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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 gedchemical 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 <10000 km®.
Estimates show that these rivers together transfer about 78000 million m’ 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
of man-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 : 5398km?)
and the Chalakudy (River length 130 km, catchment area 1704 km?) 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 poliution
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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CHAPTER1

GENERAL INTRODUCTION

1.1 INTRODUCTION

Rivers are the major geological agents in tropical and sub-tropical regions.
Year by year, rivers transport about 37000 km® of water (Meybeck, 1976) and 13.5 x 10°
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;
Sajanet al., 1992; Walling, 1999; Somayajulu et al., 2002; Ankers et al., 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 life support 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,
Emakulam 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 of the area.
1.2STUDY 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,
Emakulam and Thrissur districts and comprises 16 taluks — S in Thrissur, 7 in Ernakulam

and 4 in Idukki.



N Study area

Fig. 1.1 Location map of the study area




1.2.2 Drainage
Periyar tiver

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, 1 984).Fig 1.2
depicts the drainage characteristics of the river which has a length of about 244 km and a
catchment area of 5398 kmz; out of which a total of 5284 km? 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 / km® 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 publishéd accounts. The longitudinal profile
of the river is depicted in Fig. 1.3a. 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
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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 of Periyar 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 1704 km?. Out of the total catchment area, about 300 km? 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.1.3b.

1.2.3 River discharge

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 m® 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
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Chalakudy river are 1903 million m® 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.1.6 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)
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Fig. 1.6 Relief map of the study area (CESS, 1984). Measurements are from the
mean sea level (msl)



Plate 1 : Some selected scenes from the Periyar basin.
a) Muthirapuzha tributary - a distant view;
b) Sand deposits within channel near Munnar;
¢) Sand deposit of Periyar near Kalady town



Plate 2 Some selected scenes from the Chalakudy river.
a) The Athirappally water falls;
b) Chalakudy river near Chalakudy town;
¢) Chalakudy river with luxuriant riparian
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
of rock types, which include crystalline rocks of Pre-Cambrian age and the sedimentaries
of Tertiary and Quaternary Periods (Fig.1.7). More than 95% of the study area is covered
by Pre-Cambrian crystallines. The crystallines are comprised of quartz-feldspar-
hypersthene granulites (charnockites), charnockite gneiss, hypersthene-diopside gneiss,
homblende 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. Pegmatitic 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 of Pre-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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Fig. 1.7 Geology of the study area (after GSI, 1995)



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 of alternate layers of sand and clays.

1.2.7 Structure and 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
of large 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

of maximum intersection of the lineaments, a major synclinal structure is defined by the

foliation.
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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: 1) 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 of undulating 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. The riverine 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



rainfall is received during March to May and the balance is obtained during January to
February. Out of 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 in December.

1.2.10 Landuse / land cover

The study area occupies landuse classes, like tea / coffee plantations,
forests, open scrub, mixed crops, rubber plantations, paddy fields and water bodies (Fig
1.9). The landuse / 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 / 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 / semi evergreen forest. Nearly 40% of the upland is agricultural land, which is
mainly under mixed agricultural / horticultural plantations. About 10% of upper region is
wasteland which is occupied equally by barren rock and land with or without scrub. Rest
of the 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 /

horticultural plantations. Forest land is occupied by evergreen / semi-evergreen forest and
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Fig. 1.9 Landuse map of the study area (after KSLUB, 1995)



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,

95 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

3 of liquid wastes into the river channel, annually

amount of about 260 million m
(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 of chemical fertilizers are applied for
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Plate 3: Field photographs from Periyar and Chalakudy basins
(a) Cluster of industries in the Periyar basins;
(b) An arm of Idukki reservoir near Cheruthoni (Periyar river basin);
(c) Check dam constructed in the Chalakudy river near Chalakudy town



enhancing the productivity 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.

[ndiscriminate 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 of sand 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 al., 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 al., 1998; Sheeba and
Arun, 2003; Sreeja et al., 2003). Fig 1.10 depicts the riverbed lowering in the Periyar and
Chalakudy rivers near the gauging stations at Malayattoor — Neelg\%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 sampling and analysis, it is revealed that, tile and brick clay occur to about 5Sm
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 OF THE 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.

o 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

the bulk sediments and mud fraction of these rivers.

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

these rivers.

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

Chalakudy rivers.

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

into the receiving coastal waters.

12
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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 WORK AND 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

13
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Fig. 2.1 Sediment sampling locations in the Periyar and Chalakudy rivers



for hvdrochemical 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.

L3 LABORATORY PROCEDURES

23.1. Texture

The sediment samples were dried on an air oven at 55+2°C 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 (12 ¢) 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 ¢
units on a 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
984 — 416 N @95 —¢5
4 6.6
P16 + 984 — 2450 N @5 + 995 —2¢50
2(¢84 - 916) 2(¢95 - ¢5)

Standard deviation (o) =

Skewness (Sg) =
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#95 - 45

Kurtosis (Kg) = 2.44(475— ¢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.
1.3.2 Heavy and Light minerals

Heavy and light minerals were separated from coarser (Ilmm — 0.25mm) and
finer (0.25mm — 0.063mm) sand fractions using the heavy liquid, bromoform (CHBr3
- specific gravity: 2.85 at 20°C changing 0.023/°C) 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 HCI 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.

133 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 H,O,. Oriented
smear slides as suggested by Gibbs (1967) were prepared for clay fraction (<2 pm)
and run on Philips X — ray diffractometer using Ko radiation and Ni filter. The slides
were then glycolated and repeated the experiment. The chart drive lcw/min,
goniometer 1°/min and intensity 2 x 10” were maintained.

(1) 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)



pointed out that kaolinite in addition to two strong peaks at 7.16A° and 3.58A°
gives always very small peak at 2.38A°.
(2) Gibbsite gives distinct peak at 4.85A°.

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

on glycolation.

23.4 Geochemistry

An amount of 0.5g of very finely powdered bulk sediments as well as the
mud fractions were digested with perchloric acid and hydrofluoric acid in 1:3
proportion in a clean dry Teflon crucible and heated on a sand bath till no fumes come
ottof it. An amount 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

volume (50 ml) and was then used for geochemical analysis following various

techniques (Table 2.1).

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

Sl Parameters Method Instrument Reference
No. Make/Model
| Sediment organic Titrimetric - El Wakeel and
carbon Riley(1957)
2 Phosphorus Colorimetric SHIMADSU 15A°  Murphy and
Double Beam Riley(1962)
Spectrophotometer
3 Sodium and Flame photometric ~ Systronics FPM APHA(1985)
Potassium Digital Model
4 Calcium Titrimetric - APHA(1985)
§ Iron Colorimetric SHIMADSU 15A APHA(1985)
Double Beam
Spectrophotometer
6 Manganese and trace  Atomic Absorption Perkin Elmer Rantala and
elements Spectrophotometric Model 2380 Loring(1975)

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 acid and the amount of chromic acid consumed is estimated by back titration
against ferrous ammonium sulphate to obtain percentage of organic carbon.

Phosphorus

Phosphorous as PO4 — 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 PO4 — 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 PO4 — 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 Al were removed from solution by precipitating with ammonia
solution. It was then aspirated for the estimation of Na and K. Calibration curve for
\aand K was 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 Fe®*
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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 Pb and Cr) were analysed using

Atomic Absorption Spectrophotometer (AAS; Model PE 2380) following the method
of Rantala and Loring (1975).

Precision and Accuracy

The precision and accuracy of heavy metal estimation were checked
against the USGS standard rock sample W, (Table 2.2). All the metal values were in
agreement with the published values of Rantala and Loring (1975) and Flanagan
(1976).

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

Fe Mn Zn Cr Ni Pb
Wi
Observed 7.85 135 88 119 73 34.28
0.02) (0.002) (1.3) (1.2) (0.82) (0.32)
(1) Published  7.76 132 86 114 76 31.20
(2) Published  7.96 127 86 116 66 34

Parenthesis — standard deviation of triplicate analyses (1) Flanagan (2) Rantala and Loring

135, 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 um millipore membrane
filter paper. All colorimetric determinations were made using a double beam
spectrophotometer (SHIMADZU UV 160A). The various methods used for the

analyses are furnished in the Table 2.3.

14. COMPUTATION AND COMPILATION

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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Table 2.3 Details of hydrochemical parameters estimated in the water samples

Parameters

Methodology

M No.

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

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 0.1pus
units.

Winkler method with the azide modification.

Unseeded dilution technique and incubation at 20+1°C
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-(1-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 um 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 um
Millipore filter paper.




CHAPTER 3

TEXTURE

J1INTRODUCTION
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
vaniety 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 havg continued to make grain size
analysis as an important tool for sediment related research areas.
J2PREVIOUS STUDIES

For the last five decades, granulometric researches witnessed an upboost, which
brought out the intricate mechanisms of sediment transportation and deposition. Many
sudies on the size distribution of clastic sediments have revealed the existence of
sutistical 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 al., 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 al., 1974; Stapor and Tanner,
1975; Nordstrom, 1977; Goldberg, 1980; Sly et al., 1982; Seralathan, 1988; Padmalal,
1992; Badarudeen, 1997; Mohan, 2000 and Reji, 2002). The most noticeable distinction
of sands in modern 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 al., 1972; Sly et al., 1982; Pettijohn, 1984;
Sajan et al., 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; Allen, 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
ransported 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
mansportational regimes. Based on the log normal distribution of grain size
characteristics, Visher, (1969) has identified three types of population such as rolling,
saltation 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
Narayana (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
sudy on sedimentology of some selected mangrove ecosystems of Kerala. A detailed
sudy on geochemical and sedimentological aspects of Kayamkulam estuary has been
carried out by Reji (2002).

Considering the importance of textural / grain size analysis in sedimentological
sudies, an attempt 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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J3IRESULTS
33.1 Grain size characteristics

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 the energy 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 from the 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 +
ganule), 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 of Periyar (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

umpe PE  GRAN GRAV  VCS CS MS FS VFS SAND MUD
o) @ () @) @ () (6 () GHS) ()
| 549 12.07 17.56 3502 35.14 9.72 1.67 0.11 81.66 0.79
2 4.00 3.50 7.50 2.00 37.00 3500 1050 2.00 86.50 6.00
3 7.09 597 1306 2295 44.05 13.71 2.68 0.23 83.62 3.32
4 5.20 17.34 2254 26.58 31.19 16.38 2.59 0.25 76.99 0.47
§ 8.20 10.13 18.33 16.57 27.72 27.50 6.54 0.43 78.76 2.92
6 0.48 2.83 3.31 10.08 37.59 39.42 6.60 049 94.18 2.51
7 5.10 6.02 11.12 11.58 28.46 3249 7.54 0.74 80.81 8.08
§ 5023 2343 73.66 11.28 6.71 5.68 1.80 0.08 25.55 0.81
9 0.30 337 3.67 2327 5726 15.09 0.55 0.03 96.20 0.14
10 2.12 15.43 17.55 21.23 2443 19.65 1090 220 78.41 4.04
1 - 1.14 1.14 5.23 2921 3892 1355 1.24 88.15 10.71
12 2543 1620 4163 2340 18.20 8.30 5.62 1.37 56.89 1.47
13 29.92 9.13 39.05 1274 18.72 18.17 9.12 1.19 59.94 1.01
14 8.92 1537 2429 3751 2461 1131 1.88 0.07 75.39 0.32
15 0.54 8.16 8.70 2961 27.65 1799 11.20 449 90.94 0.36
16 - 1.31 1.31 9.46 3566 47.71 5.25 0.31 98.39 0.29
17 1.91 10.16  12.07 21.01 26.08 29.22 9.34 1.53 87.18 0.74
18 6.45 2.83 9.28 2526 3380 27.61 320 048 90.35 0.38
19 1.22 15.74 1696 30.81 38.11 12.19 1.59 0.18 82.88 0.17
] 1.36 241 3.717 2231 23,12 37.46 889 2384 94.62 1.47
M 1.51 9.74 11.25 27.13 4581 14.14 1.08 0.22 88.38 0.37
2 0.63 1136 1199 34.08 42.55 7.60 1.84 0.69 86.76 1.19
3 463 7.678 1230 40.58 31.73 10.15 2.61 0.22 75.29 2.39
) 417 2686 31.03 36.86 24.01 7.17 1.76 0.04 68.84 0.11
P 0.22 6.13 6.35 1084 2070 40.74 18.61 1.44 92.33 1.25
% - 2.79 2.79 18.82 65.48 6.45 3.09 1.56 95.40 1.81
7 2.73 3.64 6.37 11.49 2537 46.35 9.23 0.78 93.22 0.38
3 1.52 9.74 11.26  27.15 4583 14.15 1.08 0.22 88.43 0.33
9 194 1985 21.79 3279 2758 11.61 400 096 76.94 1.23
30 295 13.71 1699 57.80 21.08 2.85 1.21 0.16 83.10 0.23
i 2.83 8.26 11.09 49.77 2254 3.77 0.94 0.11 77.13 1.78
i3 - - - - 4.81 14.4 549 036 25.06 74.94

3 pebble, GRAN- Granule, GRAV- Gravel, VCS- Very coarse sand, CS- Coarse sand

W% Medium sand, FS- Fine sand, VFS- Very fine sand



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

umle PE  GRAN GRAV  VCS CS MS FS VFS SAND MUD
v ) @ ) () @ (5 (6 (D (s (8)
w2475 1565 4040 2796 17.11  10.88 2.55 0.21 58.71 0.90
$ 2113 949 30.62 9.99 11.82 2663 1747 123 67.14 2.24
¥ 1903 1276 3179 13.15 12,69 2528 15.10 1.98 68.20 1.54
2244 6.08 2852 1714 1644 2781 7.40 144 70.23 1.23
17 0.29 1.39 1.68 2998 4002 20.58 6.32 0.63 97.53 0.79
RH 744 17.54 2498 3203 2053 1723 4.41 0.19 74.39 0.90
39 3.89 1.46 5.35 2893 31.66 25.44 730 042 93.75 0.73
40 10.12 5.02 15.14 13.29 2409 3195 7.21 0.27 79.81 5.06
4] 6.94 317 10.11 18.28 3225 28.19 8.98 0.97 88.67 1.11
Iy - 0.59 0.59 9.60 2283 36.54 2218 5.33 96.48 2.87
4 0.53 0.74 1.27 2.14 5.30 5203 31.19 246 69.12 2.54
4 - 2.48 2.48 20.16 2961 3223 1136 198 95.34 2.16
4 2.14 7.78 9.92 2366 3748 21.36 5.52 1.05 89.07 1.68
% 13.38  4.46 17.84 1523 2134 28.01 1331 230 79.19 292
47 898 3.92 1290 1520 16.01 2237 2675 3.22 83.55 3.48
4 227 9.29 11.56 24.09 3247 21.70 6.58 1.21 86.05 2.40
49 1.58 3.65 5.23 23.51 3266 32.40 540 0.54 94.51 0.53
50 4.46 10.49 1495 3553 24.01 19.66 4,74 0.51 84.45 0.61
5 3.69 2.19 5.88 15.57 3422 3647 6.22 0.53 93.01 1.15
2 3.03 10.10 13.13 13.29 2277 37.73 11.51 070 86.00 0.88
$3 041 1.50 1.91 6.11 1212 6048 17.19 121 97.11 0.99:
4 3.66 9.45 13.11 4092 3256 10.69 1.55 0.22 85.94 0.90

- Pebble, GRAN- Granule, GRAV- Gravel, VCS- Very coarse sand, CS- Coarse sand
\S- 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 is especially 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
ae 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.

33.2 Statistical parameters

The statistical parameters computed for the sediments of Periyar 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 (®) unit, represents the statistical average of grain size
population. In the Periyar river, the phi mean varies from —1.8® to 1.26®. The sample
collected from the Periyar confluence zone of Vembanad lake records high phi mean
value of 6.67. 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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Table 3.3 Statistical parameters of the sediments of Periyar river

Sample No.  Mean (®) Standard Deviation (@) 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
9 043 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
2 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 0.29 133
3 -0.75 1.10 0.04 1.04
EY) 6.67 4.17 -0.10 0.76




Table 3.4 Statistical parameters of the sediments of Chalakudy river

Sample No. Mean (@) Standard Deviation (®)  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
4 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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ad lowland. The phi mean, in general, registers high negative values (range: -1.80® to -
046; av. -1®) in the scarp zone. The respective ranges of phi mean values are -0.76® to
1260 (av. 0.51®) in the plateau region, -0.46® to 0.97® (av. 0.25®) in the midland and
4750 to 1.11® (av. 0.20®) 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)
(rnge: -0.63® to 1.8@; av. -0.06 ®@). This is due to the high energy conditions prevailing
in the area, controlled by the high gradient terrain characteristics. The maximum,
mnimum and average values of phi mean are — 0.56® to 1.8® (av. 0.59®) in the
midlands and -0.03® to1.47® (av. 0.60d) 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 a useful statistical measure in textural analysis of clastic sediments and gives clues on
e 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
und and pebble grades and correlation worsens as grain size increases. It is also claimed
tat silt and clay show better sorting as grain size increases.

The standard deviation values of the Periyar river varies between 0.67® and
118 (moderately well sorted to very poorly sorted) with an average of 1.23®.  Fig.
34 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
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deviation ranges from 1.61® to 2.18® (av. 1.87®). The respective standard deviation
values of plateau, midland and lowland are 0.78® to 1.40® (av.1.07®), 0.7® to 1.61D
(av. 1.09®) and 0.77® to 4.17® (av.1.32D).

In the Chalakudy river, the standard deviation varies between 0.59® and 2¢
(moderately well sorted to poorly sorted) with an average of 1.26®. Most of the sediment
samples exhibit poorly sorted particle dispersal pattern (Fig. 3.5). The standard deviation
in the midland and lowland is 0.59® to 1.69® (av. 1.17®) and 0.8® to 1.29®
(av.1.04®), respectively.

Skewness

Skewness provides information on the energy level prevailed during the
deposition of sediments (Damiani and 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
ad tails at the finer. The reverse condition is the characteristic of coarse skewed
sediments. Martin (1965) has suggested that coarse skewness in sediments could be due
o two possible reasons: a) addition of materials to the coarser terminal or, b) selective
removal of fine 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 —0.30 to 0.29
(av.—0.044) 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 —0.07. The computed skewness values in the
highland and midland are —0.51 to 0.23 (av. —0.12) and -1.10 to 0.23 (av. —0.39),
respectively.

Kurtosis

Kurtosis is also a sensitive grain size parameter that provides the degree of sdrting
of the tails relative to the central portion of the size distribution curve. In other words, it
is a measure of the contrast between sorting at the central part of the size distribution
aurve 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
0.95to 1.54 (av. 1.21), respectively.

33.3 Bivariate plots

Bivariate plots between various statistical parameters are one of the 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 skewnes.;, 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
o 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.

J4DISCUSSION

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.¢, hill slope process) controls the gravity of sediments made available to the
iver channel through rain splash detachment, overland flow and a variety of mass
novement mechanisms. The latter (the channel process) on the other hand, controls the
hlance between deposition and transport, and add additional sediments from channel
asion. The sediments generated through these processes move through the river
hannels depending on the velocity / hydraulic conditions within the channel reach and
ate of supply of bed materials from upstream channel reaches / tributaries by other

neans (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 of sediments. Minor fluctuations in the size population if any, may be attributed to
these factors, a process also observed elsewhere (Shideler and Flores, 1980). Compared
o 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 (i.e. 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
nver 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 by abrasion (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

inmean size of the 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
paticles 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 of considerable amount of very fine particles.

The skewness of sediments is a sensitive indicator of environment of deposition
(Friedman, 1961; 1967; Martins, 1965; Hakanson and Janson, 1983; Sreejith et al., 1998).
Perfectly sorted symmetrical and unimodal sediments have a skewness value of zero. 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 by Cadigan (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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fiscussion. It is evident that as the phi mean size increases, the skewness value decreases

from very positive to near symmetry and further changes to negative skewness.

Folk and Ward (1957) and Cadigan (1961) while classifying kurtosis, have stated
at if the central part of 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
e case of platykurtic. When the sorting of sediments in the central part of the size
fisribution curve is nearly same as that of the average in the tails, it is mesokurtic. In the
light of the above definitions, it can be stated that the lack of significant variation in the
turtosis over a distance of 100 km of the Periyar and 40 km of the Chalakudy river is due
o the uniformly good interval sorting in majority of the sands analysed. Figs. 3.4 and 3.5
shows that moderately sorted river channel sands are predominantly mesokurtic in nature.
The predominant mesokurtosis of the river channel sediments indicates that there is no
significant variation in sort of the central part relative to the tails of the size distribution
arves. Though there are significant variations in the values of skewness (-0.36 to 0.29 in
Periyar and -0.65 to 0.23 in Chalakudy), variations in kurtosis values are comparatively
kss (0.76 to 2.14 in Periyar and 0.17 to 1.54 in Chalakudy). This signifies that, although,
dight addition of fine mode to the predominant coarse sand mode influences the
vnations in skew of the river sands, it does not alter the internal sorting or kurtosis of the

sdiments to any great extent.

JSCLASSIFICATION OF SEDIMENTS
The sediment samples of the present study are composed essentially of gravel,
and and mud. Hence the textural classification put forth by Folk et al. (1970) for gravel

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

SmpleNo.  Gravel % Sand % Mud % ?;g{f:f;f{ggm
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
1 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 Gravelley sand
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
2 12.00 86.76 1.19 Gravelley sand
23 12.30 85.29 2.39 Gravelley sand
3 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
3l 41.09 58.13 0.78 Sandy gravel
Ly 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 % (S;glll? ::233?70)

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
44 248 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
of the Athirappally water falls (Stns. 33 and 34). The latter two categories represent the
remaining part of the midland and lowland areas.

36 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
paticles ranging from 1400 to 4000 microns of C will be moved predominantly by

suspension and partly by rolling.
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Table 3.7 C and M values of Periyar and Chalakudy river sediments

Periyar sediments Chalakudy sediments
Sa;;:fle C M Sa;lr:fle C M

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
1 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
2 3630 930 54 8000 1500
23 6730 1070

y. 3250 410

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

7 6960 470

28 4300 800

29 4600 1100

30 200 1520

3 9850 1740

£y 2850 1350
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CHAPTER 4

MINERALOGY

41 INTRODUCTION

Minerals, the naturally occurring inorganic substances with a definite
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,
information 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
short, minerals serve as a source of information about the nature of initial size
distribution resulting in the mechanical disintegration at the source, the effect of dynamic
process on the original size distribution and assertion in nature of the phenomenon of
hdraulic equivalence of size. In some cases, the mineralogical constitution of samples
that belong to one association can also vary considerably especially in the case of fluvial
wdiments 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
bv the varied hydrodynamic condition during transportation and deposition. The
mineralogic make of detrital constituents of sediments is of profound importance in
ringing out the depositional history of sedimentary basins. Studies on the mechanism of
fvial 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 al., 1986, Komar, 1987; Komar et al., 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)
racing sediment transport paths, c¢) mapping sediment dispersal patterns, d) outlining
and, in suitable cases, correlating various sand bodies, e) indicating the action of
patticular 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
sssociated with a specific suite of heavy mineral assemblage. Depositional breaks or
unconformities are typified by marked changes in heavy mineral suites. This emphasizes
the stratigraphic significance of heavy minerals. Heavy mineral studies have been proved
 be an important contributor to the analysis of sedimentation associated with
tctonically active hinterlands. Heavy minerals are sensitive indicators of sedimentary
processes and are useful in signaturing even the minute change of the depositional

awironments of facies (Mange and Maurer, 1992).
{2REVIEW OF LITERATURE

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

has been widely recognized that the hydraulic behaviour of heavy miperals is jointly
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inflenced by their physical properties (size, shape and density), availability of minerals
and dynamics of transporting medium. The complex interrelationship between the source
rck 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 of sediments. 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
mportant 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
ad 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).

In India, many renowned scientists have studied in detail about the heavy mineral
constituents of recently deposited sediments. Tipper (1914) was the pioneer scientist to
sudy the heavy mineral deposits between Quilon and Cape Camorin in the Southwest

wast 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
dso available for the major river systems like Godavari (Naidu, 1968), Krishna
(Seetharamaswamy, 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
eswarine 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 al., 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
wntinental shelf sediments between Vengurla and Mangalore. They have suggested that
heavy mineral assemblages of sediments indicate mixed igneous and metamorphic
povenance. Detailed geological and geophysical surveys conducted along the Konkan

wast 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

wnstituents of the lower Bharathapuzha sediments.

The composition of light minerals (bromoform floats) of clastic sediments is also
wed extensively for sedimentological analysis. It is a fact that the compositional
vanability of light minerals is related closely to the mineralogical maturity and fluvial
mocesses. Pettijohn (1984) has pointed out that the mineralogical maturity of sediments
an be expressed by the quartz / feldspars ratio. Though there is no much difference in
te specific gravities between quartz (2.65) and feldspars (2.70), there exists considerable
fifferences in the stability index between the two, because feldspars are comparatively
kss stable than quartz. Many researchers opined that an increase of quartz / feldspars
atio downstream is the result of selective abrasion of the easily weatherable feldspars
(Russel, 1937; Pollack, 1961; Seibold, 1963; Seetharamaswamy, 1970; Seralathan, 1979;
Pettiiohn, 1984). The relative proportions of these minerals in sediments have also been
atensively used for reconstructing climatic as well as tectonic history of ancient

sedimentary deposits (Blatt et al., 1972; Hashmi and Nair, 1986).

Like heavy and light minerals, knowledge on clay minerals is also very useful for
il sediment related studies. The clay mineral composition of sediments can provide clues
nunraveling the conditions under which the sediment deposited (Grim, 1953). Many
sh studies are available in literature. Shaw (1973) has studied the mineralogy of the
Jay deposit of the recent sediments of the Alicia basin, North Eastern Mediterranean.
Bper and Slatt (1977) have evaluated the Southeast Indian Ocean sediments. Rao and
R0 (1977) brought out the regional distribution of clay minerals for the sediments of the

fastern 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.
43RESULTS AND DISCUSSION
431 Mineralogy of sand

The coarser and finer 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 (Imm - 0.25mm) and finer
(0.25mm - 0.063mm) 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. 11.69%) in the coarser fraction and between,
9.14% and 57.74% (av. 24.07%) in the finer fraction. Spatial analysis of heavy mineral
rnsidue reveals distinct features. The highland exhibits comparatively higher
concentration of THM 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
atributed to natural and man-made obstacles. The ranges of THM in the Chalakudy river
7e4.2% - 59.73% (av. 17.95%) in the coarser fraction and 13.2% — 79.02% (av. 37.93%)

inthe 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 Fe,0; 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% to 37.25% (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 243% to 45.30% (av. 23.39%) in the coarser fraction 3.07% to 73.16% (av. 31.84%)
in the finer fraction. Spatial distribution of magnetite 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 finer fractions. However, a
flictuating trend in the content of magnetite is noticed in the case of Chalakudy river.
Non-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
MMF 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
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Pate 6: Heavy minerals (non magnetic) in the sand fraction of the study area.
Pink garmet; 2&5:Monazite; 3:Colourless garmet; 4,10&13:Zircon;
1189&12:Inosilicates; 11:Ilmenite; 14:Heavy mineral residue in the finer sand
fraction of Periyar river; 15:Heavy mineral residue in the fine sand fraction of

(halakudy river.
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Fig. 4.1 Downstream variations of magnetic and non-magnetic minerals

in coarser and finer fractions of Periyar river (CF- Coarser
fraction; FF- Finer fraction; MF — Magnetic fraction; NMF —
Non-magnetic fraction) .
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Fig. 4.3 Downstream variations of monczite and garnets in coarser and
finer fractions of Periyar river (CF- Coarser fraction; FF- Finer
fraction; GAR- Garnets; MONZ- Monogzite)
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Fig. 4.4 Downstream variations of zircon and sillimanite in coarser and
finer fractions of Periyar river (CF- Coarser fraction; FF- Finer
fraction; SILLI- Sillimanite; ZIR-Zircon)
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minerals are also present in many of the samples. They are categorised here as ‘other

minerals’.
limenite

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 finer fractions of the Periyar river are 45.32% (range: 12.33 to 72.37) and
3790% (range: 2.33 to 81.85), respectively. The Chalakudy river accounts for
comparatively higher content of ilmenite in the coarser fraction (av. 57.16%; range: 20.15
t0 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%).

Inosilicates

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
60%. As these two minerals fall in the lighter heavy mineral category (specific gravity of
homblende = 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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Finer fraction; OPQ - Opaques; INOS - Inesilicates)




6.00
2
oz 4.00
<
(U]
‘o" 200
0.00 -+ : : .
0 10 20 30 40 50 60 70 80
Distance (km)
*
[ 4
<
[}
[
w
80
Distance (km)
0.80
* 060
N
8 040
0 040
6 020
0.00 +—o——0-00—0—0——00—0 00— 00—
(1] 10 20 30 40 50 60 70 80
Distance (km)
| 2.00 -
| ® 150 -
N
: z
\ g 1.00 4
"k os0]
0.00 : *>o—o €— &~ : . :
0 10 20 30 40 50 60 70 80
RIVER
MOUTH Distance (km)

Fig. 4.8 Downstream variations of monazite and garnets in coarser and

finer fractions of Chalakudy river (CF- Coarser fraction; FF-
Finer fraction; GAR- Garnets; MONZ- Monazite)
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Fig. 4.9 Downstream variations of sillimanite and zircon in coarser and
finer fractions of Chalakudy river (CF- Coarser fraction; FF-
Finer fraction; SILLI- Sillimanite; ZIR-Zircon)
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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 finer 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 finer fraction.
Garnets

Detrital garnets occur either as euhedral crystals or sharp irregular fragments
often with conchoidal fracture. Most of the gamets 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 0.8%, respectively, in the coarser and finer fractions. Except
o 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

fivers.
Lircon

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 0.9% and 3.45% and that of Chalakudy river 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
a opposite trend, a feature also observed earlier by Padmalal et al. (1997a) in
Muvattupuzha river. Zircon in the coarser fraction of plateau, scarp, midland and lowland
region of Periyar 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 Chalakudy river, coarser
fraction contains 1.74%, 1.39% and 0.89% in the highland, midland and lowland

respectively, while in the finer fraction the concentrations are 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

ue 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.
Yonazite and Sillimanite

Monazite and sillimanite are present only in lesser numbers (about 2% of the
uial NMF). Monazite grains are rounded to sub-rounded with honey yellow colour under
sne polarized light. They also show high relief and distinct borders. Sillimanite is

dender, prismatic and colourless under plane polarized light. They show high relief,
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smight 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.

Comelation matrix of heavy 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 =
05) and zircon (r = 0.29). In general, the heavier heavies such as ilmenite, magnetite,
zrcon 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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Fig. 4.11 Dendrogram for the finer fraction of Periyar river
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Fig. 4.12 Dendrogram for the coarser fraction of Periyar river
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Fig. 4.13 Dendrogram for the finer fraction of Chalakudy river
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Causes of total 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
ivestigations by a number of other researcher’s show that the heavy and light minerals in
mural sands and sandstones are seldom in hydraulic equilibrium (Briggs, 1965;
Lowright et al., 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 modern sands and explained the heavy light mineral
vriations primarily on the basis of selective sorting. White and Williams (1967) have
found that heavy minerals once deposited are less easily entrained and transported by
aments 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
wedicted size by settling velocity equation. The heavies are further shielded from
arrents by larger quartz grains and thus remain behind, while larger quartz grains are

woved. 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
rgime 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
erichment with finer size. Studies made by Komar et al. (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
dso 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
carser and finer fractions - higher values in the upstream channels and lower
wncentration in the downstream side. The respective content of average total heavy
mineral content in the coarser and finer fractions are 8.93% and 32.52% in the lowland
rgion, in the midland an average of 15.60% in the coarser fraction and 32.22 % in the
fner fraction are observed while in the highland region, an average of 40.87% in the
oarser fraction and 68.91% in the finer fraction are observed. The minor fluctuations

served in the heavy mineral contents in the downstream might be due to the local
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wrbulences 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
urbulences, which in turn cause the flushing away of lighter grains and favour

concentration of the 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
wncentration 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
of Periyar and Chalakudy river sands could be explained in terms of progressive sorting
based on density differences of these minerals. During deposition, the denser minerals
sch as magnetite (sp. gr. 5.2) opaques (4.7) garnet (4.3) and zircon (4.6) settle quickly at
te point of current impingements owing to their greater settling velocities, while the less

tnser 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 al., 1962; Shideler; 1975; Flores
und Shideler, 1978) opined that progressive sorting based on shape of heavy minerals in
wcordance with the density of minerals plays a significant role in the observed
nineralogical diversity. Since most of the coarser and finer fraction particles are being
mnsported in suspension upstream and they do not settle at the same place. When
aticles of the same volume and densities but having different shapes are allowed to

wle 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
atribute some role in the observed diversity of heavy mineral assemblage in the Periyar

and Chalakudy river sediments.

Total light minerals

The sand fraction of the Periyar and Chalakudy rivers contains very high content
of light minerals. The finer fraction accounts for an average of 71.42% (range: 20.98% to
%0.86%) light minerals. The coarser fraction records slightly higher content (av. 86.28%;
rnge: 40.27% to 96.48%) of light minerals than the finer 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

¢lsewhere (Padmalal, 1992).

Mineralogically, the light minerals are composed mainly of quartz and feldspars -
tie 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

when the grains are moved through the high gradient physiography.

32, Clay Mineralogy
Clay minerals constitute a major part of the finer fraction of the aquatic sediments
ud are reactive geological materials or particulates that regulate the overall physico-

demical milien of aquatic environments (Whitehouse et al., 1960; Prithviraj and

Pakash, 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
a better 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
(A, (OH)s Si;Os] montmorillonite [(Mg,Ca)0.A1,05.58i0,.0H,0] and gibbsite
(A03.3H,0). Among these three, kaolinite is the most dominant clay mineral identified
fom the area. Montmorillonite is confined mainly to the downstream of these river

systems.
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CHAPTER §

GEOCHEMISTRY

JINTRODUCTION
Over the past 3 - 4 decades, studies on aquatic sediments have increasingly being
amied out for assessing the geochemical transport of elements, especially nutrients and
gavy metals from land to oceans. It is now established that considerable changes in the
dobal budget of geochemical signals, particularly of toxic contaminants, have occurred
nlowing the beginning of industrialization. In any aqueous environment, the transport
aases of elements are generally controlled by size characteristics of clastic sediments
De Groot et al., 1982 ; Forstner, 1990). A large part of fluvial transport of matter
xeurs in the form of suspended sediments. During periods of low flows, these
gochemical carriers sink to bottom as bed sediments. In an earlier study, Gibbs (1977a)
fimulated calculations of heavy metal concentrations in relation to grain size spectrum
adrevealed that the heaviest enrichment of metals occur in the finer grades ranging from
02 um to 20 pm diameters. The variations of major and trace elements in the sediments
¢ the reflections of the various factors, which govern their distribution. Such elements
a¢ 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
icated within the lattice structure of lithogenous minerals and those incorporated into
arface by adsorption and ion exchange processes. Geochemical data of sediments may
eflect the influence of several factors including the source characteristics. Chemical
dements 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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dsorbed onto colloidal particles and clays and in combination with organic matter. The
anual riverine input of a trace element to the oceans must be equal to the output of that
tkment associated with marine sediments. Bed load sediment discharge is deemed to
rpresent not more than 10% of the suspended load (Meade, 1985) but the data
sbstantiating this estimate are still fragmentary, (Milliman and Meade, 1983; Albarede
und Semhi, 1995). Geochemists have extensively studied the major rivers of the world in
rder to estimate the fluxes of continental material supplied to the oceans (Potter, 1978;
Seralathan, 1979; Meybeck, 1988; Padmalal, 1992; Milliman, 1995; Ittekkot and Lanne,
191; Badarudeen, 1997; Sajan, 1998; Goolsby, et al., 2000; Krishnakumar, 2002; Reji,
2002; Turner and Millward, 2002; Somayajulu et al., 2002; Helland et al., 2003;
Jennerjahn et al., 2004).

Considering the importance of sediments in the study of geochemical signals of
suatic environments, an attempt has been made in this chapter to evaluate the status of a
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.

52REVIEW 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 al.,

1997b). The overall balance between dissolved and sedimented load carried out to the
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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
(1983). Gibbs (1970) discussed the mechanisms that control the world river water
demistry. A number of geological agents are actively involved in the transfer of heavy
netals 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 al.,
2000). Subramanian et al. (1985b) have computed that about 20% of global supply of
wdiments 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
rearshore environments. The fate of heavy metals in these environments is of extreme
mportance 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
nvers and estuaries. Chemical analysis of river waters and the sediments is being carried
ot 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 fine grained and have high spatial
variability (Breslin et al., 1999; Zhang et al., 2002). Extensive work has been done in the
world’s major rivers by several investigators (Reeder et al., 1972, in Mackenzie river;
Trefrey and Presley, 1976, in Mississippi river; Duinker and Nolting, 1976, in Rhine

aver; Gibbs, 1977a, in Amazon and Yukon rivers; Meybeck, 1978, in Zaire river; Yeast
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2 Bewer, 1982, in St. Lawrence river; Sarin and Krishnaswami, 1984, in Ganges -
amaputra rivers and Qu and Yan, 1990, in Chang Jiang and Don Jiang rivers; Jeffrey
¢4, 191, in Amazon Zaire and Orionoco rivers; Goolsby et al., 2000, in Missisippi

- Philip et al., 2003, in Yorkshire river; Turner and Rabalais, 2004 in Missisippi
1),

The elemental concentration of sediments not only depends on anthropogenic

xd 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 al., 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
eavironments, where grain size distribution varies considerably, valid comparisons of
metal concentrations cannot be made without a correction for grain size effect (De

Groot et al., 1982; Forstner and Wittmann, 1983).

Albarede and Semhi (1995) have carried out geochemical investigation on
tree sand size fractions from the Meurthe river and its tributaries and brought to light the
wntrol of bedrock geology on the geochemistry of the fluvial sediments. Trefrey and
hesley (1976) estimated the total flux of particulate and dissolved heavy metals from
Mississippi river to the Gulf of Mexico. They have computed that over the past 25 - 30
vears, the Pb and Cd fluxes in the Mississippi river sediments have increased about 60%
ol 100% respectively. The relationship between solid concentration and river water

demistry 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

amied out from sediment analysis (Forstner and Wittmann, 1983 . ; Allen, 1990).

From economical point of view, it must be realized that, sediments are also a
mdium in which certain substances can be concentrated from solution and thereby
rpresent profitable sources of raw materials (Turekian, 1972). The size has a strong
baring on metal enrichment in sediments. Later, this view was supported by
mvestigations made by Williams et al. (1978), Forstner (1982), Forstner and Wittmann

| (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
(19723, b and 1981) made a preliminary survey on organic carbon, phosphorus and trace
dement contents in the bulk sediments on the Vembanad lake. They established the
aisence of a close relationship between organic carbon and phosphorus in this
edimentary environment. The trace metal concentration and its association in various

chemical phases in the sediments of Periyar river and Varapuzha estuary have been

ivestigated by Paul and Pillai (1983).

The geochemistry of sediments of the Indian rivers have received wide
atention in the recent past to understand the elemental composition of the sediments, the
ifluence of anthropogenic activities on riverine chemistry and the transport of metals
fom rivers to the coastal oceans (Borole et al., 1982; Subramanian et al., 1985a;
Seralathan, 1987; Jha et al., 1990; Ramesh et al., 1990; Biksham et al., 1991; Konhauser
etal, 1997; Singh, 1999). A comprehensive review of environmental geochemistry of

[ndian river basins is that of Subramanian (1987). Mass transfer studies of geochemical
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unstituents in Indian rivers have been carried out by researchers like Subramanian
(1980), Sarin and Krishnaswami (1984), Sitasawad (1984), Seralathan and
Setharamaswamy (1987), Chakrapani and Subramanian (1990). The geochemical
ransfer of metals through Cauvery river has been investigated by Subramanian et al.
(1985b) and Seralathan (1987). The mineralogical and geochemical association of metals
i the Krishna river sediments has been studied by Ramesh et al. (1989; 1990). Mallik
ad Suchindan (1984) and Padmalal (1992) analysed a few major and trace metals in the
sdiments of Vembanad estuary and Muvattupuzha river and Central Vembanad estuary
respectively to ascertain their relation with granulometry. Desorption from fresh water
cay minerals and control of Fe and Mn oxides over the trace elements in the estuarine

region has documented by Seralathan (1987).

The distribution of Si, Al, Fe, Mn, Cu, Ni, and Cr in different grain size
fractions and geochemical association of Fe, Mn, Cu, and Zn with less than 63um size
fraction of bed sediments of Damodar river shows that concentrations of trace metals
tnd 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
bicavailability of metals (Singh, 1999). The main processes that determine the behaviour
of heavy metals in the Scheldt estuary are tidal hydrodynamics, sediment transport and
sption of heavy metals on suspended matter (Babi et al., 1998). The studies on
wlculated profiles of dissolved and sorbed concentrations of heavy metals in the water
wolumn indicated an accumulation of heavy metals in the zone of the turbidity maximum,
while closer to the sea, the concentrations diminish due to mixing of the polluted fluvial

sediments with unpolluted marine sediments and came out with a conclusion that only a
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mall part of the heavy metals reaches the sea. It was not possible to predict sediment
reas with the highest levels of metal contamination using visual criteria or knowledge of
te erosion and sedimentation pattern of the river (Bervoets et al., 1999). Mallik and
Swhindan (1984) have analysed a few major and minor elements in the bulk sediments
A the Vembanad estuary. Later, Ouseph (1987) and Purandara (1990) have also studied
te geochemical characteristics of a few sediment samples of Vembanad estuary. The
peciation studies on the trace metals were carried out by Shibu et al. (1990) and Nair et

1.(1991).

The speciation of heavy metals in the aquatic environment has received
wnsiderable attention recently (Chen et al, 1976, Hong and Forstner, 1984; Rapin, 1984).
These studies throw light on two aspects: 1) their levels in the environment and 2) their
fwtionation 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
wption, diffusion and mobilization in controlling the concentration of metals in
giments. Calmano and Forstner (1983) are of the opinion that sequential extraction
mcedures would provide information on the history of metal inputs, diagenetic
wnsformation within the sediments and the reactivity of heavy metal species of both
uural and anthropogenic origin. Earlier studies on heavy metals are confined to the

prtitioning of metals in the detrital and non detrital fractions (Gad and Le Rich, 1966).
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$IRESULTS AND DISCUSSION

{31 0rganic carbon (C-org)

Organic carbon constitutes a significant fraction of aquatic sediments. Organic
naterial that survives in the water column is incorporated in sediments, where it can be
nore or less preserved or subjected to further biological degradation. Organic carbon
wmpounds, reaching the aquatic environments mainly in the form of organic matter,
wriginate from allochthonous or autochthonous sources. The relative proportions of
organic matter derived from these sources are a function of the characteristics of the
atchment area in relation to the productivity of the aquatic environment (Hakanson and
Jmsson, 1983). Further, the intensity of weathering, type of sediments, flow pattern of
te medium that transport sediments also determine the C-org distribution in the
wdiments (Padmalal and Seralathan, 1995 3 Ittekkot and Lanne, 1991).

In the 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
mnges of C-org in the Chalakudy river are 0.2% - 1.58% (av. 0.7%) in the bulk sediments
ad 2.11% - 3.96% (av. 2.95%) in the mud fraction. Tables 5.1 — 5.4 summarise the
woncentration of C-org in the sediments of the Periyar and Chalakudy river. Table 5.5
&picts 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
Sutes. In both the rivers C-org, generally, exhibits an increasing trend downstream.
However, elevated concentrations are observed in some locations close to the urban
wntres. It may be due to the addition of significant amount of organic sewages to these

iver segments. Low values, if noticed, are attributed to the abundance of quartz rich
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warser clastics in the bulk sediments. Compared to mud fraction, the content of C-org is
abstantially low in the bulk sediments. This clearly indicates the role of particle size in
rapping C-org in both Periyar and Chalakudy rivers. In a classic study, Trask (1932) has
avocated that mud and mud rich sediments could enrich 2 - 4 times higher contents of
(-org than sand. Several researchers opined that the enhanced association of C-org in the
finer sediments is attributed to the higher surface area of the particle, which in turn
pomotes the adsorptive ability of organic colloids. Studies of Burns and Salomon
(1969); Sajan and Damodaran (1981); Bednarz and Starzecka (1993); Padmalal and
Seralathan (1995); Badarudeen et al., (1997) and Reji (2002) have also reiterated this
view. The spatial variations of bulk and mud fractions in the Periyar and Chalakudy
rvers 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 of C-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

determining the C-org distribution in the study area.

53.2 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
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course of Periyar river
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xome crucial for eutrophication (Rohlich, 1969; Golterman, 1975; Wetzel, 1975). Like C-
w, P also reaches the aquatic sediments from allochthonous and autochthonous sources. P
#s deposited in aquatic sediments in different forms: a) allogenic apatite minerals, b)
xpnic associates and c) precipitation from inorganic complexes. The total P (Py) in
eiiments generally exhibits an increasing trend with increasing water depth as a result of
w0re or less continuous transport of materials from shallow zones of erosion and transport to
%e deeper accumulation areas.

In the Periyar river, the average concentration of P is estimated to be 0.04% (range:
i01-0.5%) in the bulk sediments and 0.13% (range: 0.06 — 0.34%) in the mud fraction. The
werage concentration of P in the bulk sediments and mud fraction of the Chalakudy river are
109% (range: 0.01 - 0.18%) and 0.06% (range: 0.01 - 0.37%), respectively. In Periyar river,
fe concentration of P is several fold higher in the mud fraction than that of the bulk
wdiments. It clearly indicates the ability of clay rich fine particulates to carry P downstream
Biksham et al., 1991). In the bulk sediments of Chalakudy river, P shows significant
arelation (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)
sith the content of total heavy minerals. This might be due to contribution from minerals like
nonazite, apétite etc. which are found in the heavy residue of the bulk sediments of
(halakudy river.
$33Iron and Manganese (Fe and Mn)

Next to oxygen, iron is the most frequent element in earth’s crust, consequently
1common component of aquatic sediments. It is a typical transitional element whose

ampounds in aquatic environments have a strong bearing on the distribution pattern of
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st of the other trace / toxic metals. The most abundant form of iron minerals are
wides, hydroxides and sulfides. Iron is also associated with several silicate minerals as
wll. Particulate iron is deposited in sediments as silicate grains, inorganic oxides or
nide coatings on settling particles. Iron may also enter the sediments together with

wganic debris as well as humic colloidal matter.

Like Fe, the metallic element Mn is also a transitional element of great
avionmental significance. Due to the ready interchangeability of Mn in biologic
sstems, specific biochemical role of Mn has proved extremely elusive for many years. It
s known 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
mportance of which was enhanced by the discovery that this element is involved in
gucose utilization (Underwood, 1971). The distribution and geochemical behaviour of Fe
md Mn in aquatic environments have received wide attention among scientific
community because, information on these redox sensitive elements is a pre-requisite for
sssessing 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 the bulk 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
0f6.15% (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

sgreement with the reported values for other rivers like Ganges river (2.16%;
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| jbramanian et al., 1985a), Brahmaputhra river (2.9%; Subramanian et al., 1985a), Tapti
mer (1.15%; Subramanian et al., 1985a), Vellar river (1.84%; Mohan, 1990) and

faramana 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
range: 86 - 636 ppm ) in the Periyar river and 737 ppm (range : 292 - 2554 ppm) in the
(alakudy river. The estimated average Mn values in the mud fraction of Periyar and
(halakudy 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

tie present study with some of the aquatic systems of Kerala and elsewhere.

The present study reveals a two fold enrichment of Fe and Mn in the mud
frction than the bulk sediments in Periyar river. The increase of Fe and Mn in the finer
dastics (i.e., mud) is primarily related to the greater surface area of these particles. A
umber of investigators have advocated that the adsorptive ability of particles increase
wonsiderably 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
ehances the concentration of these elements in finer fractions (De Groot et al., 1982).
The Mn contents show (Fig. 5.1) a marked decrease towards the high saline zones of the
iver 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
sediments of Periyar river indicates that these two elements-co-precipitates as insoluble

feric - manganic hydrolysates. Co-precipitation of Mn — Fe is favoured by the negatively
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harged Mn(OH), solution and positively charged Fe(OH); (Hirst, 1962). Table 5.7
wich shows the positive correlation of Fe with C-org (r = 0.62) indicates that a part of
feis incorporated in organic matter rich very fine particulates that have greater ability to

fixthe Fe and 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
tend 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
weas of the river, Fe and Mn show an increasing trer;d compared to the upstream areas.
b the present study, the increasing trend of Fe content indicates a higher oxidative
precipitation of iron occurred as Fe'* and Fe(OH); 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
rported 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
rck 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
«an 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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l‘ 34 Sodium and Potassium (Na and K)

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
wrigtions are presented in Figs. 5.1 to 5.4. The respective average concentrations of Na
e 1.38% (range: 0.02 - 1.52%) and 0.78% (range: 0.02 - 1.60%) in the bulk sediments
i the Periyar and Chalakudy rivers; while the mud fraction shows an average of 0.61%
mnge: 0.18 - 1.36%) and 0.49% (range: 0.28 - 0.92%). The respective average
wncentrations of K are 1.25% (range: 0.06 - 2.24%) and 1.19% (range: 0.16 - 2.80%) in
te bulk sediments and mud fraction of Periyar and 1.38% (range: 0.10 - 2.22%) and

131% (range: 0.74 - 2.70%) in Chalakudy river.

In Periyar river, Na and K shows an increasing trend downstream for bulk
wdiments and mud fraction. It is presumably due to the high availability of Na in the
nerstitial waters of the estuarine sediments (Sholl, 1965). The mud fraction of
(halakudy 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 illite. The K mainly comes into sediments as a weathering
moduct of minerals like orthoclase, microcline and biotite. The bulk sediments of
(halakudy river, in general, shows a decreasing trend downstream. This may be due to
e 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
fction is almost identical with only subtle differences between them. The proportionate
wriation of Na and K in the river sediments suggests a common source, presumably

kldspar rich crystalline rocks in the study area.
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J5Magnesium (Mg)
Magnesium is one of the most mobile elements in the earth’s crust. The uptake of

igby clay minerals during estuarine mixing can release Ca to the overlying waters

Usmer and Gieskes, 1976; Perry et al., 1976; Lawrence et al., 1979; Drever, 1971;

wkovitz, 1973). The marginal enrichments of Mg in estuaries are probably attributed
opogressively larger fixation of Mg by clay minerals. Sayles and Mangelsdorf (1976)
e stated that Mg is an important exchangeable cation in seawater. Russel (1970)

sicates that upon prolonged soaking montmorillonite will take up Mg from seawater

secially when pH values are greater than 8.

In Periyar river (Tables 5.1 and 5.2), the average concentration of Mg in the
ak sediment is 0.11% (range: 0.05 — 0.19%) and mud fraction is 0.16% (range: 0.05 —
138%). The Chalakudy river accounts for an average concentration of 0.1% (range: 0.05
-024%) of Mg in the bulk sediments and 0.16% (range: 0.05 — 0.37%) in the mud
fution. Mg exhibits a positive correlation with P (r = 0.85) in the mud fraction and
gows marginal positive correlation with Pb (r = 0.51) in the bulk sediments of
(balakudy 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

Vahanadi  (0.093%; Chakrapani and Subramanian, 1990) and Kayamkulam estuary
0.11%; Reji, 2002) .

3.6 Trace elements

Trace elements are those elements generally having concentration <0.1%. These
tements are transferred to the depositional sites along with detrital materials or carried as

mide coating on clay minerals or other minerals. Considerable quantities of these
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kments are also carried into solution and get incorporated into sediments by different
mxesses at varying rates based on the physico-chemical conditions prevailing in the
kpositional environments. Trace elements are removed from solutions by adsorption
uio organic and inorganic colloidal suspended material, extraction by marine organisms
ud by precipitants like Fe and Mn oxides or by sulphide ions. Concentrations of various
mwe metals such as Mn, Ni, Zn, Pb and Cr, in the bulk sediments and mud fraction of the
Priyar and Chalakudy rivers are given in Tables 5.1 — 5.4. Their variation with distance
spresented in Figs. 5.1 — 5.4. The concentration of metals in the mud fraction is found to
be higher than the bulk sediments. The inter-elemental correlations in bulk sediments and
mud fraction of both the rivers are depicted in Tables 5.6 and 5.7.
Zinc (Zn

In nature, Zn is often associated with sulphides of metals, especially Pb, Cu, Cd
ud Fe. This metal represents 0.004% of the earth’s crust and 25" in the order of
undance (Abbasi 1989). Unpolluted freshwater sediments contain Zn concentration of
§7ppm (Forstner, 1976). The total Zn content in the sediments is dependant mainly on
tie composition of parent rock (Sillanpaa, 1972; Pendias and Pendias, 1984). Nriagu
(1980) conducted a comparative study in the aerial distribution of Zn concentration in
nral and urban areas and reported that the metal is enriched substantially in the urban
wreas than rural areas. This clearly indicates that the major causative factor for enhanced
kvels of Zn in natural environments is presumably due to anthropogenic activities
(Levinson, 1974; Forstner, 1976; Nriagu, 1980; Abbasi, 1989).

The average concentration of Zn in bulk sediments of Periyar river is 64 ppm

(range: 37 - 107 ppm) and in mud fraction is 239 ppm (range: 70 - 1008 ppm). The bulk
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stiments and mud fraction of the Chalakudy river show an average concentration of 82
ym (range: 33 - 168 ppm) and 235 ppm (range: 172 - 381 ppm) of Zn respectively.

Zinc shows positive correlation with Cr in the bulk sediments and mud fraction of
kriyar river. In the bulk sediment, it exhibits significant positive correlation with Fe (r =
178), Cr (r = 0.71) and Mn (r = 0.56) and shows marginal positive correlation with Ni (r
=048). Zn also exhibits a strong positive correlation with Cr (r = 0.81) in the mud
faction of the river. Average concentration of Zn in mud fraction shows four times
arichment compared to the bulk sediment. The marked enrichment of Zn in the mud
fation of Periyar river can be explained by the increased surface area of the fine
prticles, which in turn favour its adsorptive capacity (Williams et al., 1978). Further, Fe-
Vn complexes, clay minerals and organic matter coating over these particulates also
savenge 2 significant amount of Zn (Padmalal, 1992). Shajan (2001) has also reported
high concentration of Zn in the Periyar river sediments. In the bulk sediments, a positive
elationship exists between Zn and other metals like Fe, Cr, Mn and Ni. This points to a
wmmon source for all these metals (Loue, 1986). The scatter plots of Zn vs. C-org of the
hulk sediment (Fig. 5.7) exhibits a positive correlation indicating the fact that at least a
part of Zn in these sediments is associated with C-org. High positive correlation of metals
with organic substance is due to sorption on to organic matter trapped in finer clastics

which are also 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 =

092), Fe (r = 0.86), Mn (r = 0.84) and P (r = 0.66) indicates the common origin of these
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dments. Like Fe and Mn, Zn concentration also shows a marginal increase in the
immstream areas compared to the upstream side. At Stn. 40, Zn concentration shows a
xk when compared with the adjacent Stns., especially due to the high heavy mineral
atent and industrial effect in that area. Organic matter has got a prominent role in the
meentration of Zn. But in this study, no positive correlation between Zn and C-org is
wiiced in the bulk or mud fraction of the river sediment. Hence, Zn is not concentrated to
gysignificant extent in organic matter. The significant positive correlation of Zn with Fe
ud Mn also suggests a common source for these elements. Fe - Mn oxides are usually
ansidered as an efficient scavenger for Zn (Singh and Subramanian, 1984). These Fe -

\o oxides, which are a product of weathering, can carry Zn and transport them to the

ver mouth.

Ni ranks 23" in order abundance in the earth. The average concentration of Ni in
de earth’s crust is 75 ppm (Levinson, 1974). This metal usually substitutes for Fe and
Mgin rock forming minerals. In uncontaminated sediments of rivers and lakes, the Ni
wncentration generally is around 20 ppm and reflects its concentration in the soil of the
rgion (Abbasi et al., 1998). Nriagu (1980) computed that the world’s major rivers

mnsport about 1.1 x 10" of dissolved and 135 x 10'° gm of particulate Ni annually.

Ni accounts for an average concentration of 95 ppm (.range: 46 - 141 ppm) in bulk
wdiments and 104 ppm (range: 37 - 180 ppm) in mud fraction of Periyar river, whereas
nChalakudy river, the bulk sediments shows an average concentration of 90 ppm (range:
#8- 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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| nilr in the bulk sediments and mud fraction (Tables 5.1 and 5.2). In the bulk
}aﬁmems, Ni exhibits better correlations with P (r = 0.45), Zn (r = 0.48), C-org (r =
{
,l #),Cr (r=0.48) and Fe (r = 0.50). The association of Ni with Fe (Table 5.7) suggests
|

sdeposition together with Fe oxides of hydrogenetic origin (Chester and Hughes, 1967;

\oorby and Cronan, 1981). In addition to the above, direct adsorption of Ni by C-org
i Fe hydrolysates can also fix substantial amount of this element in sediments (Shimp
14, 1970; 1971). Like Zn, the positive correlation existing between Ni and other
sements like C-org, Cr, Fe and P suggests a common source for all these metals (Fig.
§). The positive correlation with P indicates that it acts as a carrier phase for Ni

(reenslate et al., 1973).

Ni in the bulk sediments shows a fluctuating trend along the Chalakudy river
wfile (Fig. 5.2). The values are higher in upstream areas compared to the downstream
res. From Stn. 50 onwards, it shows a marginal increase downstream. The average
wncentration of Ni in the mud fraction is approximately 1.5 times higher than that in
wlk sediments. From Table 5.6, it is evident that Ni exhibits positive correlation with P
r=052) and Cr (r = 0.51) in the bulk sediments. It can be inferred that Ni in the
(halzkudy river is well correlated in its distribution with P and Cr and is found to be
gaumulated in the mud fraction than the bulk sediments. The comparatively high content
ofNi in mud fraction can be explained by the fact that a significant part of Ni might have

been held up in clay minerals either by adsorption or cation exchange mechanism.

Lead (Pb)

The average concentration of Pb on the surface of earth is 16 ppm (Davis, 1990).

hh the aquatic environment, its chemical forms will closely control its mobility and
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, sribution. Its toxicity in sediments is affected by pH, hardness, organic material and
| rsence of other metals. The toxic effects of Pb on humans have been well documented,
sman is using Pb for thousands of years (Branica and Konrad, 1980). Pb resembles the
| {ivalent alkaline earth group metals in chemical behaviour.
Pb exhibits an average concentration of 62 ppm (range: 11 - 117 ppm) in bulk
wdiments and 124 ppm (range: 35 — 824 ppm) in mud fraction of Periyar river, whereas

n Chalakudy river, the bulk sediments account for an average concentration of 65 ppm
mnge: 23 - 116 ppm) and mud fraction exhibits an average content of 88 ppm (range: 55
-115 ppm).

In the Periyar river, Pb shows significant correlation to many of the other
dements except K (r = 0.44) in the bulk sediments. In the mud fraction, it shows
sgificant correlation with P (r = 0.67) and Cr (r = 0.84). The considerable amount of Pb
n the sediment samples of Stns. 16 and 21 may be due to the input from point sources
ike industries and municipal waste disposal practices. In Periyar river, Pb does not show
ay specific correlation with C-org, but shows marginal correlation with K in the bulk
wdiments. Pb from weathering of magmatic and metamorphic rock, is expected to be
nainly accumulated in detrital sediments in their K bearing minerals such as micas and
tldspars. Other possible source of Pb can be through clay minerals. Some amount of Pb,
mnsported into the sedimentary environments is being adsorbed on clay minerals and
fmic hydroxides. In alkaline waters, Pb ion becomes hydrolysed and is readily co-
mcipitated with the hydroxides of more abundant elements or adsorbed by clay
sinerals. Pb can replace Ca®>" and K* diadocically in minerals. Some mobilized Pb is

isorbed on newly formed clay minerals - kaolinite (Wedepohl, 1978). Kaolinite which is
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osmdant in Periyar river can fix maximum amount of Pb in the sediments. Therefore, it
a be concluded that most of the Pb is associated with clays in the Periyar river
efiments. In Chalakudy river (Table 5.6), Pb in the bulk sediments show significant
dhtion only with Mg (r = 0.51). The spatial variation of Pb in the bulk sediments (Fig.
i)) show a fluctuating trend throughout the river channel. There is no significant

archment of Pb in the mud fraction of the river.

The observed value for Pb in the bulk sediments of Periyar river (Table 5.5) is
igher than the earlier report of Seralathan et al. (1991). But the value obtained in this

wdy is lesser than that reported by Seralathan (1979) for Cauvery river (84 ppm).

(hromium (Cr

~Cr is the seventh most abundant element on earth and 21 in abundance in crustal
ncks with an average concentration of 100 ppm (Mc 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
wncentration in some unpolluted freshwater sediment raises upto 44 ppm (Abbeasi 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 -
41 ppm). In Chalakudy river, the average concentration in the bulk sediments is 86 ppm
{ange: 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 =
083), Mn (r = 0.64) and Zn (r = 0.71) in the bulk sediments. It also shows positive

wrrelation with Ni (r = 0.48) and C-org (r = 0.47). In the mud fraction also Cr exhibits
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witive correlation with P (r = 0.80), Pb (r = 0.84) and Zn (r = 0.61). Cr may be
meentrated in the bulk sediments due to the adsorption by the hydrated Fe,Os as
sidnced from the highly significant positive correlation (Fig. 5.9). The average Cr
antent in the mud fraction is approximately three times higher than the concentration in
% bulk sediments. This may be due to the scavenge of Cr by finer particles from
ation with better efficiency due to its higher surface area than coarser particles
Williams et al., 1978). The positive correlation of Cr in the bulk sediments with C-org
ndicates that the organic compound contents are also responsible for the adsorption of Cr.

In the Chalakudy river, the average Cr concentration in the mud fraction accounts
ir~2.5 fold enrichment than the bulk sediments. In general, Cr in the study area shows a
kcreasing trend downstream (Fig. 5.2). From Stn. 51 onwards it shows a marginal
wrease further downstream. The behaviour of Cr closely resembles that of Zn, with a
very significant correlation (r = 0.92). It shows strong positive correlation with Fe (r =
184), Mn (r = 0.77), P (r = 0.80) and Ni (r = 0.51) in the bulk sediments. In the mud
faction also Cr exhibits correlation with Ni (r = 0.63). The variation in the concentration
of Cr in the Chalakudy river can be explained as follows. Cr may be concentrated due to
ssorption by the hydrated ferric oxides as evidenced from the highly significant positive
wrelation. The observed high concentration of Cr in the upstream areas might be due to
tie weathering of rocks. Cr shows no significant correlation with C-org, which implies
tat concentration of Cr by organic matter, is insignificant in the stretches of Chalakudy
iver. It can be deduced that Cr content in this river is mainly due to the adsorption of

femic oxides and weathering processes.
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{{POLLUTION ASSESSMENT

Metal pollution in riverine environment is usually caused by land run-off, mining
stivities, dredging activities and anthropogenic inputs. Traces of heavy metals such as
(4, Pb, Mn, Fe, Cr etc. have been identified as deleterious to aquatic ecosystem and
luman health (Sharma and Kaur, 1997). The mechanism of accumulation of pollutants in
te sediments is controlled strongly by the nature of the substrate as well as the physico-
temical conditions causing dissolution and precipitation. In the present study, an
aempt has been made to get an overall idea about the extent of heavy metal pollution in
tie stretches of Periyar and Chalakudy rivers using statistical tools like Enrichment
Factor (EF) and Contamination Factor (CF) studies.

54.1 Enrichment Factor (EF)

The mud fraction separated from the bed sediments of Periyar and Chalakudy
ivers are subjected to detailed EF analysis using the average crustal abundance of these
cements 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 bound elements 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 overlying water 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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«ment for normalization as anthropogenic sources of Fe are negligible compared to the
wral sources (Mohan, 1995 and the references therein; Padmalal et al., 2004b). The
10 of unity denotes no enrichment or depletion of elements relative to the earth’s crust.
Table 5.8 shows the EF computed for the mud fractions of Periyar and Chalakudy
wers. [n the case of Mn, about 80% of the samples in the Periyar river and 75% of the
amples in the Chalakudy river exhibit lower values than unity, indicating the fact that
tese elements are at depleted level than the crustal averages. But segregation of Mn is
wticed at certain localities, indicating marginal contribution of these elements from the
xarby areas. In the case of Ni, except for a few samples, all other EF values are below 2.
Values 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
Mnand Ni, the metal Zn is enriched in majority of the samples in Periyar (>88%) and
(helakudy rivers (in almost all samples). This clearly indicates the role of human
xtivities in contributing to the existing level of trace metal pollution in Periyar and
(halakudy rivers. Anomalous EF values of over 8 times are observed in the samples
wlected from the Eloor-Kalamassery zone, which are known for many Zn smelter
idustries. 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 affinity to fix
In. 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 ob;erved 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 Mn Ni Zn Pb 184
No.
Periyar river
1 0.62 137 336 9.01 213
2 0.50 042 203 591 1.66
3 044 0.68 149 5.86 141
4 0.61 041 235 554 L19
5 048 0.60 135 442 1.29
6 029 045 1.59 412 1.54
7 033 048 0.60 352 1.55
8 0.64 0.64 0.34 5.66 230
9 0.80 108 1.19 9.00 234
10 072 1.04 1.57 82 236
1 028 0.53 126 6.60 0.68
12 127 120 210 6.71 1.34
13 091 1.02 131 541 136
14 210 114 206 7.80 121
15 14 126 22 10.05 1.75
16 134 1.54 298 6.16 1.61
17 0.84 140 335 555 1.76
18 0.52 117 331 630 1.67
19 120 240 440 792 3.07
2 0.61 2.03 2n 7.56 297
21 067 1.83 469 651 27
2 0.92 216 238 1031 213
pA] 0.77 1.66 248 540 2.08
25 037 144 249 49 191
% 024 1.67 210 791 3.02
y; ] 034 129 853 620 200
28a 051 096 808 3557 4.16
2 0.51 1.09 404 321 307
29a 0.16 1.10 845 1625 408
30 027 1.82 191 525 211
31 021 1.55 1.86 6.88 1.69
k?J 026 120 L11 253 0.82
Chalakudy river
3 1.65 L.51 2.06 363 1.8
36 1.61 1.46 1.89 4,00 1.16
39 1.05 1.82 1.56 27 1.38
40 0.66 0.80 213 343 102
41 0.72 1.59 2.16 6.58 172
43 0.77 1.51 259 6.46 1.63
46 0.59 127 249 6.59 146
48 0.50 1.48 3.19 5.88 142
50 044 215 428 564 1%,
2 041 1.11 211 346 124
53 0.54 133 2.18 513 145
b7 0.51 2.06 22 544 1.59




ndustrial belt. Cr is enriched in majority of the samples over unity. But highest values
e noticed in the samples collected from the industrial belt due to the presence of several
unneries and chemical industries.

The EF analysis clearly indicates the role of industrial pollution in the Periyar
nver 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 industrial locations
are rare. This again reiterates the extent of industrial pollution in the sediments of the

downstream reaches of Periyar river.

54.2 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
comesponding 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 / Background value (shale) of the 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
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Table 5.9 Contamination Factor (CF) for
mud fraction of Periyar and Chalakudy rivers

Sample Fe Ni Zn Pb Cr
No.

Periyar river

] 1.04 1.44 237 © 5.60 2.27
2 1.39 0.59 1.91 490 2.36
3 1.45 1.00 1.47 5.10 2.09
4 1.30 0.54 2.06 4.60 1.58
) 1.67 1.01 1.53 4.40 2.20
6 1.99 0.91 2.15 490 3.13
7 2.18 1.07 0.89 4.60 347
8 1.33 0.87 0.76 4.50 3.13
9 0.91 1.00 0.74 490 2.18
10 0.98 1.03 1.04 5.10 2.36
it 1.93 1.04 1.64 7.60 1.34
12 1.22 1.49 1.74 490 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 2.87 420 227
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 1.78 438 294
21 0.90 1.67 2.86 3.50 2.51
2 0.99 2.18 1.94 6.13 2.16
3 1.22 2.06 2.05 3.94 2.59
25 0.95 1.38 1.60 2.71 1.85
20 1.00 1.70 1.43 4.75 3.10
28 1.23 1.61 7.10 455 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
30 143 2.65 1.85 450 3.09
3 1.06 1.67 1.34 438 1.84
2 1.98 2.43 1.49 3.00 1.67
Chalakudy river

3 1.27 1.94 1.77 2.75 2.36
36 1.43 2.11 1.83 341 1.69
39 1.72 3.17 1.81 2.80 242
40 2.26 1.84 3.27 4.64 2.37
4] 1.24 2.01 1.82 4,90 2.19
4 1.40 2.15 245 5.40 232
46 1.46 1.88 2.46 5.75 2.18
43 1.55 2.33 3.35 545 2.26
50 1.38 3.01 401 4.67 2.53
52 1.69 1.90 2.41 3.50 2.13
3 1.37 1.84 2.02 4.20 2.03

4 1.61 3.37 243 5.25 2.62
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ddition of severe pollutants by various chemical industries. Stn. 50 in Chalakudy river
I exhibits comparatively high values for Zn compared to other sites. Unlike other
metals, Cr shows a regular trend in the CF values throughout the Stns. and ranges
ktween 1.69 and 2.62. Analysi_s of CF values for the two river basins reiterates the

ramulation of many of the heavy metals in industrial belt compared to the other areas.
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CHAPTER 6

HYDROCHEMISTRY

IL‘[NTRODUCTION

Water, the greatest gift of nature, is a key resource to sustainable development
¥is crucial to social, economic and environmental dimensions. Water is an essential
ximent for the preservation and maintenance of almost all habitats in the Mother
1. In the Yajurveda, water has been described as the elixir of life, the source of
«yv that sustains life on earth and the factors that govern the evolution and functioning
% universe. There is no substitute for water, without it, humans and other living
misms die, farmers cannot grow crops and business cannot operate. Therefore,
zpate and uninterrupted supply of good quality water is to be maintained for the
smance of human development, in addition to preserving the hydrological, biological

schemical functions of ecosystems.

Water is always the talk of everywhere either due to too much of it or little of it.
;uture’s most abundant resource, water has a great deal of environmental value. Water
wsent in all regions of the earth either in one form or the other. Their distribution,
aity, quantity and mode of occurrence are highly variable. In global perspective, only
%of the liquid resource is fresh water, although water covers nearly 71% of the

sssurface (Table 6.1).
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| Table 6.1 Water resources of the earth

fource Volume (km") Percentage (%)
osphere 13,000 0.001

ans 1,32,20,00,000 97.2

zaps and glaciers 2,92,00,000 2.15

t% lakes and inland seas 1,04,000 0.008

4 moisture 67,000 0.005

serground water 41,70,000 0.625

1S 1,250 0.0001

«water lakes 1,25,000 0.009

b 1,35,56,80,250 100

;m: Strahler, (1973)

Water is going to be one of the major issues confronting humanity in the coming
aks (King, 1961; Bonell, 1993; Clarke, 1993; Biswas, 1993; Rosegrant, 1995). Fresh
ais one of the scarce resources to mankind. Being limited in quantity this resource
spbe wisely conserved and as such cautiously managed. Water resource development
wof the indicators of a nation’s economic growth.

The available fresh water would seem at first sight to be enough to supply all
zamental human survival of needs, if divided by the total population of the earth.
augh 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
xot about 20 billion people. Because of the wide disparity in average annual
wpitation, 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
=dince by storing water in reservoirs and transferring the stored water to the other
= The seasonal weather pattern sometimes arrives in excessive amounts and causing
zxale flooding and loss of human life. To add this problem, water is polluted when it

sdin industry, agriculture and for domestic purposes and thus the amount of water of
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auble quality available for human use is reduced still further. As a result of
s, the inferior quality water is used to meet the demand. Conversely, the need for
awater makes heavy demand on total resources.

Of all the earth’s water reserves, 97.2 % is saltwater and thus of no direct use to
m beings as drinking water, 2.15 % is locked up in glaciers and the polar caps as
swaler, and only 0.63 % is accessible freshwater. Demand for water resources is
rusing because of population growth and rising demand per person due to such causes
.migtion development, industrialization and increasing use by individuals as income
1 Agriculture is the largest sector using water and over 30% of the world food
nixtion comes from irrigated areas. Industrial water use is estimated to be 24%. The
~twide household use of water is estimated to be é% though 4% of the world’s
wigion uses a disproportionate amount of 300 - 400 liters per capita per day.

As demand increases, this resource is fast becoming scarce, global fresh water
smption rises six folds between 1900 and 2000; more than twice the rate of
wiion growth and the rate of increase of consumption is still accelerating. An
=ute by World Bank reveals that by the year 2025, about 3.25 billion people in 52
wmies will live in conditions of acute water shortage (Serageldin, 1995). As demand
nater rises, the potential for conflicts may increase. Many international commentators
what the water will be an increasing cause of dispute (some suggest even war) in the
=g years.

india has sufficient water resources on the average in comparison to many other
eries in the world. It is one of the wettest places on earth, with an average annual

=pitation of over 4000 km’, that amounts to precipitation of about 110 cm, and a total
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= low of around 1880km>, 7 million hectares of various types of lakes, ponds,
!r»oirs and a potential renewable groundwater resources of about 431423 million m’
k'), India possesses about 4% of the total average annual runoff of the world. It
r¥en assessed that out of the total precipitation in the country, the surface water
whlity is around 47%. Of this, only about 37% can be put to beneficial use because
.yographical and other constraints. India is gifted with many rivers and the major
@rsource potentials in them are depicted in Table 6.2.

The availability of surface water in various regions in the country is uneven with
voth zone (Indus, Ganga and Brahmaputra) having 77% of the country’s water
sie, the south flowing rivers with 5%, the east flowing rivers with 14% and the west
wg rivers in Kerala with 3% only. Regarding the ground water, the total utilizable
wiwater potential of the country is estimated to be 43.2 m-ha-m per year (Singh,
4 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
2y as @ whole, nearly one third of the potential has only been utilized at present.
swerage brings the bright future for our country in regard to groundwater potential.

InIndia, 70% of the population depends directly on agriculture. About 28% of the
amy's Gross National Product is from agriculture, which inturn has a bearing on land
owater resources. The annual availability of freshwater including groundwater in India
2be about 1.870 km3; on per capita basis, it works out to about 200 m’ (ie., 2x10%
sperson/year). It is expected to drop further to 148 - m’ in about 2 decades
squent to increasing population (Subramanian, 2000). Table 6.3 shows the projected

axd for freshwater up to 2050.
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' Tible 6.2 The major water resource potentials of India (after Singh, 1998)

Average annual water availability

River
Wate:: resource Per capita (m3) Per ha, of culgurable
potential (BCM) area (m")
" 7331 1749 7600
a@Brahmaputra-Meghna 1110.62 18061 52907
i 110.54 2048 5837
sdna 78.12 1285 3847
ity 2136 728 3692
semarekha 12.37 1307 6533
rimani-Baitarni 28.48 2915 8903
i 66.88 2513 8369
a 6.32 651 1774
4 11.02 1052 4977
amati 3.81 360 2455
mada 45.64 3109 7727
'm’ 14.88 1007 3285
: loving rivers from 87.41 3383 29700
;?:‘g;gy ;‘:f;fafé"m 113.53 3480 36078
m.in;;g;;;jgm 22.52 953 5199
:ﬂi"a“r’:ﬁmmtxen 16.46 366 2400
oK | oy |
2orrivers draining to 31.00 14623 B

2gladesh and Myanmar

i\f Billion Cubic Meters




Table 6.3 Demand of freshwater in India till 2050

o Demand (km’)

2000 2025 2050
‘awstic 42 73 102
gion 541 910 1072
Iy 8 22 63
7y 2 15 130
0 41 72 80
nl 634 1092 1447

wee: Central Water Commission

«WATER RESOURCES: THE KERALA SCENARIO

Kerala State is known for its enhancing lush green landscape, evergreen forests,
zx¢ water bodies, reservoirs, ponds, springs and wells. The state receives an average
mal rainfall of about 3000 mm, which make it the second most rain fed State in India,
at Assam (Upendran, 1997). The major freshwater resources are surface runoff
anly river discharges) and groundwater (wells or springs). Kerala has 44 rivers and a
aber of other freshwater bodies with a total discharge of 77900Mm’ (PWD, 1974).
wetimated irrigation potential of Kerala is about 16 lakh hectares. At present, the per
o water availability in India has decreased by four times, whereas in Kerala it has
emased by S times. Per capita freshwater resource is low in Kerala than the national
smge and also even lower than that of the dry State like Rajasthan, Gujarat, Karnataka
s Meharashtra.

Rivers form the connecting corridors through the landscape and their physical and
wegical features tend to vary in a predictable way from their headwaters to the river
wh zones. Upland streams are strongly influenced by hill slope process. The property

~messively changes downstream and influences the biologic community. In lowland
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fn.the river losses its energy due to loss of gradient (also see Chapter 3) or either due
gerction of freshwater with marine water and sometimes even both processes. Most
foshave estuaries but the extent of salt water mixing may vary from a few km? to a
?Imndred square kilometers (Subramanian, 2000).

, In spite all these facts, the condition of Kerala is very worse in regard to the
ming water potential. Eventhough the State receives heavy down pour, the shortage of
aking water is alarming during summer months. The requirement and demand of water
swrious end uses such as, drinking water supply, sanitation, irrigation, industries,
e generation, 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
4of nature is becoming more and more a scarce economic commodity. Hence it is
wotant and essential to have a scientific planning for the utilization of the available
wr resource and their judicious management. In order to achieve this target, it is
poant to have detailed information on available water resources, both surface and

psurface water resources, of the State.

JREVIEW OF LITERATURE

The drainage basins form the natural unit for physical, industrial and social
aning. The early researchers who recognised the obvious unitary feature of drainage
xis, 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
{iliman and Meade (1983). Gibbs (1970) discussed the mechanisms that control the

wld river water chemistry. Many studies have been carried out on the physico-chemical
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susas well. Some of the notable studies are those of Chacko and Ganapathy (1949) in
river Adyar; Chacko et al. (1953) in the river Malampuzha; Ganapathi (1956; 1964)
-xrivers Thambaraparani and Godavari; Deshmukh et al. (1964) in the river Kanhan;
#d and Ray (1966) in the river Daha; George et al. (1966) in the river Kali;
saeswarlu and Jayanti (1968) in river Sabarmati; Venkateswarlu (1969) in the river
ws; 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
wmasekhar (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)
-er Jhelum; Reddy (1984) in the river Tungabhadra; Zingde et al. (1985; 1986) in the
s Aurarig and Ambika; Konnur et al. (1986) in the river Cooum and
daranarayanan et al. (1986) in the river Periyar. Nair et al. (1990) have revealed that
siderable changes have taken place in the water quality of this river after the
mmencement of Hindustan Newsprint Limited located at the lower reaches of the river
a Velloor. Besides physico-chemical factors, many of the rivers of India were
xestigated 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;
siateswarlu and Sampathkumar (1982) in the river Moosi; Mahadevan and
~naswami (1983) in river Vaigai; Raina et al. (1984) in the river Jhelum; Agarwal
#)in the river Chambal and Reddy and Venkateswarlu (1987) in the river Amaravati
une special attention. The importance for choosing the river basin as a specific unit

ravironmental management studies is summarised by Chattopadhyay and Carpender

).
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Many studies have been undertaken to elucidate the hydrography of the
Hrkwaters of Kerala. These studies provide a fairly good picture of the highly dynamic
kaviromnental conditions prevailing in these water bodies. Rao and George (1959) have

sdied the hydrology of the Korapuzha estuary. Nair (1971) has studied the hydrology of

Jamkulam estuary. There are so many works carried on various aspects of the
gamudy estuary, the second largest estuarine system of Kerala. Nair et al. (1983;
: ) and Nair (1986) studied the physico-chemical features of Ashtamudy estuary. The
tysico-chemical features of Akathumuri — Anchuthengu — Kadinamkulam backwaters
we been studied by Nair et al. (1983; 1984) as part of survey on the ecology of Indian
suries. The estuarine characteristics and physico-chemical features of the Periyar
suary has been investigated by Sankaranarayanan et al. (1986). Balchand and Nambisan
1986) illustrated the nutrient fluctuations in Muvattupuzha river — Cochin backwater
wion. 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
milable in literature: nutrient levels in Periyar estuary with its different pathways
Wala Devi et al., 1991); and extensive discussion of the chemistry of phosphorus in
diments of Nadayara kayal (Madhukumar and Anirudhan, 1995; 1996). In a study on
¥ water-nutrient relationship, Babu et al. (2000) concluded that nutrient enrichment in
nerstitial water and overlying water of Ashtamudy estuary is due to the nitrification
mess operating in the sediment-water interface. Unnikrishnan (2004) made a
ssematic analysis on the water quality and pollution status of the aquatic environment

1the midland — lowland systems of Thiruvananthapuram district.
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rRESULTS
|  Concentrations of the physico-chemical constituents in the water samples of the
!?siyar and the Chalakudy rivers, (Fig. 2.2 and Table 6.4) collected from monsoon and
mmonsoon seasons, are given in Tables 6.5 to 6.8. Figures 6.1 to 6.10 illustrate
wnal and seasonal fluctuations of the estimated water quality parameters of these two

.

tle 6.4 Water sampling locations of Periyar and Chalakudy rivers (Refer Fig. 2.2
vfither details)

Periyar River Chalakudy River

i Locations Stn. Locations

l Chennamangalam 1 Kanakkankadavu

2 Chengamanad 2 Parakadavu

3 Eloor 3 Chalakudy Lower

4 Kadungallur 4 Chalakdy Upper

5 Aluva 5 Athirappally

b Perumbavoor 6 Kuriyar kutti

] Paneli 7 Orukomban

§ Bhoothathankettu 8 Sholayar Reservoir

9 Thattekkad Samples were collected from the same sites

10 Valarakuthu during monsoon and non-monsoon periods.

1l Periyar Reservoir
2.=Station
Wl pH

pH, the negative log)o of the hydrogen ion concentration in a solution, is an
portant parameter that determines the quality of water in an aquatic environment. The
wpiable pH limit for drinking water as per WHO specification is 6.5 to 8.5. For
distries, the desirable pH values are set closer to the natural value. One of the principal
wponents regulating pH in natural water is the carbonate level. The degree of

swciation of weak acids or bases is affected by changes in pH. The solubility of metal
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mmponents contained in bottom sediments and suspended materials will also be affected
Lthe pH.

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
smage value of 5.51. In this period, the Stn.1 at Chennamangalam, shows a low salinity
wthe highest pH value. The lowest pH in this period is revealed by water from Eloor
aion (Stn.3), which is polluted by wastewater discharge from various chemical and
ailizer industries (Fig. 6.1a). In summer period, (i.e. non-monsoon period) the pH
aues are slightly higher than the corresponding monsoon values and it fluctuate
wween 4.74 and 7.2 (av. 6.64; Tables 6.5 and 6.6). In Periyar river, the Stn.3 at Eloor
sows the lowest pH in the non-monsoon season. Except this low pH, all other samples,
vh from monsoon and non-monsoon periods, exhibit minimum spatial variations (Fig.
ilg). In Chalakudy river, the pH values of the monsoon season are less than neutral
aes (pH 7) with an observed variation of 5.39 to 6.8 (av.6; Tables 6.7 and 6.8). During
w-monsoon, the pH of water samples from the entire stretch of the river shows high
wlings and it fluctuate from 7.12 to 7.47 (av. 7.3; Table 6.8). At the same time pH
alues of the fresh water region of the same river varies between 7.12 and 7.32 (av. 7.29).
Te water samples taken from Parakkadavu has exhibited the highest seasonal difference

{pH (2.06), while the lowest is exhibited by water collected from Sholayar reservoir

186).
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W Electrical Conductivity

Electrical Conductivity (i.e. conductivity) measures the salt content of water in
¢fom of ions. Therefore, conductivity measurement is an indirect indication of the
ddissolved load in water. Water with high conductivity values is objectionable to both
mking and industrial purposes. Water with high conductivity values can cause
msion to the industrial systems. It is also not good for irrigation purposes because, it
aemhance the solidification of soils.

Due to the ingression of sea water, in the lower reaches of both Periyar and
ikudy rivers, these areas reveal wide variations in their conductivity measurements,
sially during the non-monsoon period. On the contrary, monsoon period, show only
agnal variations in conductivity readings. Higher values of conductivity are found in
tlower three stations of Periyar, while the entire stretch of Chalakudy river indicated
= water quality (Figs. 6.1c and d). In monsoon period conductivity values of Periyar
ris from a minimum of 29.4puS/cm and a maximum of 256pS/cm. The upper 8 stations
gmence fresh water quality during this season, where the conductivity fluctuates from
“4S/em to 45.8uS/cm with an average value of 36.25uS/cm (Table 6.5). During this
wod conductivity reveals slight spatial fluctuations in the stretch from Periyar reservoir
:Thattekad with a range of value from 29.4uS/cm to 31.6uS/cm. Thereafter the values
denly increased to 45.8uS/cm at Bhoothathan ketru and subsequently lowered
ully to 33.6uS/cm at Aluva (Fig. 6.1c). The abnormal increase in conductivity in
iothathan kertu reservoir may be due to the accumulation of dissolved salts in the
snvoir water. During non-monsoon period the conductivity readings of freshwater zone

feriyar river show a marginally lower range of concentration (24.8 - 33.4uS/cm; av.
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HS/em) than the corresponding monsoon readings. Water samples from Aluva show
rminimum seasonal differences of conductivity values (0.2uS/cm) while that of
wothan ket reveals the wide differences (18 uS/cm). The water from the lower
zches of Periyar river, from Eloor to Chennamangalam, shows markedly high
aductivity values (170 to 20550 pS/cm) in the non-monsoon period.

Contrary to the Periyar river, the conductivity of the Chalakudy river has
wgsered higher values during monsoon period compared to that of values of non
qnsoon period (Fig.6.1d). During monsoon, the readings fluctuate between 24.9 pS/cm
al#4.6pS/cm with an average value of 31.4uS/cm (Table 6.7). The values, in general
it a progressive increase from upstream to downstream, although water from all
aions reveal freshwater quality (Fig.6.1f). During the non-monsoon period, however,
tlst two stations near the mouth of the river show high conductivity readings (210
smto 17090 puS/cm) due to sea water ingression. At the same time, the conductivity
ties in the river stretch from Sholayar reservoir to Chalakudy Lower, exhibit a general
wase from 34.8 to 61 pS/cm (Table 6.8). The average value of conductivity in the
=hwater region of Chalakudy river during the non-monsoon period is roughly about
Mhigher than that of monsoon period.

W3 Dissolved Oxygen (DO)

The solubility of oxygen is a function of temperature, pressure and concentration
‘ins in water. Optimum concentration of DO is very much essential for maintaining
vasthetic qualities of water and also for supporting aquatic life. The disadvantage of

hinwater used in industries is the increased rate of corrosion to systems (NAS, 1974).
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P&r. the DO level is one of the indicators of the environmental pollution of aquatic
I:mems.
| The freshwater stretches of both Periyar and Chalakudy rivers show
matively high DO value, during monsoon as well as non-monsoon seasons. The
smonsoon values are higher than that of monsoon values. Roughly, DO content
guses from upstream to down stream in the study region. During the monsoon period,
wsived oxygen of the fresh water of Periyar river varies between 5.8 mg/l and 6.7mg/1
1 average value of 6.27mg/l. Water from Bhoothathan kerru has recorded the
zimum value, while the same from Perumbavoor exhibit minimum DO content. In
mmer period the DO values range from 6.7 to 7.9 mg/1 (av. 7.27 mg/l). During both
mds, water samples from the lower reaches of the river have recorded low DO values
athe water from freshwater zones (Fig.6.2a). During the monsoon period, DO values
‘(helakudy river varies between 5.2 mg/l and 7.2 mg/1 (av. 6.3 mg/l), which is slightly
Jer compared to the Periyar river. However, the DO content in the water samples of
mmonsoon season is significantly lower than that of Periyar river. The minimum and
ximum values of DO of Chalakudy river during this period are between 6.4 mg/l and
‘mgl. During both periods, water from Kuriarkutty has recorded the highest DO
nes. Water from Stn.6 (Chalakudy Lower) exhibit the lowest DO values.
{{Biochemical Oxygen Demand (BOD)

Biochemical Oxygen Demand (BOD) is the measure of the degradable organic

nerial present in water samples which can be defined as the amount of oxygen required

e micro organisms in stabilizing the biologically degradable organic matter under
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ic conditions. BOD indicates the strength of domestic and industrial contaminations
atic environments (APHA, 1985).

Water from Periyar and Chalakudy rivers reveals high BOD in non-monsoon
god compared to the monsoon period. Irrespective of seasons, in both the rivers, the
0 values exhibit an increasing trend downstream consequent to various types of
man interventions. In Periyar river, the industrially polluted Eloor station (Stn. 3) has
gitered the highest BOD in monsoon (3.8 mg/l) and non-monsoon (5.5 mg/l) periods
ale the upper most stations show the lowest value, indicating that the prime source of
whemically oxidisable organic matter is the industrial establishments. The range of
1D values in monsoon and non-monsoon periods fluctuate between 0.85 mg/l and 3.8
ul(av. 1.7 mg/l) and 1.2 mg/l and 5.5 mg/l (av. 2.34 mg/l), respectively. Compared to
aijar river, water samples collected from the Chalakudy river establish lower range of
ds during both the seasons. Water from Parakkadavu (Stn. 2) reveals the highest
1D content in both periods (monsoon: 2.4 mg/l; non-monsoon: 3mg/l). The respective
1gs of BOD values during monsoon and non-monsoon periods are 0.9 to 2.4 mg/1 (av.
ingl) and 1.2 to 3.0 mg/1 (av. 2mg/l).

i§ Alkalinity

Alkalinity measures the sum total of the components in water that tends to elevate
epH above 4.5. It is therefore, indicating the buffering capacity of water. Primary
wlinity in water will be contributed by the presence of HCO’;, CO;™ and OH’ ions.
wording to Saxena (1994), alkalinity is imparted more by the presence of CO; content
matural waters. Alkalinity resulting from naturally occurring ions like CO3;~ and HCOs'

znot considered as a health hazard for drinking water (NAS, 1974). The effect of
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winity in irrigation water can tell about the relative proportion of sodium in the
wititial water of soil. It may lead to chlorosis in plants as it tends to precipitate
10H), leading to iron deficiency to plants (NAS,1974).

In the fresh water region of Periyar, seasonal difference of alkalinity is low and
raverage alkalinity exhibits slightly higher readings during the non-monsoon period.
wever, the lower (estuarine) reaches of the river exhibits comparatively higher
Jeences in alkalinity values between monsoon and non-monsoon periods (Tables 6.5
166). Water from the entire region of Chalakudy river, on the other hand, reveals
aked seasonal difference of alkalinity and the non-monsoon readings are always higher
2 that of monsoon (Table 6.7 and 6.8). Among the two rivers, there is no much
Jeence in alkalinity values. During the monsoon season, the alkalinity of freshwater
aon of Periyar fluctuates between 5 mg/l and 17 mg/l (av.13.6 mg/l), while the
msponding values in summer period are 6 mg/l and 70 mg/l (av. 20.1 mg/l). The
ilinity values of Chalakudy river during monsoon period fluctuate between 8 mg/l and
.ngl with an average value of 10.3 mg/l. The minimum, maximum and average
ilinity readings of water from the Chalakudy river collected during the summer period
wnsoon season) are 12 mg/l, 66 mg/l and 20 mg/l, respectively.
ufChloride

Although chloride occurs in all types of waters, its concentration will be quite
s in natural freshwaters. High concentration of chloride in natural water is
wmidered as an indicator of pollution. Underlying alkaline rocks can also impart
-ide 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
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fagl make water salty and is unfit for potable uses as per WHO / BIS drinking water
wwds. Also, excessive chloride concentration affects taste. On an industrial
sective, elevated chloride content can cause corrosion to the industrial systems made
-xcially of stainless steels. In the presence of chloride ions, iron oxidizing bacteria
sdirectly involve in the production of ferric chloride, which inturn aggravates the
=ity of corrosion by several fold (Maharajan, 1988).

Chloride values of the two rivers (Periyar and Chalakudy) exhibit wide regional
aations during both monsoon and non-monsoon periods. Due to sea water ingression,
rower regions of Periyar and Chalakudy rivers have recorded very high chloride
=1, especially during the post-monsoon season, compared to monsoon period. With
:aflix of monsoon runoff, the chloride content in the mouth of the rivers are
sinably diluted with respect to the non-monsoon values (Figs. 6.2¢ and f). During
o0n period, the chloride concentrations of fresh water region of Periyar river varies
2173 mg/l and 8.59 mg/l with an average value of 7.81 mg/l. From the Periyar
worr to Bhoothathan kettu, the value shows a steady increase (7.3 to 8.08 mg/l),
xqently, the value decreases to 7.58 mg/l at Aluva and again increases to 8.5 mg/l
t Kadungallur. Downstream of this region, due to sea water intrusion, chloride
=t is markedly high (22.8 mg/l to 85.9 mg/l). During the non-monsoon period the
wihree stations have established almost uniform range of values of chloride (8.48 to
:ngl), which suddenly falls to the minimum of 6.12 mg/l at Perumbavoor (Fig.
i An entirely different pattern of chloride variation is given by Chalakudy river
e non-monsoon water samples have established enrichment compared to monsoon

z. Wide seasonal differences of chloride is established by Chalakudy river (3.4 to
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:2¢1). In monsoon period the entire stretch of this river has established freshwater
gt (Table 6.7). During both monsoon and non-monsoon periods, the chloride
gt of Chalakudy river increases downstream, consequent to anthropogenic activities.
1nonsoon and non-monsoon ranges of chloride in Chalakudy river are 7.4 t012.6 mg/l
591 mg/l) and 10.9 to 14.0 mg/l (av. 12.2 mg/) respectively. The abnormally high
wsof chloride in the lower reaches are attributed to sea water ingression.

A'Sulphate

Most natural waters contain sulphates. A considerable amount of sulphate is
# to hydrologic cycle through atmospheric precipitation. Along with excessive
fum and magnesium dissolved in waters, sulphate can cause gastrointestinal irritation
3EPA, 2000). Sulphate salts are mostly soluble and impart hardness to water. Water
t aulphate 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
mentration. In both river waters, the concentrations of sulphate in monsoon are
apratively higher than non-monsoon concentrations (Figs. 6.3c and d). Among the
wrivers, Periyar river exhibits lower sulphate content during the monsoon period,
1k in non-monsoon period, the Periyar river transport elevated levels of sulphates than
zofthe Chalakudy river. In Periyar, the sulphate content varies between 0.72 mg/l and
‘Img/l (av.1.40 mg/1) in monsoon; and 0.10 mg/l and 0.48 mg/l (av. 0.24 mg/l) in non-
wwsoon. The corresponding ranges of sulphate values in the Chalakudy river during
ysoon and non-monsoon periods are 0.82 mg/l and 2.56 mg/1 (av.1.8 mg/l) and BDL

o 1.08 mg/l (av. 0.26 mg/l). In Periyar river, the lowest seasonal sulphate is exhibited
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te water sample collected from Kadungallur (Stn. 4), while the highest variation is
pied by water sample from Thattekkad (Stn. 9). Water samples from the upstream

rveal comparatively high seasonal differences of sulphate while downstream the
fivnce is narrowed and established the minimum at Kadungallur. Chalakudy river
=is a different picture, the upper four stations of the river water reveals a total
e of sulphate during the non-monsoon period while in monsoon period water from
ratire river stretch establishes its presence. Chalakudy water during both periods
gated a steady increase of sulphate content from upstream to down stream stations.
§Hardness

Hardness of water is caused by polyvalent metallic ions. Hardness is attributed
mipally by Ca and Mg, although other metals such as Fe, Sr and Mn can also impart
ess when present at appreciable concentrations. Hardness when caused by
wbonates and carbonates of Ca and Mg, it is called temporary hardness as can be
aoved by boiling (APHA, 1985). Sulphates and chlorides of Ca and Mg can cause
manent hardness, as it cannot be removed by boiling. In general practice, the hardness
qneasured as concentration of only Ca and Mg (as CaCO;), which are far high in
aentration over other cations.

Periyar river water reveals wide regional fluctuations in its hardness values.
mples from the middle stretch i.e. between Bhoothathan kerru to Kadungallur, show
mimum seasonal as well as spatial variation of hardness while the corresponding
afings from the upstream portion (Periyar Reservoir to Thattekkad) record less

inations (Fig. 6.4a). On the other hand, in general, the hardness of Chalakudy river

e progressively increase downstream (Figs. 6.4b and d). The variation is more vivid
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- on-monsoon period than the monsoon period. During the monsoon season
=55 of the two rivers fluctuates between 10 mg/l and 16 mg/l (av. 9.4 mg/l) in
=rand 7.8 mg/l and 14 mg/l (av. 9.4 mg/l) in Chalakudy. In the summer period the
give minimum, maximum and average hardness values of Periyar river are 8 mg/l,
zland 9.3 mg/l while in Chalakudy river the values are 9.5 mg/l, 13 mg/l and 10.5

i.rspectively.

dNitrogen (NO, —N, NO; —N, NH; —N and Nyo)

Nitrogen, which forms the major constituent (about 80%) of atmosphere, is found
nll amounts in surface water because of its low solubility. Nitrogen reaches the
aicenvironment through diverse sources such as domestic / urban sewages, chemical
amies and agricultural lands. Concentration of nitrogen compounds in water above
aissible limit can lead to fish diseases or even fish mortality (Sabata and Nair, 1995).
2gn compounds in fresh water owe their origin to rain water as well as soil organic
smees. Most of the nitrogen comes in the form of organic nitrogen and ammoniacal
=en. Oxidation of ammonia to nitrites and then to nitrates occurs under aerobic
tiion. When nitrogen is present mostly as nitrates, pollution may be inferred to have
aplace during the past (Saxena, 1994). Higher concentration of nitrate imparts
wsproblems to public water supply schemes.

%-Nitrogen (NO; —N)

Water samples from Stns. 4 and 5 of Periyar river shows the presence of NO-N
agthe non-monsoon period, while in monsoon season, water from the entire stations
s its presence with marked regional variations (Figs. 6.4e and f). In the Chalakudy

z.except water sample from Stn. 3 (Chalakudy Lower), NO-N is absent in other
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ons during non-monsoon period, whereas in monsoon period water from entire
gions reveal the presence of NO2-N. In Periyar river, the concentrations of NO>—N in
n seasons varies between 3.26 pug/l and 10.0 pg/l with an average content of 5.64
¢l(Table 6.5). During the non-monsoon period, the lowermost two stations (Stns. 1 and
‘eveal comparatively low NO-N values (0.65 to 0.91 pg/l). In Chalakudy river, the
gentration of NO.—N during monsoon period varies between 1.68 pg/l and 7.08 pg/l
5.34 ug/l) and the values, in general, increase downstream.

mte - Nitrogen (NO3—N)

Nitrate - Nitrogen of water from the two rivers reveals wide seasonal as well as
wonal variations. The seasonal variation is lower in Periyar river compared to that of
Makudy river (Fig. 6.5a). In both the rivers, the monsoon values are many fold higher
w the corresponding non-monsoon values (Tables 6.5 to 6.8). During both seasons
wiyar river reveals markedly higher values of NO ;—N compared to the corresponding
#ies of Chalakudy river. The concentration of NO ;N in Periyar river varies between
4pgl and 1085 pg/l (av. 788 pg/l) during monsoon and 32.3 pg/l and 426 pg/l (av.
Apg/) during non-monsoon. The corresponding ranges of NO3—N in Chalakudy river
mng monsoon and non-monsoon seasons are 340 to 627 pg/l (av. 474 pg/l) and 52 to
Mg/l (av. 126 pg/l) respectively. During the non-monsoon season, the nutrient content
#ies from upstream to downstream in both rivers, whereas in monsoon period no such
mustream fluctuation is observed. The high values of NOs-N in Periyar river with
sect to Chalakudy river may be due to the increased quantity of solid and liquid wastes

sother nitrogenous contaminants from agricultural / domestic / industrial sources.
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smonia - Nitrogen (NH;-N)

Ammonia - Nitrogen is absent in the Periyar and Chalakudy rivers during
msoon as well as non-monsoon periods, except the samples collected from Eloor
wn (Stn.3) of Periyar and Parakkadavu (Stn. 2) of Chalakudy river. The
xentrations of NH;3-N at Eloor during the monsoon and non-mosoon seasons are 76
Jand 351 pg/l, respectively. The Parakkadavu station of Chalakudy river shows 2.1
Zduring monsoon and 19 pg/l during non-monsoon.

i Nitrogen (Nt

Total Nitrogen records marked seasonal as well as spatial variations both in
sijr and Chalakudy rivers (Figs. 6.5¢ and f). The seasonal difference is higher in
Makudy river than Periyar river. During monsoon season, the Ny, concentrations in the
xwater of Periyar river varies between 890 pg/l and 990 pg/l (av. 940 pg/l) and for
yakudy between 641pg/l and 991pg/l (av. 809 pg/l). In non-monsoon period the
fes of Ny are relatively low in Periyar and it varies between 495 pg/l and 719 pg/l
1519 pg/l). In the case of Chalakudy river, the values are exceptionally low during
wmonsoon period compared to monsoon period. The minimum, maximum and
smge concentrations of Ny in Chalakudy river during the nonmonsoon season are 116
4 317ug/l and 319 pg/l, respectively. Generally Ny values of monsoon and non-

msoon periods increase progressively downstream. The variation is more pronounced

mg non-monsoon period.
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JiPhosphorus (Reactive and total)

Phosphorus occurs in very low concentration in all types of natural waters. It is
ey element required for the growth of freshwater plants. Phosphorus is considered as
aiting nutrient for eutrophication. The lithogenic forms of phosphorus are generally
duble in water. Domestic and industrial effluents and agricultural drains are the major
x5 of phosphorus in water environment. Hence, its elevated concentration is
«ative of pollution (Lerman, 1978). In water, phosphorus occurs both as inorganic
:oganic forms. Under oxidizing condition, the inorganic phosphorus will be
«pitated 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
#zcolumn as soluble forms.
xiive Phosphorus

Reactive phosphorus in Periyar river show wide spatial fluctuations during
soon as well as non-monsoon periods (Fig. 6.6a). During monsoon period, the fresh
srregion of Periyar river has recorded reactive phosphorus values between 28.4 pg/l
£43.5 pg/l with an average of 36.3 pg/l (Table 6.5). In non-monsoon period, however,
tlevels of reactive phosphorus are considerably lower to about half of the monsoon
s, and are fluctuating between 13 pg/l and 29 pg/l (av. 16.9 pg/l). Reactive
wphorus in Chalakudy river vary between 28 pg/l and 58.5 ug/l (av. 41.6 pg/l) in
wsoon period and between 17 pg/l and 29 pg/l (av. 21.5 pg/l) in non-monsoon period.
mng the monsoon period the reactive phosphorus in Chalakudy river exhibits an

wasing trend downstream (Fig. 6.6b).
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1Phosphorus (Pior)

During non-monsoon period, Periyar river shows wide spatial fluctuations of Py
mred to the values of monsoon season (Fig. 6.6e). In the upstream of Periyar the
sl difference of Py is minimum while towards downstream the difference
gally increase and exhibits maximum values in the last three stations (Stns. 1,2 and
dring the monsoon period, samples from the fresh water zone reveal a range of Py
mtration between 68 pg/l and 185 pg/l with an average value of 126pug/l; while

14 non-monsoon period Piot exhibits high values in majority of stations. In this

wn the values fluctuate between 69 pg/l to 161pug/l (av. 115 pg/l). Water samples
wal stations of Chalakudy river, unlike that of Periyar river, exhibit clear seasonal
smnce of Py with higher values in monsoon period. Generally, during both periods
.lues reveal an increasing concentration from highland to lowland of the river

= (Fig. 6.6f). The range of Pyt values in Chalakudy river during monsoon and non-

xon period are 88 pg/l to 139 ug/l (av. 104 pg/l) and 38 pg/l to 56pg/l (av. 43 pg/l),

sutively.

Ul Silicate Silicon (Si0,-Si)

Silicon in natural waters is usually represented as acid. It decreases with
zsing salinity content. The concentration of silica in natural waters is usually
sen | to 30 mg/l. The solubility of silica has been found to be more at high pH or
semperature (Trivedy and Goel, 1984).

The seasonal fluctuations of silicon (Si0,-Si) values are higher than the regional

aations. Chalakudy river water reveals wider seasonal differences than that of
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t,ar (Figs. 6.7a and b). The monsoon readings of Periyar river are slightly higher than
wmesponding values of Chalakudy river while in non-monsoon period a reverse trend
bllowed where the values in Periyar river are slightly lower than the corresponding

wes of Chalakudy river. During monsoon period the minimum and maximum ranges of

:liwn in Periyar and Chalakudy rivers are 5.01 mg/l to 5.99 mg/l (av. 5.55 mg/l) and
,|’;92mg/l to 5.13 mg/l (av. 4.4 mg/l), respectively. In summer period, silicon values of
fyar fluctuate between 7.81 mg/l and 8.66 mg/l with an average value of 8.16 mg/l,
Wil the respective minimum, maximum and average silicon contents in Chalakudy river
mng the same season are 8.72 mg/l, 9.35 mg/l and 8.99 mg/l, respectively. In
Makudy river both the saline water stretch during the non-monsoon period
hmkkadavu to Kanakkankadavu) and the fresh water region (except water from the
ilayar Reservoir) during monsoon season, reveal an increasing trend of SiO,-Si
mastream (Fig. 6.7b).
i12 Fluoride

In natural waters fluoride occurs as free anion (F), the dissociated HF and its Al,
2and Be complexes. Incidence of F pollution resulting from effluent discharge from
sosphate fertilizer factories and aluminium smelters has been reported (Joy and
Wakrishnan, 1990; Gopalan, 1999; Latha, 1999). It has been well documented that an
awss of F in drinking water causes dental fluorosis and skeletal deformities. The water
wlity criteria, (USEPA, 2000) stipulated that F level equal to or exceeding 1.5 mg/l is

wardous to environment and impose impairment of normal functioning of plants and

gimals.
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The Periyar river water does not give significant difference in fluoride content.
wmonsoon readings of fluoride are lower than the corresponding non-monsoon values.
mg non-monsoon period both Periyar and Chalakudy rivers shows almost similar
age F content (~ 47 mg/1) in the freshwater zone, while during monsoon period, the
ae fluoride content in Periyar is slightly higher (56.1 mg/l) than that in Chalakudy
z(82.2 mg/l). In the fresh water region of Periyar river, during the monsoon period
mge varies between 44 mg/l and 70 mg /1 whereas in summer period the values
mate between 44 mg/l and 54 mg/l. In Chalakudy river the range of fluoride content
wween 9.8 mg/l and 92 mg/l (monsoon) and 25 mg/l and 90 mg/l (non-monsoon).

3 Calcium and Magnesium (Ca and Mg)

Calcium and magnesium are found in higher concentration in all natural waters.
twoncentrations of these elements will be high in regions characterized by feldspathic
s like that of the present study area. Usually concentration of Ca in freshwater will
sigher than that of Mg 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
;1non-monsoon periods compared .to the corresponding periods of Chalakudy river.
wg monsoon period Periyar river exhibits wide variations of Ca than that of non-
moon 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
moon period, the values varies widely between 2 mg/l and 4.01 mg/1 (Figs. 6.8a and
During this period the sample collected from Bhoothathan kertu shows significantly
ger content of Ca than the rest of samples. Ca concentration of water from Aluva is

smtially lower than that of the rest of the samples. During both periods, Ca
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warations in Chalakudy water reveal a steady increase towards downstream
368b). The variation is more pronounced in monsoon season. The minimum,
amum and average values of Ca in the river during monsoon and non-monsoon
ms are 1.0 mg/l and 3.2 mg/l (av. 1.7 mg/1) and 1.6 mg/l and 2 mg/l (av.1.87 mg/l),
sutively. The differences of Ca values between these two seasons also show a
musing trend downstream.

The concentration of Mg in the water samples of Periyar river shows a wide
wnal fluctuation than Ca concentration. During monsoon period, the readings vary
seen 0.73 mg/l and 1.46 mg/l (av. 1.11 mg/l), while in non-monsoon period, the
s fluctuate between 0.56 mg/l and 0.82 mg/l, (av.0.72 mg/l). Water samples from
1 Bhoothan kettu and Aluva have recorded the highest concentration of Mg (1.46
t) while the readings from the upper three stations remain almost constant (0.73
7). Contrary to this, the Mg values of Chalakudy water present a different picture with
st stable concentrations during monsoon period than the corresponding values of the
smonsoon period (Figs. 6.8e and f; 6.9a and b). During monsoon period, Mg content
te river water fluctuates between 0.49mg/l and 1.94 mg/l (av. 0.7 mg/1). In water
mples between Orukomban (Stn.7) and Chalakudy Lower (Stn.3) the values are almost
alr (0.49 mg/1). In non-monsoon period, the concentration of Mg varies from 0.58
i100.97 mg/l with an average value of 0.97 mg/1.

Al§Iron (Fe)

With an average abundance of 5% by weight, iron is the fourth most abundant

=x¢nt in the earth’s crust. It is also the essential component in the oxygen transfer

shanism of the circulating systems of all animals and plants. In some waters it will

104



a) Periyar

100 -

b) Chalakudy

} )
3 E
[ ©
0 10- Q
1 — - . .
1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7
Stations Stations
c) Periyar d) Chalakudy
45 - 35-
“ 3 -
i 34 _ - =
-~ } a 2
pis £ 2
o‘ 2- 8‘ 1.5~§
15- 1 1
1- —o—M | ! i+M :
05- —o—NM' 0.5 - —o—NM
0— N 0 - — :
12 3 4 5 6 7 8 9 1011 1 2 3 4 5 6 7
Stations Stations
e) Periyar f) Chalakudy

01

12 3 4 5 6 7 8 9 10 11
Stations

Mg, mg/l

i 2 3 4 5 6 7 8
Stations

{tennamangalam, 2 - Chengamanad,
tloor, 4 -Kadungallur, 5 - Aluva,
Peumbavoor, 7 - Paneli,
Shoothathankettu, 9 - Thattekkad,
Valarakuthu, 11 - Periyar reservoir

1 - Kanakkankadavu, 2 - Parakadavu,

3 - Chalakudy Lower, 4 - Chalakudy Upper,
5 - Athirappally, 6 - Kuriyar kutti,

7 - Orukomban, 8 - Sholayar reservoir

168 Spatial and seasonal variation of Ca and Mg along Periyar and Chalakudy

rivers




eeither directly or indirectly, the growth of algae. Although iron has a little direct
whgical significant, it often controls the concentration of other elements, including
theavy metals, which are present in trace in the surface water. Total environmental
1f iron is enormous. As per one estimate, about 9.9x10® metric tons of Fe are
sorted annually by rivers and 5x10° by atmospheric rainout (Westail and Stumm,
. They estimate that 28% of the iron in the atmosphere is originated from
mpogenic emissions, the remainder comes from continental dust flux (49%),

wiic dust flux (22%) and other sources.

alron (Feyer)

During the monsoon season the average value of Fe,, in Periyar water is more
rdouble that of the corresponding Chalakudy water. During the season, the Fe has
auted widely in both the rivers (Periyar: 778 to 4620 mg/l; Chalakudy: 529 to 973
1. During the non-monsoon period too, the minimum and maximum values account
“igher differences, especially in Periyar water (Fig. 6.9c-f). The range of values in the
siver waters are 163-1080 mg/l (Periyar) and 156-324 mg/l (Chalakudy river). The
= content of total iron in monsoon period in the two rivers may be due to the
zasing flux of suspended sediments during monsoon period.
sglved Iron (Fe(pis

Dissolved iron records higher values in Periyar river during monsoon and non-
wwn periods than that of Chalakudy river. Fe(pis) reveals high values in non-
x00n season than monsoon. The concentration ranges of Fe(piss) in monsoon and non-
zon season of Periyar river are 20 to 44.5 mg/l (av. 28.8 mg/l) and 55 to 86mg/1 (av.

2 mg/l), respectively. The Chalakudy river exhibits wide seasonal differences in
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ay values compared to that of Periyar river. The non-monsoon Fe concentration of
fir water is about 2.6 time and that of Chalakudy river 4 time higher than the

ryponding Fe concentrations of monsoon season.

{5 Total Suspended Solids (TSS)

fispended solids will always be present in natural waters at different concentrations.
pamount 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

aive effects of suspended solids:

+ Suspended solids interfere the self-purification efficiency of rivers and negatively
affect the photosynthesis and smooth benthic organisms.

+ Suspended solid concentration is a nuisance as far as the river aesthetics is
concerned.

+ 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
of these systems.

TSS causes ecological imbalances in aquatic systems by mechanical
drasive action. High loads of suspended solids can cause significant deterioration in
te survival condition for aquatic organisms. Suspended solids may be in the form of

marse, floating, settleable or fine colloidal particles as a floating film.

The TSS content of Periyar are found high during both the periods than the
thudy river. During the monsoon period both the rivers have registered high regional

#ence of particulates. The TSS values of Periyar river varies between 13.2 mg/l and
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-ng/l (av. 75.89) during monsoon period; while the corresponding range in the non-
won period is 1.1 to 15.5 mg/l (av. 3.51 mg/l). The total suspended solids in
dkudy river water during monsoon period is several fold higher than the respective
15 0of non-monsoon period (Fig. 6.10f). During non-monsoon period, the TSS values
mses from upstream to downstream, where the concentration fluctuates between 2.0
;and 4 mg/l with an average value of 2.73 mg/l. Contrary to this, TSS concentration
1e monsoon season, in general, shows a decreasing trend downstream (Fig. 6.10f).
ag 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
wntration  exhibits a steady decrease downstream and at Kanakkankadavu the
wentration attains a value of 11.6 mg/l. The average value of TSS during monsoon is
img/l which is about 15 time higher than that of non-monsoon.

16 Total Dissolved Solids (TDS)

Excess of Total Dissolved Solids in water are objectionable to human
umption because of possible physiological effects and unpalatable mineral tastes.
king water with high degree of dissolved solids produces laxative effects and
etimes 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
1, except the water from the Chalakudy lower station (Stn.3), all other samples

ils more or less uniform seasonal difference. The TDS of the fresh water reaches in
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ayar river varies between 17.8 mg/l and 30.8 mg/1 (av. 24.5 mg/1) during monsoon and
img/l and 26.5 mg/l (av. 18.9 mg/l) during non-monsoon. The average monsoon and
wmonsoon values of TDS in Chalakudy river water are 21.9 mg/l (range: 16.1mg/1 and
1§mg/) and 26.3 mg/1 (range: 22.8 mg/l and 37 mg/1.) respectively.
$DISCUSSION

Periyar and Chalakudy rivers exhibit marked seasonal as well as spatial variations
ithe water quality parameters. The degree of fluctuation is more in the case of Periyar
wr compared to the Chalakudy river. Monsoon floods mainly control the seasonal
wer chemistry while the basin characteristics, which is influenced / controlled by the
mse human settlements throughout the middle and lower regions of the river basins,
gy have marked influence on the wide regional water quality variations. The Periyar
d Chalakudy rivers reveal unique seasonal variations in the case of pH, DO, BOD,
idinity, P, SO4, 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
iferences for certain other parameters like EC, chloride, Ca, Mg, etc.

A comparative evaluation of the water quality parameters between Periyar and
Makudy rivers reveal that the former is contaminated more due to influx of
asiderable quantity of liquid and solid wastes of industrial / domestic / urban origin
migh many outlets of the river course. Water from the industrially polluted Eloor
yion of the Periyar river records extremely low pH of acidic range during monsoon as
#ll as non-monsoon periods. Also during the two seasons the pH readings of Periyar
v is lower by one or more pH units than the corresponding values of Chalakudy river.

mduction of industrial effluents into Chalakudy river is very less compared to Periyar
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ke large numbers of industrial establishments are situated in the peripheral areas of
;latter. Majority of these industries discharge large quantity of processed or
meessed effluents directly into Periyar river (Paul and Pillai, 1983). Besides
wries, large numbers of townships and human dwellings / settlements on the banks of
gtwo rivers also contribute wastes and wastewater to these river systems, which in
pdeteriorate the water quality considerably. Among these two rivers, contamination
tisseveral folds higher in Periyar river than Chalakudy river. The impact of industrial
imestic / urban waste is severe during the non-monsoon period compared to the
moon period as there is no dilution or washing of contaminants during the non-
moon period. The upward rate of contamination of water from upland to lowland
gns is clearly evident from the increasing values of BOD and decreasing DO content
nhigher regions to lower regions. The increase of BOD from upstream to downstream
e to the enormous of the addition of organic contaminants of
mstic/town/industrial concerns from upland to lowland regions and the elevated
xentration in non-monsoon period is the lack of sufficient fresh water flow through
wvers and subsequent dilution effect. Inflows of monsoon floods with large amounts
intrients consumes considerable quantity of DO to oxidize the same to stable end
sucts and the net result will be the abrupt depletion of DO content in fluvial systems
wishy, et al., 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/l). It is to be noted that during
msoon and non-monsoon periods the DO content of water near the Eloor industrial belt

ssered the lowest value. The discharge of industrial effluents might be the reasons for
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:tigh presence of NH3-N influx at Eloor region. The low content of DO at this region
autes to the incomplete oxidation of ammonia to the stable nitrate forms. The
watration of ammonia in this location increases to a staggering level of more than
ttime during non-monsoon period over a corresponding value of monsoon period.
iscan be associated to the lowest DO value (Tables 6.5 and 6.6) and to the absence of
s water flow in sufficient quantity for the dilution of the vast quantity of industrial
fents discharged into this particular region.

The lower stretches of the two rivers are greatly affected by sea water intrusion
geially during the non-monsoon period. During this period sea water reached upto
o of Periyar and just below the Parakkadavu region of Chalakudy river. However,
mg monsoon period the phenomena is considerably reduced and Eloor and
wmnamangalam, the two sample locations from the lower most stretches of Periyar
wrevealed a salinity of 2.55%» and 16.81%, respectively during non-monsoon period.
¥ high salinity is considerably reduced to 0.08%c in Eloor and 0.18% in
¥mamangalam during the monsoon period. The lower stretch of Chalakudy river is
scontaminated by sea water ingression. The two lower most stations (Stns.1 and 2) of
skudy river are affected by salinity during the non-monsoon period. The extent of
wded salinity in these two regions, Parakkadavu and Kanakkankadavu, are 0.12%o
114.89%¢, respectively. However, sea water intrusion is totally absent during monsoon
ziod in Chalakudy river.

Monsoon flood imparts marked changes in the water quality of both Periyar and
kudy rivers. Due to the dilution and cleaning effect of monsoon floodwater the

1D values are brought down by 25% in the case of Periyar as well as Chalakudy river.
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@ pH and DO content are reduced by monsoon flood which may be due to the
nduction of acidic material and oxygen demanding organic substances, respectively,
ige quantities into the river. All nutrient species of nitrogen and phosphorus exhibit
@10 three time increase during monsoon season compared to non-monsoon season.
mever, SiO2-Si is reduced, on an average, by 32% in Periyar and 50% in Chalakudy
w during monsoon compared to non-monsoon season. This suggests that the rate of
nof SiO,-Si through these fluvial systems is controlled mainly by the weathering
ness. Monsoon discharge dilutes significantly the concentration of dissolved Fe in
@ Periyar and Chalakudy rivers. Particulate content of Fe in monsoon water is
xsiderably high compared to that of non-monsoon water. The concentration of TSS in
s-monsoon period is several time higher in Periyar (16 times) and Chalakudy (9 times)
=5 than monsoon. Though nutrients of nitrogen species are discharged mainly in
wived states through monsoon water of fluvial systems to the estuarine / marine
sionment, the particulates, rather than the dissolved states, are the prime carriers of the
wient - phosphorus (Babu and Sreebha, 2004).

All nutrients of nitrogen, phosphorus and silicon in the two rivers revealed
ik regional as well as spatial variations. In Periyar river, the average value of total
mgen during monsoon and non-monsoon periods are 1008 pg/l and 645 ug/l,
sectively. The corresponding readings in Chalakudy river are 809 pg/l and 271 pg/l,
sectively. Due to sea water intrusion the lower region of Periyar as well as Chalakudy
s attains marine conditions during non-monsoon period. In this season the total
mgen values are higher in saline water zone than freshwater area. The average Nio

wmentration in fresh water and saline water regions of Periyar river are 579 ug/l and
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0 ug/l, respectively. The fresh water and saline water regions of Chalakudy river,
wwever, reveal lower Ny values — 284 pg/l and 532 pg/l respectively than Periyar.

The Ny is comprised of Dissolved Inorganic Nitrogen (DIN) and Dissolved
Yganic Nitrogen (DON). During the monsoon period, both Periyar and Chalakudy rivers
ahibit high average DIN content (Periyar: 801 pg/l; Chalakudy: 478, pg/l) than the
amesponding DON values (Periyar: 124 pg/l; Chalakudy: 342 pg/l). The major sources
finorganic nitrogen are land runoff and industrial effluents while the major sources of
wanic nitrogen are urban / domestic effluents as well as monsoon floods over
wmaminated 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
“riyar river.

The major parameters that constitute DIN are NO,-N, NO;-N and NH;-N.
Jring the oxidation of ammonia and organic nitrogen to the stable nitrate, which is the
sl product of the aerobic biochemical oxidation of the two parameters, trace quantities
fnitrite may be formed and its concentration will vary with the concentration of
ndized materials and also the DO content of the river water. The presence of higher
aels of NO,-N in Periyar with respect to Chalakudy river indicate the addition of large
untity of oxidizable organic matter to the river system. The concentration of NO3-N is
tited to season as well as hydrological conditions of these systems. Normally, the dry
miod (non-monsoon) should record high concentration of the nutrient due to the heavy
iharge of effluents composed of nitrogenous materials into the river which will build
pvarious species of nitrogen nutrients in the absence of reduced flow of water and

sequent dilution effect. The two rivers, Periyar river in particular, receive large
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untity of wastes / contaminants of diverse nature. But, instead of increasing the nutrient
meentration in non-monsoon seasons, the values actually exhibit very high values in the
amsoon period. This phenomenon can be explained as follows: a) the mineralization
wreduced uptake of the nutrients by plants in the river basins during dry season and b)
«xhing of nutrients during the subsequent monsoon period (Randal et al., 1997). Again,
uing dry season the very little surface run off is insufficient to transport all mineralized
wrients of top soil and from the lower unsaturated zones to the fluvial systems. Though
irte and organic nitrogen (dissolved and particulate) are the principal forms of nitrogen
1sreams and rivers, ammonia also enters to the systems through industrial, domestic
s urban wastes. However, depending upon its quantity and the availability of DO,
mmonia will be transformed to nitrate. The presence of ammonia in a particular
wion points to the extent of contamination in that location. The enhanced
meentration of ammonia near Eloor station is a clear indication of industrial pollution in
it area.

During non-monsoon period, the concentration of DON overweighs the
mesponding DIN in both Periyar and Chalakudy rivers. Thus the average DIN and
YN content in Periyar river during the non-monsoon period are 291 pg/l and 353 pg/l
wpectively. The corresponding values in Chalakudy river are only 130 pg/l and 141 pg/l
wectively. The high values of DON compared to DIN during non-monsoon period can
vatributed to the reduced contribution of nitrates from drainage basin and accumulation
fdomestic and urban wastes in river channels from near by areas.

A plot of Ca + Mg vs HCOs shows that the data points of water from monsoon

l non-monsoon periods of these two rivers lie above or on the equiline. Though the
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1+ Mg)/ HCO; ratios in both seasons are approximately equal to unity, the ratio is
fh in non-monsoon than that of monsoon (Fig.6.11), indicating that chemical
thering is predominent in non-monsoon period. River water derives its chemical
itituents through weathering (mainly HCO; and range of cations), by precipitation
tinly Na and Cl) and by human additions (nutrients and toxic metallic constituents).
tdissolved salt contents in aquatic systems are controlled by precipitation and rock
racteristics / weathering. Three major processes are responsible for the chemical
iion of water resources in aquatic environments. They are (1) atmospheric
tipitation, (2) rock weathering and (3) evaporation and crystallization. To identify the
jor controlling factor in Periyar and Chalakudy rivers, Gibbs (1970) plot has been
mpted in which the ratio CVCI+HCO3 is plotted against TDS concentration
16.12). The plot reveals that during both periods the Periyar and Chalakudy river
wers are mostly dominated by precipitation and partly weathering.
{NUTRIENT FLUX

The flux of different nutrients such as DIN, DON, DIP, DOP and Sijss ) as well as
) through  Periyar and Chalakudy rivers varies widely. The rate of flux of DIN
mgh Periyar river is considerably higher during monsoon as well as non-monsoon
fiods than that of the Chalakudy river. The monsoon values of DIN, DIP and DOP are
akedly higher than the corresponding non-monsoon values. The SiO;-Si, (Siiss)) and
;1) Teveal ‘high values during non-monsoon period (Table 6.9). The average DIN
7ng monsoon and non-monsoon periods in Periyar river are 801 pg/l and 291 pg/l.
thoth periods, the corresponding values in Chalakudy river were comparatively lower
 varies between 478 pg/l (monsoon) and 130 pg/l (non-monsoon). Periyar river

seals higher seasonal difference of DIN (510 pg/l) than that of Chalakudy river (343
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&) The high values of DIN in Periyar river is the result of the interplay of many
mors. Contribution of DIN from agricultural, industrial and urban sources is high and
14 be cited in this regard. Water from the industrially polluted Eloor station of Periyar
wrded the highest concentration of DIN and DON during both periods (Fig.6.13a and
. Eventhough monsoon water from Chalakudy river revealed wide regional fluctuations
‘DN and DON the concentrations of both these parameters show a steady increase
mistream 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
wmdifferent sources. On the other hand, in Chalakudy river, major contaminant supply
ilom urban / domestic wastes as there are not much industries located in this basin.
Jrng non-monsoon season due to the continued addition of wastes and the absence of
shwater flow the building-up of contaminants in the river takes place regularly from
merto lower regions.

The total season-wise discharge of different types of nutrients through the two
w5 - Periyar and Chalakudy - are computed from flux rates of nutrients and from the
a discharge of water. On an average, the Periyar river discharges 5790 mM?® water
mg monsoon and 1028 mM’ water during non-monsoon period. The corresponding
asoon and non-monsoon water discharges of Chalakudy river are 1573 mM® and 156
i, respectively. The flux of nutrients computed based on these discharge figures are
nished in Table 6.9. From this table, it is evident that a substantial quantity of
wients is discharged during the monsoon period. In Periyar river, the total quantity of
Nand DON discharged to the receiving coastal waters of the Lakshadweep Sea during
msoon period are 4638 tons and 718 tons, respectively. The corresponding quantities
ite two nutrients during non-monsoon period are comparatively less (DIN, 299 tons

#DON, 363 tons). Compared to Periyar river, the quantities of the two nutrients
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darged through Chalakudy river are low (Table 6.9), at the same time its seasonal
frences are much wider than that of Periyar. The DIN (monsoon)/DIN (non-
nsoon) ratio of Periyar is 16 while that of Chalakudy river is 37. The ratios of DON
msoon)/DON (non-monsoon) in Periyar and Chalakudy rivers gave values of 2 and
.espectively. In the case of phosphorus, the organic component (DOP) of the two
s is much higher than the corresponding inorganic component (DIP). Compared to
:nittogen and phosphorus species the quantity of silicon discharged through the rivers

svery high (Table 6.9).

'RIVER WATER QUALITY

The principal source of water in Periyar and Chalakudy rivers is precipitation. As
gribed in Chapterl, it is revealed that a major portion of water (~70%) is derived from
asoon fall. The reason for the low content of mineral concentration and hence river
aer reveals low electrical conductivity and total dissolved salts. During the summer
wod also, the values do not exhibit wide variation due to the release of water stored in
ereservoirs to the downstream reaches, after generating hydroelectric power. The fairly
» flow of water during the summer period maintains comparable hydrochemistry
wween the two seasons.

An evaluation of water quality of Periyar and Chalakudy rivers, based on WHO /
I drinking water standards (Table 6.10), reveals that the concentrations of most of the
wsico-chemical parameters fall within the threshold range of limits during the monsoon
wiod. However, the pH values of water from the entire stretches of the two rivers do
satisfy water quality standards of WHO / BIS as the readings are below the minimum
wuired concentration of pH (6.5). Compared to the standard reading (6.5 — 8.5), the

werage pH of water from the fresh water regions of Periyar and Chalakudy rivers during
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lible 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
hirticulars
M NM M NM
iggzr discharge through the river, 5790 1028 1573 156
Flux rate, pg/l 801 291 478 130
IN :
Seasonal discharge, 4638 299 752 203
Tonnes
Flux rate, pg/l 124 353 342 141
ON :
ieasonal discharge, 718 363 538 290
onnes
Flux rate, pg/l 38 23 42 41
P :
?eas"“al discharge, 220 23.6 66.1 6.4
onnes
Flux rate, pg/l 107 7105 62 21
P :
?ea“’“al discharge, 620 73.5 97.5 3.3
onnes
Flux rate, mg/1 5.46 7.96 4.4 8.9
Sgis) '
" ,Sreasonal discharge, 31613 | 8183 | 6921 1402
onnes
Flux rate, pg/l 304 77.3 16.6 68.5
Fedis) i
i ,Sreasonal discharge, 176 79.5 26.1 10.7
onnes

ON- Dissolved inorganic nitrogen; DON- Dissolved organic nitrogen; DIP- Dissolved
mrganic Phosphorus; DOP- Dissolved organic Phosphorus; Si(4ss- Dissolved silicon;
fegsy 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-
wsoon period, on the other hand, the pH readings of fresh water zones of both rivers
wmparatively high and thus satisfy the water quality standard readings. However,
Eloor region of Periyar river, which is constantly affected by the discharge of
istrial 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
jon also indicates high nitrite-nitrogen values.

During non-monsoon period the lower stretches of both rivers are severely
kted 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
fn-chemical concentrations of all water samples from the upstream stretches, that is
m the fresh water zones, during the non-monsoon period, however, agree positively
i drinking water quality standards (Table 6.10). Eventhough the rivers, especially the
aiyar river, receives large quantities of organic as well as inorganic waste products,
1 exists any acute oxygen deficiency and the average DO content exhibits values
mter than 5 mg/1, the minimum DO required for a healthy water body. This reveals the
asfactory level of water flow. through the river channels as well as the satisfactory
similating capacity prevailing in the river systems. The BOD values also reveals no
aming range of concentrations. All nutrients of nitrogen and phosphorus species as
¢l as iron and fluoride reveal concentrations within the threshold values. The low
D§/Conductivity ratios (Periyar, 0.57 — 0.67 and Chalakudy, 0.60 — 0.70) also attribute

rabsence of any abnormal mineral concentration during the two periods.
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(LUSTER ANALYSIS

Cluster analysis has been performed to know the kind of relationship existing
i the various water quality parameters of Periyar and Chalakudy rivers during
won and non-monsoon seasons. The dendrograms prepared from the results of the
zquality parameters are depicted in Figs. 6.14 and 6.15. Although the clustering
m of various physico-chemical parameters are almost similar for Periyar and
fkudy rivers with strong linkage among the parameters such as SiO;, SOs, NO,,
.0rg N, Niot, Reactive P, Py, Org P, Cl, Fe (Diss), Mg, Ca, EC, hardness, TDS and
Dof the non-monsoon pattern deviates drastically especially in the case of Periyar.
smight be due to the effect of industrial pollution over the water quality parameter of
:Feriyar river. From the detailed discussion of water quality parameter, it becomes
{nt that the lower reaches of the Periyar river, especially in the vicinity of Aluva-

windustrial belt is affected severely by discharge of toxic contaminants from various

mical and fertilizer industries.
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CHAPTER 7
SUMMARY AND CONCLUSIONS

SIMMARY

The present study is an attempt to address sediment properties such as texture,
sxmlogy and geochemistry and water quality of Periyar and Chalakudy rivers in the
dwest coast of India. The study area, lies between North latitudes 9°15” - 10°32’ and
s longitudes 76° 07’ and 77°24°. While Periyar river originates ﬁdm the Sivagiri hills
p elevation of about 1830 m above MSL, Chalakudy river takes its origin from
amalai hills at an elevation of 1250 m above MSL. The length and the catchment area
fePeriyar and Chalakudy rivers are 244 km and 5398 km? and 130 km and 1704-km?
wctively. Physiographically, the study area can be broadly divided into 3 major
ses - the lowland, the midland, and the highland. On a geological perspective, the
tar and Chalakudy river basins are composed of a spectrum of rock types, which
wde crystalline rocks of Pre-Cambrian age and sedimentaries of the Tertiary and
gemary periods. The study area is comprised of a number of landuse classes,
iding tea/coffee plantation, forests, and open scrub, mixed crops, paddy fields and

erbodies.

The detailed analysis of granulometry of the sediments of Periyar and Chalakudy
rs reveals that there is a progressive decrease in grain size downstream. Pebbles and
mles register comparatively higher proportions along the river stretch when the
fents 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

bles and granules (>50%) than particles of the finer entities. As the flow velocity of
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e river in the high gradient scarp zone would be very high, finer sediments will be
tkctively removed and deposited downstream leaving the coarser in the scarp zone as
g concentrates. Compared to the Periyar river, the Chalakudy river sediments exhibit
wre fluctuations in the grain size population, due to the effect of natural and manmade
wstacles like meanders, check dams and bridges. The phimean increases (ie,the actual.
i of the grain in mm decreases) downstream consequent to the progressive decrease in
¥ energy conditions. The gradual decrease in grain size towards the direction of
msport of these river channels is due to the simuitaneous processes of differential
msport and abrasion. The change in fluvial morphology and mean discharge of
wliments seem to be most important factors for progressive downstream decrease in the
mmpetency of the Periyar and Chalakudy rivers. Thus decrease in the grain size along
i Periyar and Chalakudy river sediments downstream is to a greater extent related to the
nysiography as well as fluvial morphology of these rivers. In the light of the above
itors, it is attributed that a change in the river pattern is one of the factors affecting a
kerease in the competency of transporting agent, which in turn brings about a decrease

pmean size of the Periyar and Chalakudy river sediments downstream.

Standard deviation values decrease significantly downstream or in other words the
wrting of the sediments improves significantly in the Periyar and Chalakudy rivers. The
mprovement of sorting is attributed to the differential transport of the sediments. There is
rtendency for the sediments to assume normal distribution progressively downstream.
fuch a tendency arises from the successive lagging behind of the larger particles whose
wsence imparts comparatively ill-sorted character to the sediments upstream rather than

bwnstream.
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There is an overall decrease in the skewness values in the fresh water river
tanel sediments and a sharp rise in skewness values starting from the head of the
suary to the mouth. The high positive skewness values in upstream indicates that the
gliments are predominantly of coarse mode. It is evident that as the phi mean size
wreases; the skewness value decreases from very positive to near symmetry and further

fanges to negative skewness.

The predominant mesokurtosis of the river channel sediments indicates that there
sno significant variation in sorting of the central part relative to the tails of the size
fstribution curves. The lack of significant variation in the kurtosis over a distance of 100
m of the Periyar and 40 km of the Chalakudy river is due to the uniformly good interval
ating in majority of the sands analysed. Though there are significant variations in the
alues of skewness, variations in kurtosis values are comparatively less. This signifies
hat, although, slight addition of fine mode to the predominant coarse sand mode
nfluences the variations in skewness of the river sands, it does not alter the internal

wrting or kurtosis of the sediments to any great extent.

The bivariate plots of phi mean vs skewness and skewness vs kurtosis show wide
watering both in Periyar and Chalakudy rivers, whereas scatter the plots of phi mean vs
tndard deviation exhibits a significant trend. The variation observed between the scatter
dots of the Periyar and the Chalakudy rivers is attributed mainly to the differences in the
hysiographical set up of these rivers.

In the Periyar river, from the distance 125km upstream, most of the sediment

jpes are gravelly sand. Below this distance the sediment type is sandy gravel where the
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wenergy 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
msportation 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
her side. This increase in the content of THM is in consonance with the high energy
& 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
s¢ basins. The minor fluctuations observed in the content of total heavies and total
¢t minerals downstream of Chalakudy river are resulted from the local hydraulic
somena due to natural and man-made obstacles encountered across the river course.
ranomalous increase of denser minerals downstream of Chalakudy river, is due to the
rral turbulence resulted from the presence of rock exposures in the stream channel.

ythey 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

ural affinity, hydrodynamic influence and degree of anthropogenic activities. In
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myar river, the concentration of P is several fold higher in the mud fraction than that of
:huk sediments which clearly indicates the ability of clay rich fine particulates to
n P downstream. In the bulk sediments of Chalakudy river, P shows significant
rlation with the content of total heavy minerals. This is due to contribution from
xnls like monazite, apatite etc. which are found in the heavy residue of the bulk
dments of Chalakudy river.

Fe and Mn contents of the bulk sediments of the two rivers exhibit wide
ntions. In Periyar river, a part of Fe is incorporated in organic matter while in
ekudy 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
wion especially in the downstream reaches, which is presumably due to the high
dshility of Na in the interstitial waters of the estuarine sediments. On the other hand,
thulk sediments of Chalakudy river, shows a decreasing trend downstream due to the
nthat the Na and K contributing feldspars are decompositing faster downstream
wusing these ions to the overlying waters.

Trace elements show marked variations in both river sediments. They exhibit
seral fold higher values in the river stretches bordering industrial areas of Periyar river.
‘he mud fraction the trace elements are enriched at higher levels than the bulk
iments. This attribute can be explained on the basis of the increased ability of the fine
ficulates to scavenge the trace metals. The concentration of Zn, Pb and Cr in the
histrial stretch of the (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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‘leavy metal pollution in the stretches of Periyar and Chalakudy rivers using statistical
ds like Enrichment Factor (EF) and Contamination Factor (CF) studies. Analysis of EF
W CF values for the finer sediments (mud fraction) of these two rivers reiterates the
wmulation of many of the.heavy metals in the riverbed adjoining to industrial belt
mpared to the other areas.

Periyar and Chalakudy rivers exhibit marked seasonal as well as spatial
riations in the water quality parameters. The degree of fluctuation is more in the case
{Periyar river compared to the Chalakudy river. A comparative evaluation of the water
ulity parameters between Periyar and Chalakudy rivers reveals that the former is
mtaminated more due to influx of considerable quantity of liquid and solid wastes of
wustrial/domestic/urban origin through many outlets of the river course. Introduction of
dustrial effluents into Chalakudy river is very less compared to Periyar river as large
mbers of industrial establishments are situated in the peripheral areas of the latter.
mong these two rivers, contamination rate is several fold higher in Periyar river than
hlakudy river. The impact of anthropogenic pollution is severe during the non-
wnsoon period compared to the monsoon period as there is no dilution or washing of
mtaminants during the summer period. The lower stretches of these rivers are greatly
fected by sea water intrusion especially during April-June. During these periods, the
ual nitrogen values also show marked differences between fresh water zone and saline
ater zone with higher values in to latter. Monsoon flood imparts marked changes in the
ater quality of both Periyar and Chalakudy rivers. The nutrient species of nitrogen and

tosphorus have exhibited 2-3 fold increase during this season compared to non-

10aso0n s€ason.
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The major sources of inorganic nitrogen are land runoff though agricultural
res and industrial effluents while the sources of organic nitrogen are urban / domestic
fluents as well as monsoon floods over contaminated lands. The high difference of
ssolved inorganic-nitrogen (DIN) and dissolved organic nitrogen (DON) in Periyar than
utof Chalakudy reveal the greater influence of industrial efﬂuentg:ac;ricultural activities
pthe contamination of Periyar river. However, SiO,-Si was reduced substantially both
aPeriyar and Chalakudy rivers during monsoon. This suggests that the rate of dissolved
ix of Si02-Si through these fluvial systems is controlled mainly by the weathering
ncess which is getting diluted considerably during monsoon season. To identify the
ujor controlling factors of the water quality in Periyar and Chalakudy rivers, a plot of
1+ Mg vs HCO; and Gibbs model are attempted. The former reveals that chemical
withering is predominant in non-monsoon period. Gibbs plot reiterates the fact that
rcipitation has a direct control over the flux of chemical signals in Periyar and
Talakudy rivers although weathering has a bearing during non-monsoon season. The
plysis of nutrient fluxes through Periyar and Cha_lakudy rivers reveals that the
untities of nutrients discharged through Chalakudy river are low and have a wide
usonal difference than the Periyar.

To sum up, the transportation and depositional mechanisms of the sediments,
sochemical and hydochemical variability of certain major and trace elements in the bulk
diments and mud fraction, pollution threats as well as other anthropogenic stresses on

¢ water quality of the two river basins has been brought out by the present

vestigation.
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1CONCLUSIONS

+ The granulometric 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
than gravel as lag concentrates.

¢+ Compared to Periyar, fluctuations in the dispersal of particles are more in
Chalakudy river. This could be related to the dominance of natural and man-made
obstacles in Chalakudy river. In both the rivers, about 85% of the sediments fall in
the textural classes of gravelly 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
proportions than the remaining.

o 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 of considerable 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 SiO, —Si shows a decreasing trend. Plots of Ca + Mg vs HCO; show that
the ratio is high in non-monsoon period indicating that chemical weathering is
active in that season. Plots between TDS vs C/CIHHCO; fall in the precipitation
dominance sector, but close to the weathering dominance end.

o The estimated dissolved nitrogen, phosphorus, silicon and iron fluxes are 6018 t.y”,
937 t.y", 3976 t.y"' and 256 t.y" respectively for Periyar river and 1332 t.y"', 173
ty', 8323 t.y" and 37 .y for Chalakudy river.

Recommendations

o 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.

o 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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