 4.10) the positive anomalies of

denser heavy minerals in each size fractions coincide with negative anomalies of lighter

heavy minerals. All these clearly indicate the role of progressive sorting based on density

in differentiating the heavy minerals downstream. High content of denser heavy minerals

at some stations is attributed to local hydraulic conditions owing to the differences in the

morphologic character of the terrain and / or the presence of engineering structures.

While working on the lower Rio Grande river of Southwestern Texas, Shideler and Flores

(1980) also observed a similar type of enrichment of denser heavy minerals immediately

downstream of engineering structures. The anomalous increase of denser minerals

downstream of Chalakudy town, is due to the natural turbulence resulted from the

presence of rock exposures in the stream channel.

Many investigators (Pollack, 1961; Briggs et aI., 1962; Shideler; 1975; Flores

and Shideler, 1978) opined that progressive sorting based on shape of heavy minerals in

~rdance with the density of minerals plays a significant role in the observed

mineralogical diversity. Since most of the coarser and fmer fraction particles are being

mported in suspension upstream and they do not settle at the same place. When

:mticles of the same volume and densities but having different shapes are allowed to

idtle simultaneously through a column of liquid, particles with greatest sphericity will
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have the highest settling velocity (Blatt et al., 1972; Pettijohn, 1984). This may also

attribute some role in the observed diversity of heavy mineral assemblage in the Periyar

and Chalakudy river sediments.

Totallight minerals

The sand fraction of the Periyar and Chalakudy rivers contains very high content

oflight minerals. The finer fraction accounts for an average of 71.42% (range: 20.98% to

90.86%) lightminerals. The coarser fraction records slightly higher content (av. 86.28%;

range: 40.27% to 96.48%) of light minerals than the fmer counterparts. Spatial analysis of

light minerals along the profile of these rivers reveals that these mineral suite exhibit a

reverse trend compared to the heavy residue (Fig. 4.15). This clearly indicates the role of

density based sorting prevailed in the Periyar and Chalakudy river and observed

elsewhere (Padmalal, 1992).

Mineralogically, the light minerals are composed mainly of quartz and feldspars 

the former dominates over the latter. Counting of light minerals of samples under

microscope reveals that the number percentages of feldspars are found to be decreasing

downstream indicating the intensity of abrasion taking place in these fluvial regimes

\\nenthe grainsare moved through the high gradient physiography.

4.3.2. Clay Mineralogy

Clay minerals constitute a major part of the finer fraction of the aquatic sediments

md are reactive geological materials or particulates that regulate the overall physico

;bemical milieu of aquatic environments (Whitehouse et aI., 1960; Prithviraj and

?rakash, 1990). The clay mineral compositions of sediments depend on the climatic
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conditions, provenance, rock types etc., of the region. The composition and distribution

of clay minerals have been used as indicators of sediment dispersal in various

environments (Biscaye, 1964; Grim, 1968). Information on clay minerals is essential for

abetter understanding of the origin, early diagenesis and environment of deposition of

the sediments.

Fig 4.16 shows the X-ray diffractogram of clay fraction of the sediments of

Periyar and Chalakudy rivers. The diffractogram exhibits prominent peaks of kaolinite

[Alz (OH)4 SizOs] montrnorillonite [(Mg,Ca)O.Ah03.5Si02.nH20] and gibbsite

(AIz03.3H20). Among these three, kaolinite is the most dominant clay mineral identified

from the area. Montrnorillonite is confined mainly to the downstream of these river

systems.
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CHAPTERS

GEOCHEMISTRY

~l INTRODUCTION

Over the past 3 - 4 decades, studies on aquatic sediments have increasingly being

mied out for assessing the geochemical transport of elements, especially nutrients and

avy metals from land to oceans. It is now established that considerable changes in the

!lobaI budget of geochemical signals, particularly of toxic contaminants, have occurred

~llowing the beginning of industrialization. In any aqueous environment, the transport

• ofelements are generally controlled by size characteristics of clastic sediments

,De Groot et al., 1982 ; Forstner, 1990). A large part of fluvial transport of matter

xcurs in the form of suspended sediments. During periods of low flows, these

geochemical carriers sink to bottom as bed sediments. In an earlier study, Gibbs (1977a)

fonnulated calculations of heavy metal concentrations in relation to grain size spectrum

and revealed that the heaviest enrichmentofmetals occur in the finer grades ranging from

01 um to 20 J.lIIl diameters. The variations of major and trace elements in the sediments

are the reflections of the various factors, which govern their distribution. Such elements

are introduced in aquatic environments either in solid / colloidal or in soluble forms by

water and wind. Elements, which have their source in solid materials, include those

located within the lattice structure of lithogenous minerals and those incorporated into

surface by adsorption and ion exchange processes. Geochemical data of sediments may

reflect the influence of several factors including the source characteristics. Chemical

elements in estuarine sediments may be found as constituents of primary rock forming

minerals, minerals formed during weathering, minerals typical of mineralisation, ions
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morbed onto colloidal particles and clays and in combination with organic matter. The

annual riverine input of a trace element to the oceans must be equal to the output of that

element associated with marine sediments. Bed load sediment discharge is deemed to

represent not more than 10% of the suspended load (Meade, 1985) but the data

substantiating this estimate are still fragmentary, (Milliman and Meade, 1983; Albarede

and Semhi, 1995). Geochemists have extensively studied the major rivers of the world in

order to estimate the fluxes of continental material supplied to the oceans (potter, 1978;

Seralathan, 1979; Meybeck, 1988; Padmalal, 1992; Milliman, 1995; Ittekkot and Lanne,

1991; Badarudeen, 1997; Sajan, 1998; Goolsby, et aI., 2000; Krishnakumar, 2002; Reji,

2002; Turner and MilIward, 2002; Somayajulu et aI., 2002; Helland et aI., 2003;

Jennedahn et aI., 2004).

Considering the importance of sediments in the study of geochernical signals of

aquatic environments, an attempt has been made in this chapter to evaluate the status ofa

few major (Fe, Na, K and Mg), minor (Mn) and trace elements (Ni, Zn, Pb and Cr) in the

bulk sediments and mud fraction of the Periyar and Chalakudy rivers.

5.2 REVIEW OF LITERATURE

Many studies have been carried out in the world to understand the

geochemical behaviours of elements moving from land to sea through various fluvial

systems. Geochemical processes have been studied in great detail in river basins by

several investigators (Gibbs, 1967; Seetharamaswamy, 1970; Satyanarayana, 1973;

Seralathan, 1979; Stallard and Edmond, 1983; Subramanian et al., 1985a; Padmalal et aI.,

I997b). The overell balance between dissolved and sedimetited load carried out to the

54



xeans has been computed on the basis of the world's major river input studies by

Holeman (1968), Meybeck (1976), Martin and Meybeck (1979) and Milliman and Meade

11983). Gibbs (1970) discussed the mechanisms that control the world river water

chemistry. A number of geological agents are actively involved in the transfer of heavy

metals from the terrestrial environment to the ocean realm. Rivers and estuaries are the

major pathways in tropical and subtropical regions (Gibbs, 1967; Lal, 1977; Babu et aI.,

~OOO). Subramanian et aI. (1985b) have computed that about 20% of global supply of

iedirnents to ocean is from the Indian subcontinent. In recent years, there have been lot

many studies to identify the sources and sinks of heavy metals in rivers, estuaries and

nearshore environments. The fate of heavy metals in these environments is of extreme

importance due to their impact on ecosystem (Vale, 1986; Mance, 1987; Klomp, 1990;

Windom, 1990). Recent interest in anthropogenic contamination of the hydrosphere by

heavy metals has magnified the urgency of elucidating the cyclicity of toxic metals in

rivers and estuaries. Chemical analysis of river waters and the sediments is being carried

out for exploration as well as environmental monitoring and management. The

mechanism of trace metal concentration is believed to be adsorption on various

geochemical phases such as hydrous metal oxide, clays and organic matter. Metal

concentrations in sediments varied widely reflecting differences in sediment grain size,

with higher metal concentrations located in the fme grained and have high spatial

variability (Breslin et aI., 1999; Zhang et aI., 2002). Extensive work has been done in the

world's major rivers by several investigators (Reeder et aI., 1972, in Mackenzie river;

Trefrey and Presley, 1976, in Mississippi river; Duinker and Nolting, 1976, in Rhine

river, Gibbs, 1977a, in Amazon and Yukon rivers; Meybeck, 1978, in Zaire river; Yeast
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,1i Sewer, 1982, in St. Lawrence river; Sarin and Krishnaswami, 1984, in Ganges 

mnaputra rivers and Qu and Yan, 1990, in Chang Jiang and Don Jiang rivers; Jeffrey

~~" 1991, in Amazon Zaire and Orionoco rivers; Goolsby et al., 2000, in Missisippi

~\cr; Philip et aI., 2003, in Yorkshire river; Turner and Rabalais, 2004 in Missisippi

~\cr).

The elemental concentration of sediments not only depends on anthropogenic

and lithogenic sources, but also on the textural characteristics, organic matter content,

mineralogical composition and depositional environment of sediments (Presley and

Trefrey, 1980). It is an established fact that metals are associated with smaller grain

size particles (Whitney 1975;Gibbs 1977a; Biksham et aI., 1991). In addition, the grain

size distribution of sediments may show spatial heterogeneity, so that a wide range in

heavy metal concentration may be found. Several studies have indicated that in

environments, where grain size distribution varies considerably, valid comparisons of

metal concentrations cannot be made without a correction for grain size effect (De

Groot etaI., 1982; Forstner and Wittmann, 1983).

Albarede and Sernhi (1995) have carried out geochemical investigation on

three sand size fractions from the Meurthe river and its tributariesand brought to light the

control of bedrock geology on the geochemistry of the fluvial sediments. Trefrey and

Presley (1976) estimated the total flux of particulate and dissolved heavy metals from

ldississippi river to the Gulf of Mexico. They have computed that over the past 25 - 30

years, the Pb and Cd fluxes in the Mississippi river sediments have increased about 60%

II\~ \00% respectively. The relationship between solid concentration and river water

dJemistry has been studied on the western Australian rivers by Imerson and Verstraten
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- ,1981). Several researchers opined that the metal pollution assessment can effectively be

i3lried outfrom sediment analysis (Forstner and Wittmann, 1983 .; Allen, 1990).

From economical point of view, it must be realized that, sediments are also a

medium in which certain substances can be concentrated from solution and thereby

represent profitable sources of raw materials (Turekian, 1972). The size has a strong

bearing on metal enrichment in sediments. Later, this view was supported by

investigations made by Williams et aI. (1978), Forstner (1982), Forstner and Wittmann

i (1983) and Lee (1985).

Much geochemical work has not been carried out in the rivers and estuaries of

Kerala particularly in relation to the granulometry of the sediments. Murty and Veerayya

(1972 a, b and 1981) made a preliminary survey on organic carbon, phosphorus and trace

element contents in the bulk sediments on the Vembanad lake. They established the

existence of a close relationship between organic carbon and phosphorus in this

sedimentary environment. The trace metal concentration and its association in various

chemical phases in the sediments of Periyar river and Varapuzha estuary have been

investigated by Paul and Pillai (1983).

The geochemistry of sediments of the Indian rivers have received wide

attention in the recent past to understand the elemental composition of the sediments, the

influence of anthropogenic activities on riverine chemistry and the transport of metals

from rivers to the coastal oceans (Borole et aI., 1982; Subramanian et aI., 1985a;

Seralathan, 1987; Jha et aI., 1990; Ramesh et al., 1990; Biksham et aI., 1991; Konhauser

et aI., 1997; Singh, 1999). A comprehensive review of environmental geochemistry of

Indian river basins is that of Subramanian (1987). Mass transfer studies of geochemical

57



iOnstituents in Indian rivers have been carried out by researchers like Subramanian

(1980), Sarin and Krishnaswami (1984), Sitasawad (1984), Seralathan and

~aramaswamy (1987), Chakrapani and Subramanian (1990). The geochemical

II'dIISfer of metals through Cauvery river has been investigated by Subramanian et aI.

(l985b) and Seralathan (1987). The mineralogical and geochemical association ofmetals

in the Krishna river sediments has been studied by Ramesh et aI. (1989; 1990). Mallik

andSuchindan (1984) and Padmalal (1992) analysed a few major and trace metals in the

sedirnents of Vembanad estuary and Muvattupuzha river and Central Vembanad estuary

respectively to ascertain their relation with granulometry. Desorption from fresh water

clay minerals and control of Fe and Mn oxides over the trace elements in the estuarine

egion has documented by Seralathan (1987).

The distribution of Si, AI, Fe, Mn, Cu, Ni, and Cr in different grain size

fractions and geochemical association of Fe, Mn, Cu, and Zn with less than 63J.1m size

fraction of bed sediments of Damodar river shows that concentrations of trace metals

tend to increase as the size fractions become finer. The exchangeable fraction of the

Damodar river sediments contains very low amount of trace metals suggesting poor

bioavailability of metals (Singh, 1999). The main processes that determine the behaviour

of heavy metals in the Scheldt estuary are tidal hydrodynamics, sediment transport and

sorption of heavy metals on suspended matter (Babi et aI., 1998). The studies on

calculated profiles of dissolved and sorbed concentrations of heavy metals in the water

column indicated an accumulation ofheavy metals in the zone of the turbiditymaximum,

while closer to the sea, the concentrations diminish due to mixing of the polluted fluvial

sedirnents with unpolluted marine sediments and came out with a conclusion that only a
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~ part of the heavy metals reaches the sea. It was not possible to predict sediment

lreaS with the highest levels of metal contamination using visual criteria or knowledge of

!he erosion and sedimentation pattern of the river (Bervoets et aI., 1999). Mallik and

~llChindan (1984) have analysed a few major and minor elements in the bulk sediments

of the Vembanad estuary. Later, Ouseph (1987) and Purandara (1990) have also studied

!he geochemical characteristics of a few sediment samples of Vembanad estuary. The

ipeciation studies on the trace metals were carried out by Shibu et al. (1990) and Nair et

~.(I99I).

The speciation of heavy metals in the aquatic environment has received

OOIISiderable attention recently (Chen et ai, 1976; Hong and Forstner, 1984; Rapin, 1984).

These studies throw light on two aspects: 1) their levels in the environment and 2) their

iIactionation in different phases. The investigations provide information on the mobility

of the metal and bioavailability factors, and also highlight the role of processes such as

IOIJltion, diffusion and mobilization in controlling the concentration of metals in

lediments. Calmano and Forstner (1983) are of the opinion that sequential extraction

~ures would provide information on the history of metal inputs, diagenetic

ttaIISfonnation within the sediments and the reactivity of heavy metal species of both

naIUI'a1 and anthropogenic origin. Earlier studies on heavy metals are confined to the

~tioning of metals in the detrital and non detrital fractions (Gad and Le Rich, 1966).
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;.3 RESULTS AND DISCUSSION

5.3.1 Organic carbon (C-org)

Organic carbon constitutes a significant fraction of aquatic sediments. Organic

material that survives in the water column is incorporated in sediments, where it can be

more or less preserved or subjected to further biological degradation. Organic carbon

compounds, reaching the aquatic environments mainly in the form of organic matter,

originate from allochthonous or autochthonous sources. The relative proportions of

organic matter derived from these sources are a function of the characteristics of the

catchment area in relation to the productivity of the aquatic environment (Hakanson and

Jansson, 1983). Further, the intensity of weathering, type of sediments, flow pattern of

the medium that transport sediments also determine the C-org distribution in the

sedirnents (padmalal and Seralathan, 1995 ;. Ittekkot and Lanne, 1991).

Inthe Periyar river, C-org content ranges between 0.4% and 4.71% (av. 1.70%) in

bulk sediments and between 1.62% and 6.21% (av. 2.94%) in the mud fraction. The

l1IIges ofC-org in the Chalakudy river are 0.2% - 1.58% (av. 0.7%) in the bulk sediments

and 2.11% - 3.96% (av. 2.95%) in the mud fraction. Tables 5.1 - 5.4 summarise the

concentration of C-org in the sediments of the Periyar and Chalakudy river. Table 5.5

depicts a comparative evaluation of C-org in the bulk sediments and mud fraction of

Periyar and Chalakudy rivers with some aquatic systems of Kerala and neighbouring

States. In both the rivers C-org, generally, exhibits an increasing trend downstream.

However, elevated concentrations are observed in some locations close to the urban

centres. It may be due to the addition of significant amount of organic sewages to these

river segments. Low values, if noticed, are attributed to the abundance of quartz rich
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coarser clastics in the bulk sediments. Compared to mud fraction, the content of C-org is

substantially low in the bulk sediments. This clearly indicates the role of particle size in

trapping C-org in both Periyar and Chalakudy rivers. In a classic study, Trask (1932) has

advocated that mud and mud rich sediments could enrich 2 - 4 times higher contents of

C-org than sand. Several researchers opined that the enhanced association ofC-org in the

finer sediments is attributed to the higher surface area of the particle, which in turn

promotes the adsorptive ability of organic colloids. Studies of Bums and Salomon

(1969); Sajan and Damodaran (1981); Bednarz and Starzecka (1993); Padmalal and

Seralathan (1995); Badarudeen et aI., (1997) and Reji (2002) have also reiterated this

view. The spatial variations of bulk and mud fractions in the Periyar and Chalakudy

rivers are depicted in Figs. 5.1 - 5.4. In the Chalakudy river, Stns. 44, 45 and 46 account

for comparatively high content of C-org than the adjacent sampling Stns. (Fig. 5.2). This

may be attributed to anthropogenic contribution in such locations. In the present study,

observed variations of C-org in the sediments are related to factors like textural affinity,

hydrodynamic influence and degree of anthropogenic activities within the river course.

Rate of sedimentation, rate of supply ofC-org through domestic / urban sewage disposals

(particularly in areas influenced by sewage disposal by Chalakudy Municipality),

contributions from agricultural and land run-off etc. are some of the other factors

detennining the C-org distribution in the study area.

5J.2 Phosphorus (P)

Phosphorus is one of the most limiting nutrient elements that controls primary

productivity in aquatic environments. The increasing P loading in aquatic environments

during the last few decades, from cultivated lands and domestic and industrial sewages, has

61
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:tCome crucial for eutrophication (Rohlich, 1969; Goltennan, 1975; Wetzel, 1975). Like C

Jg, Palso reaches the aquatic sediments from allochthonous and autochthonous sources. P

~ deposited in aquatic sediments in different forms: a) allogenic apatite minerals, b)

Jg3Ilic associates and c) precipitation from inorganic complexes. The total P (Ptot) in

~iments generally exhibits an increasing trend with increasing water depth as a result of

nore orless continuous transport of materials from shallow zones of erosion and transport to

tedeeper accumulation areas.

In the Periyar river, the average concentration of P is estimated to be 0.04% (range:

0.01-0.5%) in the bulk sediments and 0.13% (range: 0.06 - 0.34%) in the mud fraction. The

image concentration of P in the bulk sediments and mud fraction of the Chalakudy river are

'J.09%(range: 0.01 - 0.18%) and 0.06% (range: 0.01 - 0.37%), respectively. In Periyar river,

te concentration of P is several fold higher in the mud fraction than that of the bulk

iediments. It clearly indicates the ability of clay rich fine particulates to carry P downstream

IBiksham et aI., 1991). In the bulk sediments of Chalakudy river, P shows significant

;orrelation (Table 5.6) with Fe (r = 0.67). This points to the fact that a significant portion of

Pis associated with Fe oxides / hydroxides. It also gives significant correlation (Fig. 5.5)

~ith the content oftotal heavy minerals. This might be due to contribution from minerals like

monazite, apatite etc. which are found in the heavy residue of the bulk sediments of

Chalakudy river.

5.3.3 Iron and Manganese (Fe and Mn)

Next to oxygen, iron is the most frequent element in earth's crust, consequently

! common component of aquatic sediments. It is a typical transitional element whose

.:ompounds in aquatic environments have a strong bearing on the distribution pattern of
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:nOS! ofthe other trace / toxic metals. The most abundant form of iron minerals are

oxides, hydroxides and sulfides. Iron is also associated with several silicate minerals as

Viell. Particulate iron is deposited in sediments as silicate grains, inorganic oxides or

oxide coatings on settling particles. Iron may also enter the sediments together with

organic debris as well as humic colloidal matter.

Like Fe, the metallic element Mn is also a transitional element of great

environmental significance. Due to the ready interchangeability of Mn in biologic

systems, specific biochemical role of Mn has proved extremely elusive for many years. It

sknown that many enzymes are activated by Mn in vitro, a property notably shared with

magnesium. Unequivocal evidence of Mn specificity has been established in 1962, the

importance of which was enhanced by the discovery that this element is involved in

glucose utilization (Underwood, 1971). The distribution and geochemical behaviour ofFe

and Mn in aquatic environments have received wide attention among scientific

community because, information on these redox sensitive elements is a pre-requisite for

assessing the cyclicity of toxic trace metals which causes disastrous effects to organic life

(Sajan, 1992; Forstner and Wittman, 1983).

The concentrations of Fe and Mn in the bulk sediments and mud fraction of

Periyar and Chalakudy rivers are given in Tables 5.1 - 5.4. The average concentrations of

Fe in thebulk sediments are 2.35% (range: 0.43 - 6.01%) in the Periyar river and 4.02%

(range: 0.73 - 8.60%) in the Chalakudy river. The mud fraction accounts for an average

of6.15% (range: 4.14 - 10.04%) of Fe in Periyar and 7.04% (range: 5.72 - 10.41%) in the

Chalakudy river. The reported Fe values in the bulk sediments of the rivers are almost in

agreement with the reported values for other rivers like Ganges river (2.16%;
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i iubramanian et al., 1985a), Brahmaputhra river (2.9%; Subramanian et al., 1985a), Tapti

river (1.l5%; Subramanian et al., 1985a), Vellar river (1.84%; Mohan, 1990) and

Kararnana and Neyyar rivers (2.05% and 2.11%; Krishnakumar, 2002).

In the bulk sediments, the average value of Mn is estimated to be 313 ppm

lrange: 86 - 636 ppm) in the Periyar river and 737 ppm (range: 292 - 2554 ppm) in the

Cbalakudy river. The estimated average Mn values in the mud fraction of Periyar and

Chalakudy rivers are 747 ppm (range: 200 - 2993 ppm) and 1030 ppm (range: 529 - 2012

ppm), respectively. Table 5.5 shows a comparative evaluation of Mn and other metals in

lhepresent study with some of the aquatic systems ofKerala and elsewhere.

The present study reveals a two fold enrichment of Fe and Mn in the mud

fraction than the bulk sediments in Periyar river. The increase of Fe and Mn in the finer

c1astics (i.e., mud) is primarily related to the greater surface area of these particles. A

number of investigators have advocated that the adsorptive ability of particles increase

considerably as the surface area increases (Gibbs, 1977b; Thorne and Nickless, 1981;

Forstner and Wittmann, 1983; Salomon and Forstner, 1984; Lee, 1985; Nair et al., 1990).

Further, precipitation of Fe and Mn hydrolysates on to the finer dispersed particles also

enhances the concentration of these elements in finer fractions (De Groot et al., 1982).

TheMn contents show (Fig. 5.1) a marked decrease towards the high saline zones of the

river due to the higher solubility of Mn under the reducing condition prevailing in the C

org rich sediments of the river mouth. A scatter plot of Fe vs Mn (Fig. 5.6) indicates

positive correlation. This significant positive correlation of Mn with Fe in the bulk

sedirnents of Periyar river indicates that these two elements eo-precipitates as insoluble

ferric - manganic hydrolysates. Cc-precipitation ofMn - Fe is favoured by the negatively
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:harged Mn(OH)4 solution and positively charged Fe(OH)3 (Hirst, 1962). Table 5.7

which shows the positive correlation of Fe with C-org (r = 0.62) indicates that a part of

Fe is incorporated in organic matter rich very fme particulates that have greater ability to

fix the Feand other cations by adsorption (Rankama and Sahama, 1950).

Fe and Mn in Chalakudy river shows approximately 1.5 times enrichment in the

mud fraction compared to the bulk sediments. In general, Fe and Mn show a decreasing

trend downstream. Stn. 40 exhibits comparatively high content of Fe and Mn probably

due to the discharge of wastewater from urban and industrial units. Towards downstream

areas of the river, Fe and Mn show an increasing trend compared to the upstream areas.

In the present study, the increasing trend of Fe content indicates a higher oxidative

precipitation of iron occurred as Fe3
+ and Fe(OH)3 due to the saline water incursion in the

lower reaches of river; the negatively charged Fe bearing colloids react rapidly with sea

water cations to form precipitates. Removal of iron from solution by the above manner is

reported from several estuaries (Yeats and Brewens, 1976; Holiday and Liss, 1976;

Sajan, 1992; Reji, 2002). Higher content of Fe in the downstream sediments indicates the

prevalence of such phenomenon. The higher values of Fe in Stn. 45 may be attributed to

rock weathering. As Fe does not show any relation with organic matter, it might have

been fixed up either within clay mineral structure as an essential ion (cation exchange) or

may be fixed onto clay mineral surface (adsorption). From the correlation Table 5.6, it

can be seen that Fe shows significant positive correlation with Mn (r = 0.70). It gives

significant correlation (Fig. 5.5) with the content of heavy minerals as well.
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I !.3.4 Sodium and Potassium (Na and K)
I

The concentrations of Na and K in the bulk sediments and mud fraction of

Periyar and Chalakudy rivers are summarized in Tables 5.1 to 5.4 and their spatial

I"ariations are presented in Figs. 5.1 to 5.4. The respective average concentrations of Na

are 1.38% (range: 0.02 - 1.52%) and 0.78% (range: 0.02 - 1.60%) in the bulk sediments

of the Periyar and Chalakudy rivers; while the mud fraction shows an average of 0.61 %

[range: 0.18 - 1.36%) and 0.49% (range: 0.28 - 0.92%). The respective average

concentrations ofK are 1.25% (range: 0.06 - 2.24%) and 1.19% (range: 0.16 - 2.80%) in

!be bulk sediments and mud fraction of Periyar and 1.38% (range: 0.10 - 2.22%) and

1.31% (range: 0.74 - 2.70%) in Chalakudy river.

In Periyar river, Na and K shows an increasing trend downstream for bulk

sediments and mud fraction. It is presumably due to the high availability of Na in the

interstitial waters of the estuarine sedirnents (Sholl, 1965). The mud fraction of

Chalakudy river also exhibits a similar trend. By taking into account, the role of clay

minerals in the fixation of Na, it seems that a major part of this metal may be held up

within montmorillonite or i1lite. The K mainly comes into sediments as a weathering

product of minerals like orthoclase, microcline and biotite. The bulk sediments of

Chalakudy river, in general, shows a decreasing trend downstream. This may be due to

the fact that the Na and K, which are released during weathering may remain in ionic

form in the overlying waters. The variation of Na and K in the bulk sediment and mud

fraction is almost identical with only subtle differences between them. The proportionate

variation of Na and K in the river sediments suggests a common source, presumably

fuldspar rich crystalline rocks in the study area.
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1D5 Magnesium (Mg)

Magnesium is one of the most mobile elements in the earth's crust. The uptake of

~~ by clay minerals during estuarine mixing can release Ca to the overlying waters

Ystner and Gieskes, 1976; Perry et aI., 1976; Lawrence et aI., 1979; Drever, 1971;

IiOOlkovitz, 1973). The marginal enrichments of Mg in estuaries are probably attributed

rprogressively larger fixation of Mg by clay minerals. Sayles and Mangelsdorf (1976)

. ~t stated that Mg is an important exchangeable cation in seawater. Russel (1970)

OOicates that upon prolonged soaking montmorillonite will take up Mg from seawater

~iallywhen pH values are greater than 8.

In Periyar river (Tables 5.1 and 5.2), the average concentration of Mg in the

:uJk sediment is 0.11% (range: 0.05 - 0.19%) and mud fraction is 0.16% (range: 0.05 -

)38%). The Chalakudy river accounts for an average concentration of 0.1% (range: 0.05

·014%) of Mg in the bulk sediments and 0.16% (range: 0.05 - 0.37%) in the mud

~on. Mg exhibits a positive correlation with P (r = 0.85) in the mud fraction and

mows marginal positive correlation with Pb (r = 0.51) in the bulk sediments of

Cbalakudy river (Table 5.6). Table 5.5 depicts that the Mg values in the bulk sediments

of Periyar and Chalakudy rivers are almost in agreement with the reported values of

\lahanadi (0.093%; Chakrapani and Subramanian, 1990) and Kayamkulam estuary

10.11%; Reji, 2002) .

5.3.6 Trace elements

Trace elements are those elements generally having concentration <0.1%. These

elements are transferred to the depositional sites along with detrital materials or carried as

oxide coating on clay minerals or other minerals. Considerable quantities of these
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dements are also carried into solution and get incorporated into sediments by different

neesses at varying rates based on the physico-chemical conditions prevailing in the

~sitional environments. Trace elements are removed from solutions by adsorption

0010 organic and inorganic colloidal suspended material, extraction by marine organisms

mdby precipitants like Fe and Mn oxides or by sulphide ions. Concentrations of various

m metals such as Mn, Ni, Zn, Pb and Cr, in the bulk sediments and mud fraction of the

Periyar and Chalakudy rivers are given in Tables 5.1 - 5.4. Their variation with distance

spesented in Figs. 5.1 - 5.4. The concentration of metals in the mud fraction is found to

De higher than the bulk sediments. The inter-elemental correlations in bulk sediments and

mud fraction ofboth the rivers are depicted in Tables 5.6 and 5.7.

linc (Zn)

In nature, Zn is often associated with sulphides of metals, especially Pb, Cu, Cd

IIld Fe. This metal represe~ts 0.004% of the earth's crust and 25th in the order of

abundance (Abbasi 1989). Unpolluted freshwater sediments contain Zn concentration of

67 ppm (Forstner, 1976). The total Zn content in the sediments is dependant mainly on

the composition of parent rock (Sillanpaa, 1972; Pendias and Pendias, 1984). Nriagu

(1980) conducted a comparative study in the aerial distribution of Zn concentration in

rural and urban areas and reported that the metal is enriched substantially in the urban

areas than rural areas. This clearly indicates that the major causative factor for enhanced

levels of Zn in natural environments is presumably due to anthropogenic activities

l1evinson, 1974; Forstner, 1976; Nriagu, 1980; Abbasi, 1989).

The average concentration of Zn in bulk sediments of Periyar river is 64 ppm

(l3IIge: 37 - 107 ppm) and in mud fraction is 239 ppm (range: 70 - 1008 ppm). The bulk
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_ents and mud fraction of the Chalakudy river show an average concentration of 82

~(range: 33 - 168 ppm) and 235 ppm (range: 172 - 381 ppm) ofZn respectively.

Zinc shows positive correlation with Cr in the bulk sediments and mud fraction of

~eriyar river. In the bulk sediment, it exhibits significant positive correlation with Fe (r =

U8), Cr (r =0.71) and Mn (r = 0.56) and shows marginal positive correlation with Ni (r

: 0.48). Zn also exhibits a strong positive correlation with Cr (r = 0.81) in the mud

fraction of the river. Average concentration of Zn in mud fraction shows four times

enrichment compared to the bulk sediment. The marked enrichment of Zn in the mud

frw;tion of Periyar river can be explained by the increased surface area of the fine

particles, which in turn favour its adsorptive capacity (Williams et al., 1978). Further, Fe

MD complexes, clay minerals and organic matter coating over these particulates also

scavenge a significant amount of Zn (Padmalal, 1992). Shajan (200 I) has also reported

high concentration of Zn in the Periyar river sediments. In the bulk sediments, a positive

relationship exists between Zn and other metals like Fe, Cr, Mn and Ni. This points to a

common source for all these metals (Loue, 1986). The scatter plots of Zn vs. C-org of the

bulk sediment (Fig. 5.7) exhibits a positive correlation indicating the fact that at least a

part ofZn in these sediments is associated with C-org. High positive correlation ofmetals

with organic substance is due to sorption on to organic matter trapped in finer clastics

which arealso rich in clay minerals and Fe/ Mn hydrolysates.

In Chalakudy river, the average value of Zn in the bulk sediments is found to

be high in the mud fraction. It is approximately 2.5 times more than the Zn content in

bulk sediments. In the bulk sediments, a strong positive correlation of Zn with Cr (r =

0.92), Fe (r = 0.86), Mn (r = 0.84) and P (r = 0.66) indicates the common origin of these
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~Iements. Like Fe and Mn, Zn concentration also shows a marginal increase in the

Jownstream areas compared to the upstream side. At Stn. 40, Zn concentration shows a

:tU when compared with the adjacent Stns., especially due to the high heavy mineral

:ootent and industrial effect in that area. Organic matter has got a prominent role in the

:oocentration of Zn. But in this study, no positive correlation between Zn and C-org is

llticed inthe bulk or mud fraction ofthe river sediment. Hence, Zn is not concentrated to

lily significant extent in organic matter. The significant positive correlation ofZn with Fe

lIld Mn also suggests a common source for these elements. Fe - Mn oxides are usually

;Qnsidered as an efficient scavenger for Zn (Singh and Subramanian, 1984). These Fe 

\In oxides, which are a product of weathering, can carry Zn and transport them to the

ivermouth.

'iickel (Ni)

Ni ranks 23rd in order abundance in the earth. The average concentration of Ni in

:he earth's crust is 75 ppm (Levinson, 1974). This metal usually substitutes for Fe and

\lg in rock forming minerals. In uncontaminated sediments of rivers and lakes, the Ni

concentration generally is around 20 ppm and reflects its concentration in the soil of the

region (Abbasi et aI., 1998). Nriagu (1980) computed that the world's major rivers

:J1IlSport about 1.1 x 1010ofdissolved and 135 x 1010 gm ofparticulate Ni annually.

Niaccounts for an average concentration of 95 ppm (range: 46 - 141 ppm) in bulk

sediments and 104 ppm (range: 37 - 180 ppm) in mud fraction ofPeriyar river, whereas

in Chalakudy river, the bulk sediments shows an average concentration of 90 ppm (range:

i8· 126 ppm) and mud fraction exhibits an average concentration of 156 ppm (range:

125·229 ppm). "In Periyar river, an average concentration of Ni is found to be almost
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J ~ilar in the bulk sediments and mud fraction (Tables 5.1 and 5.2). In the bulk

IIaments, Ni exhibits better correlations with P (r = 0.45), Zn (r = 0.48), C-org (r =
I

IJ8), Cr (r=0.48) and Fe (r = 0.50). The association ofNi with Fe (Table 5.7) suggests

I

I :ldeposition together with Fe oxides of hydrogenetic origin (Chester and Hughes, 1967;

l!oorby and Cronan, 1981). In addition to the above, direct adsorption of Ni by C-org

Ild Fe hydrolysates can also fix substantial amount of this element in sediments (Shimp

~ ~., 1970; 1971). Like Zn, the positive correlation existing between Ni and other

:icments like C-org, Cr, Fe and P suggests a common source for all these metals (Fig.

~8). The positive correlation with P indicates that it acts as a carrier phase for Ni

Greenslate et aI., 1973).

Ni in the bulk sediments shows a fluctuating trend along the Chalakudy river

!tOfile (Fig. 5.2). The values are higher in upstream areas compared to the downstream

ms. From Stn. 50 onwards, it shows a marginal increase downstream. The average

roncentration of Ni in the mud fraction is approximately 1.5 times higher than that in

DuIk sediments. From Table 5.6, it is evident that Ni exhibits positive correlation with P

Ir=0.52) and Cr (r = 0.51) in the bulk sediments. It can be inferred that Ni in the

Cbalakudy river is well correlated in its distribution with P and Cr and is found to be

~umulated in the mud fraction than the bulk sediments. The comparatively high content

ofNi inmudfraction can be explained by the fact that a significant part ofNi might have

been held up in clay minerals either by adsorption or cation exchange mechanism.

!lad (Pb)

Theaverage concentration of Pb on the surface of earth is 16 ppm (Davis, 1990).

In the aquatic environment, its chemical forms will closely control its mobility and
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I iistribution. Its toxicity in sedirnents is affected by pH, hardness, organic material and

Imence ofother metals. The toxic effectsof Pb on humans have been well documented,
,

: 11 man is using Pb for thousands of years (Branica and Konrad, 1980). Pb resembles the

jjvalent alkaline earth groupmetals in chemical behaviour.

Ph exhibits an average concentration of 62 ppm (range: 11 - 117 ppm) in bulk

uents and 124ppm (range: 35 - 824 ppm) in mud fraction of Periyar river, whereas

in Chalakudy river, the bulk sediments account for an average concentration of 65 ppm

lrange: 23 - 116 ppm) and mud fraction exhibits an averagecontent of88 ppm (range: 55

·115ppm).

In the Periyar river, Pb shows significant correlation to many of the other

elements except K (r = 0.44) in the bulk sediments. In the mud fraction, it shows

significant correlation with P (r = 0.67) and Cr (r = 0.84). The considerable amountofPb

in the sediment samples of Stns. 16 and 21 may be due to the input from point sources

i~e industries and municipal waste disposal practices. In Periyar river, Pb does not show

any specific correlation with C-org, but shows marginal correlation with K in the bulk

iedirnents. Pb from weathering of magmatic and metamorphic rock, is expected to be

mainly accumulated in detrital sedirnents in their K bearing minerals such as micas and

ieldspars. Other possible sourceof Pb can be through clay minerals. Some amount of Pb,

il3IlSpOrted into the sedimentary environments is being adsorbed on clay minerals and

ferric hydroxides. In alkaline waters, Pb ion becomes hydrolysed and is readily eo-

;m:ipitated with the hydroxides of more abundant elements or adsorbed by clay

minerals. Ph can replace Ca2+ and K+ diadocically in minerals. Some mobilized Pb is

lbsorbed onnewly formed clay minerals- kaolinite (Wedepohl, 1978). Kaolinitewhich is
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mndant in Periyar river can fix maximum amount of Pb in the sediments. Therefore, it

;an be concluded that most of the Pb is associated with clays in the Periyar river

ments. In Chalakudy river (Table 5.6), Pb in the bulk sediments show significant

:elation only with Mg (r = 0.51). The spatial variation of Pb in the bulk sediments (Fig.

il) show a fluctuating trend throughout the river channel. There is no significant

mrichment of Pb in the mud fraction of the river.

The observed value for Pb in the bulk sediments ofPeriyar river (Table 5.5) is

nigber than the earlier report of Seralathan et al. (1991). But the value obtained in this

ilUdy islesserthan that reported by Seralathan (1979) for Cauvery river (84 ppm).

Chromium (er)

er is the seventh most abundant element on earth and 21st in abundance in crustal

rocks with an average concentration of 100 ppm (Me Grath and Smith, 1990). Cr is one

of the least toxic of the trace elements on the basis of its supply and essentiality. The Cr

concentration in some unpolluted freshwater sediment raises upto 44 ppm (Abbasi et al.,

1998).

In Periyar river, Cr exhibits an average concentration of 75 ppm in bulk sediments

(range: 17 - 148 ppm) and in mud fraction it shows an average of 241 ppm (range: 121 

141 ppm). InChalakudy river, the average concentration in the bulk sediments is 86 ppm

lrange: 31 - 149 ppm) and in mud fraction it exhibits an average concentration of 203

ppm (range: 152 - 236 ppm).

In the Periyar river, Cr shows highly significant positive correlation with Fe (r =

0.83), Mn (r = 0.64) and Zn (r = 0.71) in the bulk sediments. It also shows positive

correlation with Ni (r = 0.48) and C-org (r = 0.47). In the mud fraction also Cr exhibits

73



»Sitive correlation with P (r = 0.80), Pb (r = 0.84) and Zn (r = 0.61). Cr may be

:oocentrated in the bulk sediments due to the adsorption by the hydrated Fe203 as

~idenced from the highly significant positive correlation (Fig. 5.9). The average Cr

:ootent in the mud fraction is approximately three times higher than the concentration in

1Je bulk sediments. This may be due to the scavenge of Cr by finer particles from

iOlution with better efficiency due to its higher surface area than coarser particles

iWilliams et aI., 1978). The positive correlation of Cr in the bulk sediments with C-org

indicates thatthe organic compound contents are also responsible for the adsorption ofCr.

In the Chalakudy river, the average Cr concentration in the mud fraction accounts

for~2.5 fold enrichment than the bulk sediments. In general, Cr in the study area shows a

decreasing trend downstream (Fig. 5.2). From Stn. 51 onwards it shows a marginal

increase further downstream. The behaviour of Cr closely resembles that of Zn, with a

I'ery significant correlation (r = 0.92). It shows strong positive correlation with Fe (r =

0.84), Mn (r = 0.77), P (r = 0.80) and Ni (r = 0.51) in the bulk sediments. In the mud

~on also Cr exhibits correlation with Ni (r = 0.63). The variation in the concentration

ofCr in the Chalakudy river can be explained as follows. Cr may be concentrated due to

.isorption by the hydrated ferric oxides as evidenced from the highly significant positive

correlation. The observed high concentration of Cr in the upstream areas might be due to

!be weathering of rocks. Cr shows no significant correlation with C-org, which implies

that concentration of Cr by organic matter, is insignificant in the stretches of Chalakudy

river. It can be deduced that Cr content in this river is mainly due to the adsorption of

ferric oxides and weathering processes.
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l.4POLLUTION ASSESSMENT

Metal pollution in riverine environment is usually caused by land run-off, mining

rivities, dredging activities and anthropogenic inputs. Traces of heavy metals such as

(~Ph, Mn, Fe, Cr etc. have been identified as deleterious to aquatic ecosystem and

human health (Sharmaand Kaur, 1997). The mechanism of accumulation of pollutants in

ihe sediments is controlled strongly by the nature of the substrate as well as the physico

chemical conditions causing dissolution and precipitation. In the present study, an

attempt has been made to get an overall idea about the extent of heavy metal pollution in

the stretches of Periyar and Chalakudy rivers using statistical tools like Enrichment

factor (EF) and Contamination Factor (CF) studies.

S.U EnrichmentFactor (EF)

The mud fraction separated from the bed sediments of Periyar and Chalakudy

rivers are subjected to detailed EF analysis using the average crusta! abundance of these

elements by Mason and Moore (1982). The bulk sediments are not considered in this

evaluation owing to their extreme heterogeneity both in grain size composition and

mineralogic make up. The variable proportion of heavy minerals that contains high

concentration of lattice bound heavy metals can affect final interpretations. It is a fact that

the lattice boundelements does not impart much pollution to the aquatic environments as

the metals are not easily exchangeable. However, the elements in the mud :fraction are

more mobile and can impart marked changes in the quality of the overlyingwater column

(Mohan, 1992; 1995).

The enrichment factor is defined as [(X/Fe) sediments] / [(X/Fe) earth's crust];

where X/Fe is the ratio of the concentration of element (X) to Fe. Fe was chosen as the
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~ent for normalization as anthropogenic sources of Fe are negligible compared to the

aaI sources (Mohan, 1995 and the references therein; Padmalal et al., 2004b). The

tioofunity denotes no enrichment or depletion ofelements relative to the earth's crust.

Table 5.8 shows the EF computed for the mud fractions of Periyar and Chalakud)'

i\m. In the case ofMn, about 80% of the samples in the Periyar river and 75% of the

i3Illples in the Chalakudy river exhibit lower values than unity, indicating the fact that

mese elements are at depleted level than the crustal averages. But segregation of Mn is

noticed at certain localities, indicating marginal contribution of these elements from the

3e81'byareas. In the case ofNi, except for a few samples, all other EF values are below 2.

V~ues above 2 are observed at Stns. 19 and 22 in Periyar and Stn. 50 in Chalakudy river.

These stations are influenced by waste discharges from the nearby urban centres. Unlike

\In and Ni, the metal Zn is enriched in majority of the samples in Periyar (>88%) and

Cbalakudy rivers (in almost all samples). This clearly indicates the role of human

~vities in contributing to the existing level of trace metal pollution in Periyar and

Cbalakudy rivers. Anomalous EF values of over 8 times are observed in the samples

collected from the Eloor-Kalamassery zone, which are known for many Zn smelter

industries. Effluents from these industries can impart high concentration of this metal in

mud fraction. Several researchers (Williams et al., 1978; Padmalal, 1992; Sajan, 1998)

have advocated that clay minerals in the mud fraction are known for their affmity to fix

m. In the Chalakudy river, Stn. 50 located near the bone-processing industry exhibit the

highest EF of over 4, again indicating industrial cause for the observed high values. Pb is

showing highest enrichment in all samples of both Periyar and Chalakudy rivers. But the

highest EF value is noted for the samples collected from the Eloor - Kalamassery
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Table 5.8 Enrichment Factor (EF) for mud fraction of
Periyar and Chalakudy rivers

Sample MD Ni Zn Ph 0-
No.

Periyar river

1 0.62 1.37 3.36 9.01 2.13
2 0.50 0.42 2.03 5.91 1.66
3 0.44 0.68 1.49 5.86 1.41
4 0.61 0.41 235 5.94 1.19
5 0.48 0.60 1.35 4.42 1.29
6 0.29 0.45 1.59 4.12 1.54
7 033 0.48 0.60 3.52 1.55
8 0.64 0.64 0.84 5.66 230
9 O.~ 1.08 1.19 9.00 234
10 0.72 1.04 1.57 8.72 236
II 0.28 0.53 1.26 6.60 0.68
12 127 1.20 210 6.71 1.34
13 0.91 1.02 1.31 5.41 1.36
14 210 1.14 206 7.~ 121
15 1.44 1.26 2.22 10.05 1.75
16 134 1.54 2.98 6.16 1.61
17 0.84 1.40 3.35 5.55 1.76
18 0.52 1.17 3.31 630 1.67
19 1.20 240 4.40 7.CJ2 3.07
:!) 0.61 203 2.71 7.56 297
21 0.67 1.83 4.69 6.51 273
71 0.CJ2 216 288 1031 213
23 0.77 1.66 248 5.40 208
25 037 1.44 249 4.79 1.91
26 0.24 1.67 210 7.91 3.02
28 034 1.29 8.53 6.20 200

28a 0.51 0.96 8.08 35.57 4.16
19 0.51 1.09 4.04 321 3.07
29a 0.16 1.10 8.45 1625 4.08
30 027 1.82 1.91 525 211
31 021 1.55 1.86 6.88 1.69
32 0.26 1.20 1.11 253 0.82

Chalakudyriver

33 1.65 1.51 206 3.63 1.82
36 1.61 1.46 1.89 4.00 1.16
39 1.05 1.82 1.56 272 138
40 0.66 O.~ 213 3.43 1.02
41 0.72 1.59 216 6.58 1.72
43 0.77 1.51 259 6.46 1.63
46 0.59 127 249 6.59 1.46
48 0.50 1.48 3.19 5.88 1.42
50 0.44 215 4.28 5.64 1.79
52 0.41 1.11 211 3.46 1.24
53 0.54 1.33 2.18 5.13 1.45
54 0.51 206 2.22 5.44 1.59



industrial belt. Cr is enriched in majority of the samples over unity. But highest values

are noticed in the samples collected from the industrial belt due to the presence of several

tanneries and chemical industries.

The EF analysis clearly indicates the role of industrial pollution in the Periyar

river flowing through Eloor - Kalamassery area. From Fig. 5.10 it can be depicted that the

concentration of metals like Zn, Pb and Cr in the industrial stretch of the river (Eloor

distributary) is far higher than the Munambam distributary where the industrlallocations

are rare. This again reiterates the extent of industrial pollution in the sediments of the

downstream reaches ofPeriyar river.

5.4.2 Contamination Factor (CF)

Contamination Factor (CF) analysis is another important tool for the assessment

of heavy metal pollution of the mud fractions of Periyar and Chalakudy rivers. For CF

computation, the values like Fe, Ni, Zn, Pb and Cr are normalized using the

corresponding average metal values of shale reported by Turekian and Wedepohl (1961).

This is because, the world shale average is considered as background values. The

Contamination Factor (CF) was evaluated using the equation:

CF =Metal concentration in polluted sediment I Background value (shale) ofthe metal.

The CF values for the selected elements in the mud fractions of Periyar and Chalakudy

rivers are given in Table 5.9. In Periyar river, Pb and Cr in the entire sampling sites

exhibited relatively higher CF values (>1) in the mud fraction. The CF values in sampling

stations close to the industrial belt are relatively higher. For example, the samples at Stns.

28a and 29a account for very high contamination factor for Zn, Pb and Cr due to the

77



Table 5.9 Contamination Factor (CF) for
mud fraction of Periyarand Chalakudy rivers

Sample Fe Ni Zn Pb er
No.

Periyar river

I 1.04 1.44 2.37 . 5.60 2.27
2 1.39 0.59 1.91 4.90 2.36
3 1.45 1.00 1.47 5.10 2.09
4 1.30 0.54 2.06 4.60 1.58
5 1.67 1.01 1.53 4.40 2.20
6 1.99 0.91 2.15 4.90 3.13
7 2.18 1.07 0.89 4.60 3.47
8 1.33 0.87 0.76 4.50 3.13
9 0.91 1.00 0.74 4.90 2.18
10 0.98 1.03 1.04 5.10 2.36
11 1.93 1.04 1.64 7.60 1.34
12 1.22 1.49 1.74 4.90 1.68
13 1.56 1.62 1.39 5.05 2.17
14 1.63 1.88 2.28 7.61 2.03
15 1.06 1.36 1.60 6.39 1.90
16 1.46 2.28 2.94 5.37 2.40
17 1.27 1.79 2.87 4.20 2.27
18 1.37 1.62 3.06 5.15 2.34
19 0.95 2.31 2.83 4.50 2.98
20 0.97 1.99 1.78 4.38 2.94
21 0.90 1.67 2.86 3.50 2.51
22 0.99 2.18 1.94 6.13 2.16
23 1.22 2.06 2.05 3.94 2.59
25 0.95 1.38 1.60 2.71 1.85
26 1.00 1.70 1.43 4.75 3.10
28 1.23 1.61 7.10 4.55 2.52
28a 1.94 1.88 10.61 41.20 8.23
29 0.91 1.00 2.49 1.75 2.86
29a 1.54 1.72 8.84 15.00 6.43
30 1.43 2.65 1.85 4.50 3.09
31 1.06 1.67 1.34 4.38 1.84
32 1.98 2.43 1.49 3.00 1.67

Chalakudy river

33 1.27 1.94 1.77 2.75 2.36
36 1.43 2.11 1.83 3.41 1.69
39 1.72 3.17 1.81 2.80 2.42
40 2.26 1.84 3.27 4.64 2.37
41 1.24 2.01 1.82 4.90 2.19
43 1.40 2.15 2.45 5.40 2.32
46 1.46 1.88 2.46 5.75 2.18
48 1.55 2.33 3.35 5.45 2.26
50 1.38 3.01 4.01 4.67 2.53
52 1.69 1.90 2.41 3.50 2.13
53 1.37 1.84 2.02 4.20 2.03
54 1.61 3.37 2.43 5.25 2.62
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ndition of severe pollutants by various chemical industries. Stn. 50 in Chalakudy river

!Iso exhibits comparatively high values for Zn compared to other sites. Unlike other

metals, er shows a regular trend in the CF values throughout the Stns. and ranges

lietween 1.69 and 2.62. Analysis of CF values for the two river basins reiterates the

l:Cumulation ofmany of the heavy metals in industrial belt compared to the other areas.
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CHAPTER 6

HYDROCHEMISTRY

lllNTRODUCTION

Water, the greatest gift of nature, is a key resource to sustainable development

I is crucial to social, economic and environmental dimensions. Water is an essential

~ent for the preservation and maintenance of almost all habitats in the Mother

J1h. In the Yajurveda, water has been described as the elixir of life, the source of

~thatsustains life on earth and the factors that govern the evolution and functioning

:lie universe. There is no substitute for water, without it, humans and other living

1lllisms die, farmers cannot grow crops and business cannot operate. Therefore,

.e and uninterrupted supply of good quality water is to be maintained for the

smance of human development, in addition to preserving the hydrological, biological

Dichemical functions ofecosystems.

Water is always the talk of everywhere either due to too much of it or little of it.

:mure's most abundant resource, water has a great deal ofenvironmental value. Water

:resent in all regions of the earth either in one form or the other. Their distribution,

Jiily, quantity and mode of occurrence are highly variable. In global perspective, only

'0 of the liquid resource is fresh water, although water covers nearly 71% of the

rJi's surface (Table 6.1).



Table 6.1 Water resources of the earth

rmce Volume (krrr') Percentage (%)

lOSphere 13,000 0.001
iiJIIS 1,32,20,00,000 97.2
~;aps and glaciers 2,92,00,000 2.15
ue lakes and inland seas 1,04,000 0.008
~tlmoisture 67,000 0.005
~ground water 41,70,000 0.625

,:,etS 1,250 0.0001
~water lakes 1,25,000 0.009
'DJ 1,35,56,80,250 100
:Ire: Strahler, (1973)

Water is going to be one of the major issues confronting humanity in the coming

:lies(King, 1961; Bonell, 1993; Clarke, 1993; Biswas, 1993; Rosegrant, 1995). Fresh

mis one of the scarce resources to mankind. Being limited in quantity this resource

!:o be wisely conserved and as such cautiously managed. Water resource development

«ofthe indicators of a nation's economic growth.

The available fresh water would seem at first sight to be enough to supply all

:iJlIIental human survival of needs, if divided by the total population of the earth.

'U1Ugh the exact water volume necessary to fulfill human needs is still a matter of

~. it is estimated theoretically that there is sufficient fresh water on the planet to

!IJlt about 20 billion people. Because of the wide disparity in average annual

':lpitation, the availability of fresh water in some areas is too much while in others, too

s With varying degree of success, human beings have corrected to some extent these

~alance by storing water in reservoirs and transferring the stored water to the other

:1\, The seasonal weather pattern sometimes arrives in excessive amounts and causing

lscale flooding and loss of human life. To add this problem, water is polluted when it

~ in industry, agriculture and for domestic purposes and thus the amount of water of
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c:uble quality available for human use is reduced still further. As a result of

nges, the inferior quality water is used to meet the demand. Conversely, the need for

I water makes heavy demand on total resources.

Of all the earth's water reserves, 97.2 % is saltwater and thus of no direct use to

nm beings as drinking water, 2.15 % is locked up in glaciers and the polar caps as

~ller, and only 0.63 % is accessible freshwater. Demand for water resources is

msing because of population growth and rising demand per person due to such causes

.!!igation development, industrialization and increasing use by individuals as income

1 Agriculture is the largest sector using water and over 30% of the world food

~tion comes from irrigated areas. Industrial water use is estimated to be 24%. The

.de household use of water is estimated to be 8% though 4% of the world's

:wIation uses a disproportionate amount of 300 - 400 liters per capita per day.

As demand increases, this resource is fast becoming scarce, global fresh water

Mption rises six folds between 1900 and 2000; more than twice the rate of

.on growth and the rate of increase of consumption is still accelerating. An

DIe by World Bank reveals that by the year 2025, about 3.25 billion people in 52

lll'ies will live in conditions of acute water shortage (Serageldin, 1995). As demand

!later rises, the potential for conflicts may increase. Many international commentators

;llhat the waterwill be an increasing cause of dispute (some suggest even war) in the

WIg years.

India has sufficient water resources on the average in comparison to many other

.\1llries in the world. It is one of the wettest places on earth, with an average annual

~ilation of over 4000 km3
, that amounts to precipitation of about 110 cm, and a total
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0: Ilow of around 1880km3
, 7 million hectares of various types of lakes, ponds,

I

r0irs and a potential renewable groundwater resources of about 431423 million rrr'

l;:lkm\ India possesses about 4% of the total average annual runoff of the world. It

!:(Cfi assessed that out of the total precipitation in the country, the surface water

~ility is around 47%. Of this, only about 37% can be put to beneficial use because

,~phical and other constraints. India is gifted with many rivers and the major

mresource potentials in them are depicted in Table 6.2.

The availability of surface water in various regions in the country is uneven with

mth zone (Indus, Ganga and Brahmaputra) having 77% of the country's water

~1JCe, the south flowing rivers with 5%, the east flowing rivers with 14% and the west

\JDg rivers in Kerala with 3% only. Regarding the ground water, the total utilizable

:mrlwater potential of the country is estimated to be 43.2 m-ha-m per year (Singh,

~I. After making provision for domestic, industrial and other high priority uses, the

~¥Oundwater available for irrigation comes to about 36m-ha-m per year. Taking the

.o11rf as a whole, nearly one third of the potential has only been utilized at present.

':iaverage brings the bright future for our country in regard to groundwater potential.

In India, 70%of the population depends directly on agriculture. About 28% of the

lllly's Gross National Product is from agriculture, which intum has a bearing on land

uater resources. The annual availability of freshwater including groundwater in India

~ be about 1.870 km"; on per capita basis, it works out to about 200 m3 (i.e., 2x10'

:'5~n/year). It is expected to drop further to 148· m3 in about 2 decades

.'~uent to increasing population (Subramanian, 2000). Table 6.3 shows the projected

mIfor freshwater up to 2050.
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I Table 6.2 The major water resource potentials of India (after Singh, 1998)

Average annual water availability
River

Water resource
Per capita (m3

)
Per ha, of culturable

potential (BCM) area (m3
)

~ 73.31 1749 7600

Jlga.Brahmaputra-Meghna 1110.62 18061 52907

l'daVari 110.54 2048 5837

jslma 78.12 1285 3847

lll'iery 21.36 728 3692

icrnarekha 12.37 1307 6533

aani-Baitami 28.48 2915 8903

6hanadi 66.88 2513 8369

-:mar 6.32 651 1774

ihi 11.02 1052 4977

mati 3.81 360 2455

'mnada 45.64 3109 7727

"~ 14.88 1007 3285

i~ flowing rivers from 87.41 3383 29700
"mtoTadri
is flowing rivers from 113.53 3480 36078
"ilij to Kanyakumari
"l'l flowing rivers between 22.52 953 5199
·Jhanadi and Godavari
:N flowing rivers between 16.46 366 2400
3 and Kanyakumari
i~1 flowing rivers of Kutch 15.10 683 644
niSaurashtra including Luni
ilrrivers draining to " 31.00 14623
~adesh and Myanmar --
i]t Billion Cubic Meters



Table 6.3 Demand of freshwater in India till 2050

imr Demand (km")
2000 2025 2050

!nestic 42 73 102
:mion 541 910 1072
JllSlrY 8 22 63
w 2 15 130
~ 41 72 80
'Ill 634 1092 1447
w: Central Water Commission

~WATERRESOURCES: THE KERALA SCENARIO

Kerala State is known for its enhancing lush green landscape, evergreen forests,

e!Ile water bodies, reservoirs, ponds, springs and wells. The state receives an average

mJal rainfall of about 3000 mm, which make it the second most rain fed State in India,

tI1 to Assam (Upendran, 1997). The major freshwater resources are surface runoff

7linly river discharges) and groundwater (wells or springs). Kerala has 44 rivers and a

llDber of other freshwater bodies with a total discharge of 77900Mm3 (pWD, 1974).

.~ estimated irrigation potential of Kerala is about 16 lakh hectares. At present, the per

~ water availability in India has decreased by four times, whereas in Kerala it has

mased by 5 times. Per capita freshwater resource is low in Kerala than the national

.qe and also even lower than that of the dry State like Rajasthan, Gujarat, Karnataka

mMaharashtra.

Rivers form the connecting corridors through the landscape and their physical and

l~cal features tend to vary in a predictable way from their headwaters to the river

llllh zones. Upland streams are strongly influenced by hill slope process. The property

1!tSSive1y changes downstream and influences the biologic community. In lowland
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· the river losses its energy due to loss ofgradient (also see Chapter 3) or either due

Iff!3Ction of freshwater with marine water and sometimes even both processes. Most

have estuaries but the extent of salt water mixing may vary from a few krrr' to a

~Dundred square kilometers (Subramanian, 2000).

; In spite all these facts, the condition of Kerala is very worse in regard to the

tling water potential. Eventhough the State receives heavy down pour, the shortage of

ming water is alarming during summer months. The requirement and demand of water

Harious end uses such as, drinking water supply, sanitation, irrigation, industries,

llItrgeneration, fisheries, navigation and recreation is ever increasing because of the

masing human population. In this situation the water that was once regarded as a free

~ of nature is becoming more and more a scarce economic commodity. Hence it is

~t and essential to have a scientific planning for the utilization of the available

er resource and their judicious management. In order to achieve this target, it is

~rtant to have detailed information on available water resources, both surface and

.surface water resources, of the State.

LlREVIEW OFLITERATURE

The drainage basins form the natural unit for physical, industrial and social

nng. The early researchers who recognised the obvious unitary feature of drainage

JSins, both of geometry and process include Playfair (1802) and Chorley et al. (1964).

~ overall balance between dissolved and sedimental load carried to the oceans was

;:mputed by Holeman (1968), Meybeck (1976), Martin and Meybeck (1979) and

~Iirnan and Meade (1983). Gibbs (1970) discussed the mechanisms that control the

lOCId river water chemistry. Many studies have been carried out on the physico-chemical
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mtS as well. Some of the notable studies are those of Chacko and Ganapathy (1949) in

tmer Adyar; Chacko et al. (1953) in the river Malampuzha; Ganapathi (1956; 1964)

:~rivers Thambaraparani and Godavari; Deshmukh et al. (1964) in the river Kanhan;

II~ and Ray (1966) in the river Daha; George et al. (1966) in the river Kali;

~eswarlu and Jayanti (1968) in river Sabarmati; Venkateswarlu (1969) in the river

~\1Ii: Ray et al. (1966) and Saxena et al. (1966), Agarwal et al. (1976), Bhargave

~,), Bilgrani and Duttamunshi (1985), in the river Ganga; Srinivasan et al. (1979) and

,.khar (1984) in the river Cauvery; Badola and Singh (1981) and Nautiyal et al.

~)in river Alakananda; Balchand (1983) in river Muvattupuzha; Raina et al. (1984)

:~m Jhelum; Reddy (1984) in the river Tungabhadra; Zingde et al. (1985; 1986) in the

.,~ Aurarig and Ambika; Konnur et al. (1986) in the river Cooum and

rlaranarayanan et al. (1986) in the river Periyar. Nair et al. (1990) have revealed that

~derable changes have taken place in the water quality of this river after the

~~encement of Hindustan Newsprint Limited located at the lower reaches of the river

Cl Velloor. Besides physico-chemical factors, many of the rivers of India were

:.estigated for pollution load assessments as well. Of these, the works of Montwan et al.

;~ in the river Sone; David and Ray (1966), Bhaskaran (1970) in the river Ganga;

~eswarlu and Sampathkumar (1982) in the river Moosi; Mahadevan and

:.shnaswami (1983) in river Vaigai; Raina et al. (1984) in the river Jhelum; Agarwal

~) in the riverChambal and Reddy and Venkateswarlu (1987) in the river Amaravati

~e special attention. The importance for choosing the river basin as a specific unit

Jmvironmental management studies is summarised by Chattopadhyay and Carpender

~)).
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Many studies have been undertaken to elucidate the hydrography of the

rkwaters of Kerala. These studies provide a fairly good picture of the highly dynamic

!Yironmental conditions prevailing in these water bodies. Rao and George (1959) have

lIied thehydrology ofthe Korapuzha estuary. Nair (1971) has studied the hydrology of

,ilyamkulam estuary. There are so many works carried on various aspects of the

\!btarnudy estuary, the second largest estuarine system of Kerala. Nair et al. (1983;

,:~) and Nair (1986) studied the physico-chemical features of Ashtarnudy estuary. The

Iysico-chemical features of Akathumuri - Anchuthengu - Kadinamkulam backwaters

lIVe been studied by Nair et al. (1983; 1984) as part of survey on the ecology of Indian

suaries. The estuarine characteristics and physico-chemical features of the Periyar

suary hasbeen investigated by Sankaranarayanan et al. (1986). Balchand and Narnbisan

1986) illustrated the nutrient fluctuations in Muvattupuzha river - Cochin backwater

~on. The effect of industrial discharges on the ecology of phytoplankton production in

~ Periyar river has been studied by Joy et al. (1990). The following studies are also

~1ilable in literature: nutrient levels in Periyar estuary with its different pathways

~la Devi et aI., 1991); and extensive discussion of the chemistry of phosphorus in

~iments of Nadayara kayal (Madhukumar and Anirudhan, 1995; 1996). In a study on

ile water-nutrient relationship, Babu et al. (2000) concluded that nutrient enrichment in

nterstitial water and overlying water of Ashtamudy estuary is due to the nitrification

xocess operating in the sediment-water interface. Unnikrishnan (2004) made a

~~atic analysis on the water quality and pollution status of the aquatic environment

nthe midland - lowland systems of Thiruvananthapurarn district.

86



~R1:SULTS

I Concentrations of the physico-chemical constituents in the water samples of the

I
I~ar and the Chalakudy rivers, (Fig. 2.2 and Table 6.4) collected from monsoon and

l1HI1onsoon seasons, are given in Tables 6.5 to 6.8. Figures 6.1 to 6.10 illustrate

~nal and seasonal fluctuations of the estimated water quality parameters of these two

~1bIe 6.4 Water sampling locations of Periyar and Chalakudy rivers (Refer Fig. 2.2

]further details)

Periyar River Chalakudy River
Sin. Locations Stn. Locations
I Chennamangalam 1 Kanakkankadavu
2 Chengamanad 2 Parakadavu
3 Eloor 3 Chalakudy Lower
4 Kadungallur 4 Chalakdy Upper
5 Aluva 5 Athirappally
6 Perumbavoor 6 Kuriyar kutti
7 Paneli 7 Orukomban
8 Bhoothathankettu 8 Sholayar Reservoir
9 Thattekkad Samples were collected from the same sites
JO Valarakuthu during monsoon and non-monsoon periods.
11 Periyar Reservoir

~=Station

tU pH

pH, the negative loglO of the hydrogen ion concentration in a solution, is an

~rtant parameter that determines the quality of water in an aquatic environment. The

"eptable pH limit for drinking water as per WHO specification is 6.5 to 8.5. For

:dustries, the desirable pH values are set closer to the natural value. One of the principal

~'!Ilponents regulating pH in natural water is the carbonate level. The degree of

:ssociation of weak acids or bases is affected by changes in pH. The solubility of metal

87



•
.

_
~

S
o

c
_

,.
.

_
.

_
.
.

d
_
•
•

1
•
•

v
I
•
•

I
r

••
••

y
.l

c
c
.-

<
e

..:
•
•

c
c

r
y

v
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
•

•
.
,
.
~

.

~
s

1
2

3
4

5
6

7
8

9
1

0
I

I
C

he
nn

a-
C

he
ng

a-
E

lo
or

K
ad

un
ga

ll
ur

A
lu

va
P

er
um

ba
vo

or
P

an
el

i
B

ho
ot

ha
th

an
T

ha
tt

ek
ka

d
V

al
ar

ak
ut

hu
P

er
iy

ar
P

ar
am

et
er

s
m

an
za

la
m

m
an

ad
ke

tt
u

re
se

rv
oi

r
pH

6.
26

5.
92

3.
79

5.
47

5.
7

5.
58

5.
52

5.
41

5.
45

5.
6

5.
9

C
on

du
ct

iv
it

y,
us

/e
rn

25
6

80
.5

98
.7

38
.4

33
.6

38
.6

42
.0

45
.8

31
.6

30
.6

29
.4

DO
"

m
g/

l
5.

2
5.

1
4.

9
6.

0
5.

9
5.

8
6.

3
6.

7
6.

3
6.

6
6.

5
A

lk
al

in
it

y,
m

g/
I

13
14

5
17

15
13

15
17

15
13

12
B

O
O

,
m

g/
I

2.
1

2.
4

3.
8

2.
1

1.
8

1.
3

I
1.

1
1.

2
1.

0
0.

9
C

hl
or

id
e,

m
g/

l
85

.8
5

22
.8

0
29

.2
9

8.
59

7.
58

7.
86

7.
93

8.
08

7.
58

7.
52

7.
3

S
ul

ph
at

e,
m

g/
l

13
.9

6.
28

5.
13

0.
72

0.
82

1.
52

1.
60

1.
74

1.
74

1.
66

1.
36

H
ar

dn
es

s,
m

g/
l

37
20

19
12

11
14

14
16

10
10

10
N

0
2

-N
,

fl
g/

I
3.

69
4.

17
5.

54
7.

08
3.

39
5.

52
10

.0
0

8.
00

3.
69

4.
22

3.
26

N
0

3
-N

,
fl

g/
I

65
4

86
0

10
85

73
7

77
0

82
5

68
0

71
0

82
5

79
0

74
0

N
H

3
-N

,
fl

g/
I

B
O

L
B

O
L

76
B

O
L

B
O

L
B

O
L

B
O

L
B

O
L

B
O

L
B

O
L

B
O

L
IN

,
fl

g/
I

93
9

99
1

16
25

96
0

94
0

99
0

94
0

92
9

96
0

92
0

89
0

T
P,

ug
/l

18
5

18
9

21
5

18
5

16
2

14
5

12
8

13
9

92
88

68
R

ea
ct

iv
e

P,
fl

g/
I

40
.5

39
.3

48
.3

33
.8

38
.3

40
.2

42
.0

43
.5

33
.8

30
.8

28
.4

O
rg

an
ic

P,
fl

g/
I

14
4.

5
14

9.
7

16
6.

7
15

1.
2

12
3.

7
10

4.
8

86
.0

95
.5

58
.2

57
.2

39
.6

S
i0

2
-S

i,
m

g
/1

5.
2

5.
28

5.
21

5.
99

5.
01

5.
44

5.
90

5.
84

5.
38

5.
44

5.
38

C
a,

m
g/

l
4.

81
4.

41
4.

41
2.

81
2

2.
41

3.
88

4.
01

2.
81

2.
78

2.
78

M
g,

m
g/

]
1.

22
1.

46
1.

94
1.

22
1.

46
1.

22
1.

38
1.

46
0.

73
0.

73
0.

73
F

lu
or

id
e,

fl
g/

I
71

76
10

2
46

61
68

70
63

49
48

44
D

is
so

lv
ed

Fe
,

/lg
ll

19
.8

29
.6

54
.5

44
.5

37
.1

37
.1

26
22

.2
22

.2
21

20
T

ot
al

Fe
,

fl
gl

l
38

4
89

0
46

20
77

8
29

00
17

80
11

20
16

12
11

67
10

40
82

0
T

O
S

,
m

g/
l

13
9

48
.5

58
.3

25
.5

17
.8

26
.4

27
.3

30
.8

25
24

.8
19

.1
T

SS
,

m
g/

t
6

98
20

40
13

89
98

12
9

90
78

69



·_
_

__
_.

_
_.

._
..

_
_

_
".

"
_"

".
_.

"
,,

~
-."

.._
"'.

.~..
"·

-·-
···a

c
--

-
.

~
s

I
2

3
4

5
6

7
8

9
1

0
I

1
C

h
en

n
a-

C
h

en
g

a-
E

lo
o

r
K

ad
u

n
g

al
lu

r
A

lu
v

a
P

er
u

m
b

av
o

o
r

P
an

el
i

B
h

o
o

th
at

h
an

T
h

at
te

k
k

ad
V

al
ar

ak
u

th
u

P
er

iy
ar

P
ar

am
et

er
s

m
an

za
la

m
m

an
ad

k
et

tu
re

se
rv

o
ir

pH
7.

04
6.

06
4.

74
6.

82
6.

92
7.

2
6.

96
6.

91
6.

55
6.

84
6.

95
C

on
du

ct
iv

it
y,

us
/c

m
20

55
0

17
0

28
90

33
.2

33
.4

28
.8

27
.6

27
.8

25
.6

24
.8

25
.9

D
O

,m
g/

l
5.

3
5.

4
4.

3
6.

7
7

7.
1

7.
5

7.
9

7.
6

7.
2

7.
1

A
lk

al
in

it
y,

m
g/

l
70

20
6

14
16

14
17

16
16

17
15

B
O

O
,

m
g/

l
3.

1
3.

2
5.

5
2.

6
2.

1
1.

9
1.

8
1.

4
1.

3
1.

6
1.

2
C

hl
or

id
e,

rn
g/

l
93

00
37

.8
14

03
7.

32
7.

32
6.

12
6.

72
6.

88
8.

54
8.

54
8.

48
S

ul
ph

at
e,

m
g/

l
10

70
5.

71
10

4
0.

48
0.

1
0.

19
0.

24
0.

29
0.

26
0.

22
0.

18
H

ar
dn

es
s,

m
g/

l
35

00
28

38
0

9
9

10
10

8
10

10
8

N
O

rN
,

ug
/l

B
O

L
B

O
L

B
O

L
0.

3
0.

91
B

O
L

B
O

L
B

O
L

B
O

L
B

O
L

B
O

L
N

0
3

-N
,

ug
/l

32
.3

15
5

66
.5

30
0

42
6

34
6

34
0

35
9

29
1

28
4

25
6

N
H

3
-N

,
J.l

gl
I

B
O

L
B

O
L

35
1

B
O

L
B

O
L

B
O

L
B

O
L

B
O

L
B

O
L

B
O

L
B

O
L

T
N

,J
.lg

lI
55

2
68

7
12

20
69

7
71

9
62

4
51

0
52

0
53

8
52

8
49

5

T
P,

ug
/l

11
5

11
5

79
11

5
16

1
69

15
6

16
1

92
90

72

R
ea

ct
iv

e
P,

J.l
gl

I
58

.1
15

.8
41

.1
18

.5
18

.5
29

16
.3

13
.2

13
14

13

O
rg

an
ic

P,
J.l

gl
I

56
.9

99
.2

37
.9

96
.5

14
2.

5
40

13
9.

7
14

7.
8

79
76

59

S
iO

rS
i,

m
g

ll
5.

33
9.

58
7.

39
7.

81
8.

08
8.

03
8.

54
8.

66
8.

02
8.

16
7.

96

C
a,

rn
g/

I
16

0
4.

41
32

.1
2.

4
2.

4
2

1.
98

2
2

1.
98

2.
02

M
g,

m
g/

l
75

3
4.

13
72

.9
0.

73
0.

73
0.

82
0.

77
0.

73
0.

73
0.

73
0.

56

F
lu

or
id

e,
J.l

gl
I

14
35

56
5

87
8

50
5

48
54

48
44

46
44

49

D
is

so
lv

ed
Fe

,
J.l

gl
I

76
81

96
55

75
76

74
73

84
86

74

T
ot

al
Fe

,
ug

/l
27

5
16

78
95

5
27

3
10

80
20

8
41

0
43

4
16

3
26

6
21

6
T

O
S,

m
g/

l
11

63
0

10
1

16
72

19
.3

21
.2

26
.5

18
.4

16
.4

16
.3

16
16

.8
T

SS
,

m
g/

l
6.

9
3.

5
5

2.
3

15
.5

1.
1

2.
1

1.
4

1.
2

2.
2

2.
3



·
.
·
.
b

.
e

6
.
7

S
e
.
s
o

..
..

..
..

..
d

_
p

a
t
l
•
•

v
.
r
l
a

t
l
o

n
u

r
p

..
y

.l
c
u

-
e
:
..

e
..

..
e

..
.

c
o

n
s
t
'
t
u

e
n

t
•

..
,r

<
'
~
h
_
'
.
k
.
..

d
y

r
i
v

e
r

d
u

r
i
n

g
..

.
..

,n
8
..

,.
..

.
p
e
r
'
~
d

~
I

2
3

4
5

6
7

8

Pa
ra

m
et

er
s

K
an

ak
ka

n
P

ar
ak

ad
av

u
C

ha
la

ku
dy

C
ha

la
ku

dy
U

pp
er

A
th

ir
ap

al
ly

K
ur

iy
ar

ku
tti

O
ru

ko
m

ba
n

S
ho

la
ya

r
R

es
er

vo
ir

ka
da

vu
L

ow
er

pH
5.

42
5.

39
5.

54
5.

65
6.

34
6.

44
6.

47
6.

8

C
on

du
ct

iv
ity

,u
s/

er
n

44
.6

36
.4

31
.5

35
.8

26
.5

25
.9

25
.4

24
.9

04
),

m
g/

l
5.

5
5.

4
5.

2
6.

4
7.

1
7.

2
6.

9
6.

8
A

lk
al

in
ity

,m
g/

I
11

11
11

12
9

8
10

10
.0

B
O

O
,m

g/
I

2.
2

2.
4

2.
1

1.
4

1.
2

0.
9

1
0.

95
C

hl
or

id
e,

m
g/

I
12

.6
3

10
.6

1
7.

58
9.

6
8.

59
8.

12
8.

26
7.

38

Su
lp

ha
te

,m
g/

I
1.

54
2.

36
2.

56
2.

36
2.

05
1.

13
1.

28
0.

82

H
ar

dn
es

s,
m

g/
I

14
12

8
9

8
7.

8
8.

2
7.

98

N
0

2
-N

,
ug

/l
7.

08
2.

15
4.

92
3.

67
2.

77
2.

46
2.

13
1.

68

N
0

3
-N

,
ug

/l
43

1
49

3
58

0
62

7
46

2
43

8
42

4
34

0

N
H

3
-N

,
f..I

.g/
l

S
O

L
2.

1
B

O
L

S
O

L
B

O
L

SO
L

B
O

L
B

O
L

T
N

,
ug

/l
97

4
64

1
99

1
93

9
76

4
74

6
72

4
69

2

T
P,

f..I
.g/

l
13

5
98

13
9

96
92

88
94

88

R
ea

ct
iv

e
P,

f..I
.g/

l
47

.3
45

47
.3

58
.5

38
.3

36
.5

32
28

O
rg

an
ic

P,
f..I

.g/
l

87
.7

53
91

.7
37

.5
53

.7
51

.5
62

60
S

i0
2

-S
i,

m
g

/l
3.

92
4.

54
5.

13
4.

55
4.

5
4.

4
4.

1
3.

97
C

a,
m

g/
l

2.
4

3.
21

2.
4

1.
6

1.
2

1.
1

I
1.

02
M

g,
m

g/
I

1.
94

0.
97

0.
49

0.
49

0.
49

0.
49

0.
49

0.
52

Fl
uo

ri
de

,f
..I.

g/l
92

81
49

73
11

12
10

9.
8

D
is

so
lv

ed
Fe

,f
..I.

g/l
24

.7
17

.3
21

.7
18

.8
12

.1
14

.2
11

.9
12

T
ot

al
Fe

,u
g/

l
52

9
97

3
58

9
62

9
74

5
82

0
79

0
81

0
T

O
S,

m
g/

I
30

.6
25

.6
21

.4
24

.2
20

.3
18

.2
18

.9
16

.1
T

SS
,m

g/
I

11
.6

16
18

35
.8

66
.4

74
.5

62
.4

57
.6



·.
·.

b
,.

e
6

.
8

S
e
•
•
u

n
•
•
•

n
d

.
p

.
_

I
..

..
..

..
.
r
l
_

t
l
c

..
..

o
r

p
..

y
.
l
c
u

-
c
.
.

e
..

..
.l

c
:•

•
c
o
.
.
.

a
l.

..
.e

n
a

.
o

r
c
.
.
~
..

_
.
_

k
.
.
d

y
.-

I
"

e
r

..
..

..
.-

1
.
.
.
.
.
u

_
-
.
.
.

o
.
.
.
.
.c

.
.
.

p
e

..
..

..
..

.

~
1

2
3

4
5

6
7

8

P
ar

am
et

er
s

K
an

ak
ka

n
P

ar
ak

ad
av

u
C

ha
la

ku
dy

C
ha

la
ku

dy
U

pp
er

A
th

ir
ap

al
ly

K
ur

iy
ar

ku
tti

O
ru

ko
m

ba
n

S
ho

la
ya

r
R

es
er

vo
ir

ka
da

vu
L

ow
er

pH
7.

18
7.

47
7.

22
7.

12
7.

2
7.

23
7.

28
7.

32

C
on

du
ct

iv
it

y,
us

/e
rn

17
09

0
21

0
61

55
39

36
35

.2
24

.8
D

O
,m

g/
I

6
6.

1
6.

4
6.

7
7.

2
7.

4
7

7.
1

A
lk

al
in

it
y,

m
g/

I
66

12
13

16
14

13
12

14
B

O
O

,
m

g/
I

2.
9

3
2.

8
1.

9
1.

7
1.

2
1.

5
1.

23
C

hl
or

id
e,

m
g/

I
82

35
50

14
13

12
11

.5
11

.7
10

.8
8

S
ul

ph
at

e,
m

g/
I

10
40

1.
65

1.
08

0.
44

B
O

L
B

O
L

B
O

L
B

O
L

H
ar

dn
es

s,
m

g/
I

29
50

70
13

11
10

10
.2

9.
5

9.
54

N
0

2
-N

,
J.1

g/1
0.

91
16

.8
0.

65
B

O
L

B
O

L
B

O
L

B
O

L
B

O
L

N
0

3
-N

,
J.1

g/1
30

7
18

1
16

6
12

5
58

56
60

52

N
H

3
-N

,
J.1

g/1
B

O
L

19
B

O
L

B
O

L
B

O
L

B
O

L
B

O
L

B
O

L

T
N

,
J.1

g/1
62

6
43

7
31

7
23

6
14

7
15

4
13

6
11

6

T
P,

J.1
g/1

11
5

46
56

49
39

35
42

38

R
ea

ct
iv

e
P,

J.1
g/1

79
.2

39
.6

29
26

19
20

17
18

O
rg

an
ic

P,
J.1

g/1
35

.8
6.

4
27

23
20

15
25

20
S

i0
2

-S
i,

m
g

/1
7.

77
9.

31
9.

35
9.

12
8.

98
8.

72
9.

04
8.

72
C

a,
m

g/
I

16
0

22
.4

2.
2

2.
01

1.
8

1.
6

1.
7

1.
62

M
g,

m
g/

I
61

9
3.

4
0.

97
0.

67
0.

67
0.

58
0.

67
0.

63
F

lu
or

id
e,

J.1
g/1

13
63

11
0

90
85

27
29

26
25

D
is

so
lv

ed
Fe

,
J.1

g/1
73

82
87

73
59

56
60

58
T

ot
al

Fe
,

J.1
g/1

30
1

42
9

32
4

21
0

17
2

16
0

15
6

16
0

T
O

S,
m

g/
I

10
20

0
13

2
37

28
24

23
22

.8
22

.8
T

SS
,

m
g/

I
11

.2
9.

2
4

2
2.

6
2.

9
2.

3
2.

3



~ponents contained in bottom sediments and suspended materials will also be affected
I
'~~epH.

Water samples from the Periyar river during monsoon as well as non-monsoon

asons show low pH values than that of the Chalakudy river (Figs. 6.1a and b). During

~monsoon period, pH values of Periyar river varies between 3.79 and 6.26 with an

~erage value of 5.51. In this period, the Stn.1 at Chennamangalam, shows a low salinity

lIIthe highest pH value. The lowest pH in this period is revealed by water from Eloor

i3lion (Stn.3), which is polluted by wastewater discharge from various chemical and

~Iizer industries (Fig. 6.1a). In summer period, (Le. non-monsoon period) the pH

i~Ues are slightly higher than the corresponding monsoon values and it fluctuate

:dWeen 4.74 and 7.2 (av. 6.64; Tables 6.5 and 6.6). In Periyar river, the Stn.3 at Eloor

rows the lowest pH in the non-monsoon season. Except this low pH, all other samples,

xAh from monsoon and non-monsoon periods, exhibit minimum spatial variations (Fig.

l.la). In Chalakudy river, the pH values of the monsoon season are less than neutral

,alues (pH 7) with an observed variation of 5.39 to 6.8 (av.6; Tables 6.7 and 6.8). During

:oo·monsoon, the pH of water samples from the entire stretch of the river shows high

udings and it fluctuate from 7.12 to 7.47 (av. 7.3; Table 6.8). At the same time pH

ialUes ofthefresh water region of the same river varies between 7.12 and 7.32 (av. 7.29).

lie water samples taken from Parakkadavu has exhibited the highest seasonal difference

;i pH (2.06), while the lowest is exhibited by water collected from Sholayar reservoir

'1.86).
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~Electrical Conductivity

Electrical Conductivity (i.e. conductivity) measures the salt content of water in

r form of ions. Therefore, conductivity measurement is an indirect indication of the

llldissolved load in water. Water with high conductivity values is objectionable to both

rilking and industrial purposes. Water with high conductivity values can cause

JlOsion to the industrial systems. It is also not good for irrigation purposes because, it

Jlenhance the solidification of soils.

Due to the ingression of sea water, in the lower reaches of both Periyar and

~akudy rivers, these areas reveal wide variations in their conductivity measurements,

~ially during the non-monsoon period. On the contrary, monsoon period, show only

2ginal variations in conductivity readings. Higher values of conductivity are found in

%lower three stations of Periyar, while the entire stretch of Chalakudy river indicated

l!b water quality (Figs. 6.1c and d). In monsoon period conductivity values of Periyar

lies from a minimum of29.4JlS/cm and a maximum of256JlS/cm. The upper 8 stations

ttrience fresh water quality during this season, where the conductivity fluctuates from

!J~/cm to 45.8JlS/cm with an average value of 36.25JlS/cm (Table 6.5). During this

mod conductivity reveals slight spatial fluctuations in the stretch from Periyar reservoir

:Jbattekad with a range of value from 29.4JlS/cm to 31.6JlS/cm. Thereafter the values

~nly increased to 45.8JlS/cm at Bhoothathan kettu and subsequently lowered

:liually to 33.6JlS/cm at Aluva (Fig. 6.1c). The abnormal increase in conductivity in

hxllhathan kettu reservoir may be due to the accumulation of dissolved salts in the

:lC!Voir water. During non-monsoon period the conductivity readings of freshwater zone

iPeriyar river show a marginally lower range of concentration (24.8 - 33.4JlS/cm; av.
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J~!!S/cm) than the corresponding monsoon readings. Water samples from Aluva show

:t minimum seasonal differences of conductivity values (O.2IlS/cm) while that of

toothan kettu reveals the wide differences (18 IlS/cm). The water from the lower

;'!lches of Periyar river, from Eloor to Chennamangalam, shows markedly high

:oouctivity values (170 to 20550 IlS/cm) in the non-monsoon period.

Contrary to the Periyar river, the conductivity of the Chalakudy river has

~d higher values during monsoon period compared to that of values of non

:oosoon period (Fig.6.ld). During monsoon, the readings fluctuate between 24.9 IlS/cm

iiJ 44.6IlS/cm with an average value of 31AIlS/cm (Table 6.7). The values, in general

~bit a progressive increase from upstream to downstream, although water from all

.-ions reveal freshwater quality (Fig.6.1f). During the non-monsoon period, however,

:t last two stations near the mouth of the river show high conductivity readings (210

~cm to 17090 IlS/cm) due to sea water ingression. At the same time, the conductivity

llues in the river stretch from Sholayar reservoir to Chalakudy Lower, exhibit a general

mase from 34.8 to 61 IlS/cm (Table 6.8). The average value of conductivity in the

::Ill water region of Chalakudy river during the non-monsoon period is roughly about

1\higher than that of monsoon period.

lUDissolved Oxygen (DO)

The solubility of oxygen is a function of temperature, pressure and concentration

:~ns in water. Optimum concentration of DO is very much essential for maintaining

l aesthetic qualities of water and also for supporting aquatic life. The disadvantage of

))in water used in industries is the increased rate of corrosion to systems (NAS, 1974).
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~r. the DO level is one of the indicators of the environmental pollution of aquatic

~"SIems.

The freshwater stretches of both Periyar and Chalakudy rivers show

~tively high DO value, during monsoon as well as non-monsoon seasons. The

Monsoon values are higher than that of monsoon values. Roughly, DO content

mases from upstream to down stream in the study region. During the monsoon period,

!illved oxygen of the fresh water ofPeriyar river varies between 5.8 mg/l and 6.7mg/1

~ an average value of 6.27mg/1. Water from Bhoothathan lcettu has recorded the

Dum value, while the same from Perumbavoor exhibit minimum DO content. In

mer period the DO values range from 6.7 to 7.9 mg/I (av. 7.27 mg/I). During both

mods, water samples from the lower reaches of the river have recorded low DO values

21 the water from freshwater zones (Fig.6.2a). During the monsoon period, DO values

:Chalakudy river varies between 5.2 mg/l and 7.2 mg/l (av. 6.3 mg/l), which is slightly

~ compared to the Periyar river. However, the DO content in the water samples of

Honsoon season is significantly lower than that of Periyar river. The minimum and

aum values of DO of Chalakudy river during this period are between 6.4 mg/l and

'1 mgfl. During both periods, water from Kuriarkutty has recorded the highest DO

~ues. Water from Stn.6 (Chalakudy Lower) exhibit the lowest DO values.

~UBiochemical Oxygen Demand (DOD)

Biochemical Oxygen Demand (BOO) is the measure of the degradable organic

:uerial present in water samples which can be defined as the amount of oxygen required

. the micro organisms in stabilizing the biologically degradable organic matter under
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ic conditions. BOO indicates the strength of domestic and industrial contaminations

tjU3tic environments (APHA, 1985).

Water from Periyar and Chalakudy rivers reveals high BOD in non-monsoon

;mJ compared to the monsoon period. Irrespective of seasons, in both the rivers, the

DD values exhibit an increasing trend downstream consequent to various types of

IIl8ll interventions. In Periyar river, the industrially polluted Eloor station (Stn. 3) has

~ the highest BaD in monsoon (3.8 mg/I) and non-monsoon (5.5 mg/I) periods

i!ile the upper most stations show the lowest value, indicating that the prime source of

lthernically oxidisable organic matter is the industrial establishments. The range of

mvalues in monsoon and non-monsoon periods fluctuate between 0.85 mg/l and 3.8

~I(av. 1.7 mg/l) and 1.2 mg/I and 5.5 mg/l (av. 2.34 mg/l), respectively. Compared to

~ar river, water samples collected from the Chalakudy river establish lower range of

I1es during both the seasons. Water from Parakkadavu (Stn. 2) reveals the highest

JJD content in both periods (monsoon: 2.4 mg/l; non-monsoon: 3mg/I). The respective

lIgesofBOD values during monsoon and non-monsoon periods are 0.9 to 2.4 mg/l (av.

jmWl) and 1.2 to 3.0 mg/I (av. 2mg/l).

itS Alkalinity

Alkalinity measures the sum total of the components in water that tends to elevate

zpH above 4.5. It is therefore, indicating the buffering capacity of water. Primary

lbIinity in water will be contributed by the presence of HCO-3, C03- and OH- ions.

~rding to Saxena (1994), alkalinity is imparted more by the presence of C02 content

lnatural waters. Alkalinity resulting from naturally occurring ions like C03- and HC03

re not considered as a health hazard for drinking water (NAS, 1974). The effect of
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i1Iinity in irrigation water can tell about the relative proportion of sodium in the

mtitial water of soil. It may lead to chlorosis in plants as it tends to precipitate

~OHh leading to iron deficiency to plants (NAS, 1974).

In the fresh water region of Periyar, seasonal difference of alkalinity is low and

~ average alkalinity exhibits slightly higher readings during the non-monsoon period.

i.1\Iiever, the lower (estuarine) reaches of the river exhibits comparatively higher

:.ierences in alkalinity values between monsoon and non-monsoon periods (Tables 6.5

rJ6.6). Water from the entire region of Chalakudy river, on the other hand, reveals

~ed seasonal difference ofalkalinity and the non-monsoon readings are always higher

11 that of monsoon (Table 6.7 and 6.8). Among the two rivers, there is no much

irence in alkalinity values. During the monsoon season, the alkalinity of freshwater

~on of Periyar fluctuates between 5 mg/l and 17 mg/l (av.13.6 mg/l), while the

.nesponding values in summer period are 6 mg/l and 70 mg/l (av. 20.1 mg/l). The

kalinity values of Chalakudy river during monsoon period fluctuate between 8 mg/l and

.mg/l with an average value of 10.3 mg/l. The minimum, maximum and average

Jalinity readings of water from the Chalakudy river collected during the summer period

:oosoon season) are 12 mg/l, 66 mg/l and 20 mg/l, respectively.

~.6 Cbloride

Although chloride occurs in all types of waters, its concentration will be quite

,er in natural freshwaters. High concentration of chloride in natural water is

.:nsidered as an indicator of pollution. Underlying alkaline rocks can also impart

:'lJride to the freshwater bodies. The other sources of chloride in natural waters are

mospheric fallout, city drainage and ingression of sea water. Chloride contents of above

93



~mgll make water salty and is unfit for potable uses as per WHO / HIS drinking water

nlards. Also, excessive chloride concentration affects taste. On an industrial

~tive, elevated chloride content can cause corrosion to the industrial systems made

:~ially of stainless steels. In the presence of chloride ions, iron oxidizing bacteria

~ directly involve in the production of ferric chloride, which inturn aggravates the

~ity ofcorrosion by several fold (Maharajan, 1988).

Chloride values of the two rivers (periyar and Chalakudy) exhibit wide regional

~ons during both monsoon and non-monsoon periods. Due to sea water ingression,

~ ~wer regions of Periyar and Chalakudy rivers have recorded very high chloride

~~ especially during the post-monsoon season, compared to monsoon period. With

~!Dflux of monsoon runoff, the chloride content in the mouth of the rivers are

~rably diluted with respect to the non-monsoon values (Figs. 6.2e and f). During

15000 period, the chloride concentrations of fresh water region of Periyar river varies

!Om! 7.3 mg/l and 8.59 mg/I with an average value of 7.81 mg/l. From the Periyar

,,",oir to Bhoothathan kettu, the value shows a steady increase (7.3 to 8.08 mg/l),

~uently, the value decreases to 7.58 mg/l at Aluva and again increases to 8.5 mg/l

! Kadungallur. Downstream of this region, due to sea water intrusion, chloride

~I is markedly high (22.8 mg/I to 85.9 mg/I). During the non-monsoon period the

mthree stations have established almost uniform range of values of chloride (8.48 to

:mgll), which suddenly falls to the minimum of 6.12 mg/l at Perumbavoor (Fig.

L An entirely different pattern of chloride variation is given by Chalakudy river

n non·monsoon water samples have established enrichment compared to monsoon

ilr. Wide seasonal differences of chloride is established by Chalakudy river (3.4 to
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·:llW1). Inmonsoon period the entire stretch of this river has established freshwater

n:ter (Table 6.7). During both monsoon and non-monsoon periods, the chloride

aofChalakudy river increasesdownstream, consequent to anthropogenic activities.

l!DODSOOn and non-monsoon ranges ofchloride in Chalakudy river are 7.4 to12.6 mg/l

19.1 mgll) and 10.9 to 14.0 mg/\ (av. \2.2 mg/\) respective\)'.The abnorma\\)' high

~ ofchloride in the lower reaches are attributed to sea water ingression.

liSnlphate

Most natural waters contain sulphates. A considerable amount of sulphate is

mI to hydrologic cycle through atmospheric precipitation. Along with excessive

• and magnesium dissolved in waters, sulphate can cause gastrointestinal irritation

-SEPA,2000). Sulphate salts are mostly soluble and impart hardness to water. Water

1.1bsulphate concentration of about 200 mg/l and above will have a bitter taste (ICMR,

~)).

Fresh water samples of Periyar and Chalakudy rivers show very low sulphate

mtration. In both river waters, the concentrations of sulphate in monsoon are

Jllparatively higher than non-monsoon concentrations (Figs. 6.3c and d). Among the

torivers, Periyar river exhibits lower sulphate content during the monsoon period,

,niIe in non-monsoon period, the Periyar river transport elevated levels of sulphates than

:&ofthe Chalakudy river. In Periyar, the sulphate content varies between 0.72 mg/I and

'4mgll (av.l.40 mg/I) in monsoon; and 0.10 mg/I and 0.48 mg/I (av. 0.24 mg/I) in non

~:lISoon. The corresponding ranges of sulphate values in the Chalakudy river during

l'llSOOn and non-monsoon periods are 0.82 mg/l and 2.56 mg/l (av.I.8 mg/l) and BDL

all.OS mgll (av. 0.26 mg/l). In Periyar river, the lowest seasonal sulphate is exhibited
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lie water sample collected from Kadungallur (Stn. 4), while the highest variation is

, ited by water sample from Thattekkad (Stn. 9). Water samples from the upstream

reveal comparatively high seasonal differences of sulphate while downstream the

ce is narrowed and established the minimum at Kadungallur. Chalakudy river
I

I
'-lis a different picture, the upper four stations of the river water reveals a total

Ince ofsulphate during the non-monsoon period while in monsoon period water from

I entire river stretch establishes its presence. Chalakudy water during both periods

aated a steady increase of sulphate content from upstream to down stream stations.

il.8Uardness

Hardness of water is caused by polyvalent metallic ions. Hardness is attributed

llKipally by Ca and Mg, although other metals such as Fe, Sr and Mn can also impart

mess when present at appreciable concentrations. Hardness when caused by

mbonates and carbonates of Ca and Mg, it is called temporary hardness as can be

:!lOved by boiling (APHA, 1985). Sulphates and chlorides of Ca and Mg can cause

~ent hardness, as it cannot be removed by boiling. In general practice, the hardness

,measured as concentration of only Ca and Mg (as CaC03), which are far high in

mntration over other cations.

Periyar river water reveals wide regional fluctuations in its hardness values.

iIlples from the middle stretch i.e. between Bhoothathan kettu to Kadungallur, show

2Iimum seasonal as well as spatial variation of hardness while the corresponding

~ings from the upstream portion (periyar Reservoir to Thattekkad) record less

il:tuations (Fig. 6.4a). On the other hand, in general, the hardness of Chalakudy river

oIer progressively increase downstream (Figs. 6.4b and d). The variation is more vivid
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"-! non·monsoon period than the monsoon period. During the monsoon season

:xss ofthe two rivers fluctuates between 10 mg/l and 16 mg/l (av. 9.4 mg/l) in

"and 7.8 mg/l and 14 mg/l (av. 9.4 mgll) in Chalakudy. In the summer period the

~ve minimum, maximum and average hardness values of Periyar river are 8 mg/l,

j?l and 9.3 mg/I while in Chalakudy river the values are 9.5 mg/l, 13 mg/I and 10.5

i~respectively.

JSitrogen (N02 -N, N03 -N, NB3 -N and Ntot)

Nitrogen, which forms the major constituent (about 80%) of atmosphere, is found

mU amounts in surface water because of its low solubility. Nitrogen reaches the

~c environment through diverse sources such as domestic / urban sewages, chemical

Iilries and agricultural lands. Concentration of nitrogen compounds in water above

:lIissible limit can lead to fish diseases or even fish mortality (Sabata and Nair, 1995).

:ogen compounds in fresh water owe their origin to rain water as well as soil organic

:iallces. Most of the nitrogen comes in the form of organic nitrogen and ammoniacal

~. Oxidation of ammonia to nitrites and then to nitrates occurs under aerobic

llition. When nitrogen is present mostly as nitrates, pollution may be inferred to have

~ place during the past (Saxena, 1994). Higher concentration of nitrate imparts

~'lJS problems to public water supply schemes.

:1e' Nitrogen (N02..=Nl

Water samples from Stns. 4 and 5 of Periyar river shows the presence of NOrN

~ the non-monsoon period, while in monsoon season, water from the entire stations

~ its presence with marked regional variations (Figs. 6.4e and t). In the Chalakudy

"except water sample from Stn. 3 (Chalakudy Lower), NOrN is absent in other
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, s during non-monsoon period, whereas in monsoon period water from entire

, sreveal the presence of N02-N. In Periyar river, the concentrations of NOrN in

nseasons varies between 3.26 1lg/1 and 10.0 ug/l with an average content of 5.64

41(Table 6.5). During the non-monsoonperiod, the lowermost two stations (Stns. 1 and

'reveal comparatively low NOrN values (0.65 to 0.91 ug/l). In Chalakudy river, the

ttentration of NOrN during monsoon period varies between 1.68 ug/l and 7.08 ug/l

J.3.4 ~gll) and the values, in general, increase downstream.

tirate -Nitrogen (N03-N)

Nitrate - Nitrogen of water from the two rivers reveals wide seasonal as well as

~nal variations. The seasonal variation is lower in Periyar river compared to that of

~akudy river (Fig. 6.5a). In both the rivers, the monsoon values are many fold higher

111 the corresponding non-monsoon values (Tables 6.5 to 6.8). During both seasons

~yar river reveals markedly higher values of NO 3-N compared to the corresponding

lIues ofChalakudy river. The concentration of NO 3-N in Periyar river varies between

N~g!l and 1085 ug/l (av. 788 ug/l) during monsoon and 32.3 ug/l and 426 1lg/1 (av.

j)~g!I) during non-monsoon, The corresponding ranges of N03-N in Chalakudy river

llling monsoon and non-monsoon seasons are 340 to 627 ug/l (av. 474 ug/l) and 52 to

1)1~g!l (av. 126ug/l) respectively. During the non-monsoon season, the nutrient content

~es from upstream to downstream in both rivers, whereas in monsoon period no such

Iltinstream fluctuation is observed. The high values of N03-N in Periyar river with

~t to Chalakudy river may be due to the increased quantity of solid and liquid wastes

rAother nitrogenous contaminants from agricultural/domestic / industrial sources.
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lIIlonia - Nitrogen (NHd~D

Ammonia - Nitrogen is absent in the Periyar and Chalakudy rivers during

IISOOn as well as non-monsoon periods, except the samples collected from Eloor

~n (Stn.J) of Periyar and Parakkadavu (Stn, 2) of Chalakudy river. The

mtrations of NH3-N at Eloor during the monsoon and non-mosoon seasons are 76

~1 and 351 ug/l, respectively. The Parakkadavu station of Chalakudy river shows 2.1

~lduring monsoon and 19 ug/l during non-monsoon.

oD! Nitrogen (N~

Total Nitrogen records marked seasonal as well as spatial variations both in

'=iyar and Chalakudy rivers (Figs. 6.5e and f). The seasonal difference is higher in

llakudy river than Periyar river. During monsoon season, the Ntot concentrations in the

fhwater of Periyar river varies between 890 JlglI and 990 ug/l (av. 940 ug/l) and for

~akudy between 641Jlgll and 991Jlgll (av. 809 ug/l), In non-monsoon period the

!lues ofNtol are relatively low in Periyar and it varies between 495 ug/l and 719 Jlg/l

n-. 579 ug/l). In the case of Chalakudy river, the values are exceptionally low during

t'tIIlonsoon period compared to monsoon period. The minimum, maximum and

l!IBge concentrations ofNtot in Chalakudy river during the nonmonsoon season are 116

41317~gll and 319 ug/l, respectively. Generally Ntot values of monsoon and non

l1SOQn periods increase progressively downstream. The variation is more pronounced

ming non-monsoon period.
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,10 Phosphorus (Reactive and total)

Phosphorus occurs in very low concentration in all types of natural waters. It is

:[eyelement required for the growth of freshwater plants. Phosphorus is considered as

miting nutrient for eutrophication. The lithogenic forms of phosphorus are generally

~Iuble in water. Domestic and industrial effluents and agricultural drains are the major

!reS of phosphorus in water environment. Hence, its elevated concentration is

:\alive of pollution (Lerman, 1978). In water, phosphorus occurs both as inorganic

; organic forms. Under oxidizing condition, the inorganic phosphorus will be

~ipitated and added to sediments resulting in depletion of phosphorus in water. On the

:~ hand, under reducing conditions, a part of phosphorus will be desorbed back to

!/fcolumn as soluble forms.

:Itive Phosphorus

Reactive phosphorus In Periyar river show wide spatial fluctuations during

'Jl5OOn as well as non-monsoon periods (Fig. 6.6a). During monsoon period, the fresh

.mregion of Periyar river has recorded reactive phosphorus values between 28.4 ug/l

,W.5 ligll with an average of 36.3 ug/l (Table 6.5). In non-monsoon period, however,

~ levels of reactive phosphorus are considerably lower to about half of the monsoon

lUes, and are fluctuating between 13 flg/l and 29 flg/l (av. 16.9 ug/l), Reactive

:L1sphorus in Chalakudy river vary between 28 flg/l and 58.5 ug/l (av. 41.6 ug/l) in

\'llSOOn period and between 17 ug/l and 29 flg/l (av. 21.5 ug/l) in non-monsoon period.

lling the monsoon period the reactive phosphorus in Chalakudy river exhibits an

\'1t3Sing trend downstream (Fig. 6.6b).
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~ Phosphorus (P!!J

During non-monsoon period, Periyar river shows wide spatial fluctuations of Ptot

~ to the values of monsoon season (Fig. 6.6e). In the upstream of Periyar the

l'Il8l difference of Ptot is minimum while towards downstream the difference

ltJaIly increase and exhibits maximum values in the last three stations (Stns. 1,2 and

Wring the monsoon period, samples from the fresh water zone reveal a range of Ptot

J:Clltration between 68 J.1g/1 and 185 J.1g/1 with an average value of 126J.1g/1; while

rng non-monsoon period Ptot exhibits high values in majority of stations. In this

mI the values fluctuate between 69 J.1g/1 to 161J.1g/1 (av. 115 ug/l). Water samples

ull stations of Chalakudy river, unlike that of Periyar river, exhibit clear seasonal

irence of Ptot with higher values in monsoon period. Generally, during both periods

:lalues reveal an increasing concentration from highland to lowland of the river

,m (Fig. 6.6f). The range ofPtot values in Chalakudy river during monsoon and non

:nsoonperiod are 88 J.1g/1 to 139 J.1g/1 (av. 104 ug/l) and 38 J.1g/1 to 56J.1g/1 (av. 43 J.1g/1),

.ely.

01 Silicate Silicon (SiOrSi)

Silicon in natural waters is usually represented as acid. It decreases with

:taSing salinity content. The concentration of silica in natural waters is usually

~n 1to 30 mg/I. The solubility of silica has been found to be more at high pH or

~temperature (Trivedy and Goel, 1984).

The seasonal fluctuations of silicon (SiOz-Si) values are higher than the regional

:auations. Chalakudy river water reveals wider seasonal differences than that of
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·',ar(Figs. 6.7a and b). The monsoon readings ofPeriyar river are slightly higher than

corresponding values of Chalakudy river while in non-m onsoon period a reverse trend

~lIowed where the values in Periyar river are slightly lower than the corresponding

ofChalakudy river. During monsoon period the minimum and maximum ranges of

:~n in Periyar and Chalakudy rivers are 5.01 mg/I to 5.99 mg/I (av. 5.55 mg/l) and

I
illmg/I to 5.13 mg/I (av. 4.4 mg/I), respectively. In summer period, silicon values of

,myar fluctuate between 7.81 mg/I and 8.66 mg/I with an average value of 8.16 mg/I,

lilethe respective minimum, maximum and average silicon contents in Chalakudy river

ling the same season are 8.72 mg/I, 9.35 mg/I and 8.99 mg/I, respectively. In

laIakudy river both the saline water stretch during the non-monsoon period

hrakkadavu to Kanakkankadavu) and the fresh water region (except water from the

~Iayar Reservoir) during monsoon season, reveal an increasing trend of Si02-Si

IIMlSt:reaIIl (Fig. 6.7b).

lm Fluoride

In natural waters fluoride occurs as free anion (F), the dissociated HF and its AI,

;1 and Be complexes. Incidence of F pollution resulting from effluent discharge from

~hate fertilizer factories and aluminium smelters has been reported (Joy and

2lakrishnan, 1990; Gopalan, 1999; Latha, 1999). It has been well documented that an

~cess of F in drinking water causes dental fluorosis and skeletal deformities. The water

~ity criteria, (USEPA, 2000) stipulated that F level equal to or exceeding 1.5 mg/I is

sdous to environment and impose impairment of normal functioning of plants and

eals.
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The Periyar river water does not give significant difference in fluoride content.

rmonsoon readings of fluoride are lower than the corresponding non-monsoon values.

.mg non-monsoon period both Periyar and Chalakudy rivers shows almost similar

mge Fcontent (- 47 mg/l) in the freshwater zone, while during monsoon period, the

age fluoride content in Periyar is slightly higher (56.1 mg/l) than that in Chalakudy

f(42.2 mg/l). In the fresh water region of Periyar river, during the monsoon period

Dide varies between 44 mg/l and 70 mg /1 whereas in summer period the values

.ebetween 44 mg/l and 54 mg/l. In Chalakudy river the range of fluoride content

:elWeen 9.8 mg/l and 92 mg/l (monsoon) and 25 mg/l and 90 mg/l (non-rnonsoon).

~13Calcium and Magnesium (Ca and Mg)

Calcium and magnesium are found in higher concentration in all natural waters.

"rconcentrations of these elements will be high in regions characterized by feldspathic

:as, like that of the present study area. Usually concentration of Ca in freshwater will

:ligherthan that ofMg as the former is abundant in earth's crust than the latter.

Water samples from Periyar river show higher content of Ca in monsoon as well

:n non-monsoon periods compared to the corresponding periods of Chalakudy river.

lIing monsoon period Periyar river exhibits wide variations of Ca than that of non

l1ISOOn period. In non-monsoon season, Ca values in freshwater regions of Periyar

~'Wonly marginal spatial variations (range: 1.98 to 2.4 mg/l; av. 2.1 mg/l), whereas in

mIOOD period, the values varies widely between 2 mg/l and 4.01 mg/l (Figs. 6.8a and

During this period the sample collected from Bhoothathan kettu shows significantly

~ content of Ca than the rest of samples. Ca concentration of water from Aluva is

~tiany lower than that of the rest of the samples. During both periods, Ca
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Imtrations In Chalakudy water reveal a steady increase towards downstream

~6.8b). The variation is more pronounced in monsoon season. The minimum,

mum and average values of Ca in the river during monsoon and non-monsoon

S1I1sare 1.0 mg/I and 3.2 mg/I (av. 1.7 mg/I) and 1.6 mg/I and 2 mg/I (av.1.87 mg/l),

itClively. The differences of Ca values between these two seasons also show a

::easing trenddownstream.

The concentration of Mg in the water samples of Periyar river shows a wide

~I fluctuation than Ca concentration. During monsoon period, the readings vary

men 0.73 mg/I and 1.46 mg/I (av. 1.11 mg/l), while in non-monsoon period, the

!llS fluctuate between 0.56 mg/I and 0.82 mg/I, (av.O.n mg/I). Water samples from

-Hhoothan kettu and Aluva have recorded the highest concentration of Mg (1.46

~n while the readings from the upper three stations remain almost constant (0.73

+11. Contrary to this, the Mg values ofChalakudy water present a different picture with

~ stable concentrations during monsoon period than the corresponding values of the

H1onsoon period (Figs. 6.8e and f; 6.9a and b). During monsoon period, Mg content

':he river water fluctuates between 0.49mg/1 and 1.94 mg/l (av. 0.7 mg/l). In water

mples between Orukomban (Stn.7) and Chalakudy Lower (Stn.3) the values are almost

uilar (0.49 mg/l), In non-monsoon period, the concentration of Mg varies from 0.58

¥1IoO.97 mg/l with an average value of0.97 mg/1.

114lroo (Fe)

With an average abundance of 5% by weight, iron is the fourth most abundant

~t in the earth's crust. It is also the essential component in the oxygen transfer

.,;hanism of the circulating systems of all animals and plants. In some waters it will
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Hither directly or indirectly, the growth of algae. Although iron has a little direct

IOlogical significant, it often controls the concentration of other elements, including

~heavy metals, which are present in trace in the surface water. Total environmental

lof iron is enormous. As per one estimate, about 9.9x108 metric tons of Fe are

l!pJrted annually by rivers and 5xl08 by atmospheric rainout (Westall and Stumm,

~I. They estimate that 28% of the iron in the atmosphere is originated from

aopogenic emissions, the remainder comes from continental dust flux (49%),

I1lic dust flux (22%) and other sources.

a1lron(F~

During the monsoon season the average value of Fetot in Periyar water is more

ldouble that of the corresponding Chalakudy water. During the season, the F~ot has

_ widely in both the rivers (Periyar: 778 to 4620 mg/I; Chalakudy: 529 to 973

![1. During the non-monsoon period too, the minimum and maximum values account

'~gherdifferences,especially in Periyar water (Fig. 6.9c-f). The range of values in the

.;river waters are 163-1080 mg/I (periyar) and 156-324 mg/I (Chalakudy river). The

rtr content of total iron in monsoon period in the two rivers may be due to the

::asing flux of suspended sediments during monsoon period.

IDlved Iron (FelDissll

Dissolved iron records higher values in Periyar river during monsoon and non

!lOOn periods than that of Chalakudy river. Fe(Dissl reveals high values in non

lllOOn season than monsoon. The concentration ranges of Fe(Diss) in monsoon and non

1:IOOnseason ofPeriyar river are 20 to 44.5 mg/l (av. 28.8 mg/l) and 55 to 86mg/l (av.

·i2 mgll), respectively. The Chalakudy river exhibits wide seasonal differences in
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::ill) values compared to that of Periyar river. The non-monsoon Fe concentration of

~'8l' water is about 2.6 time and that of Chalakudy river 4 time higher than the

mponding Fe concentrations ofmonsoon season.

USTotal Suspended Solids (TSS)

~uspended solids will always be present in natural waters at different concentrations.

• amount of suspended solids can adversely affect the biological processes of the

~stem in addition to deteriorating the water quality. The following are some of the

~ve effects of suspended solids:

I Suspended solids interfere the self-purification efficiency of rivers and negatively

affect the photosynthesis and smooth benthic organisms.

I Suspended solid concentration is a nuisance as far as the river aesthetics is

concerned.

I Suspended solids settle on the surface of industrial cooling systems which in turn

leading to problems of fouling. This results in reduced heat transfer and corrosion

ofthese systems.

TSS causes ecological imbalances in aquatic systems by mechanical

~rasive action. High loads of suspended solids can cause significant deterioration in

me survival condition for aquatic organisms. Suspended solids may be in the form of

;me, floating, settleable or fine colloidal particles as a floating film.

The TSS content of Periyar are found high during both the periods than the

Jlakudy river. During the monsoon period both the rivers have registered high regional

flrence of particulates. The TSS values of Periyar river varies between 13.2 mg/I and
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'mgll (av. 75.89) during monsoon period; while the corresponding range in the non

T1iOOn period is 1.1 to 15.5 mg/l (av. 3.51 mg/l). The total suspended solids in

liakudy river water during monsoon period is several fold higher than the respective

.lSof non-monsoon period (Fig. 6.1Of). During non-monsoon period, the TSS values

~ from upstream to downstream, where the concentration fluctuates between 2.0

;1 and 4 mg/l with an average value of 2.73 mg/l. Contrary to this, TSS concentration

te monsoon season, in general, shows a decreasing trend downstream (Fig. 6.10f).

:ing this period, the TSS in the river stretch between Sholayar reservoir and Kuriyar

:idam register higher values between 57.6 mg/l and 74.5 mg/l. Thereafter the TSS

wttration exhibits a steady decrease downstream and at Kanakkankadavu the

ttntration attains a value of 11.6 mg/l. The average value of TSS during monsoon is

imgll which is about 15 time higher than that ofnon-monsoon.

.16 Total Dissolved Solids (TDS)

Excess of Total Dissolved Solids in water are objectionable to human

sumption because of possible physiological effects and unpalatable mineral tastes.

lking water with high degree of dissolved solids produces laxative effects and

tetimes its reverse effects upon the consumers who are not accustomed to it.

The Total Dissolved Solids during monsoon and non-monsoon seasons revealed

~ spatial fluctuations as in the case of conductivity. In Periyar and Chalakudy rivers,

paratively high values of TDS are observed in the downstream reaches. The seasonal

~rence of TDS in Periyar water reveals wide fluctuations, whereas in Chalakudy

r, except the water from the Chalakudy lower station (Stn.3), all other samples

ds more or less uniform seasonal difference. The TDS of the fresh water reaches in
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~ar river varies between 17.8 mg/l and 30.8 mg/l (av. 24.5 mg/l) during monsoon and

~mgll and 26.5 mg/l (av. 18.9 mg/l) during non-monsoon. The average monsoon and

lIHI1onsoon values ofTDS in Chalakudy river water are 21.9 mg/l (range: 16.1mg/1 and

~.6mgl) and 26.3 mg/l (range: 22.8 mg/l and 37 mg/l.) respectively.

llDISCUSSION

Periyar and Chalakudy rivers exhibit marked seasonal as well as spatial variations

Ilhe water quality parameters. The degree of fluctuation is more in the case of Periyar

~'eI' compared to the Chalakudy river. Monsoon floods mainly control the seasonal

i1ler chemistry while the basin characteristics, which is influenced / controlled by the

mse human settlements throughout the middle and lower regions of the river basins,

IY have marked influence on the wide regional water quality variations. The Periyar

rai Chalakudy rivers reveal unique seasonal variations in the case of pH, DO, BOD,

ialinity, P, S04, Si and Fe. In both the rivers, non-monsoon values are high than the

msoon values. At the same time, the two rivers reveal certain degree of seasonal

ilTerences for certain other parameters like EC, chloride, Ca, Mg, etc.

A comparative evaluation of the water quality parameters between Periyar and

:baIakudy rivers reveal that the former is contaminated more due to influx of

msiderable quantity of liquid and solid wastes of industrial/domestic / urban origin

lOUgh many outlets of the river course. Water from the industrially polluted Eloor

~on ofthe Periyar river records extremely low pH of acidic range during monsoon as

iell as non-monsoon periods. Also during the two seasons the pH readings of Periyar

~er is lower by one or more pH units than the corresponding values of Chalakudy river.

wduction of industrial effluents into Chalakudy river is very less compared to Periyar
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185 large numbers of industrial establishments are situated in the peripheral areas of

Ilatter. Majority of these industries discharge large quantity of processed or

~ssed effluents directly into Periyar river (paul and PilIai, 1983). Besides

llSIries, large numbers of townships and human dwellings / settlements on the banks of

attwo rivers also contribute wastes and wastewater to these river systems, which in

IIdeteriorate the water quality considerably. Among these two rivers, contamination

ris several folds higher in Periyar river than Chalakudy river. The impact of industrial

i1IIlestic / urban waste is severe during the non-monsoon period compared to the

msoon period as there is no dilution or washing of contaminants during the non

msoon period. The upward rate of contamination of water from upland to lowland

li?ns isclearly evident from the increasing values of BOD and decreasing DO content

:m higher regions to lower regions. The increase ofBOD from upstream to downstream

due to the enormous of the addition of organic contaminants of

mestic/townlindustrial concerns from upland to lowland regions and the elevated

lmltration in non-monsoon period is the lack of sufficient fresh water flow through

zrivers and subsequent dilution effect. Inflows of monsoon floods with large amounts

inutrients consumes considerable quantity of DO to oxidize the same to stable end

rouets and the net result will be the abrupt depletion of DO content in fluvial systems

mlsby, et aI., 2000). The monsoon DO is lower than that of non-monsoon period.

~ the organic load overweighs the assimilative capacity of the river water, the DO

mases significantly below the threshold value (5 mg/I). It is to be noted that during

msoon and non-monsoon periods the DO content of water near the Eloor industrial belt

~red the lowest value. The discharge of industrial effluents might be the reasons for

109



:~ghpresence ofNH3-N influx at Eloor region. The low content of DO at this region

:llxites to the incomplete oxidation of ammonia to the stable nitrate forms. The

IeIltration of ammonia in this location increases to a staggering level of more than

.It time during non-monsoon period over a corresponding value of monsoon period.

iisean be associated to the lowest DO value (Tables 6.5 and 6.6) and to the absence of

~ water flow in sufficient quantity for the dilution of the vast quantity of industrial

kilts discharged into this particular region.

The lower stretches of the two rivers are greatly affected by sea water intrusion

w;ially during the non-monsoon period. During this period sea water reached upto

:oor ofPeriyar and just below the Parakkadavu region of Chalakudy river. However,

ling monsoon period the phenomena is considerably reduced and Eloor and

lnnamangalam, the two sample locations from the lower most stretches of Periyar

~revealed a salinity of 2.550/00 and 16.810/00, respectively during non-monsoon period.

iis high salinity is considerably reduced to 0.080/00 in Eloor and 0.180/00 in

innamangalam during the monsoon period. The lower stretch of Cha1akudy river is

~contaminated by sea water ingression. The two lower most stations (Stns.1 and 2) of

Jlakudy river are affected by salinity during the non-monsoon period. The extent of

1ll!ded salinity in these two regions, Parakkadavu and Kanakkankadavu, are 0.12%0

1i14.89o/oo, respectively. However, sea water intrusion is totally absent during monsoon

mod in Chalakudy river.

Monsoon flood imparts marked changes in the water quality of both Periyar and

lIakudy rivers. Due to the dilution and cleaning effect of monsoon floodwater the

DD values are brought down by 25% in the case of Periyar as well as Chalakudy river.
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III pH and DO content are reduced by monsoon flood which may be due to the

tOOuction of acidic material and oxygen demanding organic substances, respectively,

darge quantities into the river. All nutrient species of nitrogen and phosphorus exhibit

iO (0 three time increase during monsoon season compared to non-monsoon season.

fIIever, Si02-Si is reduced, on an average, by 32% in Periyar and 50% in Chalakudy

ler during monsoon compared to non-monsoon season. This suggests that the rate of

nof Si02-Si through these fluvial systems is controlled mainly by the weathering

JtCess. Monsoon discharge dilutes significantly the concentration of dissolved Fe in

db Periyar and Chalakudy rivers. Particulate content of Fe in monsoon water is

miderably high compared to that of non-monsoon water. The concentration ofTSS in

llHIlonsoon period is several time higher in Periyar (16 times) and Chalakudy (9 times)

!US than monsoon. Though nutrients of nitrogen species are discharged mainly in

mlved states through monsoon water of fluvial systems to the estuarine / marine

l'Iironment, the particulates, rather than the dissolved states, are the prime carriers of the

Ilrient - phosphorus (Babu and Sreebha, 2004).

All nutrients of nitrogen, phosphorus and silicon in the two rivers revealed

ill regional as well as spatial variations. In Periyar river, the average value of total

wgen during monsoon and non-monsoon periods are 1008 ug/l and 645 ug/l,

~ively. The corresponding readings in Chalakudy river are 809 ug/l and 271 ug/l,

~ively. Due to sea water intrusion the lower region ofPeriyar as well as Chalakudy

,m attains marine conditions during non-monsoon period. In this season the total

togen values are higher in saline water zone than freshwater area. The average Ntot

l'entration in fresh water and saline water regions of Periyar river are 579 ug/l and
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110 ~g/l, respectively. The fresh water and saline water regions of Chalakudy river,

lOwever, reveal lower Ntot values - 284 ug/l and 532 Jlg/I respectively than Periyar.

The Ntot is comprised of Dissolved Inorganic Nitrogen (DIN) and Dissolved

)rganic Nitrogen (DON). During the monsoon period, both Periyar and Chalakudy rivers

~xhibit high average DIN content (periyar: 801 ug/l; Chalakudy: 478, ug/l) than the

:orresponding DON values (periyar: 124 ug/l; Chalakudy: 342 ug/l). The major sources

;finorganic nitrogen are land runoff and industrial effluents while the major sources of

xganic nitrogen are urban / domestic effluents as well as monsoon floods over

:t'lOtaminated lands. The high difference of DIN and DON in Periyar compared with that

;fChalakudy reveal the greater influence of industrial effluents on the contamination of

leriyar river.

The major parameters that constitute DIN are N02-N, N03-N and NH3-N.

~g the oxidation of ammonia and organic nitrogen to the stable nitrate, which is the

Mproduct of the aerobic biochemical oxidation of the two parameters, trace quantities

i nitrite may be formed and its concentration will vary with the concentration of

IIidized materials and also the DO content of the river water. The presence of higher

l'Iels ofN02-N in Periyar with respect to Chalakudy river indicate the addition of large

ll3IItity of oxidizable organic matter to the river system. The concentration ofN03-N is

tIated to season as well as hydrological conditions of these systems. Normally, the dry

:aiod (non-monsoon) should record high concentration of the nutrient due to the heavy

b:harge of effluents composed of nitrogenous materials into the river which will build

,various species of nitrogen nutrients in the absence of reduced flow of water and

lsequent dilution effect. The two rivers, Periyar river in particular, receive large
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:uantity of wastes / contaminants of diverse nature. But, instead of increasing the nutrient

~ncentration in non-monsoon seasons, the values actually exhibit very high values in the

iODsoon period. This phenomenon can be explained as follows: a) the mineralization

ndreduced uptake of the nutrients by plants in the river basins during dry season and b)

2Ching of nutrients during the subsequent monsoon period (Randal et aI., 1997). Again,

lIring dry season the very little surface run off is insufficient to transport all mineralized

lIlrients of top soil and from the lower unsaturated zones to the fluvial systems. Though

:itrate and organic nitrogen (dissolved and particulate) are the principal forms of nitrogen

nstreams and rivers, ammonia also enters to the systems through industrial, domestic

Murban wastes. However, depending upon its quantity and the availability of DO,

mmonia will be transformed to nitrate. The presence of ammonia in a particular

ocation points to the extent of contamination in that location. The enhanced

mcentration ofammonia near Eloor station is a clear indication of industrial pollution in

tJalarea.

During non-monsoon period, the concentration of DON overweighs the

mesponding DIN in both Periyar and Chalakudy rivers. Thus the average DIN and

:ON content in Periyar river during the non-monsoon period are 291 ug/l and 353 ug/l

~tively. The corresponding values in Chalakudy river are only 130 ug/l and 141 flg/l

~tively. The high values of DON compared to DIN during non-monsoon period can

uttributed to the reduced contribution of nitrates from drainage basin and accumulation

idomestic and urban wastes in river channels from near by areas.

A plot of Ca + Mg vs HC03 shows that the data points of water from monsoon

Meen-monsoon periods of these two rivers lie above or on the equiline. Though the
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J+Mg)/ HC03 ratios in both seasons are approximately equal to unity, the ratio is

~ in non-monsoon than that of monsoon (Fig.6.11), indicating that chemical

mhering is predominent in non-monsoon period. River water derives its chemical

lstituents through weathering (mainly HC03 and range of cations), by precipitation

ainly Na and Cl) and by human additions (nutrients and toxic metallic constituents).

edissolved salt contents in aquatic systems are controlled by precipitation and rock

rscteristics / weathering. Three major processes are responsible for the chemical

iation. of water resources in aquatic environments. They are (l) atmospheric

cipitation, (2) rock weathering and (3) evaporation and crystallization. To identify the

jor controlling factor in Periyar and Chalakudy rivers, Gibbs (1970) plot has been

:rnpted in which the ratio CI/CI+HC03 is plotted against TDS concentration

g.6.l2). The plot reveals that during both periods the Periyar and Chalakudy river

ers are mostly dominated by precipitation and partly weathering.

'NUTRIENT FLUX

The flux ofdifferent nutrients such as DIN, DON, DIP, DOP and Si(diss.) as well as

;iJss) through Periyar and Chalakudy rivers varies widely. The rate of flux of DIN

lOUgh Periyar river is considerably higher during monsoon as well as non-monsoon

:riods than that ofthe Chalakudy river. The monsoon values of DIN, DIP and DOP are

:JIkedly higher than the corresponding non-monsoon values. The Si02-Si, (Si(diss.» and

;JJss) reveal high values during non-monsoon period (Table 6.9). The average DIN

:.ring monsoon and non-monsoon periods in Periyar river are 801 ug/l and 291 ug/l.

:footh periods, the corresponding values in Chalakudy river were comparatively lower

!l1 varies between 478 ug/l (monsoon) and 130 Jlg/I (non-monsoon). Periyar river

~eals higher seasonal difference of DIN (5\0 ~g1\) than that of Cha\akudy river (348

114



Periyar, M Periyar. NM

100

SIO • •• • •80

• =a- 70
QI• :1- 60• c;; 50
~

40+ca• ~ 30

• '!O
I 10

/

0I
50 100 150 200 0 50 100 150 2ilO0

HC03.l-1eq/1 HC03.l-1eq/l

Chalakudy
Chalakudy. M

100 . •I
90.. • 80

3
~ 70 •QI

60·I :1- -:c;; 50• ~ ,/+ 40• 'll•• ~ 30 ,

20 .

10 .

I 0

0 50 100 150 0 50 100 150 200

HC03.1-19/1 HC03, fleq/l

"6.1l Plots ofea + Mg against He03 during monsoon and non-monsoon seasons



::::::::
C>
E
(J)
o
~

10000

1000

100

10

--,
• Periyar Monsoon ,. \,.
o Periyar Non Monsoon ,. \,.
• Chalakudy Monsoon,. I
f:::, Chalakudy Non Monsoon,. ,. ,

.: &',.
,. EVAPORATION - I

,." CRYSTALLIZATION /
,. ,. DOMINANCE /

/ /
/ /

/ /
/ / 0

/ /
/ /

~-----------,-----
~ /'

/ "/ ,
ROCK~NANCE :

, I, /
, c: ./

-------------~'5---, ,, ,, , ., . ,
" f:::,'

"'Q't~ -.
',PRECIPITATION \

, DOMINANCE I,
, I

" I
" I

, I

'- J

1
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Fig.6.12 Plots of Total Dissolved Solids (TDS) against Cl I (Cl + HC03)

After Gibbs, 1970



21). The high values of DIN in Periyar river is the result of the interplay of many

11Ors. Contribution of DIN from agricultural, industrial and urban sources is high and

JJ1d be cited in this regard. Water from the industrially polluted Eloor station of Periyar

l:OI'ded the highest concentration of DIN and DON during both periods (Fig.6.l3a and

,Eventhough monsoon water from Chalakudy river revealed wide regional fluctuations

:DIN and DON the concentrations of both these parameters show a steady increase

lI'IInstream reaches (Figs. 6.13b and d). Such a variation is not well registered in Periyar

~, probably due to the uncontrolled and continuous supply of effluents / contaminants

::m different sources. On the other hand, in Chalakudy river, major contaminant supply

;from urban / domestic wastes as there are not much industries located in this basin.

Jring non-monsoon season due to the continued addition of wastes and the absence of

~ water flow the building-up of contaminants in the river takes place regularly from

~to lower regions.

The total season-wise discharge of different types of nutrients through the two

~ . Periyar and Chalakudy - are computed from flux rates of nutrients and from the

11 discharge of water. On an average, the Periyar river discharges 5790 mM3 water

ling monsoon and \02& mM3 water dunng non-monsoon period. The correspondmg

msoon and non-monsoon water discharges of Chalakudy river are 1573 mM3 and 156

l~J, respectively. The flux of nutrients computed based on these discharge figures are

lIlished in Table 6.9. From this table, it is evident that a substantial quantity of

mients is discharged during the monsoon period. In Periyar river, the total quantity of

:N and DON discharged to the receiving coastal waters of the Lakshadweep Sea during

msoon period are 4638 tons and 718 tons, respectively. The corresponding quantities

i~e two nutrients during non-monsoon period are comparatively less (DIN, 299 tons

~OON, 363 tons). Compared to Periyar river, the quantities of the two nutrients
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~harged through Chalakudy river are low (Table 6.9), at the same time its seasonal

ferences are much wider than that of Periyar. The DIN (monsoon)/DIN (non

JIISOon) ratio of Periyar is 16 while that of Chalakudy river is 37. The ratios of DON

onsoon)/DON (non-monsoon) in Periyar and Chalakudy rivers gave values of 2 and

.respectively. In the case of phosphorus, the organic component (DOP) of the two

'ITS is much higher than the corresponding inorganic component (DIP). Compared to

~nitrogen and phosphorus species the quantity of silicon discharged through the rivers

:very high (Table 6.9).

'RIVER WATER QUALITY

The principal source of water in Periyar and Chalakudy rivers is precipitation. As

:scribed in Chapterl, it is revealed that a major portion of water (-70%) is derived from

oooon fall. The reason for the low content of mineral concentration and hence river

.ater reveals low electrical conductivity and total dissolved salts. During the summer

mod also, the values do not exhibit wide variation due to the release of water stored in

rreservoirs to the downstream reaches, after generating hydroelectric power. The fairly

::00 flow of water during the summer period maintains comparable hydrochemistry

'e!Ween the two seasons.

An evaluation of water quality of Periyar and Chalakudy rivers, based on WHO /

liS drinking water standards (Table 6.10), reveals that the concentrations of most of the

:nysico-chemical parameters fall within the threshold range of limits during the monsoon

:mod. However, the pH values of water from the entire stretches of the two rivers do

"Jtsatisfy water quality standards of WHO / HIS as the readings are below the minimum

:quired concentration of pH (6.5). Compared to the standard reading (6.5 - 8.5), the

.lerage pH of water from the fresh water regions of Periyar and Chalakudy rivers during
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fable 6.9 The average seasonal discharge of water through Periyar and
Chalakudy rivers (CWC). Using this water quantity and the flux rates
of different nutrients, the total quantity of nutrients discharged
through the two rivers are computed.

Periyar River Chalakudy River
1articulars

M NM M NM

Water discharge through the river, 5790 1028 1573 156
11m

3

Flux rate, ug/l 801 291 478 130
~IN Seasonal discharge,

Tonnes
4638 299 752 20.3

Flux rate, ug/l 124 353 342 141
JON Seasonal discharge,

Tonnes
718 363 538 22.0

Flux rate, ug/l 38 23 42 41
)IP Seasonal discharge,

Tonnes
220 23.6 66.1 6.4

Flux rate, ug/l 107 7105 62 21
JOP Seasonal discharge,

Tonnes
620 73.5 97.5 3.3

Flux rate, mg/l 5.46 7.96 4.4 8.9
~~diss) Seasonal discharge, 31613 8183 6921 1402

Tonnes

Flux rate, ug/l 30.4 77.3 16.6 68.5
f~diss) Seasonal discharge, 79.5 26.1 10.7

Tonnes
176

DIN- Dissolved inorganic nitrogen; DON- Dissolved organic nitrogen; DIP- Dissolved
morganic Phosphorus; DOP- Dissolved organic Phosphorus; Si(diss)- Dissolved silicon;
f~dissr Dissolved iron; M- monsoon; NM- Nonmonsoon; CWC- Central Water Commission.
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monsoon period are only 5.44 and 6 respectively (Table 6.10). During the non

soon period, on the other hand, the pH readings of fresh water zones of both rivers

comparatively high and thus satisfy the water quality standard readings. However,

Eloor region of Periyar river, which is constantly affected by the discharge of

lustrial effluents of diverse nature through out the year, shows extremely low values of

iduring both periods - monsoon pH: 3.79 and non-monsoon pH: 4.74. Water from this

~on also indicates high nitrite-nitrogen values.

During non-monsoon period the lower stretches of both rivers are severely

leeted by sea water intrusion and hence the water quality show wide spatial fluctuations

~ hence it could not be compared with drinking water quality standards. The various

,ilro-chemical concentrations of all water samples from the upstream stretches, that is

'llIl the fresh water zones, during the non-monsoon period, however, agree positively

,itb drinking water quality standards (Table 6.10). Eventhough the rivers, especially the

,jyar river, receives large quantities of organic as well as inorganic waste products,

xre exists any acute oxygen deficiency and the average DO content exhibits values

:taterthan 5 mg/I, the minimum DO required for a healthy water body. This reveals the

JIisfactory level of waterflew through the river channels as well as. the satisfactory

ssimilating capacity prevailing in the river systems. The BOO values also reveals no

:iarming range of concentrations. All nutrients of nitrogen and phosphorus species as

.ell as iron and fluoride reveal concentrations within the threshold values. The low

]S/Conductivity ratios (periyar, 0.57 - 0.67 and Chalakudy, 0.60 - 0.70) also attribute

jeabsence ofany abnormal mineral concentration during the two periods.
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a,USTER ANALYSIS

Cluster analysis has been performed to know the kind of relationship existing

Jg the various water quality parameters of Periyar and Chalakudy rivers during

!lOOn and non-monsoon seasons. The dendrograms prepared from the results of the

rqaality parameters are depicted in Figs. 6.14 and 6.15. Although the clustering

:IlI1 of various physico-chemical parameters are almost similar for Periyar and

liakudy rivers with strong linkage among the parameters such as Si02, S04, N02,

,Org N, Ntot, Reactive P, Ptot, Org P, Cl, Fe (Diss), Mg, Ca, EC, hardness, TDS and

Dof the non-monsoon pattern deviates drastically especially in the case of Periyar.

3might be due to the effect of industrial pollution over the water quality parameter of

:Periyar river. From the detailed discussion of water quality parameter, it becomes

Jent that the lower reaches of the Periyar river, especially in the vicinity of Aluva

:oc industrial belt is affected severely by discharge of toxic contaminants from various

~ca1 andfertilizer industries.
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CHAPTER 7

SUMMARY AND CONCLUSIONS

:SUMMARY

The present study is an attempt to address sediment properties such as texture,

:mIogy and geochemistry and water quality of Periyar and Chalakudy rivers in the

llbwest coastof India. The study area, lies between North latitudes 9°15' - 10°32' and

I1longitudes 76° 07' and 77°24'. While Periyar river originates fr~m the Sivagiri hills

11 elevation of about 1830 m above MSL, Chalakudy river takes its origin from

mnalai hills at an elevation of 1250 m above MSL. The length and the catchment area

ttPeriyar and Chalakudy rivers are 244 km and 5398 km2 and 130 km and 170l}km2

~vely. Physiographically, the study area can be broadly divided into 3 major

~ - the lowland, the midland, and the highland. On a geological perspective, the

nyar and Chalakudy river basins are composed of a spectrum of rock types, which

iude crystalline rocks of Pre-Cambrian age and sedimentaries of the Tertiary and

aemary periods. The study area is comprised of a number of landuse classes,

iuding tea/coffee plantation, forests, and open scrub, mixed crops, paddy fields and

Iefbodies.

The detailed analysis of granulometry of the sediments of Periyar and Chalakudy

:IS reveals that there is a progressive decrease in grain size downstream. Pebbles and

Dules register comparatively higher proportions along the river stretch when the

Dents and! or local turbulence are higher. The scarp zone, located between 100 and

km upstream from the river mouth of Periyar river records higher proportion of

Dies and granules (>50%) than particles of the finer entities. As the flow velocity of
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ne river in the high gradient scarp zone would be very high, finer sediments will be

ielectively removed and deposited downstream leaving the coarser in the scarp zone as

ag concentrates. Compared to the Periyar river, the Chalakudy river sediments exhibit

nore fluctuations in the grain size population, due to the effect of natural and manmade

Jbstacles like meanders, check dams and bridges. The phimean increases (ie,the actual.

;ire ofthe grain in mm decreases) downstream consequent to the progressive decrease in

lie energy conditions. The gradual decrease in grain size towards the direction of

!allSport of these river channels is due to the simultaneous processes of differential

msport and abrasion. The change in fluvial morphology and mean discharge of

iediments seem to be most important factors for progressive downstream decrease in the

:ompetency of the Periyar and Chalakudy rivers. Thus decrease in the grain size along

:he Periyar and Chalakudy river sediments downstream is to a greater extent related to the

~ysiography as well as fluvial morphology of these rivers. In the light of the above

iactors, it is attributed that a change in the river pattern is one of the factors affecting a

Qecrease in the competency of transporting agent, which in turn brings about a decrease

in mean size of the Periyar and Chalakudy river sediments downstream.

Standard deviation values decrease significantly downstream or in other words the

sorting of the sediments improves significantly in the Periyar and Chalakudy rivers. The

improvement of sorting is attributed to the differential transport of the sediments. There is

atendency for the sediments to assume normal distribution progressively downstream.

~uch a tendency arises from the successive lagging behind of the larger particles whose

Fsence imparts comparatively ill-sorted character to the sediments upstream rather than

~wnstream.
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There is an overall decrease in the skewness values in the fresh water river

~annel sediments and a sharp rise in skewness values starting from the head of the

$lUary to the mouth. The high positive skewness values in upstream indicates that the

eiments are predominantly of coarse mode. It is evident that as the phi mean size

~creases; the skewness value decreases from very positive to near symmetry and further

:banges to negative skewness.

The predominant mesokurtosis of the river channel sediments indicates that there

5no significant variation in sorting of the central part relative to the tails of the size

listribution curves. The lack of significant variation in the kurtosis over a distance of 100

aof'the Periyar and 40 km of the Chalakudy river is due to the uniformly good interval

ening in majority of the sands analysed. Though there are significant variations in the

Idues of skewness, variations in kurtosis values are comparatively less. This signifies

lIat, although, slight addition of fme mode to the predominant coarse sand mode

ilfluences the variations in skewness of the river sands, it does not alter the internal

iOrting or kurtosis ofthe sediments to any great extent.

The bivariate plots of phi mean vs skewness and skewness vs kurtosis show wide

~ering both in Periyar and Chalakudy rivers, whereas scatter the plots of phi mean vs

IIaIldard deviation exhibits a significant trend. The variation observed between the scatter

~Iots of the Periyar and the Chalakudy rivers is attributed mainly to the differences in the

lhysiographical set up of these rivers.

In the Periyar river, from the distance 125km upstream, most of the sediment

ijles are gravelly sand. Below this distance the sediment type is sandy gravel where the
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JW energy is high. In Chalakudy river getting sandy gravel in the upstream side and

wards the downstream dominating the gravelly sand.

The CM pattern of the two river sediments show the predominant mode of

IIlSportation in the pebble rich upstream reaches is rolling coinciding with high gradient

the stream. Rolling and suspension, suspension and partly rolling are mainly effective

the mid and lowland regions of these rivers.

The total heavy minerals (THM) in the sand fraction of the Periyar and Chalakudy

ers depict higher concentrations in the upstream stations, where the gradient is in the

~er side. This increase in the content of THM is in consonance with the high energy

ed transportational pattern controlled by the gradient of the streams. The content of

It minerals, rich in quartz, exhibits an opposite trend reiterating the role of density

ed sorting in the dispersal of minerals over the different physiographic provinces of

se basins. The minor fluctuations observed in the content of total heavies and total

It minerals downstream of Chalakudy river are resulted from the local hydraulic

nomena due to natural and man-made obstacles encountered across the river course.

:anomalous increase of denser minerals downstream of Chalakudy river, is due to the

1I'l1l turbulence resulted from the presence of rock exposures in the stream channel.

) they are not diluted by coarser quartz / feldspar grains in the lighter mineral group.

In general, C-org in both the rivers, exhibits an increasing trend downstream.

vever, elevated concentrations are observed in some locations close to the urban

:ers. It may be due to the addition of significant amount of organic sewages to these

r systems. In the present study, C-org of the sediments is related to factors like

eral affmity, hydrodynamic influence and degree of anthropogenic activities. In
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riyar river, the concentration of P is several fold higher in the mud fraction than that of

~ bulk sediments which clearly indicates the ability of clay rich fme particulates to

11}' Pdownstream. In the bulk sediments of Chalakudy river, P shows significant

!!elation with the content of total heavy minerals. This is due to contribution from

m1s like monazite, apatite etc. which are found in the heavy residue of the bulk

:iiments ofChalakudy river.

Fe and Mn contents of the bulk sediments of the two rivers exhibit wide

riations. In Periyar river, a part of Fe is incorporated in organic matter while in

makudy river, Fe is generally related to the total heavy mineral contents. In Periyar

~, Na and K show an increasing trend the downstream for bulk sediments and mud

xtion especially in the downstream reaches, which is presumably due to the high

lilability of Na in the interstitial waters of the estuarine sediments. On the other hand,

rbulk sediments of Chalakudy river, shows a decreasing trend downstream due to the

!l that the Na and K contributing feldspars are decompositing faster downstream

f8Sing these ions to the overlying waters.

Trace elements show marked variations in both river sediments. They exhibit

~eraI fold higher values in the river stretches bordering industrial areas of Periyar river.

'the mud fraction the trace elements are enriched at higher levels than the bulk

aiments. This attribute can be explained on the basis of the increased ability of the fme

rticulates to scavenge the trace metals. The concentration of Zn, Pb and Cr in the

fustrial stretch ofthe (Eloor distributary) Periyar river, in to which the industrial wastes

~ disposed, is markedly higher than the Munambam distributary where the industrial

:ations are rare. An attempt has also been made to get an overall idea about the extent
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:heavy metal pollution in the stretches of Periyar and Chalakudy rivers using statistical

015 like Enrichment Factor (EF) and Contamination Factor (CF) studies. Analysis ofEF

~ CF values for the fmer sedirnents (mud fraction) of these two rivers reiterates the

:cumulation of many of the. heavy metals in the riverbed adjoining to industrial belt

Jlllpared to the other areas.

Periyar and Chalakudy rivers exhibit marked seasonal as well as spatial

ariations in the water quality parameters. The degree of fluctuation is more in the case

fPeriyar river compared to the Chalakudy river. A comparative evaluation ofthe water

uality parameters between Periyar and Chalakudy rivers reveals that the former is

ontaminated more due to influx of considerable quantity of liquid and solid wastes of

~ustriaVdomestic/urbanorigin through many outlets of the river course. Introduction of

~ustrial effiuents into Chalakudy river is very less compared to Periyar river as large

umbers of industrial establishments are situated in the peripheral areas of the latter.

iIDong these two rivers, contamination rate is several fold higher in Periyar river than

:haIakudy river. The impact of anthropogenic pollution is severe during the non

lOnsoon period compared to the monsoon period as there is no dilution or washing of

ontaminants during the summer period. The lower stretches of these rivers are greatly

ffected by sea water intrusion especially during April-June. During these periods, the

otaI nitrogen values also show marked differences between fresh water zone and saline

mer zone with higher values in to latter. Monsoon flood imparts marked changes in the

l'ater quality of both Periyar and Chalakudy rivers. The nutrient species of nitrogen and

nosphorus have exhibited 2-3 fold increase during this season compared to non-

nonsoon season.
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The major sources of inorganic nitrogen are land runoff though agricultural

reas and industrial effiuents while the sources of organic nitrogen are urban / domestic

illuents as well as monsoon floods over contaminated lands. The high difference of

issolved inorganic-nitrogen (DIN) and dissolved organic nitrogen (DON) in Periyar than

and.
la! ofChalakudy reveal the greater influence of industrial effiuentsAagricultural activit:fes

nthe contamination of Periyar river. However, Si02-Si was reduced substantially both

lPeriyar and Chalakudy rivers during monsoon. This suggests that the rate ofdissolved

iux of Si02-Si through these fluvial systems is controlled mainly by the weathering

rocess which is getting diluted considerably during monsoon season. To identify the

najor controlling factors of the water quality in Periyar and Chalakudy rivers, a plot of

:a +Mg vs HC03 and Gibbs model are attempted. The former reveals that chemical

le8thering is predominant in non-monsoon period. Gibbs plot reiterates the fact that

xecipitation has a direct control over the flux of chemical signals in Periyar and

:halakudy rivers although weathering has a bearing during non-monsoon season. The

malysis of nutrient fluxes through Periyar and Chalakudy rivers reveals that the

jU3Iltities of nutrients discharged through Chalakudy river are low and have a wide

esonal difference than the Periyar.

To sum up, the transportation and depositional mechanisms of the sediments,

eochemical and hydochemical variability ofcertain major and trace elements in the bulk

:diments and mud fraction, pollution threats as well as other anthropogenic stresses on

le water quality of the two river basins has been brought out by the present

vestigation.
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'JCONCLUSIONS

• Thegranulometric characteristics as well as statistical parameters of the sediments

of Periyar and Chalakudy rivers depend on the flow pattern controlled by the

gradient of the terrain. The. high flow energy of the highland is capable of

transporting sand and other finer particles downstream leaving particles coarser

thangravel as lag concentrates.

• Compared to Periyar, fluctuations in the dispersal of particles are more in

Chalakudyriver. This could be related to the dominance of natural and man-made

obstacles in Chalakudy river. In both the rivers, about 85% ofthe sediments fall in

thetextural classes ofgravelly sand and slightly gravelly sand.

• The heavy mineralogical analysis supports the hydrodynamic regime worked out

from granulometric studies. The THM, magnetic fraction (magnetite) and ilmenite

record higher concentration in highland than midland and lowland. The non

magnetic residue comprises a spectrum of minerals like ilmenite, inosilicates,

zircon, garnets, monazite, biotite and sillimanite. The former two occurs in higher

proportionsthan the remaining.

• In general, C-org, Fe and P shows an increasing trend downstream. In Periyar

river, the P and Fe in bulk sediments show a positive correlation with C-org,

while in Chalakudy river, both the elements are related to THM concentration.

The trace elements show many fold higher values in the industrial areas of the

river stretches. The trace metal concentrations (pb, Zn and Cr) is far higher in the

Eloor distributary than the Munambam distributary. Enrichment Factor (EF) and
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Contamination Factor (CF) analysis reiterate the accumulation of many of the

heavy metals in the industrial belt compared to other locations.

• Among these two rivers, the -pollution of water is several fold higher in Periyar

river due to influx ofconsiderable quantity of liquid and solid wastes of industrial

/ domestic / urban origin. The effect of pollution is severe during non-monsoon

period than monsoon period.

• Nutrient analysis reveals 2-3 times increase in N and P during monsoon season

whereas Si02 -Si shows a decreasing trend. Plots of Ca + Mg vs HC03 show that

the ratio is high in non-monsoon period indicating that chemical weathering is

active in that season. Plots between TDS vs Cl/CI+HC03 fall in the precipitation

dominance sector, but close to the weathering dominance end.

• The estimated dissolved nitrogen, phosphorus, silicon and iron fluxesare 6018 ty",

937 t.y", 3976 t.y' and 256 t.y" respectively for Periyar river and 1332 t.y", 173

t.y", 8323 t.y" and 37 t.y" for Chalakudy river.

Recommendations

• An environmental monitoring system should be established in the industrially

affected Eloor - Kalamassery stretch of the Periyar river in order to give timely

warning to the concerned stakeholders. The system should have the capability of

monitoring water (surface and ground water), sediments and liquid and solid

industrial effluents of the area on regular basis.

• Strict measures are to be taken to pretreat the solid and liquid wastes as per

standard norms of Central Pollution Control Board (CPCB), Government of India,

before discharging to the river.
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• Increase the flow rate through the Eloor distributary during non-monsoon season.

This is utmost essential to dilute / flush out the waste (both solid and liquid)

accumulations in the area.

• Measures are to be taken to establish an integrated waste treatment / management

system in the industrially affected stretch of the Periyar river basin. Provisions be

there to reduce the waste generation, waste-to-wealth conversion, and pump out

the left out wastes (especially the liquid wastes) far into the sea through safe

methods.
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