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PREFACE

Estuaries are the interface between fresh
water and salt water systems, the biological
productivity of which are normally very high
consequently the population density is also very high
resulting many biotic and abiotic problems including
pollution aspects. With the increasing concern over the
environmental consequences of waste discharges into the
aquatic environment it has become necessary if not
mandatory to determine the toxic load reaching the
aquatic system all over the world. The present study is
an attempt to identify and estimate metal polutants in
the sediments and over lying water column in the Cochin

harbour area.

The first chapter int.roduces a comprehensive
account on the historical background of the Cochin
harbour, significance of metals in aquatic environment,
review of pertinent literature and identification of the

study area.

The second chapter describes the methodology in
detail, and a review of the state of the art of

extraction technique.



The third chapter contains the results on the
concentration of the dissolved and particulate metals in
the water column. Efforts have been made to understand
the relation of these metals with salinity during

estuarine mixing.

The fourth chapter describes the concentration of
metals in sediments and core samples. The quantum of
metals to which the biotic constituents are likely to
interact. have been estimated to assess their

biocoavailability and toxicity in the system.

The fifth chapter summarises the results and

conclusions emanating from the study.

The papers published/presented in the relevant
field in National and International journals/seminars

have been appended.
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CHAPTER - 1
INTRODUCTION

1.1. History of Cochin Harbour in Brief

Cochin, ‘“the queen of the Arabian =ea’, has her
ma jesty and tranquility being a protected natural
harbour on t.he south-west. cost of India. The study area
lies between 9° 49’ and 10° 14’ north latitudes and 76°

10’ and 76° 31’ east longitudes (Fig. 1.

It is presumed that the Cochin inlet was formed
somewhere in 1341 {(Robert Bristow, 1959) and since then
the capital of the ancient rulers was shifted from
Muziris to Cochin. From the sixteenth century Cochin
faced rapid changes through trading and colonizing
attempts of European powers, the Portuguese, the Dutch

and in 1875 the British.

The presence of ‘mud banks’ along the Kerala coast
and the extensive backwater systems prompted charting of
the Cochin port as early as 1836, followed by revisions
in 1858, 1879 and 1882. Suitability of Cochin port as a
stop over in the long ocean route to far east countries
was recognized as an alternative to Bombay and in 1870

JH. Aspinwall, a British merchant and the president of
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the Cochin Chamber of Commerce, conceived the idea of
developing a safe deep water harbour in the Cochin
backwaters. In 1880, the Cochin Chamber of Commerce
submitted a memorandum concerning the establishment of a
new port at Cochin to the Duke Buckingham and further in
1900 to .Lord Curzon, Viceroy and Governor General of
India. Considering various aspects the Madras
government in 1919 requested the British Government for
the services of an Harbour Engineer to study the
feasibility of establishing a new port at Cochin and
Sir Robert Bristow was appointed for this purpose. He
reached Madras on 4th April, 1920 and the Governor of
Madras directed him to Cochin with the task of
developing the Cochin Harbour. The sagacity and hard
work of Sir Robert Bristow and his colleagues was
monumental in declaring Cochin Harbour as an all time

port by about 1940.

Kerala has a coast. line of 560 km long, extending
from Manjeswar in the north to Poovar in the south,
having 14 km of coastal stretch against 100 sqkm of its
area. Parallel to the coast, there is a chain of
backwat.er lagoons, or estuarine systems, interconnected

with natural or artificial canals. There are 41 west
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flowing rivers, which reach Laccadive sea through
estuaries or backwaters. Most. of the rivers are fast
flowing consequent on the prevailing terrain nature,

discharging their contents including toxicants into the
estuary/backwater/coastal zone at a faster rate than in
many other river systems. Since rivers, backwaters and
sea are inter—~connected, there is a fair amount of

mixing and flow of energy from one system to the other.

1.2. Industrial Pollution and Importance of Metal
Studies.

There are over 200 medium and large scale
industries and about. 2000 small scale industries,
handling diverse organic and inorganic formulations,
discharging their effluents eitherxr directly or
indirectly into t.he water bodies besides municipal
wastes. Apart from this, indiscriminate use of
fertilizers insecticides/fungicides and other
consumables causes considerable damage to the water
quality of both riverine and marine systems posing a

serious threat to biotic community inciuding man.

It. is known for the past several years that some of

the rivers of Kerala, viz. Chaliyar, Periyar,
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Chitrapuzha, Kallada etc. are polluted. It has been
recognised that a greater potential hazard exists in
estuarine and near shore areas because of their
proximity to sites of industrial and domestic activity,
resulting in high concentration of specific pollutants.
In recent years, several man-made changes in the Cochin
backwater have introduced marked changes in its

ecology.

Cochin has been identified as the industrial
capital of Kerala and a lion share of chemical
industries are situated on the banks of river Periyar.
The effluents are mainly generated from chemical and
engineering industries, food and drug manufacturing as
well as from paper, rayon, rubber, textiles and
plywood industries. Tables 11 and 1.2 provide the
quantity and nature of effluents discharged into the

river Periyar.

The route of entry of metals to man may be direct,
by way of drinking water, or indirect often involving
food <chain. Out-breaks of mercury and cadmium
poisoning in Japan (Nitta, 1972> +triggered serious

concern among scientists about heavy metal poilution.
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It is estimated that more than 902% of the elemental
mercury is transformed to highly toxic methyl mercury by
marine organisms. The instances of mercury pollution
known as "Minamatta disease'" caused by the consumption
of mercury contaminated fin and shell fish meat from
the Minamatta Bay, maimed and multilated the life of
many people. The cadmium poisoning causing the "ita
ita" disease has affected the residents of Jintsu river
area in Japan. Estuaries are one of the most productive
and biologically active areas in the aquatic system
where many of the fin and shell fishes get congenial
environment for their breeding and early growth.
Nonbiodegradable heavy metals tend to accumulate in the
aquatic community through a food chain and ultimately
reach men. A knowledge on the metal concentrations in
this estuarine environment. is, therefore, of extreme
importance in order +to understand the biocavailability

and the extent of toxicity and provide data for the

planners and decision makers.

1.3. Previous Studies in and around the Cochin Harbour
The ever increasing loads of industrial waste and
sewage in the Cochin estuary have created conditions

vhich are extremely destructive to plants and animals



(Qasim and Madhupratap, 1981). Bent.hos of the
backwaters have been studied by Kurian <1972> and by
Ansari 977D, The studies, indicate that the density
of bivalves, gastropods and isopods in the backwaters
have been considerably reduced with time. These have
been attributed to the increasing pollution Qasim and
Madhupratap, 1981). Study by Remani <1979) indicates
that in some of the polluted areas, the BOD wvalues reach
513.76 mg/litre, sulphide 4.97 mg/litre and oxygen
content less than 0.05 mbl/litre. The effects of
industrial pollution are seen in the form of depletion
of biota, especially, benthic organisms, fish mortality
and presence of high concentrations of ammonia in
water. Hydrobioclogical conditions of Cochin estuary
are greatly influenced by sea water intrusion and influx
of river water as shown by the distribution of salinity
and temperature JdLakshman et al.,, 1982). It has been
shown that the organic carbon in the sediments is
higher during monsoon due to the contribution from land
run off (Remani et al., 1980). The study with reference
to the indicator bacteria reveals that the principal
source of fecal pollution is non-human type, originating

from land drainage, sewage and organic discharge Gore
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et al.,, 1979). The higher C.0.D. values observed are
probably due to domestic sewage and the wastes discharged
into the harbour area (Sarala Devi et al., 1979).
Studies have further shown that there is appreciable
degree of organic pollution in the Harbour area

(Unnithan et al.,, 1975; Vijayan et al., 1976).

The hydrographical conditions, especially, salinity
undergoe wide fluctuations in the Cochin Harbour area
with season. During the south~-west monsoon period
(June - September) it is fresh water dominated and
therefore, the salinity is very low, whereas during
pre-monsoon period just. the reverse happens as a result
of evaporation and decreased freshwater in flow. The
overall change in salinity at the harbour region is in
the range of 3431 ppt in April, to 111 ppt in July
(Vijayan et al., 1976). The change in salinity has
been found to have a profound effect on the sequences
of fluctuation in t.he abundance and ecological
succession of the fauna and flora in the estuary

Madhupratap et al., 1977D.

Seasconal changes in the surface temperature are

well marked in the harbour area. The temperature shows
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seasonal change from 4° to 5.4°C in the surface water
and from 3.7° to 5.7°C in the bottom. The lowest value
recorded was 25.8°C and the highest, 32.6°C in the
surface water whereas, the bottom water recorded 25 .2°C
and 32.06(1 as the lowest and highest temperatures,

respectively Vijayan et al., 1976).

Significant seasonal fluctuations in the values of
dissolved oxygen both at surface and bottom are seen in
the estuary with the lowest oxygen content usually found
during pre-monsoon periods. It is seen that the oxygen
content is always low at the bottom, which is attributed
to the oxygen consumption during decomposition of
organic matter in the deeper strata of the water body.
The BOD is also increased gradually with the
commencement. of pre-monsoon and shows a decreasing trend
with the onset of monsoon periods, but is always found
lower at the harbour as compared with any other part of

the estuary d(Haridas et al., 1975D.

The faunal and floral composition, their succession
and pattern of distribution in the harbour area are
essentially controlled by the hydrographic changes. The

primary producers ie, the phyt.oplankton, in the region



show their maximum numbers in November and minimum in
September with an average concentration varying from
22,200 to 2,99,700 cells/litre <(Devassy and Bhattathiri,

1974>.

The Chlorophyceae and Cyanophyceae are observed
with a concentration ranging from 2 to 442 of the total
phytoplankton population (Devassy and Bhattathiri,

19745,

Several phytoplankton blooms are observed in the
Cochin Harbour area, which are directly correlated with
the water characteristics, particularly the nutrients

and salinity <(Qasim, 1980).

Zooplankton population in the Cochin Harbour
fluctuates with seasons and they can be correlated with
the hydrographical conditions as well as t.he
phytoplankt.on concentration. Zooplanktons are recorded
in advance during the low saline pre~monsoon period and
are very poor during the low saline period, from May to
November. The average zooplankton production is
estimated as 318 mg dry wt. per cubic meter per day

(11.6 g/ma/year) Madhupratap et al., 19755 Organic
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detritus derived from the various sources such as land
drainage, wastes dumping, fecal pellets of the
inhabitants and the decay of large quantities of the
weed Salvinia auricuiata brought during monsoons, also
plays an important. role in the secondary production of

the estuary (Gopalan and Sreekumaran Nair, 1975D.

Hydromedusae are abundant in the pre-monsoon
period, disappear when the salinity becomes low during
monsoon, except for an influx, presumably, from outside
the mouth, in June. Four common species occurring in

abundance are Phialidium brunescens, Eutima commensalis,

Eirene cevilonersis and Blackfordia virginica. Several
studies so far made indicate that all the endemic

species that are metagenetical ie. that have a benthic
stage of hydroid in their life cycle probably survive
the adverse low salinity period by developing endurance
stages. Stolonar resistance ‘capsules’ are known for a

few species (Santhakumari and Vannucci, 1977).

Pleurobrachia sp. is the dominant form of the
Ctenophora group and their distribution is more or less
similar t.o that. of hydromedusae. The dominant

Chaetognath species found in the harbour is Sagitta
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bedoti. The other species include Sagitta robusta, and

Sagitta oceanica, which is an oceanic form. The Sagitta

enflata is seen during pre-monsoon season. During the
monsoon period, chaetognaths are totally absent from the

area (Vijayalakshmi Nair, 1975D.

Copepods are the most cosmopolitan group in the
harbour and are present in all seasons. High numbers
are recorded during the high saline period, which
decline with the onset of monsoon, begin to increase
again during post-monsoon periods. The family
Acartidae constitutes majority of the copepods in the

area and include species such as Acartia centrura and

Acartia bilobata present during pre-monsoon period. The
Acrocalanus similis, Paracalanus aculeat.us,

Centropages alcoki and Centropages trispinosus are

present. during January and February. Pseudodiaptomus

erricandatus is observed during the peak salinity month

of April. d(Gopalan and Sreekumaran Nair, 1975).

Amphipods are present in small numbers in all
seasons in the harbour area; it higher abundance being
noticed during pre-monsoon period. The Cladocera group

is also present during monsoon and post-monsoon periods.
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The prominent members of the group are Evadna tergestina

and Penilia avirostris.

Several species of food fishes like Arius,
Scatophagus, Apogon, Hemiramphus and Mullets are often
found along with many other benthic forms like the flat

fish Cynoglossus sp. (Ansari , 1977D.

Study of particulate matter of water from Cochin
backwater for trace metals indicates high concentrations
of Zn, Cr. attributed to industrial pollution
(Sankaranarayanan and Rosamma Stephen, 1978D. High
concentration of 2Zn. Cu, Fe, Mn, Sn and Hg has been

observed in the oyster - Crassostrea madrasensis

(Preston) of +the Cochin Harbour. High metal load in
tissues is observed during the breeding period and also
when the estuary maintains high salinities during
October to April. The suitability of the oyster as an
indicator organism for metal pollution in Cochin
backwater has been discussed by Rajendran and Kurian
1986>. Some of the benthic organisms, such as mussels
and oysters, have accumulation of =zinc higher than the
permissible limit (Remani, 1979). The concentrations of

dissclved particulate and sedimentary metals are well
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documented <(Venugopal, 1982; Ouseph, 1986, 1987, 1989,
and 1992). Mass mortality of fish and cattle have been
reported from Chitrapuzha area (Silas and Pillai,

19763,

1.4. Details of Station Location
The sampling has been made from 18 stations in the
Cochin Harbour, the stations 19 to 23 from the effluent

discharge point, stations 24 to 27 from the upstream of

the effluent discharge point. Fig.1.2D. Investigations
were carried out in July dmonsoon) and November
(post-monsoon? 1985 and March J{(pre-monsoon) 1986. An

attempt has been made to study the semi diurnal
variations of abiotic factors in Cochin Harbour area
during the maximum storm water flushing period - 3ist

July, 1987 (Fig. 1.3).
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diacharged into the river Periyar (Joysingh,
1979)
Factories g ney
dischaxging 1akh litre Pollutants
wastes s
per day
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Indian Rare Earths,
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etC.




Table-1.2. Quantity of waste and nature of pollutants
discharged into the river Periyar.

Company ;?}d;un; Type of pollutants
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Periyar Chemicals,
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Ltd.' Elur' Alw&ye. Etc.

Travancore Chemical

Manufacturing Co. Ltd., 900 g:ﬁper‘ chloride, zinc,

Elur, Alwaye. *

FACT, Elur, Alwaye 88 Chloride, sulphate,
fluoride, ammonia, etc.

Kerala Acids & Chemicals 87 0il & grease, phosphate,

Ltd. ? AlWaYEA

etCa
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CHAPTER - 2
MATERIALS AND METHODS

2.1. Sample Collection
Water samples from surface and bottom were
collectted from all the stations 1 - 18 located in the
Cochin Harbour area. Surface samples were collected
using a clean plastic bucket. and bottom samples by a Van
Dorn sampler, during monsoon, post-monsoon <1985> and
pre-monsoon (1986)> seasons. Since stations 19 - 27 were
shallow regions only surface samples were preferred.
Sediment samples were taken from all stations using a
Van Veen Grab and core samples with a gravity corer.
The stations 1, 2, 8 and 9 located in the channel were
disturbed areas due to the periodical dredging
activities for navigational purposes. The core samples
taken from such stations were disturbed. An intact
core sample was collected at station 13 during
post-monsoon season. To avoid contamination PVC core
liners were used in all cases. After collection the PVC
liners containing the core samples were capped at both
ends to minimise disturbance and compaction. The core
samples were brought to the laboratory in vertical

position and cut into 10 cm columns. Surface and bott.om
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samples were collected over a tidal cycle during the

maximum storm water flushing period from a point in the

Cochin Harbour (July, 1987). All wares wherever
possible were cleaned by soaking in 6N Hcl and
subsequently washed in double distilled water. The

chemicals used were of a high purity Excellar and GR

grade only.

2.2. Analytical techniques - Brief review

Standard extraction techniques were employed
for the estimation of dissolved metals from sea water.
The reported procedures for the extraction of trace
elements in water involves either by a simple
extraction at pH4 (Sengupta et al., 1978) or by two
extractions at pH3-4, and other at pH 5-6 with different
complexing agents (Sujatha and Moraces, 1979). Other
extraction procedures employed consisted of Ammonium
Pyrollidine, Dithiocarbomate CAPDCD, chloroform by
Spencer and Bewer (1969> by Preston et al. (1972 for
Cu, Fe, Z2n, Co, Ni for Cu, Zn, Ni, by Bewers et al.
(1974> for Pb, Cu, Zn, Cd, Ni, Co, Fe, by Scmidt <1976>
for Pb, Cu, Cd, Fe, by Duinker and Kramir, <1977> for

Pb, Cu, Zn, Cd, by Kremling and Peterson <1977) for Cu,

Zn, Cd, Fe, by Duinker and Noiting <1977> for Cu, 2Zn,
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Cd, from sea water. Sujatha and Moraces, 1979 extracted
Fe, Cu, 2n, Co, Ni, Mn using APDC/Methyl Isobutyl
Ket.one,(MIBKD, Diethyl Dithio Carbomate {DDCO>MIBK.
Brulant and Franks 1970 estimated Cu, Cd, Zn, Ni by
APDC/DDC chloroform extraction and back extraction with
nitric acid, Armansson, 1979 used dithizone chloroform
in two different basic ;:oH conditions for the estimation
of Zn, Cd, Pb, Ni, Co, Ag and Grassoff et al.,, 1983 used
APDC/DDC and extracted by Freon for the determination

of Cd, Cu, Fe, Ni, Co, from sea water.

The organic extracts when directly fed into the AAS

for the estimation of elemental concentrations, due

tothe volatile nature of the organic extracts, it may
evaporate and cause error in the estimation and aiso
produce smell in AAS room. In order to avoid such
difficulties the complexed metal ions were back

extracted from the organic layer using Hcl or l‘lNo3 and
the aqueous extracts thus obtained were used for the
estimation of elements and discarded the organic layer.
Very few reports are available regarding the quantum of
metals available in the organic layer after back

extraction. Armansson (1979) found that certain metals

such as Cu, Ni, Co and Ag remained in the organic layer
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after back extraction. In the present study, all
suitable procedures were incorporated to estimate the
dissolved metals in sea water, the details of which are

appended elsewhere.

2.2.14. Estimation of Total Mercury in Sea Water

2.2.1.14. Principle: Preconcentration of mercury in sea
water was done by complexing it with dithizone at low
pH. The complex was extracted with carbon tetrachloride
and back extracted into 5 M hydrochloric acid. The acid
extract was shaken with sodium nitrite to decompose the
dithizone and reverted mercury to aqueous phase. Excess
of nitrite was reduced with hydroxylamine hydrochloride.
Inorganic mercury compounds in the final solution were
reduced t.o elemental mercury with stannous chloride and

estimated by cold vapour atomic absorption

spectrophotometer (AAS) Perkin Elmer 4000.

2.2.14.2. Sampling and storage of samples: Immediately
after collection, the samples were transferred to acid
washed 2.5 litre glass bottles and acidified to a pH
below 2 by adding ¢ N sulphuric acid (18 ml per litre of
sample> which has been purified by extraction with a

0.05% solution of dithizone in carbon tetrachloride.
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2.2.1.3. Reagents: Double distilled water (DDW)> was used
for all dilutions.

Dithizone solution <0.0052%>: Dithizone <25 mg) was
dissolved . in double-distilled carbon tetrachloride
(CCl 4) G000 mbd. The solution was stored in a dark
glass bottle in a refrigerator.

Sodium nitrite solution 1024): Dissolved Na NO..

AR. (10 gd in water <100 mb.

Hydroxylamine hydrochloride solution <20>:
Dissolved hydroxylamine hydrochloride <20 g> in water
(100 mb.

Hydrochloric acid (5 M): The concentrated
hydrochloric acid 208 ml> was diluted with distilled
water (G000 mb. Usually, hydrochloric acid contains
traces of mercury. It was therefore, tested for mercury
content prior to use. For this purpose prepared 1 N Hcl
by diluting concentrated Hcl (8.3 ml> to 100 ml with
water. Added stannous chiloride solution and determined
its mercury content by cold vapour atomic absorption

spectrophotometry.

Stannous chiloride reagent (30%Y> : Dissolved Sn

Clz ZHZO 15 g> in 30 mli of 5 N hydrochloric acid and
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diluted to 50 ml with water. A piece of tin metal was

added to this reagent.

Mercury standard stock solution: Dissolved

mercuric chloride <dHg Cl,> A.R., (01353 g> in water @5

2
mi> and diluted to 100 mi with water containing 05 mi

of HZSO 4 This solution contained 1000 f.xg Hg/ml.

Secondary standard solution: Diluted 1.0 ml of
the standard stock solution to 100 ml with water
containing 0.3 ml of HZSO 4 This solution contained 10

r.xg Hg/ml.

2.2.14.4. Apparatus: Borosil glass wares like separating
funnels, conical flasks (2 litred), graduated cylinders
with stoppers, volumetric flasks, magnetic stirrer,

Atomic absorption Spectrophotometer Perkin Elmer 4000.

2.2.1.5. Procedure: Calibration and determination of
blank: Extracted ten aliquots ({1 litre each) of sea
water with dithizone solution {15 mb. Discarded the
organic layer and extracted again with dithizone
solution <10 mid. Discarded the organic layer again and
retained the mercury-free sea water for blank

determination and calibration.
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For blank determination extracted two aliquots
{4 litre each) of the mercury-free sea water twice with
dithizone solution @45 ml and 10 mi, respectively>
retaining the organic extracts in a 60 ml separating
funnels. Treated the combined extract with 5 M
hydrochloric acid «as mid. Added sodium nitrite
solution 0.5 ml> to each and shaken for 5 min to
revert the Hg to aqueous phase. Separated the aqueous
phase in another separating funnel. Washed the CCIl1 4
layer with distilled water & mb. Combined the aqueous
phase and the washings in a 25 ml stoppered measuring
cylinder. Added hydroxylamine hydrochloride < mi) to
reduce the nitrite and made the volume upto 25 ml with

water.

For calibration, prepared working standard
solutions so as to contain 100 ng Hg/ml Using the
working standards spiked the mercury-free sea water with
50, 100, 150, and 200 ng of mercury. Carried out the
extractions exactly as in the <case of blanks and

retained the final aqueous phases.

Within 30 minutes after the extraction taken

aqueous phases of blanks and standards sequentially in
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Dreshel bottle. Added freshly prepared stannous
chloride solution 2 mb> and closed the bottle
immediately. Switched on the aerator to sweep the
vapours of elemental mercury into the quartz cell of the
instrument.. Noted the maximum absorbance of blanks (Ab)
and standards CAst) at 251 nm. Prepared a calibration

curve by plotting the absorbance of standards against

the concentration.

Found the slope and calibration factor (F> from:

s

Absorbance
Slope =
Concentration
1
F =
Slope

2.2.1.6. Sample analysis: Taken aliquote of a sample

800 ml in duplicate (pre-adjusted by acidifying * to

a pH below 2> in a separating funnel. Extracted
with dithizone and analysed as described above and
not.ed the absorbance (As) on the atomic

absorption spectrophotometer.
2.2.1.7. Calculations: Calculated mercury concentration

in the sample from:
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ng Hg/litre = F x (As - Ab)

2.2.2. Estimation of dissolved mercury in sea water.

A duplicate set of sea water samples <2.2.1.5.)
were filtered wusing a millipore filtration wunit and
suspended particulate matter was estimated. The
filtrate was acidified to a pH beiow 2 and processed
similar to the estimation of total mercury 2.252.).
The above values were computed to get the concentration

of particulate mercury.

2.2.3. Estimation of Dissolved and Particulate Metals
2.2.3.1. Principle: Preconcentration of dissolved metals
from sea water was achieved by chelating them with
ammonium pyrolidine dithiocarbomate C(APDC) at an optimum
pH followed by extraction of the metal chelates into a
suitable organic solvent dmethyl isobutyl ketone MIBKD.
The organic extract was unstable which was, therefore,
back extracted into inorganic form using a suitable
concentrated acid nitric acid C(AD. The metals present
in the organic layer after back extraction was also
estimated by digesting with perchloric acid BD. The

final extract C(A+B) was diluted to a suitable volume of

8 mi and analysed by flame atomic absorption
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spectrophotometry (AAS) Perkin Elmer 4000.

2.2.3.2. Sampling and storage of samples: Samples were
collect.ed in acid washed pre—-cleaned polyethylene
bottles using plastic gloves while handling the samples.
Care was taken to minimise the exposure of samples to

the atmosphere.

Extensive cleaning of polyethylene and glass
wares were done prior to the collection. For this
purpose, the bottles were immersed in concentrated
nitric acid for a few days and then transferred to a
trough filled with dilute nitric acid and allowed to
remain there until the collection of samples. Bottles
were washed thoroughly with double distilled water

before collecting the sample.

For the analysis of trace metals in sea water, the
samples were filtered using a millipore R filters with
pore size of 045 micron size. Polyethylene bottles
pre-cleaned with acid were used for the storage of
samples. The bottles were rinsed with the sample prior
to the sample storage. Samples were acidified with
Supra-Pure grade nitric acid or hydrochloric acid Emi

of 1 M acid per litre of sample) and stored preferably
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at. constant. low temperature to avoid evaporation.

2.2.3.3. Reagents: All dilutions in the preparation of
reagent.s and standards were made using double distilled
water(DDWD.

Methyl isobutyl ketone (MIBK): Distilled MIBK

solvent. in an all glass still apparatus.

Ammonium pyrolidine dithiocarbomate C(APDO
solution 22%): Dissolved APDC <(Fluka cat. No. 09935> &

gmd in water (500 mid.

The solution was made metal—free as follows:
Transferred the filtrate through a separating funnel
added MIBK <15 mil> shaken for 2 min and allowed it to
stand. After 20 min collected the aqueous layer into a

receiving flask and discarded the organic layer.

Hydrochloric acid (1 M): Added concentrated
hydrochloric acid <(8.3ml) to water and diluted to 100ml.

Concentrated nitric acid AR grade

Metal standard stock solutions: AR/GR
chemicals were used for the preparation of standard
stock solutions containing 1000 Fg/m.l of Cu, Zn, Cd, Pb,

Ni, Cr and Fe.
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2.2.3.4. Apparatus: Separating funnels, wooden or plex
glass stands volumetric flasks, beakers, funnels,
polyethylene bottles <50 mb, Eppendorf R pipettes,

atomic absorption spectrophotometer (AAS Pekin Elmer

4000).
2.2.3.5. Procedure: Calibration and determination of
blank: Prepared metal-free =sea water as follows:

Measured out eight aliquots (800 ml each) of sea water
in pre-cleaned separating funneis. Adjusted the pl.l of
each solution to 40 by adding 1 M Hcl 2 mb. Added
APDC solution <10 ml> and shaken. After 30 sec. added
the MIBK solvent (15 mil> and shaken vigorously for 2 min
discarded the MIBK layer and extracted again with APDC
solution (¢ ml> and MIBK solvent 10 mb. Discarded the

MIBK layer and retained the metal free sea water for

blank determination and calibration.

Diluted the metal standard stock solutions of
metals {1 ml each) to 100 mli with water containing 1 mi

of concentrated HNOB. Diluted again 10 ml of this

solution to 100 ml with water containing 06 mi of

concentrated HNOS. Again diluted 10 mli of this solution
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to 100 ml containing 05 ml of concentrated nitric acid.
This working standard solutions contained 0.1 f..lg metal

per mi.

Measured out. eight aliquots of metal-free sea
water (800 ml each) in pre-cleaned separating funnels.
Spiked them d{n duplicate) with different concentrations
of working standard. Added to each funnel APDC solution
(10 mb. Shaken the funnels for 3 minutes. Added MIBK
solvent (15 ml> to each funnel and shaken vigorously for
2 min. Allowed the solutions to stand for 20 min for
phases to separate. Collected the aqueous layer in a
clean polyethylene bottle of 1000 ml capacity. Taken
the MIBK extract in a smaller separating funnel of 60 mil
capacity. Extracted the aqueocus layer once again with
APDC (G ml> and MIBK soclvent 10 mb. Discarded the
aqueous layer and added the MIBK extract into the
separating funnel containing the first extract. Washed
the combined extract with DDW and discarded the aqueous

layer, carefully.

For back extraction added concentrated nitric
acid (0.2 ml) into the combined MIBK extract and shaken

vigorously. Allowed to stand for 20 min. Added water
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198 ml with the help of an E:ppendc:n-fR pipette/
shaken and allowed the phases to separate. Collect.ed
the aqueous layer and stored it in 50 ml polyethylene
bottle <AD. The organic layer after back extraction was

treated with perchloric acid 1.0 ml and evaporated to

dryness and redissolved in 0.4 N Hcl (B)>. Both extracts
(A+B) were taken in a beaker and evaporated to dryness

and made upto a volume of 8 ml using 0.1 N Hcl

Measured the absorbance of the aqueous
solutions of blanks and standards on flame atomic
absorption spectrophotometer at. wave length 324.8 nm for
Cu, 213.9 nm for Zn, 2289 nm for (Cd, 283.3 nm for Pb,

2320 nm for Ni, 357.9 nm for Cr and 248.3 nm for Fe.

Prepared calibration curves for Cu, 2Zn, Cd,
Pb, Ni, Cr and Fe by plotting respective absorbance
against the concentration. Found out the slope and

factor (F> from:

Absorbance
Slope =
Concentration
1
F =
Slope

2.2.3.6. Sample analysis: The samples were filtered
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using a millipore filtration unit and the particulate
matter is estimated and the filter paper was
transferred into a 25 ml beaker added 1 ml perchloric
acid when digestion was completed and treated with two
aliquote of concentrated nitric acid 2 ml each at a
time). When all nitric acid was expelled, added a drop
of concentrated Hecl and evaporated. The residue was
redissolved in 01 N Hcl heated to boil and the volume
was made upto 10 ml with DDW. The metals were estimated

by AAS techniques.

Measured out. duplicate aliquots of filtered
sample (800 mil> (previously adjusted the pH to 4.0 with
1 M Hcb in separating funnels and followed the
extraction procedure as mentioned above for blanks and
standards. Measured the absorbance of the final aqueous

solution (As)> on atomic absorption spectrophotometer.

2.2.3.7. Calculations: Calculated the concentration of
metal from:
r.lg metal (Cu, Zn, Cd, Pb, Ni, Cr and Fe) /L.
= F x As x 1.25.
A duplicate filtration of the water samples

was undertaken and the particulate matter was digested
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with 0.1 Hcl for the estimation of leachable metals

(Duinker et. al. 1974).

2.2.4. Estimation of Salinity by Argentometric

Titration Method.

2.2.4.14. Definition: Salinity is defined as ‘the
amount. of dissolved inorganic matter contained in 1 kg
of sea water after all bromides and iodides were
replaced by an equivalent amount of chiloride and all
carbonates were replaced by an equivalent amount of
oxides’. The relationship between salinity and

chlorinity was given as:

S (Salinity> = 1.80655 x Cl (Chlorinity>
2.2.4.2. Principle: The halogen ions of chloride,
bromide and iodide form a precipitate with a Ilow

solubility product. with silver nitrate.

2.2.4.3. Reagents: Standard Sea Water (SSW: SSW
prepared by Institute of Oceanographic Sciences, UK and
supplied in sealed glass ampoules was used for
standardizing silver nitrate solution.

Silver nitrate solution: Ag No AR. <600 g>

3)



30

was dissolved in 1 litre of distilled water and stored
in a glass bottle painted black on the outside.

Potassium chromate indicator sol: KZCrO 4’ AR
(80 g> was dissolved in 100 ml of distilled water and

stored in stoppered glass bottle.

2.2.4.4. Apparatus: Burette with a measuring accuracy of
0.05 ml, Knudsen pipette or 10 ml bulb pipette, conical

flask (150 mld> and magnetic stirrer.

2.2.4.5. Procedure:

Standardisation of Ag NO3 solution: Pipetted
out the SSW 100 mld into a conical flask. Added
distilled water <{about 25 ml) and indicator <6 dropsD.

Added Ag NO solution from burette while stirring the

3
titrant vigorously on the magnetic stirrer. Continued
the titration till first sign of constant colour change
was observed. Rinsed the inner walls of conical flask
with distilled water and continued the titration adding
the titrant drop wise till the colour changes from
yellow to dirty orange. Recorded the burette reading <C
mb. Repeated the standardisation at least thrice and

obtained the mean burette reading <Cm mb. Found the

standardisation factor (F> as follows:
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F = N/Cm
where N was the nominal chlorinity of SSW marked on

the ampoule.

2.2.4.6. Analysis of samples: Pipetted out the sample
{100 ml> into a conical flask. Added distilled water
(about 25 mil> and indicator <6 drops). Titrated against
Ag NO3 in the same manner as described above. Recorded
the mean reading <(Vc) of three titrations from the above
salinity of the sample was calculated S = 180655 x

chlorinity.

2.2.5. Estimation of total alkalinity
2.2.5.1. Outline of the method: The sample was titrated

against standard acid using methyl orange indicator.

2.2.5.2. Reagents: Standard Hydrochloric acid - 002 N
Methyl orange indicator - dissoclved 01 gm of methyl

orange in distilled water and diluted to one litre.

2.2.5.3. Procedure: Titrated over a white background 100
ml of sample contained in a 250 ml conical flask against
standard hydrochioric acid using two or three drops of

methyl orange indicator.

2.2.5.4. Calculation: Total alkalinity Cas Ca CcO 3) »
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mg/litre = 10V where OV where

V = Volume in ml of standard hydrochloric acid used

in the titration.

2.2.6. Estimation of mercury in sediment
2.2.6.1. Outline of the method

Mercuric ions were reduced to ground state mercury
atoms in acidic solution by a reducing agent such as
sodium borohydride. The mercury atoms were then swept
by an inert gas stream into a quartz absorption cell
placed in optical path of an atomic absorption
spectrophotometer adjusted for estimation of mercury.
2.2.6.2. Reagents: Acid mixture prepared just before use
by carefully adding one volume of concentrated
sulphuric acid to two volumes of concentrated nitric

acid. Stored in a glass reagent bottle.

Hydroxylamine hydrochloride: Dissolved 12 g of
hydroxylamine hydrochloride and diluted to 100 ml with

DDVW stored in a glass reagent bottle.

Potassium permanganate (5X): Dissolved 5 g of
potassium permanganate (AR> in 100 mi of DDW and stored

in a glass reagent bottle.



33

Sodium borohydride <0.3%6>: Dissolved 0.75 g
of sodium borohydride in 250 mil of 0.52% sodium
hydroxide. Transferred to the <‘Reductant container’

supplied with the instrument.

Hydrochloric acid 5 Md: Carefully diluted
104 ml of concentrated acid to 250 ml with DDW.
Transferred to an ‘Acid container’ supplied with the

instrument.

Stock mercury socolution: Dissclved 0.1354 g of
mercuric chloride (AR> in 75 ml of DDW. Added 10 ml of
concentrated nitric acid adjusted the volume to 100 mi.

This seolution contains 1 mg Hg/mil.

Working mercury solution: Pipetted out. 0.1 mil
of above stock solution into 100 mi volumetric flask
containing 1.5 mil of concentrated nitric acid and
diluted to the mark with DDW. This solution contains

0.1 nug Hg ml
u’

2.2.6.3. Apparatus
i. Atomic absorption spectrophotometer with attachment

of vapour generation accessories for mercury
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determination.
2. Volumetric flasks <100 mb
3. Reagent. bottles 250 mb
4. Conical funnels.
5. Water bath with temperature regulator, etc.
2.2.6.4. Procedure
Calibrations and blanks:

Pipetted O, 05, 10, 15 and 20 ml of working
standard into 250 ml clean reagent. bottles in duplicate
to obtain concentrations of 0, 005, 014, o0.15 and 0.2
ug Hg. Cover the bottles with funnels. Added DDW so
that the total volume in each bottle was 10 ml Added 5
mi of Acid mixture and heated for 2 min in a water bath
adjusted for 9506. Allowed the samples to cool and
added 50 mi of DDW and 15 ml of potassium permanganate
solution to each bottle and kept again in the water bath
for 30 min. Cooled and added 6 ml of hydroxylamine
hydrochloride solution to reduce excess permanganate.
Added 50 mi DDW, mixed well and analysed for mercury by
the cold vapour technique. Measured the absorbance of
each standard and blanks. Plotted the standard curve

and calculated the slope and the factor F d(Hgd.

2.2.6.5. Analysis of samples
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Weighed 1.0 gm of the wet sediment in triplicate

and placed at the bottom of 250 ml reagent bottles
covered with funnels. Another three reagent. bottles
were kept for blanks. Added 5 ml of DDW and 5 ml of
Acid mixture to each bottle. Heated for 2 min in a
water bath at QSOC. Cooled, added 50 mli of DDW and 15
ml of potassium permanganate solution to each bottle.
Mixed thoroughly and kept in the water bath for 30 min
at  95°C. Cooled and added 6 ml of hydroxylamine
hydrochloride to reduce excess permanganate. Analysed
the samples as described above. Measured the absorbance

of samples Ad(s)> and blanks A{(bD.

2.2.6.6. Calculations
Calculated the mercury concentration in the sample

by the relation

F(Hg> x A (s> - A (bd> x F

Hg pxs/s =
wt of sample taken in g

where f{Hg> = Factor obtained from standard curve
(Iug/g).

A(s>= mean absorbance of sample

A(b>= mean absorbance of blank

F= correction factor for moisture
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Moisture of sample was estimated and a correction factor
F was incorporated in order to obtain the concentration

on dry basis.

2.2.7. Estimation of Metals in Sediments

2.2.7.14. Outline of the method: Sediment was gently
heated and digested with hydrofluoric acid in teflon
beaker whereby silica volatalizes as silicon
tetrafluoride. This was followed by treatment with
nitric acid and perchloric acid to destroy the organic
matter. The residue after evaporation of acids was
dissolved in 01 M hydrochloric acid and metals were

determined by atomic absorption spectrophotometry.

2.2.7.2. Reagents: Double distilled water was used for
preparing reagents blanks and standards.

Hydrofluoric acid <(ARD>

Perchloric acid (AR>

Nitric acid <{ARD

Hydrochloric acid (ARD

Acetone (ARD

Hydrochloric acid <0.1MD: Dilut.ed 8.3 mi

concentrated hydrochloric acid to 1000 mli with DDW.

Cu, Z2n, CGd, Pb and Cr stock solution 1000 ppm were
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prepared from Ar/GR grade reagents.
2.2.7.3. Apparatus.

Atomic absorption spectrophotometer.

Teflon beakers (100 mi> and teflon rods.

Funnels <{(small)

Volumetric flasks (100 mid

Agate mortar.

Aspirated the blanks DDW and the standards in the
range 2 to 20 r.xg/m.l and noted down the absorbance.

Plotted the calibration graph and obtained the factor.

2.2.7.4. Preparation of sample for aspiration by

Acid-digestion method:

- Dry sediment. was powdered in a agate mortar and kept
in a plastic bottle

- Accurately weighed about 05 g of powdered sediment
in a teflon beaker containing Httle DDW 4n
triplicate).

- Similarly weighed about 05 g of standard rock in
teflon beaker d{dn triplicate)

- Another three beakers were taken for blanks.

- Transferred all the nine beakers to the fuming chamber.

- Added concentrated acids <10 ml each> in all the

beakers in the following order concentrated
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hydrofluoric acid, perchloric acid, nitric acid and
hydrochloric acid.

- Added the next acid only after allowing the contents
to complete dryness by evaporating on a sand bath kept
on a hot. plate. The volume of acid addition, was kept
constant. in all the beakers (¢ to 10 mid, except
perchloric acid <2 mb.

- Finally added 0.1 M hydrochloric acid to dissolve the
contents and transferred quantitatively to a
volumetric flask {100 ml. Centrifuged the solution
when not clear.

- Aspirated the clear solution in the flame and
determined the absorption of the sample, standard rock
and blanks, noted the absorbance Ad(s), A(Gst) & A,

respectively.

2.2.7.5. Calculations
Plotted the calibration graph and calculated the

factor F for respective metal

Concentration of standard

Absorption of standard
}/"" -
!

F # A (s> - A (b> x final volume made

[

C (PPMO =
Weight of the sample taken
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where A(s) = mean absorbance of sample.

A(b> = mean absorbance of blanks.

2.2.8. Estimation of total iron

Pipetted out 25 ml of the solution <22.74)> to a
250 ml beaker, diluted to 40 ml added 10 mli concentrated
Hel to oxdidise all iron to F‘e3+ state. Boiled the
solution and added stannous chioride soclution till it
becomes colourless. The solution was then rapidly
cooled to about 20°C with protection from air. Added 10
ml saturated Mercuric chloride solution to remove the
excess stannous chioride. The solution was allowed to

stand for five minutes. Added 20 mi 11 H SO4, 5 md

2
orthophosphoric acid and a few drops of Barium
diphenylamine indicator. Titrated with standard 0.01 N
potassium dichromate solution until the pure green
colour changes to grey-green. Then added dichromate
drop wise until the first tinge of blue-violet, which
remains permanent on shaking, appears. The volume was
noted.

F‘e203 (Total> = vol. of Kz Cr207 x Factor

F = 0.63764

2.2.9. Estimation of total aluminum
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Pipetted <’)ut, 25 ml solution <(2.2.74> to a 250 mil
beaker added a few drops of phenolphthalein indicator
and added 202% NaoH till just. alkaline added 5 ml more
and boiled for a few minutes. Cooled and filtered the
solution through a Whatman No.40 filter paper and washed
the filtrate with hot. water. collected the filtrate and

washing in a 400 ml beaker.

Neutralised the filtrate by adding 1:1 Hel till the
solution becomes colourless. Added very dilute NaoH in
drops to the solution to change it. just alkaline. Added
15 ml Ammonium acetate and 10ml 0.1 M EDTA cover the
beaker and boil in a low flame for 30 minutes. Cooled
in ice and added 1 ml acetic acid and 2 drops of xylenol
orange indicator and titrated with 01 M 2zn solution
unt.il the colour changes from Lemon-yellow to red
colour.

AIZOB% = (B-V> x Factor

(B-V> = volume of EDTA consumed

F = 4.07852.

2.2.10. Estimation of organic carbon in marine muds
2.2.10.1. Principle: The principle of the method was

that under suitable conditions organic carbon in muds

can be oxidised with c¢hromic acid and the excess of
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chromic acid was back titrated with ferrous ammonium

sulphate.

2.2.10.2. Reagents

Chromic acid: Dissolved 13 gm of chromium trioxide A.r.
in a minimum amount. of water. Added about 900 ml of
concentrated sulphuric acid and diluted to 1 litre with

concentrated H 2SO 4

Ferrous ammonium sulphate (3.2N): Dissolved
39.3 gm of reagent grade salt in 400 ml of distilled

water containing 10 ml of concentration H_ SO 4 Diluted

2
to 500 ml with distilled water.

Ferrous Phenanthrolline indicator: Dissolved
0337 gm of phenanthrolline mono hydrate in 25 ml of

water.

2.2.10.3.Preparation of samples

In order to remove salts from marine muds it
was carefully washed with distilled water on a sintered
glass funnel {(porosity 4> or on a Buchner funnel fitted
with a fine texture, hardened filter paper. After
drying at 105°C the samples were ground to pass a 100 -

mesh sieve.
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2.2.10.4. Method: Weighed out 03 - 15 gm of the
prepared sample into a boiling tube Q5 x 25 cmd.
Added 10 ml of chromic acid from a wide tipped pipette.
Gent.ly shaken/, the tube and fitted it with a loosely
fitting builb stopper. Heated in a bath of boiling water
for 15 min cooled and poured the contents of the tube
into 200 ml of water. Added 1 drop of ferrous -
phenanthrolline indicator and titrated with 0.2 N
ferrous ammonium sulphate solution until a pink colour
Jjust. persists. Carried out a blank determination in the

same manner.

2.2.10.5.Calculation: 1 ml of 0.2N ferrous ammonium
sulphate was taken as equivalent to 6.0 mg of carbon.

If the blank titre = X and the sample titre = Y, then 24

W

where W = weight of the sample.
2.2.11. Estimation of size fraction analysis:
Immediately after collection a known weight of the wet
sediment. sample was sieved through a 230 mesh and the
sand was collected and weighed on dry basis. A known
veight. of the wet sediment sample was dried and the

moisture was calculated. The above values were computeoed
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to get the percentage of sand and silt. The silt is

defined as the fraction less than 0.0625 mm.

2.2.12. Enumeration of Tables and Figures, and
Abbreviations:
2.2.12.1. Enumeration of Tables and Figures.

Enumeration of Tables and Figures were numbered in

accordance with the chapter numbers.

2.2.12.2. Abbreviations: ng = nanogram, ppm = parts per
million, f.lg = micro gram, ppt = parts per thousand, T/ /Fe
= Total iron, TA/Al = Total Aluminium, T./Org.c = Total

Organic Carbon.
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CHAPTER - 3

RESULTS AND DISCUSSION - PART A

3.1. Metals Present in the Water Column

The geochemistry of metals in aquatic medium
was dominated by complexation, particulate association,
dissociation, precipitation and mobilization processes.
Floculation, sorption, desorption and disint.egration
process control the interaction between suspended matter
and the liquid phase. The effective management and
control of discharge of contaminants to estuaries
demands a proper understanding of |dissolved and
particulate phases of heavy metals and its seasonal
variation. The fate of contaminants in water is related
to the fate of suspended matter Michaelis, 1989). This
chapter reports the concentrations of metals in water
both dissolved and associated with particulate during
monsoon, post-monsoon 1985 and pre-monsoon 1986
seasons. The relation of metals with salinity,

alkalinity and pl'l were presented in Tables 3.1 - 3.19.

Five replicate determinations done for one sample
from each set. of samples collected seasonally, gave a

coefficient of wvariation, for dissolved metals, 38 to
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4.2% for mercury, 42 to 7.8% for copper, 64 to 82%
for zinc, 5.2 to 68% for cadmium, 2.3 to 4.4% for lead,
64 to 9.3% for nickel and 31 to 52% for iron and for
metals jn sediments, 52 to 6.8% for mercury, 4.8 to
52% for copper, 65 to 6.7% for =zinc, 75 to 7.7% for
cadmium, 48 +to 5.1% for lead and 35 to 382% for

chromium.

3.1.1. Mercury

The seasonal distribution of dissolved mercury in
the Cochin estuary ranged from 40 to 180 ng/L. during
monsoon, 50 to 240 ng/L. during post-monsoon 1985 and 80
to 280 ngs/L. during pre-monsoon 1986 seasons. The
dissolved concentration of mercury in the Cochin estuary
were 40 - 150 ng/L., 50 - 210 ng/L. during monsoon,
post-monsoon season of 1985 and 60 - 260 ng/L. during
pre~monsoon 1986 season at surface and the values were
higher at bottom being 50 - 180 ng /L., 60 - 240 ng/L.
and 80 - 280 ng/L. during the respective seasons (Tables
31 - 3.3, stations 1 - 18D. The dissolved
concentrations in the upstream zZone was found to be 15
ng/L. during monsoon, post-monsoon 1983 and 25 ng/L.
during pre-monsoon 1986 seasons. Hence, the observed

concentrations were 2.6 - 6 times higher during monsoon,
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33 - 14 times higher during post-monsoon 1985 and 2.4 -
10.4 times higher during pre-monsoon 1986 seasons, at
surface and at bottom the values were 33 - 12.0 times
higher during monsoon, 4 - 16 times higher during
post-monsoon and 2.4 - 11 times higher during
pre~monsoon seasons, in comparison with the upstream

values.

The dissolved concentrations near the effluent
discharge point showed high values ranging from 85 - 95
ng/L. 115 - 120 ng/L. during monsoon and post-monsoon
1985, and 120 - 135 ng/L. during pre-monsoon 1986
seasons (Tables 314 - 3.3, Stations 19 - 23D, Hence,
the observed concentrations were 56 - 6.3 times higher
during monsoon 7.6 -~ 8 times higher during post-monsocon
1985 and 4.8 - 54 times higher during pre-monsoon 1986

seasons in comparison with upstream values.

The mercury concentrations in particulate matter in
the Cochin estuary ranged from 2 - 8 ppm during monsoon
and post-monsoon 1985 and 8 - 34 ppm during pre-monsoon
1986 at. surface and the values at the bottom being 2 -
20 ppm and 8 - 36 ppm during the respective seasons

(Tables 3.1 -3.3, Stations 1 - 18). The particulate
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concentrations observed in the upstream zone were found
to be 2 ppm during monsoon, 2.5 ppm during post-monsoon
1985 and pre~monsoon 1986 seasons. Hence, the reported
concentrations were 1 - 4 times higher during monsoon
and pos£—monsoon 1985 and 3.2 - 13.6 times higher during
pre-monsoon 1986 at surface and at bottom the values
were 1 - 10 times higher during monsoon, 0.8 - 8 times
higher during post-monsoon 1985 and 132 - 144 times
higher during pre-monsoon 1986 in comparison with the
upstream levels. Surface particulate mercury values
were higher at the effluent discharge point. 245 ppm
during monsoon, 32 ppm during post-monsoon 1985 and 36.8
ppm during pre-monsoon 1986 seasons (Tables 13 -~ 33,
Stations 19 - 23D, Hence, jt,he reported concentrations
were 12.25 times higher during monsoon 128 times higher
during post-monsoon 1985 and 14.72 times higher during
pre-monsoon 1986 seasons in comparison with the upstream

leveis.

3.1.2. Copper

The values for dissolved copper in the Cochin
estuary range from 222 to 238 (ug/L. during monsoon
and 104 - 1838 r.lg/L., during post-monsoon 1985 and 14.8

- 222 r.xg/L. during pre-monsoon 1986 seasons. Its
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concentration in particulates ranged from 44 to 190 ppm
during monsoon, 65 - 230 ppm during post-monsoon 1985
and 76 - 298 ppm during pre-monsoon (986 seasons. The
dissclved concentration of Copper in the Cochin estuary
ranged from 220 to 280 pgs/L., 106 - 188 Pg/L. during
monsoon, post-monsoon 1985 respectively and 158 - 222
r.xg/L. during pre-monsoon 1986 at surface and the values
at bottom being 22 - 2.7 Pg/!..., 104 - 184 pgs/Ll., 148
- 21.8 pg/L., during the respective seasons. (Tables
3.4 - 3.6, Stations 1 - 18D. The dissolved

concentrations of copper in the upstream zone were 0. 8

Pg/L., 10 Pg/L., and 8 r.xg/L., during monsoon,
post-monsoaon 1985 and pre-monsoon 1986 seasons,
respectively (Tables 34 - 3.6, Stations 24 - 27>.

Hence, reported concentrations in the Cochin estuary
were 2.75 -3.50 times higher during monsoon, 1.06 - 1.88
times higher during post-monsoon 1985 and 197 - 2.77
times higher during pre-monsocon 1986 at surface and at
bottom the values were 2.70 - 3.48 times higher during
monscon, 104 - 184 times higher during post.-monsocon
1985 and 185 - 227 times higher during pre-monsoon

1986 seasons in comparison with the upstream leveis.

The particulate concentrations of copper in the
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Cochin estuary were 44 - 111 ppm, 65 - 179 ppm during
monsoon, post-monsoon 1985 respectively and 76 - 280 ppm
during pre-monsoon 1986 seasons at surface and at bottom
the va.lues were 46 - 197 ppm, 65 - 230 ppm and 122 - 298
ppm during the respective seasons (Tables 34 - 3.6,
Stations 1 - 18). The particulate concentrations in the
upstream zone were 48 ppm, 85 ppm and 140 ppm during
monsoon, post-~monsoon 1985 and pre-monsoon 1986 seasons
respectively. Hence, the reported particulate
concentrations in the Cochin estuary were 1 - 23 times
higher during monsoon, 076 - 2.70 times higher during
post-monsoon 1985 and 0.87 - 217 +times higher during
pre-monsoon 1986 season at surface and at bottom the
values were 095 - 414 times higher during monsoon, 0.76
- 2.7 times higher during post-monsoon 1985 and 087 -
21 times higher during pre-monsoon 1986 seasons in
comparison with the upstream levels. The dissolved
concentrations of copper at the effluent discharge point
were almost constant during monsoon and post-monsoon
1985 in comparison with the upstream levels. The values
of dissolved concentrations during pPre-monsoon 1986
season at the effluent discharge point were 15 times

higher in comparison with the upstream levels. The
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particulate copper at the effluent discharge point was
6.6 times higher during monsoon, 4.4 times higher during
post-monsoon 1985 and 28 times ‘higher during
pre-monsoon 1986 seasons in comparison with the upstream

levels.

The concentrations of copper in the fine grade
suspended particulate matter from the effluent discharge
point showed 3 to 4 times increase compared with its
concentration in particulates observed in the
upstream Zone. Percentage of trace metal in
particulates leached by treatment with 01 N Hcl with
respect. to its total metal content was found to be 90 to

100% for the study area.

3.4.3. Zinc

The values for dissclved zinc in the Cochin estuary
ranged from 105 to 155 f.lg/L. during monsoon, 145 to 216
Pg/L. during post-monsoon 1985 and 195--395 ug/L. during
pre-monsoon 1986 seasons ¢ Tables 3.4 to 3.6, Stations
1 - 18> Its concentration in particulates ranged from
125 to 140 ppm during monsoon, 150-2200 ppm during
post-monsoon 1985 and 318 - 3100 ppm during pre-monsoon

1986 seasons (Tables 3.7 to 3.9, Stations 1 - 18D. The
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dissolved concentrations of zinc in the Cochin estuary
ranged from 105 -155 pgs/L., 145 - 216 r.xg/L. during
monsoon, post-monsoon 1985 seasons, respectively and 226
- 385 r.lg/L during pre-monsoon 1986 season at surface
and at bottom the values were 105 - 155 pg/L. 150 - 213
Pg/L. and 195 -~ 348 Pg/L. during the respective seasons
(Tables 34 - 3.6 Stations 1 - 18). The dissolved
concentrations in the upstream zone were 24 r.lg/L. during
monsoon, 40 ug/L. during post-monsoon 1985 and 65 ug/L.
during pre-monsoon 1986 seasons. Hence, the reported
concentrations were 437 - 645 times  higher during
monsoon, 3.62 - 550 times higher during post-monsoon
1985 and 3.47 -~ 5.92 times higher during pre-monsoon
1986 seasons at. surface and at bottom the values were
437 - 6.45 times higher during monsoon, 375 - 5.32
times higher during post-monsoon 1985 and 3.0 - 5385
times higher during pre—monsoon 1986 seasons in

comparison with the upstream levels.

The particulate =zinc concentrations in the Cochin
estuary ranged from 125 - 410 ppm during monsoon, 170 -
1750 ppm during post-monsoon 1985 and 318 - 3100 ppm
during pre-monsoon 1986 seasons at surface and at bottom

the values were 142 - 1040 ppm, 150 - 2200 ppm, 790 -
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3100 ppm during the respective seasons. The particulate
zinc concentrations in the upstream zone were 48 ppm,

240 ppm and 450 ppm during monsoon, post-monsoon 1985

and pre-monsoon 1986 seasons, respectively. Hence, the
reported concentrations were 26 - 835 times higher
during monsoon, .70 - 7.29 times higher during
post-monsoon 1985 and 0.70 -~ 6.80 times higher during

pre-monsoon 1986 seasons at surface and at bottom 2.90 -
216 times  higher during monsoon, 0.62 - 9.10 times
higher during post-monsoon 1985 and 175 -~ 6.8 times
higher during pre-monsoon 1986 seasons in comparison

with the upstream levels.

The zinc concentrations in the fine grade suspended
particulate matter near the industrial area was 1350 to
3800 ppm which was approximately 8 times higher when
compared with the values observed in the upstream =zone.
The percentage of particulate metals leached by 04 N
Hel with total indicated that higher quantum was
extracted in the Cochin estuary when compared with the

upstream zone.

3.4.4. Cadmium

The dissolved concentration of cadmium in the
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Cochin estuary ranged from 18 to 211 r.xg/L during
monsoon, 2.2 to 3.4 rxg/L. during post-monsoon 1985 and
28 to 4.2 r.xg/L. during pre-monsoon 1986 seasons <(Tables
34 - 3.6, Stations 1 - 18>. Its concentration in
particulét.es ranged from 58 to 91 ppm during monsoon, 50
to 150 ppm during post-monsocon 1985 and 65 to 180 ppm
during pre-monsoon 1986 seasons <(Tables 3.7 to 3.9,
Stations 1 - 18). The dissolved concentrations of
cadmium in the Cochin estuary ranged from 18 - 2.1
lug/L. during monsoon, 2.42 - 3.4 lug/l... during

post-monsoon 1985 seasons and 3.12 - 420 ‘ug/L. during

pre-monsoon 1986 seasons at surface and at bottom the

values were 18 - 21 Pg/L. during monsoon, 2.20 - 3.23
Pg/L. during post-monsoon 1985 and 3.2 - 420 ug/L.
during pre-monsoon 1986 seasons. The dissolved

concentrations in the upstream zone were constant 0.2

]ug/L.) during the all the three seasons. Hence, the
reported concentrations were 9 - 105 times  higher
during monsoon, 121 - 17.10 times higher during

post-monsoon 1985 and 155 - 21.0 times higher during
pre-monsoon 1986 seasons at surface and at. bottom the
values were 90 - 105 times higher during monsoon, 11 -

16 times higher during post-monsocoon 1985 and 155 - 21.0
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times higher during pPre-monsoon 1986 Seasons in

comparison with the upstream levels.

The particulate cadmium concentrations were 58 - 70
ppm during monsoon, 50 - 150 ppm during post-monsoon
1985 and 65 - 160 ppm during pre-~monsoon 19856 seasons at
surface and at bottom the values were 60 - 90 ppm during
monsoon, 55 - 150 during post-monsoon 1985 and 85 -~ 180
ppm during pre-monsoon 1986 seasons. The particulate
concentrations in the upstream zone was 2.8 ppm during

monsoon, 3.4 ppm during post-monsoon 1985 and 6.2 ppm

during pre-monsoon 1986 seasons. Hence, the reported
concentrations were 207 -~ 250 times higher during
monsoon, 14.7 - 4410 times higher during post-monsoon

1985 and 1048 -~ 2580 +times higher during pre-monsoon
1986 seasons at. surface and at bottom the values were
214 - 325 times higher during monsoon, 1610 - 44.1
times higher during post-monsoon 1985 and 13.7 - 29.03
times higher during pre-monsoon 1986 Seasons in

comparison with upstream values.

The concentration of cadmium in the fine grade
suspended particulate matter from the industrial zone

was 6 to 12 ppm for aill the seasons. The concentrations
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of dissolved and particulate cadmium in the Cochin
estuary was approximately 20 - 44 times higher in
comparison with the values observed in the upstream

zZone.

3.1.5. Lead

The dissolved concentrations of lead in the Cochin
estuary ranged from 8.8 to 10.6 r.xg/L. during monsoon
80 to 14.- {ug/L. during post-monsoon 1985 and 10.0 to
14.0 Pg/L. during pre-monsoon 1986 seasons (Tables 3.7 -
3.9, Stations 1 - 18). The dissolved concentrations of
lead in the Cochin estuary ranged from 97 - 106 png/L.
during monsoon, 8 - 14 f.\g/L. during post-monsoon 1985,
101 - 14 Pg/L. during pre-monsoon 1986 seasons at
surface and at bottom the values were 88 - 107 ung./L.
during monsoon, 8 - 13.8 pg/L. during post-monsoon 1985
and 10 - 132 r.xg/L during pre-monsoon 1986 seasons.

The dissolved concentrations in the upstream zones were

8 ’ug/L. during all seasons. Hence, the reported
concentrations were 121 - 132 times  higher during
monsoon and 1 - 175 times higher during post-monsoon
1985 and 126 - 175 times higher during pre-monsoon

1986 seasons at. surface and at. bottom the values were

11 - 132 +times higher during monsoon, 1.0 - 1.72
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times higher during post-monsoon 1985 and 125 - 1.65
times higher during pre—-monsoon 1986 seasons in
comparison with the upstream levels. The particulate
lead concentrations in the Cochin estuary ranged from 33
- 70 ];>pm during monsoon, 62 - 156 ppm during
post-monsoon 1985 and 81 - 208 ppm during pre-monsoon
1986 seasons at surface and at. bottom the values were 42
- 150 ppm during monsoon, 60 - 180 ppm during
post-monsoon 1985 and 110 - 260 ppm during pre-~monso-sn
1986 seasons. The particulate lead concentrations in
the upstream zone ranged from 84 ppm during monsoon 94
ppm during post-monsoon 1985 and 105 ppm during
pre-monsoon 1986 seasons. Hence, the reported
concentrations were 039 -~ 083 +times higher during
monsoon, 065 - 1.65 times higher during post-monsoon
1985 and 0.77 - 192 times higher during pre-monsoon
1986 seasons at. surface and at bottom the values were
05 ~ 178 times higher during monsocon, 063 - 191
times higher during post-monsoon 1985 and 1.04 - 247
times higher during pre-monsoon 1986 seasons in

comparison with the upstream levels.

The concentrations for +the fine grade suspended

particulate matter for the industrial effluent discharge
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point was 400 to 850 ppm. The enrichment of dissolved
and particulate lead was approximately 2 times higher in
the Cochin estuary compared with the value observed in
the upstream =zone. The relation between salinity and

dissolved lead was shown in Figs. 3.20 to 3.22.

3.1.6. Nickel

The dissolved concentration of nickel in the
upstream zone was found to be constant during all the
seasons which was 02 Pg/l..., whereas the particulate
nickel was found to increase from monsocon to non-monsoon

seasons (Tables 3.4 to 3.9, Stations 24 - 27D.

The values of dissolved nickel in the Cochin
estuary ranged from 0.3 to 0.4 Pg/L. during monsoon, 0.4
to 0.6 f/g/lit,re during post-monsoon 1985 and 0.3 to 0.4
tug/L. during pre-monsoon 1986 seasons (Tables 34 - 3.6,
Stations 1 - 18D. Hence, the reported dissolved
concentrations in the Cochin estuary were 15 - 20
times higher during monsocon, 2.0 - 3.0 times higher
during post-monscon 1985 and 15 - 2.0 times higher
during pre~monsoon 1986 seasons in comparison with the
upstream levels. Its concentration in particulates in

the Cochin estuary ranged from 45 to 65 ppm during
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monsoon, 10 to 80 ppm during post-monsoon 1985 and 5 to
53 ppm during pre-monsoon 1986 seasons. The particulate
concentrations in the Cochin estuary were found to be

less in comparison with upstream levels.

3.1.7. Iron

Iron <(both dissolved and that associated with
particulate> in the upstream =zone was found to decrease
from monsoon to non-monsoon seasons (Tables 3.4 to 3.9
The values of dissolved iron in the Cochin estuary
ranged from 0.6 to 0.8 /ug/litre during monsoon, 02 to
0.8 (ug/L. during post-monsoon 1985 and 02 to 0.55
/ug/L. during pre-monsoon 1986 sSeasons. Its
concentration in particulates ranged from 28 to 36 %
during monsoon 1986, 7.4 +to 8.4% during post-monsoon

1985, and 9.4 t09.8% during pre-monsoon 1986 seasons.

The reported metal concentrations form the world
oceans were summarised in Table 3.20. The dissolved
concentrations in the southern bight of the north sea
(Duinker and Noiting, 1982> Cu, 022 - 03 /ug/L. Zn 0.3
-0.4 /ug/L. Cd. 002 - 0.038 /ug/L. southern bight {(Dutton
et al., 1973> Cu 05 - 1. /ug/L. Z2n 2 - 4 Pg/L. Ccd 04 -

0.3 ’ug/L. western Atlantic shelf waters (Bruland and
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Franks, 1981> Cu 0.26 /ug/L. Zn 0.16 f..\g/L. Cd 0.023
}ug/L. The highest dissolved concentrations of trace
metals observed in the Puget sound (Paulson and Feely,
1985> Cu 1.6 Pg/L. Ni 55 f.xg/L. Cd 0.39 f.lg/L. Zn 27
r.:g/L. and Pb 1.6 Pg/L. The reported dissolved
concentrations for the Laccadive sea (Sujatha and
Moraces, 1979> Zn 2.9 - 29.7 /ug/L. Ni 13 - 16 ng /L. Cu
13 - 16 ug/L. and particulate concentrations for Zn 1650

/
- 3085 ppm, for Ni 97 - 203 ppm and for Cu 163 - 420

Ppm.

The relation between salinity and mercury
concentrations in the Cochin estuary was shown in
Fig.-3.1. For the monsoon season the estuary was almost
full of fresh water with low mercury concentrations.
This might be as a result of the dilution of mercury
due to storm water input. The high content. of
mercury (bot.h dissolved and associated with
particulates) observed for the bottom water showed that
mercury may be transferred from the bottom sediment to
the over lying water. The effect of salinity on the
removal of copper was 21.4% during monsoon, 44.56%¢ during
pre~monscon 1986 and 33.33% during post-monsoon 1985

seasons (Tables 3.16). The dissoclved copper was found
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to be 2.2 to 4.0 times higher and particulate
concentrations were comparable with the observed values
in the Rhine estuary <(Etcheber, 1979). The relation
between . salinity and dissolved copper (Figs.32 to 34>
indicated that it was negatively correlated and this
relationship increases with increase in salinity due to
the seasonal change. Good interrelationship was
observed for the particulate copper with salinity for
all the seasons (Figs. 35 to 3.72. The effect of
salinity on the removal of =zinc is 32.25% during
monsoon, 32.5% during post-monsoon 1985 and 49.35%
during pre-monsoon 1986 seasons. The removal was almost
constant during monsoon and post-monsoon 1985 seasons.
The =zinc concentrations were found to be 2 times higher
for dissolved form and for particulates it was
comparable with the observed values in the Rhine estuary
(Etcher, 1979). Major quantum of particulate zinc
was leached by 0.1N Hcl which showed that. the
particulate zinc was in such a form, that it can be
easily removed by the biota. The relationship between
salinity and dissolved zinc (Figs. 3.8 to 3.10>
indicated that it was negatively correlated and this

relationship increase with increase in salinity due to
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the seasonal change. Good inter~relationship of
particulate =zinc with salinity (Figs.3111 to 3.13) was
observed for all seasons. Similar to copper the samples
from the effluent. discharge point showed enhanced levels
of dissolved zinc during pre-monsoon 1986 season. The
effect. of salinity on the rate of removal of cadmium was
14.2% during monsoon 35.29%, during post-monsoon 1985
and 33.33% during pre-monsoon 1986 seasons. The rate of
precipitation was almost constant in post-monsoon 1985
and pre-monsoon 1986 seasons. The relation between
salinity and dissolved cadmium (Figs. 3144 to 3.16>
indicated that,, it was negatively and particulate
concentrations (Figs. 3.17 to 3.19O>were positively
correlated. The dissolved concentrations were
comparable and particulate concentrations were 18 times
higher when compared with the values reported in the
Mersey estuary (Head & Jones, 1989D). The percentage of
cadmium which was leached by 04 N Hcl with the total
indicated that higher quantum was extracted for Cochin
estuary compared with the upstream =zone. The effect
of salinity on the rate of removal of lead was 16.9%
during the monsoon, 42.852% during post-monsoon 1985 and

28.57% during pre-monsoon 1986 seasons. The rate of
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removal of nickel was 25% during monsoon, 33.33% during
post-monsoon 1985 and 25% during pre-monsoon 1986
Seasons. High content of nickel was observed for the
fine grade suspended matter from the industrial
discharée point. The particulate leachable fraction of
nickel in 0.1 N Hcl with the total metal was found to be
40 to 60% in the Cochin estuary. The relation between
salinity and dissolved nickel was shown in Figs. 326 to
328 and with particulate nickel Figs. 329 to 3.31.
The rate of removal of iron was 25% during monsoon, 75%
during post-monsoon 1985 and 63.5% during pre-monsoon
1986 seasons. The relation between salinity with
dissolved and particulate iron was shown in Figs. 3.32

to 3.37.

The steady decrease in the r value of copper from
0.60 - 095, from monsoon to non-monsoon seasons showed
that the rate of removal of copper was enhanced with
increase in salinity. For monsoon season, low salinity
region showed high concentration of dissolved copper
which proved that. transport process of copper may be
from fresh water sources. The decrease in the
concentration of dissolved copper from monsoon to

post-monsoon 19858 seasons, showed that the major removal
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was taking place over a wide salinity region from 6 PPT

to 24 PPT.

The negative correlation of dissolved lead was
observed during non-monsoon season, but positive
correlation was observed for particulate lead with
salinity for all seasons. In the case of nickel, only
particulate nickel showed positive correlation with
salinity. In the case of iron, only particulate iron
during post-monsoon 1985 sSeason showed positive

correlation with salinity.

| The PH alkalinity, salinity and the iron content

play an important role in the precipitation as well as
the removal of heavy metals in the water column. Metals
were converted into their hydroxides or carbonates in
the natural form, and this conversion was enhanced by
the increased pH or high alkalinity. Such hydroxides or
carbonates which were more gelatinous in nature dlike
that of iron/aluminium) occlude +the particulate matter
thereby settles down fast.| The concentrations of
salinity, pHand alkalinity were shown in Tables 317 +to
3.19. Low pH and low alkalinity were observed for the

water samples collected near the  effluent discharge
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point. As the salinity increased the pH and alkalinity
were also found to be increased in the Cochin Harbour
region. For the monsoon season the PH ranged from 6.6
to 74 and iron removal was found to be 25%. During the
post-monsoon 1985 the PH ranged from 7.1 to 8.0 and the
iron removal was maximum <7526> whereas during
pre-monsocon 1986 the removal was found to be 66.66%.
This change may be due to the fact that at high PH
conditions in pre-monscon 1986 season, the depleted iron
might. have gone to the soluble form due to the hxgh

A
solubility product. 4

The high concentrations of iron (both dissolved and
in particulates) during monsoon season in the upstream
zone could be due to surface run off during heavy rain.
Sankaranarayanan and Rosamma Stephen d{1978) attributed
to higher particulate iron in the Cochin estuary was due
to land drainage, harbour activity and sewage. The
trend of its decrease observed in post-monsoon 1985 and
pre-monsoon 1986 seasons in the Cochin estuary indicated
that iron was removed or precipitated from the water

column under the influence of salinity and alkalinity.

Seasonally, the dissolved and particulate zing
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showed a conservative decrease in concentrations. The
comparison of monsoon values of copper, cadmium and lead
with pre and post-monsoon 1985 seasons indicated that,
salinity PH, alkalinity and iron plays a major role in
the removal of the above metals during estuarine mixing.
The relation bet.ween salinity and dissoived
concentrations during 1985 and 1986 survey were shown
in Figs. 3.2 - 3.37. Salinity has a profound influence
in the removal of particulate matter d<(Ouseph, 1986>. In

general surface samples were found to have more

concentration compared with the bottom. As the salinity

increases, the concentration of copper decreases. Zinc
behaved in a similar way as copper. Pb, Cd, Fe had
almost similar characteristics with salinity. The
conservative nature of nickel was well noticed. The

data revealed that large quantum of metals were removed
from the water column and precipitated as suspended

matter which may contaminate the bottom sediments.

The decrease in the concentration of heavy metals
from surface to bottom and also with salinity showed
contribution from fresh water sources and indicated that
physical mixing was a signif icantl factor in controlling

the dissolved concentrations. High concentrations of
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heavy metals were observed in the fine grade suspended
matter from the industrial =zone, even though no
correction was made for the grain size. According to
Pauli and Pillai <1983) solubilisation of Cu and Cd from
sediments under the influence of salinity may be
regarded as one of the major mechanisms of trace metal
transport to the sea. The enhanced levels of dissolved
Cu and Zn observed during non-monsoon period in the
upstream zone was attributed to the concentration by
evaporation and increased dissolution from sediments
due to higher pre-monsoon 1986 temperature and larger
contactt time in summer (Paul and Pillai, 1983D. The
steady increase in the concentration of particulate Cu,
Zn, Cd, Pb and Ni from monsoon to the non-monsoon period
indicated that +the longer residence time of finer
fractions of suspended solids in river water facilitates
further build up by ion exchange processes. Similar
behaviour was observed for the particulate Cu, 2Zn, dCd,
Pb Ni and Fe from the effluent discharge point and also
for Cu, Zn, Cd and Pb particulates from the Cochin
estuary. The decrease in t.he concentration of
particulate nickel from monsoon to non-monsoon season

showed that the major mechanism may be solubilisation,
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suspension, precipitation and subsequent incorporation
in the sediment. The concentration in the fine grade
suspended particulate matter from the effluent. discharge
point. showed high concentration of heavy metal, which
indicated that the transport route of heavy metal may be

from industrial sources.

Metals leached by 04 N Hcl from particulates
indicated that the ma jor quantum of estuarine
particulate Cu, Zn, Cd and Pb were in such a form which
can selectively be removed by the biota (Ouseph,
1987). Similarity in the behaviour of particulate
leachable metals with the total metal content from the
effluent. discharge point and Cochin estuary showed that
the metals brought from the effluent discharge point can
behave in a similar manner in the Cochin estuarine
system for bio-geochemical uptake. High dissolved
concentration in the surface water strongly suggests
that. anthropogenic inputs injected by industrial,
harbour activity and sewage. Mixing curves have been
shown to be useful in detecting the relative importance
of physical and bio-geochemical reactions in controlling
the distribution of dissolved constituents in estuaries.

The balance between the physical and bio-geochemical
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processes will dictate the fate of these anthropogenic

sources in this estuarine environment.

The variation of heavy metals from season to
season, station t.o station, relates to the
characteristics of the estuarine system. Two models
describing the mobilization of heavy metal can be
suggested. One was the transport route of heavy metals
through fine grade suspended particulate matter from
river Periyar. The second was the removal of heavy
metals during estuarine mixing. The survey revealed
high concentrations of dissclved and particulate Cu, Zn
and Cd in the waters of Cochin estuary. The removal of
heavy metals with respect to estuarine mixing indicated
that Lakshadweep Sea acts as a sink for heavy metals
discharged from the Cochin Harbour. The study reveals
that there was anthropogenic input of heavy metals to

the Cochin estuary.

3.2. Semi-diurnal Variation of Dissolved Metals in the
Cochin Estuary
The concentrations of heavy metals obtained during
the semi-diurnal variation at  station (Fig.1.3> was

summarised in Tabie - 3.22. The percentage of removal



- 69

of dissolved elements under the influence of salinity
was shown in Table - 3.238. The tides of this region
were of a mixed type, predominantly semi diurnal with
two high and two low waters. The low tide was observed
on the day of experiment at 08.15 hrs. and the high tide

at 15.00 hrs. The tidal range was approximately 60 cm.

3.2.1. Salinity

The variation of salinity ranged from 1577 ppt
to 32.50 ppt and was found to be in accordance with the
tide. Bottom salinity was higher than the surface
showing penetration of high saline sea water along the
bottom.

3.2.2. Hydrogen ion concentration (pH)

PH variation for the surface and bottom waters was
shown in Table - 3.18. The pH vary between 725 to
8.15. During high tide, sea water intrudes into the
estuary, the salinity increases accordingly pH also

increases.

3.2.3. Suspended particulate matter (SPMD
The suspended particulate matter ranged from 4.80
to 22.0 mg/litre and decreases with increase in salinity

(Fig. 3.40D.
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3.2.4. Copper
The dissolved concentrations of copper in the
Cochin estuary ranged from 8.1 to 154 r.xg/L. (Table -
3.22>. In the concentrations of copper were 102 - 154
ug/L. at surface and 8.6 - 108 ’ug/L. at the bottom.
The relation between salinity and dissolved copper was

shown in Fig. 3.40.

3.2.5. Zinc

The concentrations vary from 68 to 101 f.xg/L (Table
- 3.220. The concentrations of zinc were 78 - 101 ug/L.
at, surface and 68 - 80 Pg/L. at the bottom. During
monsoon, 1985, the concentrations were found to be 108
to 155 ug-/L.. The relation between salinity and zinc was

shown in Fig. 3.40.

3.2.6. Cadmium

The concentrations ranged from 083 to 0.99 /ug/L.

(Table - 3.22). The concentrations were 086 - 099
ngs/L. at surface and 082 - 0.89 {ug/L. at the bottom.
The rate of removal was 16.162% (Table - 3.23D. The

relation between salinity and dissolved cadmium shown in

Fig. 3.40.
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3.2.7. Lead
The dissolved concentrations ranged from 81 to
10.2 ug /L. (Table - 3.225. The concentrations were
814 - 102 Pg/L. at. surface and 812 - 9.10 rxg/L. at the
bottom. The rate of removal was found to be 20.58%
(Table - 3.23D. For monsoon, 1985 survey the
concentrations were found to be 88 to 1046 lug/L. and

the rate of removal was 16.982%.

3.2.8. Nickel

The dissolved concentration of nickel ranged from
021 to 0.46 pesL. (Table - 3.22> and found to be well
agreement with the observed values during 1985 survey
(Ouseph, 1992). The concentrations were 027 - 046
Iug/l_.. at,. surface and 021 - 0.29 I.xg/L. at. the bottom.
The relation between salinity and dissolved nickel was

shown in Fig. 3.41.

3.2.9. Iron

The dissolved concentration ranged from 021 +to

0.48 Iug/]... {(Table - 3.22> and the rate of removal was
found to be 56.252% (Table - 3.23>. The concentrations
were 029 - 0.48 (ug/L. at. surface and 021 - 031 }.\g/L.

at. bottom. The reiation between and dissolved iron was
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shown in Fig. 3.41.

3.2.10. Chromium

The dissolved concentration of chromium ranged from
030 to 0.40 /ug/L. (Table - 3.22). The concentrations
were 0.31 - 040 f..\g/L. at. surface and 031 - 0.32 /ug/L.
at the bottom. The rate of removal was found to be 25%

(Table - 3.23D.

3.2.11. Silver
The concentration for silver ranged from 0.08 to
0.14 {ug/l_.. The concentrations were 010 - 0.14 /ug/L. at

surface 0.08 - 0.10 r..lg/L. at. the bottom.

Bot.tom water was having high PH compared with the
surface water and this indicated that the salinity
play an important role in controlling the pH of the
estuarine system. The decrease in the concentration of
particulate matter with increase in salinity showed that
the input of particulate matter to the estuary was of
river borne and the colloidal solids were precipitated
and removed from the water column under the influence of
salinity pH and alkalinity. It was observed that the
dissolved copper was removed by the intrusion of saline

water to the estuary. The rate of removal was found to
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be 48.3425. During monsoon, 1985 survey. the
concentration of copper for the entire harbour area was
found to be 22 to 28 lug/L.. This indicated that
higher concentrations were observed during the present
study. The rate of removal of copper during monsoon,
1985 survey was found to be 21.4%. The concentrations
were comparable with the maxdmum values observed in the
Scheldt. estuary <(Baeyens et al, 1982) which was 12.9
fug/l.... The rate of removal of zinc during the 1985 and
1987 survey was 32.252% and 32.67%, respectively <(Table -
3.23). This indicated that the rate of removal was
almost constant. The observed values of =zinc were
comparable with the concentrations in the Scheldt
estuary <(Baeyens et al., 1982). For the monsoon sSeason
of 1985 the cadmium concentrations were found to be 1.8
to 2-1-,PJ€/L- and the removal was 14.28%. The rate of
removal of dissolved cadmium was between 1428 to
16.66% during the earlier and the present study. The
values of cadmium were comparable with the observed
concentrations in the Scheldt estuary (Baeyvens et al.,
1982D. The relation between salinity and dissolved lead
was shown in Fig. 3.40. The observed values of lead

were 1.6 to 2 times higher when compared with the
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concentrations reported in the Scheldt estuary <(Baeyens
et al., 1982) which was 5 Pg/L. The conservative nature
of nickel was noticed for the high salinity range and
also a hundred times increase in removal in comparison
with the earlier study. Similar to nickel, iron was
also found to have 100 times increase in removal in

comparison with the earlier study.

The Figs. 3.40 and 3.41 show that pH and salinity
play an important role in the removal of heavy metals
during estuarine mixing. This indicated that the
transport route of heavy metals to the sea may be
probably in the form of particulate matter by
precipitation. The concentration versus time in hours
(Fig=s.3.38 and 3.39> showed that copper and zinc behaved
in a similar way. During high +tide +the bottom
concentration for Cu, Zn, Cd and Pb show conservative
nature compared with the surface. Among the metals
under study, the conservative nature of Pb and Cr was
well noticed for the entire tidal range. The major
changes in the removal of +trace metal and suspended
matter were taking place between 24.0 to 325 salinity
(Figs.3.40 and 3.41D. This showed that the study area

actt as a removal zZone for the heavy metals brought by
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the rivers through the fresh water discharge. The
results for the percentage of removal for 2Zn, Cd and Pb
during the present study was found to be in well
agreement. with the monsoon, 1985 survey (Table - 3.19
and for Cu, Ni and Fe a 10024 increase in removal was
observed may be due to the high input from the fresh
water Zone. According t.o Paul and Pillai €1983>
solubilisation of Cu and Cd from sediments under the
influence of high salinity which may be regarded as one
of the major mechanisms of trace metal transport to the
sea. The study reveals that removal and subsequent
sediment movement was the major mechanisms of trace

metal transport to the sea.



Table - 3.1
Concentrations of Dissoclved and Particulate Mercury in Cochin
Estuary and River Periyar - July, 1985 (Monsoon)

Station  Salinity D PM P PM
No. ppt ng/L. P@/gm mg/L. ng/L.
) 1.8 130 4 15 60

2.2 150 & 18 108

. 5 1.9 a5 5 16 80
“ B 2.1 160 12 17 204
. 3.2 150 & 15 90
3.4 180 20 16 320

. 1.6 a5 5 18 90
B 1.8 90 g 19 152

: 1.2 80 5 18 90
1.4 110 & 20 120

. 1.1 80 5 15 75
1.2 80 5 18 108

s 0.8 90 s 15 75

7. R 1.2 110 5 16 80
8. S 1.4 40 a 17 &8
B 1.1 50 & 18 108

9. S 1.4 50 4 16 b4
B 4.9 50 5 2 50

10, S 3.2 120 & 14 84
R 10.6 140 18 10 180

11. S T.5 100 5 12 50
B 1=.8 160 19 7 133

12. S 3.4 8BS 4 10 &0
B 13.6 20 13 5 78




Station Salinity D PM P PM
No. ppt ng/L. P@/gm mg/L. ng/L.
13. 5 3.8 80 S 12 &0

B 16.9 1560 12 =) 72
14. S 3.6 83 2 15 30

B 16.95 180 20 6 20
15. § 1.5 80 4 17 68

B 1.6 110 & 18 108
6. S 1.4 100 8 16 128

B 1.9 120 10 15 150
7. S 1.1 80 4 16 64

B 1.1 0 =) 15 0
18 2.2 110 S 14 70

B 3.4 1Z0 8 15 120
19. S <1.0 835 24.5 i8 441
20. S <1.0 F0 24.3 20 490
21 5 1.0 S 24.5 19 465.5
2 5 <1.0 83 24.5 21 514.5
3. S <1.0 F0 24.5 22 337
24 S <1.0 15 2.0 12 24
23 5 1.0 15 2.0 10 20
6 5 <1.0 1S 2.0 8 16
27 S <1.0 i3 2.0 10 20

D = Dissolved Mercury
MM = Particulate Mercury

P = Particulate matter



Table - 3.2 .
Concentrations of Disoolved and Particulate Mercury in Cochin
Eestuary and River Perivyar November, 19835 (Post—-monsoo)

Station Salinity D PM P PM
No. _ ppt ng/L. Pb/gm mg/L. ng/L.
1. S 16.2 140 8 8 &4
B 18.2 170 20 7 140
2 S 17.2 160 ) 9 54
B 18.8 210 25 8 200
3. S 13.2 180 S 9 45
B 22.4 220 18 S 0
3, S 17.4 130 7 5 35
B 20.2 140 12 4 48
3. S 12.3 100 S 7 35
B 16.4 110 6 6 36
6. S 11.5 50 3 10 30
B 11.35 &0 4 9 36
7. S 10.8 70 3 10 30
B 12.5 <« 90 3 8 24
8. S 12.5 S0 2 9 18
B 13.4 60 2 8 16
9. S 21.3 80 2 8 146
B 23.3 0 3 b6 18
10. S 22.5 150 ) 4 24
B 26.5 240 18 s 0
1. § 18.3 170 7 4 28
B 24.53 220 29 9 225
12. 5 17.4 180 3 3 15
B 22.2 200 i8 8 144




Station Salinity D PM P PM
No. ppt ng/L. F@/gm mg/L. ng/L.
13. S 16.4 210 4 6 24

B 18.5 230 15 7 105
14, S 20.2 180 ) 8 48
B 21.5 240 12 5 75
15. § 12.5 110 S 4 2
B 16.4 140 =] 12 60
6. S 11.4 210 8 10 80
B 15.2 230 13 8 104
17. S 10.8 180 6 7 42
B 11.2 180 7 9 63
18. S 17.2 160 S 8 40
B 18.5 210 16 7 112
19 S <1.0 115 32 14 448
20 S <1.0 120 32 15 480
21 S <1.0 118 32 14 448
22 s <1.0 120 32 15 480
23 5 <1.0 115 32 15 480
24 S <1.0 15 2.9 8 20
25 S <1.0 15 2.5 7 17.!
b6 5 €£1.0 13 2.9 8 20
27 S <1.0 15 2.5 8 20

D
PM
p

Dissolved Mercurry
Particulate Mercurry
Particulate matter



Table - 3.3 -

Concentrations of Dissolved and Particulate Mercury in Cochin

Estuary and River Periyar - April, 1986 (Pre—monsoon)
Station Salinity D PM P PM
No. ppt ng/L. ﬁ@/gm mg/L. ng/L.
1. S 22.5 160 16 ) ?6

B T 28B.3 200 20 S 100
2. S 22.2 180 14 6 84
B 29.2 180 18 3 0
3. S 22.4 200 15 8 120
B 28.2 230 16 7 112
4, S 20.2 150 15 b 0
B 26.2 210 18 6 108
3. S 1?.4 130 14 8 112
B 26.2 150 19 3 ?5
6. S 15.2 80 14 10 140
B 18.2 100 14 8 112
7. s 18.5 80 i3 8 104
R 22.4 120 i3 6 0
8. S 19.4 60 14 S5 70
B 28.2 80 13 7 105
9. S 22.2 80 8 5 40
B 29.9 130 & =) 36
10. S 22.6 22 32 7 22
B 33.2 240 36 5 180
1i1. S 25.9 210 42 =) 232
B 34.2 250 2 4 112
12. 8 25.2 i80 2 6 144

B 32.2 200 =2 S 125



Table - 3.3
Station Salinity D PM P PM
No. ppt ng/L. f.lg/gm mg/L. ng/L.

13. S 26.1 220 16 =) 96

B 34.1 240 22 4 88
14, S 28.4 180 2 6 168

B 33.2 200 2 35 125
15. S 22.1 100 3 7 238

R 28.4 120 36 4 144
16. S i8.2 230 26 S 130

B 24.2 250 25 6 150
17 S 18.5 260 27 7 189

B 19.2 280 22 7 154
18 S 21.4 180 17 8 136

B 29.2 220 20 6 120
19 S <1.0 120 36.8 25 20
20 S <1.0 135 36.8 24 883.2
21 S <i1.0 132 36.8 22 809.46
22 5 <1.0 130 J6.8 24 883
23 5 <1.0 128 F6.8 22 809.6
24 S <1.0 25 2.5 4 10.0
23 S <1.0 25 2.5 =) 15.0
26 S <1.0 25 2.5 S 12.
27 S5 <1.0 25 2.5 8 20.0

D = Dissoclved Mercury
PM = Particulate Mercury
P = Particulate matter.



Table - 3.4

Concentrations of Dissolved Metals Fg/L. in Cochin
Eastuary and River Periyar - July,'1983 (Monsocon)

Station Salinity Cu in Cd Fb Ni Fe
ppt
1. S 1.8 2.7 139 2.10 10.6 0.3 0.80
B 2.2 2.6 140 2.10 10.4 0.4 0.80
2. S 1.9 2.7 145 2.00 10.6 0.32 0.83
B 2.1 2.5 138 1.%0 10.35 0.3 0.82
3. S F.2 2.8 130 1.80 ?.8 0.38 0.79
B 3.4 2.7 136 1.99 ?.9 0.35 0.70
4. S 1.6 2.78 155 2.10 10.2 0.41 0.71
B 1.8 2.77 152 2.20 10.3 0.30 0.80
3. =] 1.2 2.62 130 1.98 10.6 0.30 0.84
R B 1.4 2.24 151 1.92 10.1 0.37 0.81
b. S 1.1 2.2 154 1.921 10.5 0.42 0.69
B 1.2 2.74 150 1.80 10.2 0.34 Q.70
7. S 0.8 2.79 152 2.05 10.6 0.43 0.78
B 1.2 2.69 146 2.10 10.2 0.38 0.72
8. S 1.4 2.6 148 2.00 10.1 0.43 0.73
B 1.1 2.76 153 1.90 10.0 0.39 0.69
9. S 1.4 2.6 132 2.40 10.1 0.37 Q.80
B 4.9 2.71 149 2.06 10.6 0.30 Q.72
10. S 3.2 2.62 147 1.922 ?.7 0.40 Q.73
B 10.6 2. 124 2.00 2.4 0.31 0.81
11. S 3.6 2.73 140 2.00 .8 0.40 0.85
B 13.8 2.3 114 1.87 8.2 0.32 Q.62
12. 5 F.4 2.76 138 - ?.6 0.37 Q.60
B 13.6 2.2 118 1.39 8.8 0.30 0.61




Table

- 3.4

Station Salinity Cu in Cd Pb Ni Fe
ppt
13. S 3.8 2.72 135 - 10.4 0.40 0.82
B 16.9 2.22 114 1.8 8.8 0.28 0.465
14. S 3.6 2.72 142 - ?.8 0.40 0.60
R 16.3 2.45 1035 1.79 8.8 0.2 0.64
15. S 1.5 2.71 105 2.02 10.4 .40 0.83
B 1.6 2. 136 2.01 10.2 0.40 0.71
16. S 1.4 2.80 143 1.92 10.1 0.37 0.73
B 1.2 2.79 13 2.10 10.7 0.39 8.83
17. S 1.1 2.76 149 1.92 10.35 0.39 Q.59
R 1.1 2.74 135 1.39 10.2 0.38 0.83
18 3 2.2 2.73 151 1.9 10.4 0.40 0.75
B 3.4 2.66 28 1.9 ?.9 0.33 0.70
19 5 <1.0 0.80 24 Q.20 8.0 0.20 1.10
20 S <1.0 0.80 24 0.20 8.0 0.20 1.1
21. S <1.0 0.80 24 Q.20 8.0 0.20 1.2
22. S <1.0 0.80 24 0.20 8.0 .20 1.2
23. 5 1.0 .80 24 0.20 8.0 0.20 1.10
24, S 1.0 Q.30 24 0,20 8.0 .20 1.2
25. 8 <1.0 0.80 24 0.20 8.0 0,20 1.2
26. 8 <1.0 0.80 24 .20 8.0 0.20 1.2
27. S 1.0 .80 24 0.20 8.0 0.20 1.2
S = Surtace
B = Bottom



Table - 3.5
Concentrations of Dissolved Metals ug/L. in Cochin

Estuary and River Periyar — November, i?BS (Post—monsoon)
Station Salinity Cu in Cd Pb Ni Fe
ppt
1. 5 16.2 14.8 180 2.8 10.4 0.30 0.50
B 18.2 13.4 179 2.4 10.4 0.6 0.70
2. S 17.2 2.2 1560 2.6 10.8 0.51 0.40
B 18.8 11.4 170 2.3 10.4 0.41 0.464
3. S 15.2 15.4 190 F.0 12.5 0.49 0.42
R 22.4 12.4 155 2.3 9.8 0.52 0.568
4, s 17.4 13.2 165 2.43 13.2 0.41 0.44
B 20.2 11.4 150 2.20 13.1 0.352 0.80
3. S 12.3 17.4 216 3.1 12.4 0.60 0.38
B 16.4 15.1 180 2.7 11.0 0.40 0.30
6. S 11.5 18.2 205 3.2 13.0 0.39 0.82
B 11.3 18.4 1935 3.13 12.8 0.33 0.8%
7. s 10.8 18.8 215 F.4 14.0 0.60 0.5L3
B 12.5 17.9 213 3.23 13.: 0.45 0.69
8. S 12.5 17.2 202 3.38 12.6 .57 0.80
B 13.4 17.1 192 3.14 13.3 0.533 Q.63
3. S LL.3 11.1 162 2.42 10.0 0.43 <32
B 23.3 10.9 176 2.82 9.1 0.45 0.20
10. S 22. 11.5 163 2.534 8.0 0.40 0.18
B 26.3 10.4 143 2.2 8.0 0.46 0.2
11. S 18.5 12.1 142 2.72 10.3 0.48 0.47
24.5 10.9 179 2.45 10.4 Q.49 0.36
12. S 17.4 13.7 170 2.73 10.6 0.44 Q.44
B 22.2 iz2. 158 2.56 10.4 0.39 0.45




Table - 3.5
Station Salinity Cu in cd b Ni Fe
ppt
13. S 16.4 14.2 161 2.83 11.30 0.46 0.53
B 18.5 12.1 168 2.63 10.90 0.43 0.351
14. S 20.2 11.9 177 2.54 10.1 0.460 0.33
B 21.5 10.8 166 2.73 2.3 0.57 0.48
15. S 12.5 16.4 197 3.40 13.7 0.45 Q.35
B 16.4 14.8 174 2.89 10.9 0.34 Q.58
16. S 11.4 10.6 202 JF.12 12.1 0.39 0.78
R 153.2 14.2 174 2.94 11.3 0.49 0.564
17. S i0.8 18.8 193 3.35 13.4 0.560 0.67
B 11.2 10.8 212 2.90 13.8 0.32 .81
18. S 17.2 12.6 165 2.86 11.0 0.38 0.69
B 18.35 13.9 162 2.67 9.4 0.55 0.78
19. 5 1.0 10 40 0.20 8.0 0.20 1.1
20 S 1.0 10 40 .20 B8.0 0.20 1.1
21 S 1.0 10 40 0.20 8.0 0.20 1.1
22 S <1.0 10 40 0.2 8.0 0.20 1.1
23 S <1.0 10 40 Q.2 8.0 0.2 1.1
24 3 <1.0 10 40 0.20 3.0 0.20 1.1
25 S 1.0 10 40 0.20 8.0 0.2 1.1
26 S 1.0 10 40 0.20 8.0 0.20 1.1
27 S <1.0 10 40 0.2 3.0 0.20 1.1
S = Surface
B = Bottom



Table - 3.6
Concentrations of Dissolved Metals pg/Ltr. in Cochin
Estuary and River Periyar — April, 1986 (Pre—-monsoon)

Station Salinity Cu in Cd i Pb N1 Fe
ppt
1. S 22. 19.2 305 F.60 13.1 0.31 0.40
B 28.3 17.6 240 3.10 10.0 0.40 0.2
2. S 22.2 18.8 290 F.25 11.1 0.32 0.45
B 29.2 16.8 215 3.12 10.0 0.35 0.2
3. 5 22.4 18.6 18 3.50 11.0 .31 0.40
B 28.2 17.3 262 2.98 1:1.1 0.30 0.28
4, i} 20.2 20.8 325 .70 ¢ 10.9 Q.Z78 0.30
B 26.2 17.6 23 3.0%5 11.2 0.40 0.32
3. 3 19.4 22. 330 3.90 13.6 .32 0.35
B 26.2 17.8 225 F.13 10.8 0.30 Q.30
5. S 15.2 22.2 85 4.20 14.0 0.35 0.60
B 1i8.2 21.8 340 3.86 13.2 Q.3 0.51
7. S 18.5 21.6 48 Z.75 11.8 0.31 0.35
B 22. 19.8 0S5 3.50 11.2 0.32 0.35
3. S 19.4 21.4 I40 Z.8C 10.4 0.40 .32
B 28.2 16.8 =42 F.13 10.2 0.40 0,29
7. = 22.2 19.8 2 I.60 10.8 0.38 0.38
R 22.9 15.4 232 J.08 10.8 .32 Q.32
10. 5 22. i?.6 322 3.60 10.1 0.335 0.30
B 33.2 15.1 19% 2.90 10.6 0.38 0.28
11. S 25.9 18.6 262 T.20 10.83 0.32 0.40
B 4.2 14.8 208 2.80 10.5 0.31 0.20
12. 8 25.2 15.8 292 F.195 11.4 Q.30 0.40

B I2.2 15.1 210 3.00 11.7 0.39 0.2




Table - 3.6

Station Salinity Cu Zn cd Pb Ni Fe
ppt
13. S 26.1 17.4 283 3.12 11.1 0.21 0.40
B F4.1 14.8 205 2.94 10.2 0.32 0.20
14 S 28.4 16.6 226 Z.18 10.9 0.38 0.24
R 33.2 15.2 195 2.96 10.2 0.34 0.20
15. S 22. 12.8 332 F.30 12.1 0.35 0.32
B 28.4 17.4 208 J.16 10.2 0.38 0.30
16. S 18.2 22.2 362 Z.920 12.1 0.32 0.446
B 24.2 17.8 200 3.10 10.9 0.38 0.28
17. S 18.5 21.4 348 Z.95 12.4 0.36 0.48
B 19.2 21.0 362 3.78 13.2 0.34 0.51
18. S 21.4 20.2 z1i8 3.18 11.8 0.39 0.41
B 29.2 16.8 218 3.12 10.9 0.30 0.2Z
19 5 1.0 1.0 215 1.8 8.0 0.2 0.80
20 S <1.0 13.0 168 1.5 8.0 0.20 Q.80
21 S <1.0 16.0 205 2.1 8.0 0.20 0.80
22 S <1.0 1X.0 208 2.8 8.0 0.20 0.80
23 S <1.0 15.0 168 1.5 8.0 0.20 Q.80
24 S 1.0 8.0 &5 0.2 8.0 0.20 0.80
25 S <1.0 3.0 &5 0.20 8.0 0.20 0.80
26 S <1.0 8.0 63 0.20 8.0 0.2 0.80
27 S <1.0 8.0 65 0.20 8.0 0.20 0.80




Table -

3.7

Concentrations of Particulate Metals in Cochin

Estuary and River Periyar - July, 1985 (Monsoon)
Station Salinity Cu in Cd Pb Ni Fe
ppt PPmM ppm ppm ppm ppm “
T S 1.8 &8 190 62 33 46.0 2.90
B 2.2 86 260 &6 45 48.0 2.80
- S 1.9 {1 125 64 46 47.0 2.80
“* B 2.1 2 280 &8 47  48.5 2.32
3 5 3.2 4 310 69 48 51.0 3.10
B 3.4 105 380 67 58 52.0 F.20
4 S 1.6 65 140 61 62 54,0 2.30
< 1.8 70 170 &3 48 33.0 F.00
< S 1.2 35 129 62 40 45.5 2.80
B 1.4 63 160 64 42 49.0 2.86
6 S 1.1 &4 130 39 38 45.5 2.80
B 1.2 48 142 &0 43 47 .5 3.10
S ¢.8 44 125 a8 35 45.0 2.78
7. B 1.2 52 140 2 43 45.0 2.97
8. S 1.4 60 160 65 44 47 .0 3.12
B 1.1 S0 150 64 45 45.3 2.91
3. S 1.4 49 160 70 41 45.0 2.92
B 4.9 2 310 30 2 52.0 F.22
10. S 3.2 ?6 360 65 32 48.5 3.10
R 10.6 129 &90 az 38 58.0 3.25
11. 5 I.8 107 390 b6 &0 30.35 53.20
B 1=. 1464 880 84 174 62.0 I3.60
12. S 3.4 111 I40 68 64 48.0 3.2
B 13.6 132 20 87 128 52.0 3.60

E



Table - 3.7

Station Salinity Cu Zn Cd Fb Ni Fe
ppt
13 s 3.8 110 370 &7 &8 43.5 3.30
B 16.2 197 1040 21 130 63.0 3.63
4. S 3.6 101 410 &8 70 49.5 3.40
B 16.35 190 1035 0 148 64 .0 3.50
15. S 1.5 45 i80 63 47 46.5 2.96
B 1.6 350 193 &4 48 47 .35 2.43
16. S 1.4 438 160 bbb 44 45.0 2.92
B 1.9 57 163 &9 49 49 .3 3.04
17. S 1.1 46 140 61 38 47 .0 2.91
B 1.1 48 142 3 43 48.0 2.97
18 S 2.2 80 210 &7 45 48.3 2.94
R 3.4 105 420 69 39 31.5 3.21
19 S <1 240 1450 8.5 610 140 3.80
20 S <1 230 1380 8.5 380 135 Z.80
21 S 1 260 2200 5.0 610 185 4.20
22 S 1 32 2200 5.8 400 190 4.20
23 S 1 260 1350 7.2 620 138 4.00
24 S 1 43 180 2. 84 88 ?.2
25 S 1 48 180 2.8 B4 a8 ?.2
26 S <1 48 i80 2.8 84 38 ?.2
27 S <1 48 180 2.8 834 38 9.2
S = Surface
B = Bottom



Table - 3.8B
Concentrations of Particulate Metals in Cochin

Estuary and River Periyar — November, 1985 (Post—-monsoon)
Station Salinity Cu n Cd Pb Ni
ppt ppm Ppm pPpm ppm ppm
1. S 16.2 108 18 88 104 38.0
B 18.2 138 1170 100 120 46.0
2. S 17.2 129 10453 5 113 41.0
B 18.8 141 250 103 124 49.0
3. S 15.2 111 790 84 98 33.0
B 22. 174 1740 24 152 &44.0
4, S 17.4 132 1040 ?3 116 42.0
B 20.2 136 14350 110 132 54.0
3. S 12.3 88 430 62 78 19.0
B 16.4 20 60 89 109 39.0
6. s 11.5 80 290 58 63 16.4
R 11.5 82 280 59 &4 146.8
7. S 10.8 65 260 54 2 10.0
B 12.9 88 480 59 76 12.8
8. s 12.5 2 470 69 76 146.0
B 13.4 7 560 76 85 25.2
7. S 21.3 169 1390 112 145 59.0
B 23.3 186 1860 128 154 48.0
10. S 22.3 172 1750 22 156 65.0
B 26.3 230 2200 150 180 80.0
11. S 18.5 142 1180 104 22 48.90
B 24.5 178 2010 139 163 753.0
2. S 17.4 133 1100 ?6 115 42.0
B 22.2 178 1780 23 108 62.0




Table - 3.8

Station Salinity Cu in cd Fb Ni Fe
ppt
13. 8§ 16.4 124 ?80 2 106 37.0 7 .60
R 18.35 145 1270 104 22 446.0 7 .34
14. S 20.2 142 1430 113 144 34.0 8.12
B 21.3 170 1610 120 145 61.0 8.00
15, S 12.5 g8 470 o4 &7 21.0 7 .50
B 16.4 124 6460 109 108 38.0 7 .60
16.~ S 11.4 79 I30 50 2 16.0 7.46
B 18.2 113 840 84 88 34.0 7.61
17. S 10.8 &6 170 S8 &6 12.0 7.45
B 11.2 79 150 a5 60 14.0 7.3%
18. S 17.2 139 1020 25 103 43.0 7.465
B 18.5 142 1240 104 110 47 .0 7.7%
19 S <1.0 80 2680 8.1 &30 180 4.10
20 S <1.0 390 2890 -2 740 160 4.20
21 S <1.0 400 F100 10.2 740 270 4.8
22 S 71.0 400 3200 10.2 360 230 4.8
23 3 <1.0 80 26350 8.0 380 160 3.9
24 S 1.0 35 240 3.4 24 110 8.8
29 3 1.0 85 240 z.4 94 110 8.8
26 S 1.0 83 240 z.4 94 110 8.8
27 3 21,0 85 240 Z.4 94 110 3.8
5 = Surface
B = Bottom



Concentrations of
Estuary and River Perivar - April,

Table -
Particulate Metals in Cochin
1986 (Pre—-monsoon)

3.9

Station Salinity Cu in Cd Pb Ni Fe
ppt . Ppm ppm ppm ppm ppm %
1. S 22. 174 1410 108 149 24.5 9.40
B 28.3 258 2210 145 210 38.0 ?.50
2. S 22.2 210 1660 160 165 28.6 9.41
B 29.2 280 2390 152 212 42.0 9.560
3. S 22.4 178 1400 110 149 25.0 ?.80
B 28.2 260 2250 148 205 39.0 9.70
4, S 20.2 148 1078 8 130 18.0 9.81
B 26.2 232 1950 130 132 35.0 9.562
S. ] 19.4 142 260 94 121 17.0 9.40
B 26.2 235 1960 132 185 I5.0 ?.62
b S 15.2 76 318 &5 81 5.0 ?.40
B 18.2 22 790 88 110 14.0 9.51
7. 5 18.5 124 798 85 108 14.0 ?.82
B 22.4 182 1410 112 152 25.0 9.832
8. S 19.4 138 290 2 2= 17.0 9.70
B 28.2 265 2250 148 205 42.0 9.82
3. S 22.2 128 1370 111 145 25.0 ?.460
B 29.9 285 2510 136 216 42.0 3.32
10. S 22. 176 1430 119 159 26.0 ?.43
2] I3.2 278 2990 179 248 49.0 9.52
11. S 25.% 288 18480 135 170 32.0 .49
R 4.2 296 3100 180 260 53.0 9.89
2. S 25.2 285 1910 138 168 3.0 ?.52
B I2.2 T14 2880 160 23 S0.0 9.45




Table - 3.9

Station Salinity Cu in Cd FPb Ni Fe
ppt
13. 8 26.1 232 1950 128 188 38.0 .65
R 34.1 295 3100 180 237 33.0 ?.60
14, S 28.4 267 3100 140 208 32.0 .45
B I3.2 298 J033 178 2358 31.0 ?.355
15. S 22.1 160 1350 109 160 28.0 9.88
B 28.4 240 2270 134 215 31.0 ?.45
16. S 18.2 115 790 88 110 16.0 ?.351
B 24.2 204 1630 1446 167 34.0 .66
17 S 18.5 110 790 1 108 18.0 ?.70
R 19.2 130 30 99 122 16.0 ?.86
18 S 21.4 168 1150 105 143 29.0 ?.40
R 29.2 2786 23920 168 240 456.0 .39
19 S 1.0 410 3100 8.0 750 210 4,10
20 S 1.0 390 2910 8.5 720 190 4.2
21 S <1.0 420 Z800 12.5 850 22 4.4
22 S 1.0 420 3800 10.8 850 220 4.4
23 S <1.0 Z80 2300 8.00 600 160 4.1
24 g5 1.0 140 450 &b.2 105 142 6.3
25 5 <1.0 140 450 6.2 105 142 6.3
6 S 1.0 140 430 6.2 1039 142 6.3
27 S <1.0 140 430 6.2 105 142 s,
8 = Surface
B = Bottom



Seasponal Distribution of

Table

=3.10

Dissolved Metals in River Periyar

Upstream

Hg Cu In Cd Pb Ni Fe
Season ng/L. }_lg/L. [Jg/L. ’.lg/L. /ug/L. fug/l_. ﬂug/L.
Monsoon
July, 1985 15 0.8 24 0.2 8.0 0.2 1.2
Post—-monsoon
Nov., 1983 15 10.0 40 0.2 8.0 0.2 1.1
Pre—-monsoon
April, 1986 25 8.0 &5 0.2 8.0 0.2 0.8

Table - F.11
Seasonal distribution of particulate Metals in River Perivar
Upstream

Season Hg Cu in Cd Pb Ni Fe

Ppm ppm Ppm ppm ppm ppm A
Monsoon
July, 1985 2.0 48 180 2.8 34 as ?.2
Post—-Monsoon
Nov., 1785 2.9 83 240 3.4 4 110 8.8
Fre—Monsoon
April, 1986 2.9 140 430 6.2 105 142 6.3




Table - 3J.12
Seasonal Distribution of Dissoclved Metals in Cochin Estuary

Season Cu- in Cd Pb Ni Fe
r.lg/L. fJg/L. [Jg/L. ;.xg/L. f.xg/L. (ug/L.

Monsoon

July, 1985 2.2-2.8 105—-155 1.8-2.1 8.8-10.6 .3-.4 .6-.8

Post-Monsoon

Nov., 1985 10.4-18.8 145-2164 2.2-3.4 8.0-14.0 .4-.6 .2-.3

Pre—Monscon

April, 1986 14.8-22.2 195-385 2.8-4.2 10.0-14.0 .3-.4 2-.6

Table - 3.13
Seasonal distribution of Particulate Metals in Cochin Estuary

Fb

Season Cu in Cd Ni Fe
ppm ppm ppm pPpm ppm %

Monsoon

July, 1985 44—-197 125-1040 58-91 33-150 435-463 2.8-3.6

Post—-monsson

Nov., 1985 &5-230 190-2200 30-150 60—-180 10-80 7.4-8.1

Pre—-monsoon

April 1986 76—-298 318-3100 &£3-180 81-250 S3-53 ?.4-9.8




Table - 3.14
Concentration of Metals in Fine Grade Suspended Particulate
Matter in River Periyar — Effluent Discharge point

Season Cu in Cd Fb Ni Fe
Ppm ppm ppm ppm ppm %

Monsoon

July, 1985 230-320 13350-2200 6-8.5 400-620 130-190 3.8-4.2

Post—-monsocon
Nov., 1985 3I50—-400 26350-3100 8-10.2 3&60-730 160-230 3.2-4.8

Pre-monsoon
April, 1986 380-420 2500-3800 8-12 &00-850 160-220 4.2-34.4

Table-3.15
FPercentage of Metals Leached by Treatment with 0.1 N Hcl with.
Respect to the Total Amount In Suspended Matter.

Cu in cd Pb Ni Fe

River

Periyar

Unpolluted

zone 100 40-70Q 45-460 350-460 40-60 8-47

Fine Grade

suspended

particulate

matter 85-90 80-30 60-80 80-320 40-6Q0 55-68
effluent

discharge

point

Cochin
Estuary 30-30 7320 70-835 F5—100 40~50 80-30




Table -
Percentage of Rduction In The Concentration of Metals in Water
Column Consequent on Salinity Intrusion

3.16

ceacon Cu Zn cd Pb Ni Fe  Salinity P
easo ya % vA VA % % (ppt)

Monsoon

July, 19835 21.4 32.25 14.2 16.9 25.0 25.0 1.1-16.0 6.6-7.1

Post-monsoon

Nov.1983 44 . 6 32.9 35.2 42.8 33.3 73.0 10.8-26.5 7.1-8.0

Pre-monsoon

April,B6 33.33 49.3 3I3.3 28.5 25.0 66.6 19.4-34.2 7.8-8B.4




Table - .17

Concentrations of Salinity, Alkalinity and pH in Cochin

Estuary and River Periyar — July, 19835 (Monsoon)

Station Salinity Alkalinity H

No. ppt mg/L.. p
1. S 1.8 13 5.8
B. 2.2 18 6.6
2 S 1.9 15 b.6
B 2.1 17 6.8
i S 3.2 20 b.6
K 3.4 22 6.8
4 S 1.6 12 6.7
B 1.8 17 6.6
S s 1.2 i4 6.7
B 1.4 16 6.8
b. 5 1.1 12 6.8
B 1.2 14 6.6
7. 5 0.8 8 6.6
R 1.2 10 6.7
8. 5 1.4 i4 6.7
B 1.1 15 6.7
9 S 1.4 12 6.7
B 4.9 20 6.8
19. s T2 i8 6.8
B 10.46 446 6.8
11. s 3.6 14 6.7
B 13.8 2 6.9

12. S T 16
B - :

o o
0N




3.17

Station

Salinity

Alkalinity

No. ppt mg/L.. H

13, S z.8 i8 6.8

B 16.9 82 7.1
14. S 3.6 20 6.8

B 16.5 84 7.1
15. s 1.5 14 6.7

B 1.6 i8 &.7
16. S 1.4 18 6.7

B 1.9 20 6.8
i7. S 1.1 12 6.6

B 1.1 10 6.7
i8. S 2.2 16 6.7

B .4 ig 6.8
19. S <1 3 3.3
20 S <1 4 3.2
21. S <1 14 5.3
22, S <1 b 3.2
23 S <1 & 3.3
24, S <1 20 7.1
25. S <1 22 7.1
26. S <1 29 7.1
27. S <1 22 7.1

Surface

m W
it

Bottom



Table - 3.18

Concentrations of Salinity, Alkalinity and pH in Cochin

Estuary and River Periyar — November, 1985 (Post-monsoon)
Station Salinity Alkalinity H
No. ppt mg/L.. p
1. S 16.2 a4 7.8
B. 18.2 0 7.4
2 S 17.2 2 7.1
B 18.8 93 7.4
R S 15.2 65 7.6
B 22. 25 8.0
4, S 17.4 88 7.6
B 20.2 92 7.9
5 S 12.3 52 7.3
B 16.43 80 7.6
b S 11.5 51 7.7
B 11.3 52 7.8
7 S 10.8 42 7.3
B 12.5 48 7.4
8. ] 12.5 2 7.6
R 13.4 48 7.6
9. S 21.3 72 7.2
B 23.3 93 7.9
10. S 22.3 0 7.6
B 26.35 2 8.0
11. 5 18.5 85 7.7
B 24.5 0 7.9
12. S 17.4 95 7.8
B 22.2 100 7.9




3.18

Station Salinity Alkalinity H
No. ppt mg/L..
13. .8 16.4 82 7.8
B 18.3 88 7.4
14, S 20.2 ?5 7.8
B 21.3 78 8.0
15, S 12.5 62 7.8
B 16.4 88 7.8
16. S 11.4 32 7.9
B 15.2 65 7.8
i7. s 10.8 48 7.7
B 11.2 35 7.6
18. S 17.2 88 7.2
B 18.5 0 7.6
19. 5 < 1 4 3.3
20 S < 1 3 5.4
21. S < 1 3 5.4
22. S <1 4 5.4
23. S < 1 4 5.4
24, S < 1 24 7.2
23. S < 1 28 7.3
26. S 21 20 7.2
7. S < 1 24 7.3
Surface

w
nn

Bottom



Table - 3.19

Concentrations of Salinity, Alkalinity and pH in Cochin
Estuary and River Periyar - April, 1985 (Pre—-monsoon)

Station Salinity Alkalinity H
No. ppt mg/L.. p
1. S 22.3 105 8.2
B 28.3 110 8.1
2 S 22.2 115 8.1
B 29.2 116 7.8
3. S 22.4 125 7.8
B 28.2 128 7.9
4 S 20.2 I8 8.1
B 26.2 110 8.0
3 S 19.4 92 7.8
B 26.2 112 7.9
6 S 15.2 as 8.1
B 18.2 9 8.2
7 S 18.5 85 .2
B 22. 110 8.1
8 S 19.4 0 8.1
R 22.2 115 8.1
9 S 22.2 105 .2
B 29.9 20 8.1
10, S 22. 108 8.1
B 33.2 125 -3
i1, = 25.9 105 7.9
R 4.2 110 8.4
12 S 25.2 26 7.9
R 32.2 128 8.1




Table - 3.19

Station Salinity Alkalinity
No. ppt mg/L..
13. S 26.1 125 7.9
R I4.1 128 8.4
14, S 28.4 110 7.9
B 3T.2 125 8.3
15. S 22.2 108 8.1
B 28.4 118 8.2
16. S 18.2 8 7.9
B 24.2 110 8.1
17. s 18.5 98 7.9
B 19.2 110 8.1
18, S 21.4 110 7.8
B 29.2 128 8.2
19. 5 < 1 4 5.3
20 S < 1 6 5.2
21. S < 1 5 5.4
22. S < 1 4 3.2
2z. s < 1 4 5.3
24, s < 1 28 7.3
25. ) < 1 30 7.4
26. S < 1 5 7.7
27 S < 1 30 7.6
5 Surface

Bottom
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TABLE - .21
Correlation—regression relationship of dissolved
toxic metals with salinity.

Copper

Dissolved Cu = —-0.032 Salinity FPT + 2.8 r
Particulate Cu = 8.44 " + 51.43 r
Dissolved Cu = —-0Q.46 " + 21.64 r
Particulate Cu = Q.22 " - 28.42 r
Dissolved Cu = -0.43 u + 29.69 r
Particulate Cu = 12.350 " —-160.67 r
linc

Dissolved In = =2.46 " +148.88 r
Particulate Zn = 57.03 " +102.39 r
Dissolved ZIn = -3.86 " +244 .00 r
Particulate ZIn=121.4 " -1081.24 r
Dissolved Zn =—10.51 " + 35338.72 r
Particulate Zn =151.47 " —1983.01 r
Cadmium

Dissolved Cd = 0.01 " + 2.10 r
Particulate Cd = 1.82 " + 61.1i8 r
Dissolved Cd = -0.06 " + .98 r
Particulate Cd = G5.99 " - 2.01 r
Dissolved Cd = —-0Q.06 " + 4.94 r
Particulate €Cd = 5.62 " - 13.78 r
Lead

Dissolved Fb = —-0.11 " + 10.47 r
Particulate Pb = &.79 " + 34,13 r
Dissolved Fb = —-0.31 " + 16.65 r
Farticulate Fb = 7.37 " - 17.46 r
Dissolved Fb = —0.13 " + 14.64 r
Particulate Pb = Q.47 " - 61.90 r
Nickel

Dissolved Ni -0.0046 " + 0.40 r
Particulate Ni = 1.01 " + 45.98 r
Dissolved Ni == . 007 " + 0,63 r
Particulate Ni = 4,15 " - Z0.98 r
Dissolved Ni = 0.0005 " + 0.33 r
Particulate Ni = 2.48 " - 29.36 r
Iron

Particulate Fe = Q.02 " + 3J.11 r
Partirulate Fe = 0.04 " + 7.01 r
Particulate Fe = Q.0026 " + 2.354 r

Wl ow W u uwni

and p

-0.60
0.91
-0.73
0.99
-0.95
0.94

=0.86
0.98
-0.84
0.99
-0.92
0.98

-0.864
Q.94
-0.87
0.98
Q.90
0.98

-0.28
0.97
-0.87
Q.97
~0.66
0.99

-0.28
0.88
0.42
0.94
Q.07
0.95

0.15
0.24
0.07

articulate .
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"
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July, 1985
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Relation between salinity and dissolved mercury.
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Relation between salinity and dissolved
copper, November, 1985 (Post-monsoon).



® v
r_\:.
>
2
5
&)
a
o
>
i
o
?
o e . r==Q-98
] l ! l L —
% s 10 15 20 25 30 35
Salinity, ppt
Fig. - 3.4

Relation between salinity and dissolved
copper, April, 1986 (Pre-monsoon).



PARTICULATE Cu(ppm)

200

160

1201

80

JULY 85 °

qk.
1 1 1 ] L ! ! | J

2 8 10 14 8
SALINITY (ppty
Fig. - 35

Relation between salinity and particulate
copper, July, 1985 (Monsoon).



PARTICULATE Cu(ppm)

300r

2001

100

NOV- 85

! | 1 I

1
12 6 20 24

SALINIT Y(ppt)

Fig. - 3.6
Relation between salinity and particulate
copper, November, 1985 (Post-monsoon).



PARTICULATE Cu (ppm)

300

100

[ )
APRILSE ® @
]

! L ] |

| 1 |

! !
18 20 22 24 26 28 30 32 34
SALINITY (ppt)

Fig. - 3.7
Relation between salinity and particulate
copper, April, 1986 (Pre—-monsoon).



DISSOLVED Zh,AJqg/litre

160

140

120

100

JULY 85

r=-0.86

S ALINITY (ppt)

Fig. - 3.8
Relation between salinity and dissolved
zinc, July, 1985 <(Monsoon).



NOVEMBER 85

220
¢ L]
. g ®

- 2001
N
>
1
5
z
N 180
g
>
2
)
<
a

160

o}
4 10 12 14 16 18 20 22 24 26
SALINITY, ppt

fige 3.10 Fig. = 3.9
FiGe Relation between salinity and dissolved zinc,

November, 1985.




4001 APRIL 86
=300
=
o> -
2
c
N 200+
=)
w
3 -
2
a \0oF r==0-92
! ] ! ] I I
"5 10 15 20 25 30 35
Salinity, ppt
F3. - 3.10

Relation between salinity and dissolved zincg,
April, 1986 (Pre-monsoon).



PARTICULATE Zn(ppm)

2200r e

1800
1400
1000
600
200F
- —
12 1] 20 24 28

SALINITY(PPT)

Fig. - 312
Relation between salinity and particulate
zinc, November, 1985 (Post-monsoon).



PARTICUL ATE Za (ppm)

3000r

2000

®
s

APRIL 86 ¢

r=0-98

1 ) | 1 } 1 | 1 | 1

16 18 20 22 24 26 28 30 32 34

SALINITY (ppt)

Fig. - 3.13
Relation between salinity and particulate
zinc, April, 1986 (Pre-monsoon).



DISSOLVED CADMIUM,~g /lit.

NOVEMBER 85

3.5

10 12 4 6 18 20 22 24 26
SALINITY,ppt
Fig. - 3.15

Relation between salinity and dissolved
cadmium, November, 1985 (Post.~-monsoon).



ar
3r
2
S 2f
=]
<
3
Q L)
a I =
w
>
|
o]
n
0
a 1 L L 1 1 L d
O 5 o 15 O 25 30 3%
Salinity, ppt
Fig. - 3.16

Relation between salinity and dissolved
cadmium, April, 1986 (Pre-monsoon).



Cd(ppm)

PARTICULATE

100

JULY 85

| ]

-

!
2 6 10 14 '8
SALINITY (ppt)

F3. - 347
Relation between salinity and particulate
cadmium, July, 1985 (Monsoon).



PARTICULATE Cd (ppm)

IGOF NOVEMBER 85

! I 1 ] Jd

1
12 14 16 I8 20 22 24 25 28

SALINITY (ppt)

Fig. - 3.18
Relation between salinity and particulate
cadmium, November, 1935 (Post-monsoon).



DISSOLVEDO LEAD, Mo 7 i

0.6

0.2

9.8

9.4

3.0

8.6

Relation between salinity and dissolved lead,
July, 1985 (Monsoon).

JULY 85
"
»
'@ L J
r=-0.28
Disso: Pb= = 0- Il Salinity£i10-47 <=
'S
. ee@
°
. [ ] ‘
I °
N
°
°
[. °
L ] L — l y l
2 4 6 8 10 12 4 e N
SALINITY, ppt
Fig. - 3.20



LISSOLVED Pb, g/ /litia

|14 ..
[' NOVEMBER 85
® ™

[ ]

[ | Il 1

1
2 4 16 18 20 22 4 35—
SALINITY(PPt)

Fig. - 3.21
Relation between salinity and dissolved lead,
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Relation between salinity and particulate
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Relation between salinity and particulate lead
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Relation between salinity and dissolved nickel
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CHAPTER - 4
RESULTS AND DISCUSSIONS PART - B

4.1. Metals Present In Sediments

Sediments are widely used as indicators of
environméntal contamination by trace metals in rivers
lakes estuaries and the oceans. (Hirst, 1962; Chester
and Hughes, 1967; Perkins et al.,, 1973; Helz et al.,
1975; Loring, 1975; Kemp and Thomas, 1976; Bertine and
Goldberg, 1977; Malo, 1977; Bewers and Yeast, 1977;
Dixit and Witcomb, 1983> . The distribution of various
environmental parameters in the Ashtamudi estuary have
been reported by Balan, 1979; Nair et al., 1983, 1984,
1985 and 1987. The effect of titanium effluents on the
biota was reported by Nair and Rajan, 1974; Vijayamohan
et al. 1985; and Abdul Azis and Sheela, 1987. The
importance of heavy metal studies has generated interest
among ecologist to study the heavy metal concentrations
in the bottom sediments of aquatic biotopes exposed to
pollution and environmental degradation <Lu and Chen,
1977; Forstner and Pachineelam, 1980; Badri and Aston,
1981 and 1983; Rippey, 1982 and Talbot, 1983D. Data on
the concentration of heavy metals in sediments of the

continental shelf along the west coast of India have
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been reported by Rao & Setty 1976 and Murthy et al
1978.

This chapter reports in detail the regional
distribution and potential bio~availability of heavy
metals .in sediments at the effluent discharge point
(Stations 19 - 23D, upstream zone (Stations 24 - 27> and
harbour area (Stations 1 - 18). The seasonal
distribution in the concentrations of elements were
shown in Tables 4.1 -4.3. The size distribution and
major element concentrations were shown in Tables - 4.4
- 4.6. The relationship of trace metals with siltt and

major elements were presented in Figs.4.1 - 4.29.

4.1.14. Mercury

The sediment mercury concentrations in the Cochin
estuary ranged from 015 to 110 ppm during monsoon, 0.1
- 095 ppm during post-monsoon 1985 and 0.11 - 0.98 ppm
during pre-monsoon 1986 seasons. The concentrations in

the upstream zone was constant. for all the seasons which

f

was 0.04 ppm. The concentrations at the effluent
discharge point varied from 55 - 115 ppm during
monsoon, 5.2 -~ 9.8 ppm during post-monscon 1985 and 3.3
- 115 ppm during pre-monsoon 1986 seasons. The base

line level of mercury was 0.08 ppm estimated based on a
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90 cm core sample collected at station No.13. The core
profile for total mercury was shown in Fig.4.1. The

observed concentrations were 15 to 118 times higher in

the Cochin estuary compared with the baseline levels,
suggesting recent. anthropogenic activity. The
relationship between mercury with silt.,, iron, and

organic carbon were shown in Figs. 4.2 -~ 4.4.

4.1.2. Coppenr

The levels of copper ranged from 40 - 160 ppm in
the Cochin Harbour, 266 - 280 ppm at the effluents
discharge point and 2. - 25 ppm in the upstream zone
Tables 41 - 43 Seasonally the concentrations in the
Cochin ’eétuar; were 40 - 160 ppm during monsoon, 48 -

145 ppm during post-monsoon 1985 and pre-monsoon 1986

seasons. The base line level of copper was found t.o be
40 ppm at station No.13 (Table - 4.7 and Fig. 4.5).
Hence the reported concentrations were 1 - 4 times

higher in the Cochin estuary, and 65 - 7 times higher

at the effluent discharge point in comparison with the

baseline levels. The size distribution and ma jor
element concentrations were shown in Tables 44 - 4.,.
The results showed t.hat higher concentrations of

copper were present at the effluent discharge point.
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The relation between total copper and silt, iron drganic

carbon and aluminium were shown in Figs. 4.6 - 4.9,

4.1.3. Zinc

The observed concentrations ranged from 60 to 380
ppm in the Cochin Harbour, 420-780 ppm near the
effluent, discharge point and 40-60 pPpm in the
upstream =zone <(Tables 4.1 - 4.3). The baseline level of
Zn at station No.13 (Fig.4.10> was 55 ppm. The baseline
levels of zinc average for the Newark Bay sediments was
found to be 35 ppm <(Lee Meyerson, 1981). Hence, the
reported concentrations were 1 to 7 times higher in
Cochin Harbour and 7 to 14 times higher at the effluent
discharge point. in comparison with the baseline levels.
The relation between zinc and silt, iron, organic carbon

and aluminium were shown in Figs. 4.11 - 4.14,

41.4. Cadmium

The concentrations of cadmium ranged from 05 to
45 ppm in the Cochin Harbour and 6 - 8.4 ppm near the
effluent.  discharge  point (Tables 41 - 4.3D. The
baseline level of cadmium at station No.13 was found to
be 0.15 ppm Fig. 4.15>. The levels of cadmium in

sediments of Bay of Faundy was 02 ppm <(Loring, 1982).
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The observed results were 3-30 times highexr in “Cochin
Harbour and 40-57 times higher at the effluent discharge
point. in comparison with the baseline level
concentrations observed for Cochin Harbour area. The
relation between cadmium and silt, iron, organic carbon
and aluminium were shown in Figs. 416 - 4.19.
4.1.5. Lead

The observed concentrations ranged from 30 to 165
ppm in harbour area, 160-190 ppm near the effluent
discharge point and 10-65 ppm in the upstream zone
(Tables 4.1 - 4.3). The base line level of lead was
found to be 40 ppm at station No. 13 <(Fig.4.7). Hence
the reported concentrations were 1 to 4 times higher in
the Cochin estuary and 4-45 times higher at the
effluent discharge point compared with the observed
baseline values. The natural values of lead in
sediments in the Bay of Naples was found to 25 ppm
(Griggs & Johnson, 1978). The relation between total
lead and silt, iron, organic carbon and aluminium
during post-monsoon 1985 seasons were shown in Figs.

4.21 - 4.24.

4.4.6. Chromium

The levels of chromium ranged from 20 to 130 ppm in
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Cochin Harbour, 85 to 120 ppm at the effluent di;charge
point and 7 to 20 ppm in the upstream =zone (Tables 4.12
- 4.3>. The baseline level of chromium was found to be
60 ppm at station No.13. (Fig. 4.25> The Ilevels of
chromium in the study area were comparable with the
background values observed from other marine environment
(Carmody et al., 1973 and OGriggs & Johnson, 1978 D). The
relation between chromium and silt, iron, organic

carbon and aluminium shown in Figs. 4.26 - 4.29.

The silt dess than 0.062 mm)> ranged from 285 to
87.5%, T Fe 04 to 6.8%, T/ Org. C, 02 to 3.50 and T/Al
45 to 11.52%. The data were processed for Pb, Zn, Cr,Cd

& Hg with silt, T /Fe, T/ Orgz. C¢ and TA/A1 by the least

square method of linear regression. The results were
presented in Table - 4.8, Figs. 42 - 44, 46 - 4.9,
411 - 414, 416 - 419, 421 - 424 and 426 - 4.29.

The core profile of mercury <(Fig.4.1> showed that the
concentration was maximum 1.0 ppm> at about 5 cm and rit
decreased to 01 ppm at 30 cm and afterwards it
gradually decreased to 0.08 ppm at 90 cm. The positive
correlation of organic carbon with mercury indicated
that, organic carbon plays a ma jor role in the

incorporation of mercury in sediment. The results were



82

comparable with the correlation equation obtaihed for

Mersey estuary (Bartlet and Craig, 1981).

Silt. % = 8.9 Hg <(ppmd> + 817, r = 0.84
Mersey estuary:
Org.C%

1.4 Hg <(ppmd> + 2.7, r = 0.77

Silt % = 61.85 Hg (ppmd> + 2812, r = 0.65
Cochin estuary:
Org.C% = 293 Hg (ppmd + 249, r = 093

For Mersey sediments the slope and intercept were
lower compared with the Cochin estuary. The silt
fraction was better correlated rcompared with org. carbon
which indicated that the texture of sediment played an
important role in the incorporation of mercury in Mersey
sediments. In the case of Cochin estuary the order of
correlation was found to decrease from organic carbon to
silt. The reported values from other marine
environments ranged from 0.06 to 257 ppm in coastal
British Columbia (Thompson, 1980>, 1.3 +to 11.3 ppm in
River Mersey England (Bartlet, 1978>, 01 to 4.8 ppm in
British estuarine sediment. (Bartlet and Craig, 1981,

04 tol1l.2 ppm in Ems estuary (Essink, 1980> etc.

The core profile of copper showed that the

concentrations decreased from 130 ppm to 75 ppm upto a
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depth of 40 cm and afterwards it further decrease; to 40
ppm at 45 cm (Fig.4.5). The relation with major
elements (Table - 48 and Figs4.6 - 4.9 showed that
iron and organic carbon behaved in a similar way in the
incorporation of copper in sediments. In the core
profile of =zinc it is observed that the decrease in the
concentration was steep from 0 to 40 cm depth and
afterwards it was constant. The zinc concentrations
found to decrease from 280 ppm to 175 ppm upto a depth
of 10 cm and it gradually decreased to 55 ppm at 40 cm
depth. The relation between silt, total iron, aluminium
and organic carbon with lead showed that silt was better
correlated and these par?:xmeters play a better role in
the incorporation of zinc in sediments. The core profile
of cadmium showed a steep decrease in concentration from
0 to 60 cm. depth. The concentration of cadmium found
to decrease from 3.2 ppm to 2.0 ppm upto a depth of 50
cm and it gradually reduced to 0.3 ppm at 60 cm depth.
No correlation existed for cadmium with silt, total

iron, total aluminium and organic carbon.

The concentrations of lead found to decrease from
120 ppm to 80 ppm upto 10 cm depth and it gradually

reduced to 60 ppm at 40 cm depth. This showed that
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there was anthropogenic input of lead into the stuudy
area and accumulation of lead in sediments. The
relation between tot.al silt and lead showed no

relationship exists and the accumulation of lead in

sediments were not influenced by grain size. T~  the
case of lead (Fig.4.17), it showed positive cor:. ion
with iron in sediments. As iron increased the lead
concent.ration also increased. Total organic carbon,

aluminium also behaved in a similar way.

The chromium core profile was quite different
from lead and =zinc. There was steep decrease in
concentration of chromium from 0 to 60 cm depth 'nd
afterwards it was constant. The concentrations founa to
decrease from 110 ppm to 90 ppm upto a depth of 10 cm
and gradually reduced to 60 ppm upto a depth of 60 cm
No correlation exists in the incorporation of chromium
in sediments with silt, total iron, total organic

carbon, and aluminium.

Estuaries and coastai waters all over the world
were increasingly exposed to heavy metal contamination
in recent times. The sediments in the Princes Royal

Harbour, Albany, W. Australia contained 12.7 - 180.6
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ppm of lead against 30 - 165 ppm in Cochin Harbeur, 6.4
- 1221 ppm of zinc against 60 - 380 ppm and 64 -
122.1 ppm of copper against 40 - 160 ppm (Talbot. V.,
1983). While studying the heavy metal burden in the
polluted river Ireweil <(England) it was reported that
the mean concentration for Zinc 055 ppm and that for Pb
06 ppm ODixit & Witcomb 1983D. In Ravenglass estuary,
the mean concentrations of 2Zn, 90 ppm, of pb, 37 ppm and
of Cu, 10 ppm, in Wyre estuary the values were 2Zn, 82
ppm, Pb, 35 ppm and Cu, 97 ppm and in Mersey estuary,
the values of Zn, Pb and Cu were 236 ppm 57 ppm 41 ppm,
respectively (Badri and Aston, 1983). In the Ashtamudi
estuary the reported sediment concentrations on Fe 1200
to 3900 ppm, Zn - 109.7 ppm, Ni 10 - 49 ppm, Pb 69 - 92
ppm and Hg 0.002 to 0.010 ppm, Nair et al., 1987D). The
rele of river as a source of trace metal contamination
has been properly brought. out in the Bay of Lough Neagh
northern Ireland <Rippy 1982>. In the Ottawa river the
concentrations of Cu, Pb and Zn in sediments were ten
times higher in the down stream of the sewage out fall
than in the upper =zone (Oliver, 1973). The trace metal
levels in sediments of Cochin backwater has been

reported by Venugopal, 1982. The highest value for CQCu,
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Ni, Zn recorded were 70.80, 85.90 and 6632 ppm,
respectively. Several authors have reported that fine
grained sediments normally have higher concentrations
and greater sorptive capacity for trace metals (Pitta
and Hyne, 1975; Hakanson, 1977; Murthy and Veerayya,
1981D. In the Cochin Harbour the above statement

appears to be in agreement in the case of Hg and Zn.

The input of mercury and other metals to the study
area may be from the chemical industries situated near
the banks of the river Periyvar and Chitrapuzha which
includes a major chior alkali plant by a zinc, cadmium
processing unit and many other industries using mercury
and chlorine gas, caustic soda, hydrochloric acid in
their process. The variation of mercury and other
metals observed from station to station, may be due to
the hydrographic conditions of the estuarine environment

and also in the particle size of the sediments.

4.2. Estimation of bicavailability of metals An
sediments

The sediment chemistry broadly reflects the

contamination  history of t.he area. Metals were

associated with the composition of sediments like
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hydroxides, carbonates which can be quite different from
natural and anthropogenic levels. In general the
anthropogenic inputs of metals will necessarily be
associated with non-lattice fractions. Total
dissolution of sediment was analytically demanding and
in many monitoring purposes sediments were leached to
remove the non-lattice held material. The non-lattice
held contribution usually constitutes a small but,
bio-geochemically important. fraction. It represents
some proportion of the element that was initially
leached from the source rocks or supplied in dissolved
form from industrial sources. This fraction of the
elements that were most easily available to the biota
and constitutes the greatest danger to them, if it
present in excessive quantities, particularly if the
elements were in such a form that can be selectively
removed by the biota from the sediment or in particulate
matter in the water column. In fact the total metal and
the easily extractable metal extraction techniques give

useful information in such analysis.

The study reveals that high contents of Hg, Zn, Cd,
and Cu were reaching the estuary from the river Periyar

through industrial discharge. The chlor-alkali plant
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and zinc-cadmium factory situated near the banks of
river Periyar discharge effluents which contain Hg, 2n,
Cu and Cd into the coastal waters. The samples from the
effluent discharge point showed that 46 - 64% of total
copper 83-89% of total zinc and 83-952% of total cadmium
occur in the acetic acid soluble fraction (Table - 4.9).
Similarly in the estuarine environment 5-60% of +the
total =zZinc, 10-802% of total cadmium and 10 - 4024 of
total copper were potentially available to the biota.
The above results clearly indicated that most of the
zinc and cadmium in sediments appears to be originated
from industrial wastes. The results also showed that
there was an anthropogenic input. of Pb and Cr to the
estuarine environment <(Table 49> and the data was
comparable from upstream zone. Moreover, 902 of the
total lead and 85% of the total chromium in sediments
were not potentially available to the biota being
insoluble in Acetic acid medium. Earlier studies of
Sankaranarayvanan et al. {4978>, Remani <1979)>, Nair and
Nair <1986> indicated that biota from Cochin Harbour
area contains, Hg, Z2n, C4d etc. This confirm the present
finding that. this environment contains high

concentrations of heavy metals in which few elements

were in a form that can be selectively removed by biota.



Table - 4.1
Concentrations of Metals in Sediments of Cochin Estuary and River
Periyar — July, 1985 (Monsoon )

Station Hg Cu in cd Pb Cr
Location ppm pPpm ppm pPpm ppm ppm
1 ' 0.15 40 128 1.8 85 105
2 0.33 63 33 0.3 Z0 20
3 0.25 38 46 0.3 78 113
4 0.12 42 ==} 0.5 63 63
3 0.22 45 &8 0.6 39 78
6 0.15 32 78 0.8 48 98
7 0.62 130 130 2.8 28 112
8 0.98 28 280 3.3 T2 115
9 .42 135 360 4.5 163 130
10 1.10 128 380 z.B 118 115
11 0.68 128 22 2.4 135 108
12 0.34 142 218 3.2 105 125
13 0.58 160 138 2.8 128 32
14 0.359 120 22 2.2 138 104
13 0.62 132 214 2.8 128 115
14 0.34 128 240 I.2 155 130
i7 0.52 160 212 2.8 118 116
i8 Q.48 128 23 2.2 108 125

o
Lo
[wy
o
o
0
be’

19 2.80 210 325




Table - 4.1

Station Hg Cu in Cd Pb Cr
Location ppm ppm ppm ppm ppm ppm
20 5.5 260 420 6.5 190 85
21 10.35 240 430 8.4 185 115
22 11.% 230 420 8.2 160 20
23 3.8 280 410 8.4 165 105
24 0.04 25 60 - 15 7.0
29 0.04 20 40 - 10 15
26 0.06 25 40 - &5 20
27 0.05 15 &0 — 40 i8




Table - 4.2
Metal Concentrations in Sediments of Cochin Estuary and River
Periyar — November, 1985 (Post—-monsoon).

Station Hg Cu in Cd Fb Cr

Location PpMm PPmM ppm pPpm pPpm pPpm

1. .25 48 165 1.5 85 63
2. 0.45 33 170 0.5 70 F0
3 0.95 60 280 2.5 1465 130
4, 0.13 38 &0 2.5 63 93
3. 0.45 78 70 1.0 30 20
a. 0.63 85 180 1.3 65 70
7. 0.65 120 149 2.3 105 65
8. 0.85 135 190 3.5 180 130
9. 0.90 118 380 3.5 160 110
10. 0.35 105 210 2.9 115 85
11. 0.65 125 340 2.0 145 130
12. 0.55 145 260 4.5 55 85
13. Q.95 128 280 F.5 120 110
14, 0.85 145 23 2.8 235 70
15. 0.95 130 280 2.5 70 43
16. 0.2 128 220 1.0 FQ 105
17. 0.68 142 290 1.5 135 115
18. 0.595 138 240 1.5 125 1035

19. 6.2 258 380 4.2 162 ?8




Table - 4.2

Station Hg Cu in Cd Pb Cr
Location pPpm ppm ppm ppm pPpm pPpm
20 5.2 129 650 6.3 158 105
21 3.5 170 623 6.2 185 116
22 ?.8 195 780 5.6 185 85
23 5.3 168 696 4.8 i%0 120
24 0.04 15 435 - =8 15
25 Q.04 18 60 - 40 18
26 0.04 16 53 - 435 18

27 Q.04 20 48 - 38 20




Table - 4.3
Metal concentrations In Sediments of Cochin Esutaryand River

Periyar — April, 1986 (Pre—-monsocon)

Station Hg Cu “In Cd Pb Cr
Location ppm pPpm ppm ppm ppm ppm
1 0.12 63 73 0.8 40 25
2 0.22 40 105 0.6 43 30
3 Q.10 48 295 2.5 108 78
4 0.11 S0 335 0.6 35 20
5 0.18 55 115 0.7 68 48
b 0.25 63 63 0.8 108 35
7 0.52 3?5 220 1.1 120 108
8 0.88 103 238 1.2 ii8 85
9 0.92 118 380 2.8 125 130
10 0.98 108 313 3.8 165 125
11 0.68 118 275 3.5 135 118
12 0.95 115 268 2.8 148 108
13 0.92 128 220 4.5 150 115
14 .39 116 2435 3.6 156 120
13 1.10 125 23 3.1 158 108
14 0.33 120 245 4.2 125 1135
17 0.86 145 220 .6 118 98
18 0.95 135 195 F.2 130 110

» 30 23 4630 8.1 182 118

H
0
n




Table - 4.3

Station Hg Cu Zn Cd Pb Cr
Location ppm ppm ppm ppm pPpm pPpm
20 3.50 280 7835 7.8 180 108
21 11.5 275 765 8.2 190 115
22 10.8 263 780 7.5 185 120
23 10.2 280 760 7.9 190 115
24 0.04 20 40 0.15 25 10
29 0.04 i8 45 0.10 20 15
26 0.04 15 45 0.10 45 14

27 0.04 i8 40 0.18 40 15




Table —- 4.4
Size Fraction and Major Element Concentrations in Sediments of
Cochin Estuary and River Periyar — July, 1985 (Monsoon).

Station Sand Silt T/Fe T/0rg.C T/A1
ljocation 7 % % % 7
1 68.5 F1.2 0.58 0.15 2.9
2 27.5 72.3 0.38 1.80 8.8
3 11.5 88.5 6.8 F.2 2.8
4 70.2 29.8 2.80 1.6 z.8
3 32.18 67.6 3.9 1.2 8.8
) I35.8 64.7 3.9 2.8 8.5
7 22. 77.3 F.6 2.1 8.6
8 13.5 86.4 4.2 2.8 2.8
? 1Z2.8 87.6 4.8 2.6 10.2
10 I3.8 66.2 I.? 2.1 8.2
11 28.5 62.2 4.1 2.3 8.1
1z 23.3 75.8 J.10 1.8 8.8
13 13.2 86.8 4.8 2.7 10.8
14 17.2 B2.5 5.2 2.2 10.2
i35 15.8 85.1 5.2 3.1 10.2
16 73.2 24.56 1.4 1.6 2.8
17 iz.% 87.1 4.2 2.5 10.8
18 2201 77 .4 5.8 2.4 8.9

19 35.2 64.3 Z.5 0.8 8.2




Table - 4.4

station Sand Silt T/Fe T/0rg.C T/A1
.ocation % % % % %

20 32.8 68.5 3.9

o
3]
m
w

21 36.7 62.3 3.8 F.5 8.6
22 5.8 64.2 3.2 3.2 7.8
23 32.5 67.3 3.6 3.2 8.9

24 88.2 11.8 1.2 0.2 2.8
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Table - 4.3
Size Fraction and Major Element Concentrations in Sediments
of Cochin Estuary and River Periyar, November, 1985
(Post—monsoon)

Station Sand Silt T/Fe T/0rg.C T/A41
location % % “ % %~

1. 71.3 28.5 0.65 0.2 z.4

2. z0.2 &7.8 0.40 2.1 8.7

I 12.5 87.3 6.2 3.4 10.8
4, 68.8 31.2 2.1 1.2 4.10
3. 28.5 71.3 4.8 1.8 ?.8

6. 30.5 67.3 4.1 2.6 8.8

7. 26.3 73.3 z.8 2.4 ?.4

8. 13.6 84.4 4.8 2.9 10.2

9. 13.8 83.8 5.2 2.9 10.4

10. Z5.3 64.53 4.2 1.75 8.4

11. 279.0 61.0 4.6 2.5 8.1

12 24.4 73.6 3.2 2.2 Z.8

13. 14.6 85.4 5.2 2.2 11.3

14, 16.8 83.2 6.4 2.8 10.6

13. 17.5 82.3 6.8 3.3 10.466
16, 76.8 23.5 1.2 1.2 3.4

17. 1=.8 86.2 4.3 2.63 11.5

18. 22. 77.4 6.2 2.2 ?.0

19. 8.4 71.6 2.8 I.3 7.4




Table - 4.3

Station Sand Silt T/Fe T/0rg.C T/A1

location A 7% “ % “
20 29.2 70.8 3.2 3.2 8.9
2 31.5 68.5 J.5 .4 ?.2
2 30.2 69.8 3.2 3.5 8.6
3 26.2 63.8 3.2 3.2 8.2
24 88.2 11.8 1.6 0.6 2.8
25 89.35 10.5 1.4 0.6 2.8
26 87.2 12.3 1.2 0.6 3.2
27 88.5 11.5 1.4 0.6 2.8




Table -4.6
Size fraction and major element concentrations in sediments of

Cochin Estuary and River Periyar — April 1986.

tion Sand 5ilt T/Fe T/0rg.C T/Al1

ation % % “ “ 7

| 67.3 F2.2 0.85 0.40 3.6
2 26.2 62.8 Q.63 1.80 8.2
3 10.4 89.8 6.4 3.2 10.2
4 635.2 34.89 2.4 1.8 3.2
& 25.2 74.8 4.8 2.2 2.3
b 28.8 31.2 4.2 2.8 9.2
7 25.8 2.1 z.8 2.9 7.1
8 14.2 83.8 3.1 2.8 2.8
9 12.5 87.5 3.8 2.7 10.2
10 32.10 67.8 4.8 2.2 2.2
11 26.2 63.8 4.9 2.6 7.1
12 22. 78.0 F.8 2.9 10.2
1= 12.2 87.2 3.1 3.1 10.2
14 14.5 83.5 4.5 F.1 10.2
15 14.5 85.3 5.8 F.2 10.2
16 17.2 29.9 2.1 1.8 4.2
17 12.1 88.1 4.3 2. 10.9
18 20.1 779.4 6.1 2.8 10.3
19 32.2 68 3.2 3.2 8.5




Table -4.6

ftation Sand Silt T/Fe T/0rg.C T/A1
.ocation “ % % Z ~

20 J0.5 67.5 3.3

2

21 28.9 71.5 3.8

22 35.9 64.5 Z.9 3.2 8.
23 1.8 68.2 3.9 3.2 8.0

24 88.5 11.5 1.3 0.2

25 89.5 10.5 1.4 0.4 2.

]
)]
[vs}
W
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w
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26 0.1 ?.8 1.2 0.2 2.4




listribution of Metals in ppm (Mini.
Depth of a Core Sample From Cochin Harbour Area

Element

Hg
Cu
Zn
Cd

Pb

Table - 4.7

Minimum
ppm

0.08

40.00

& Max.) at Surtace and at 90

Max imum

ppm
1.10
130.00
280.00
3.50
120.00

110.00

cms



Table—-4.8

Correlation—regression relationship of metals with silt fraction
and major elements in sediments of Cochin estuary -

November, 19835 (Post—-monsoon).

Hg

Silt = 61.85 T/Hg + 26.12 r = Q.65
T/Fe = 5.78 T/Hg + 0.53 r = 0.78
7/0rg.C = 2.93 T/Hg + 0.49 r = 0.93
Cu

Silt = 0.24 T/Cu + 42.28

T/Fe = 0.03 T/Cu + 1.13

T/0rg.C = Q.01 T/Cu + 1.16

T/AR1 = 0.033 T/Cu + 5.26

In

3ilt = Q0.100 T/In + 43.44 r = 0.565
T/Fe. = 0.010 T/In + 1.78 r = 0.35
7/0rg.C = 0.003 T/ZIn + 1.10 r = 0.33
T/A1 = 0.01Z T/ZIn + .87 r = 0.42
Cd

Silt = 8.84 Ts/Cd + 47 .50 ro=0.39
T/Fe = 0.71 T/Cd + Z2.48 r = 0.39
7/0rg.C = 0.33 T/Cd + 1.53 ro= 0.42
T/81 = .89 T/Cd + 65.81 r = 0.36



Pb.
Silt

T/Fe
T/0rg.C

T/Al1
Cr
5ilt

T/Fe
T/Org.C

T/Al

0.19T/Pb

0.02T/Fb

0.01T/Pb

0.02T/Pb

0.05T/Cr

0.037/Cr

0.008 T/Cr

0.003 T/Cr

49.13

~
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Fig. - 441
Representative core profile of total mercury
at station No.13.
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Fig. - 4.2

Relation between silt and total mercury in
sediments.
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Fig. - 4.3

Relation between total iron and total mercury
in sediments.
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Fig. - 4.4
Relation between total organic carbon and
total mercury in sediments.
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Fig. - 45
Representative core profile of total copper at
station No.13.
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Relation between silt and total copper in
sediments
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Relation between total iron and total copper
in sediments.
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Relation between total organic carbon and
total copper in sediments.
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Relation between total aluminium and total
copper in sediments.
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Representative core profile of total zinc at
station No.13.
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Fig. - 4.11
Relation between silt and total zinc in
sediments.
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Relation between total iron and total zinc in
sediments.
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Relation between total aluminium and total

zinc in sediments.
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Representative core profile of total cadmium

at station No.13.
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Relation between silt and total cadmium in
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Relation between total iron and total cadmium
in sediments.
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Relation between total organic carbon and
total cadmium in sediments.
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Relation between total aluminium and total
cadmium in sediments.
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CHAPTER - 5
Summary and Conclusions

The environment is contaminated naturally due to
the biotic and abiotic activities. The contamination
mainly arises consequent on the accumulation of waste.
Any waste can become a resource or a resource can become
a waste. The judicious use of resources is therefore,
should be the motto of human activity, but for easy
gains and circumstantial constraints motivates the man
to dump materials in place and out of place leading to
toxic contamination or pollution of the environment. 1t
is, in this context, that investigations on the
distribution and the abundance of waste discharged into
the various ecosystems are becoming relevant. and

mandatory.

The aquatic environment which receives the waste
impregnated with toxdic metals and other noxious
particulate originating from processing concerns  of
various magnitude and formulations, besides the
municipalities, when attains a level beyond their
carrying capacity transforms it into a degraded one.
Water gets deteriorated and becomes useless for the

purpose for which it is meant d{drinking, agriculture,
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fishery and industries). In the rivers, lakes,
estuaries and seas the bottom sediments also get charged
with toxic materials particularly those which are not
easily ciegraded. The metals being nondegradable pose a
long term threat to the aquatic community including

benthic forms.

The metals in trace quantities discharged into the
aquatic environment remain biologically available and
are capable of being stored up in ensymes and disrupt
the natural chemical equilibrium of the system. The
quantification and identification of the trace metals in
the environment. is a powerful tool in the planning and
the administrative circles to initiate and prescribe
statutory levels, for the effluents before they are
discharged into the different systems - aquatic,
terrestrial or aerial. Indian water bodies are not vyet
dead but are deteriorating at stupendous rate towards
this end, due to indiscriminative programmes and
policies adopted in the disposal of wastes. For the
successful management,, monitoring of environment is a
must. Monitoring will also provide appropriate action
to be followed for addition or deletion of any component

whenever and wherever necessary based on the prevailing
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ambient levels. It will be helpful, if modeis are
worked out to understand the the complex relationship in
the ecosystem prior to granting permission for the
discharge of effluents into the system. Protection of
environnient, is never antagonistic in the developmental
programmes and it should never be, but it should be the

mirror image of development.

The reported heavy metal concentrations of the near
shore water in the Bay of Bengal were higher than that
in the Lakshadweep Sea. Kureishy et al. {1978 & 1979
have observed the presence of Cu, Fe, Mn, Zn, Ni, Co in
considerable quantities in =zooplankton as well as fishes
from Indian waters. Among the non—-essential metals lead
was detected in high gquantities in =zooplankton collected
from the Bay of Bengal. Detailed study on mercury
contamination in c¢rab muscles, sediments and water
samples from shore creek to sea near Bombay has been
carried out by Ganesan et al. {19803, which showed that
the He concentration decreases with increase in
distances from the shore. Several food fishes from
inshore waters of Bombay have also been found laden with
high concentrations of Hg (Tejam & Halder, 1975D. In

Japan the minamatta disease which broke out in 1953 was



92

due to consumption of high Hg contaminated fir). and
shell fish affected by effluents discharged from

chemical plant in the Minamatta Bay (Nitta, 1972).

In. the Visakhapatanam Harbour mass mortality of
fish has been attributed to a combination of factors
beginning with the sudden and large scale discharge of
acid waste water, incidence of appreciable amount of
free Co2 and drastic depletion of dissclved oxygen
(Ganapathy and Raman, 1976). Recently Rao et al. (1985
have proved that the =zinc smelter effluent containing

copper, lead, zinc and other heavy metal concentrations

can affect the growth of sheletonema costatum in about

3% level and kill the alga from 52 level. Another study
in the port and coastal areas around the Visakhapatanam
has revealed that the industrial wastes enhanced the
biochemical oxygen demand of the system thereby
resulting in eutrophication <Sarma et al.,, 1982). The
concentration of metal was found to decrease from
harbour to inshore water due to the discharge of
domestic sewage and industrial effluent which gradually
dilJuted and dispersed in coastal water. Thus there have
been a few mass mortalities reported from Indian waters

(Ganapathy and Raman, 1976> due to natural causes,
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discharge of industrial effluents to which . lethal
effects could be attributed. Most. of +the pollutants,
therefore, might. be imparting contamination and thereby
causing sublethal effects on organisms, especially, in
the estuarine and near shore marine ecosystem. A marked
increasing trend over the years in growth rate of Plaice
in Scottish coastal waters was observed to be associated
with pollution or changes in benthos due to pollution
(Johnston, 1976>. The north sea which was supposed to
be one of the most. polluted seas in the world has been
studied to a great. extent for effects of pollution with
regard to its  hydrography, chemistry, water quality,
plankton, fish, shell fish, benthos, sediments and
geology. In spite of the above fact that none was
certain whether fisheries of the north sea were affected
by pollution alone (Johnston, 1976). The same applies
to the Indian seas although it was established that the
backwaters and estuaries with limited circulation have
definitely been affected by various kinds of pollution.
Effluents from industries were probably t.he most
important sources of trace metals in the estuary.
Although =sediment. analyses do not furnish quantitative

data on the absolute degree of pollution they do
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indicate their role in ascertaining relative facteors of
enrichment whereby source of pollution in the aquatic
environments may be traced and monitored. Abiotic
parameters such as salinity, temperature, alkalinity and
pH may affect. the heavy metal absorption in the
sediment.,, depletion of dissolved metals from the water
column. It has shown that Pb, Ni and 2Zn become
relatively immobile under such conditions in sediment
and metallic sulphide solids were formed <Lu and Chen,
19775, The spatial distribution of metals observed in
the estuary showed that the levels of metals were very
high, at the effluent. discharge point and also in the
harbour area. Among trace metals mercury was regarded
as a serious toxic metal followed by cadmium, lead and
others. Mercury was considered as a non-essential
element. for living organism. Even at low level mercury
and its compounds, present potential hazards due to the
enrichment in the food chain. Monomethyl mercury being
the most toxic mercury compound known until recently was
not tightly bound to sediment and was somewhat water
soluble and volatile. It was rapidly assimilated by

living organism and then returned relatively stable.

Preventive measures can be adopted to solve water
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pollution problems, such as, clean up operations. which
were meant for treatment of the polluted watler
environment.. Results of research activities on the
estuarine pollution issues were another significant
approach for ident.ifying and solving problem of
estuarine pollution. Such research activities were
particularly significant in contributing and exchanging
ideas on environmental issues relating to the estuarine
areas and the measures for improving the water quality

management.

The present study is an attempt to evaluate some of
the metals contained the water column and sediments of
Cochin Harbour area. Hg, Pb, Cr, Ni, Fe have been
introduced into the estuary either in soluble form or
associated with suspended particulate matter. The
results suggest. that Hg is firmly bound with organic
matter in sediments of Cochin estuary. Fine grain
particulate matter provides extensive surface area for
the adsorption and a suitable medium for retention
during transport and deposition. The concentrations of
Zn and Cd in sediments were potential contaminants in
the river Periyar at the effluent discharge point and

behaved in a similar way in the estuarine environment.
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These metals are potentially available for the biotic
community whereas lead and chromium in sediments were
not. available to the biota as the metals were not found
dissolve;:l in acetic acid fraction. In addition to the
heavy metals, large quantities of organic matter was
also reaching the estuary from industrial discharge
point. Except mercury for all other metals surface
water samples were found to have high concentration
compared with bottom. This showed that the metals were
from storm water or agricultural run off. The higher
values observed for dissolved mercury in bottom suggests
that. solubilisation of mercury from sediments to the
overlying water of salinity was the mechanism of mercury
transport to the sea. Decrease in the concentration of
dissolved metals with salinity showed that. the physical
mixing was a significant factor in controlling the
dissolved concentrations. Dissolved levels were
depleted in the high salinity range and particulate
contaminant. concentrations showed the highest values
during summer. The small range of dissolved nickel in
the study area suggest that the anthropogenic input of
nickel do not alter its distribution significantly. In

the case of dissolved and particulate mercury, the
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concentrations were found to be less at Stations_. .4 - 8
and the reverse trend was observed for the Stations 10 -
16. The particulate Cu, Zn, Gd and Pb also showed the
same behaviour. The trace metal level in sediments were
found to be less at Stations 1 - 6 in comparison with
the levels observed for Stations 10 - 16. The Stations
4 - 8 receive water from Chitrapuzha where refinery and
fertilizer plants exist. The Stations 10 - 16 on the
northern side of the harbour area receive effluents from
various industrial complexes situated on the banks of
river Periyar. These stations are also under the
influence of high tide and low tide from two directions
namely Cochin and Munambam guts. It is likely that at
these stations the velocity of water movement might have
been much reduced because of opposite drag enriching
both water column and sediment. The peculiar situation

at. Station 10 - 16 is reserved for future studies.

In comparison with the baseline levels, the metal
concentrations were relatively high in the Cochin
estuary, and the threat to the aquatic resources appears
to be of high magnitude. Depletion of benthic
organisms and fishes may be attributable to the

contamination by metals either in water or in
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sediments along with other parameters. The study proi}ed
that. large amount of dissolved metals were removed from
the water column, enrich the suspended particulates and
get incorporated with the food chain. Even low levels
of metal concentrations might lead to accumuation and

biomagnification.

The large inventory of trace metals found in the
chemically and bioclogically active surface water may
accelerate biogeochemical reactions. The strong sea
ward surface flow of the estuarine system may also tend
to disperse these pollutants rapidly. Examination of
the difference in the concentration between oceanic and
Cochin estuarine waters provide insight into the
importance of physical processes in controlling the fate

of dissolved trace metals in this estuarine system.

1t was well known fact that no organic life can
develop and survive without the participation of metal
ions and these trace metals were essential to sustain
biclogical life. The increasing metal contamination in
the river Periyar and the Cochin estuary pose a serious
threatt to the living aquatic resocurces and appropriate

measures have to be taken to abate total destruction.
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»
The effect of these heavy metals in the environment may
be mutagenic, teratogenic and or carcinogenic. At
higher dozes even nutritionally essential metals may
cause diverse effects. All these suggest further
indepth studies for understanding the nature and role
of the metals in the context. of living aquatic resources

and the vast. population living in and around this

estuary.
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Pro;eedings 9L the Interdepartmental Seminar on sStatus O,f
Marine Pcllution in India organised py the Department oI
Ccean Cevelcrment, New Delhi.

STATUS REPORT OF MARINE POLLUTION ALONG KERALA COAST

P.P. Quseph
Regionai Centre
Centre for Larth Science Studies
St. Vincent Street, Cochin

INTRODUCTION

Marine pollution, as defined by the U.N. Conference on Euman
Environment is ""the introduction by man, directly or in-
directly, of substances or energy into the marine eaviron-
ment resulting in such deleterious eifects as harm to living
resources, hazards to human health, hindrance to marine
activities including fisheries, impairment of quality for use
of sea water and reduction of amenities'.

Kerala has a coast line of 560 km length extending
from Manjesnwar in the north to Poovar in cthe scuth, Cteing
14 km in length per 100 sg. xm of land territory. Parallel to
the coast, there is a chain of backwater lagoons, inter- ’
connected with natural or artificial camals. There are in
all 29 major river tasins consisting oI 41 west flowing
rivers, which reach the aArabian Sea directly or through the
backwaters, which in turn join the sea. Since the rivers,
packwaters and the sea are inter-connected, pollution
oI one water body causes pollution of the next body
ultimately resulting in marine pollution.

CAUSES OF MARINF PCLLUTICN

Following are the major sources of marine pollution in
Xerala regions.

vopulation related pollution

The copulation density of Xerala is €55 cersons per sg. km
as per .t81 census. The arrangements for disposal of sewage
and sullage from the settlements are far Irom adequate.

Caly apcut one seventi of the population nas access =0
sanitary modes oI disvosal of waste. Table 1 gives daily
pollution lcacd in terms oI ECUL per day, that may reach the
marwne environment,calculated on the basis of 1981 census.
The guantum of pollucion caused by direct/indirect discaarge

2 iaS

oL untreated sewage into our water bocdies is alarming. It :is

36



estimated that The organic putriabtle matter exerting a BCL of
030 metric tonnes per day is reaching our marine environmenc.

TABLE - 1
Pollution Load into Marine Environment.  from Mumnicipalities/Corporations aiong
the Coast Line of Keraia.
Sl. Municioeilty/ Popuiation Popuiation Load
NG. Corporation (as per 1981 census) Kg/day of B.G.D.
1. Trivangrum 483086 144925.80
L. vVarkaig 34009 10202.70
3. Quilon 137943 41382.90
4. Alleppey 169940 5N1982.00
Se Vaikom 21097 6329.10
6. Cachin 513249 133974.70
7. Chavakkad 34344 10303.20
8. Kodgungatloor 28334 4500.00
9. Sormant 432258 12967.80
10. Tsticut 39aaa7 118334.10
1. Badagara 64174 19252.20
12, Teilicherry 75561 ) 22668.30
13. Cannanore 60904 18271.20
18l Kasargod 43137 12941.10
Total Poilution load (Kg/day of 8.0.0.) 631035.20
TABLE - 2
Direct Olscriarqe of Trade £7fluent Into Cosstai Zone gr Keraia (m ),/'dav;
food & drink  Inginesring. Chemicat Other
Rsceiving ingustries industries industries argentc Totat
bogy effluents affluencs effluents affluents
Ses - - 41,600 - 41,500
Tidat woters 1,150 a1,437 1,27,985 54,850 2.25.422
Totat 1,150 41,437 1,469,585 54,850 2.67.022
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Iodustries

There are over 200 medium and large scale industries and
about 2000 small scale industries which contribute to the
marine pollution. Approximately, two third of the industrial
effluents generated in the State is discharged into the

sea or into the tidal waters. These effluents are generated
from chemical and engineering industries, food and drug
manufacturing as well as industries related with paper,
rayon, rubber, textiles, plywood and tanneries. Some. of
these major industries are identified in Fig.l and esti-
mated direct discharge of the effluents into the coastal zme
is included in table 2.

Agriculture

The extensive use of tertilisers and insecticides/fungi-
cides etc. causes considerable damage to the quality of
water in rivers ultimately adding to the marine pollution
problem and seriously affecting human beings as well as
aquatic flora and fauna. Additionally, retting of coconut

in the backwaters causes deterioration of the water quality.
Retting is a bio-chemical process inducing salt organic
material into water bodies. This causes depletion of dissol-
ved oxygen thereby degenerating aquatic flora and fauna. The
major retting zones along the Kerala coast are identified in

Fig.l.

0il tankers mechanised fishing and related overa-
Lions

The operation of large scale oil tankers and other oil
‘connected activities considerably add to the problem of
marine oil pollution. Apart from the ¢0il spills from the
tankers, fishing boats operated in various backwaters and
sea also contribute to oil pollution.

Air poilution

The major air pollutants are suspended matters, oxides of
nitrogen, Sulphur and carbon monoxide which are emjtted

Irom power generating stations, industrial plants, construc-
tion projects, smoke discharges from vehicles and solid
waste disposal operations. These pollutants reach the sea
through rain and atmospheric transport of particulate

-natter.

MONITORING CF MARINE POTLLUTION IN TEE VICINITY cCrF
KERALA COAST

The monitoring of Marine Pollution can be broadly classified
by the detection and estimation of the following parameters
in water, sediment, particulate matter and selected marine
organisms.
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aestructive to plants and animals (Casim and Madhupratap
1¢81). Benthos of the Cochkin backwaters has been studied by
Kurian (1¢72) and more recently by Ansari (19Y77). From these
studies, 1t has hyecome clear that the density of bivalves,
gastropods and isopods in the backwaters has been consi-
derably reduced with time. These are attrituted to the in-
creasing pollution (Nasim and Madhupratap,1981). Study by
Ramani (1¢79) indicates that in some of the polluted areas,
the BOD values reach 312.76 mg/litre, sulphide 4.37 mg/
litre and oxygen content less than 0.05 ml/litre. The effects
of industrial pollution are clearly seen in the form of
depletion oI riota especially benthic organisms, fish
mortality and presence of high ammonia in water hydrobio-
logical conditions of Cochin backwaters are greatly in-
fluenced by sea water intrusion and influx of river water

as shown ty zthe distribution of salinity and temperature
(Lakshman et al. 1982). The orranic carton in the sediments-
are higher in the monsoon season due to the contribution
from land run off (Ramani et al. ,1980). The study with
rererence to the indicator bacterial revealed that the
principal source of faecal pollution is non-auman ctype
originating from land drainage, sewage and organic discharge
(Gore et al. ,l1979). The higher C.C.D. values observed are
probably due to domestic sewage and wastes discharged into
the harbour area (Sarala Devi et al., 1979).Previous studies
have shown appreciatle degree oI organic pollution in Harbour
area (Unnithan et al. , 1975; Vijayan et al. ,1979).

Feavy metallic contaminents

Study of particulate matter o water from Cochin backwater
for trace metals incicated that this enviroanment contain high
content of Za, Cr etc. due to industrial pollution (Sanka-
raparayanan and Rosamma Stephen, 1978).High concentrations

of Zn, Cu, Fe, Mn,Zn and Hg in the backwater, oyster
(Crassostrea madrasensis )(Preston) o Cochin harbour indicat-
ead that nign metal load in the tissue was observed during

the breeding period and also wae=r the estuary maintained

nigh salinities from Cctober tc April. The suitability of the
oyster as an indicator organism for metal pollution in Cocain
backwater has been discussed by Rajendran and Kurian (1986).
Some of the benthic organisms, sSuc2 as mussels and ovsters,
have accumulation of zinc nigher thaan the permitted limat

(Ramani, 1979).

Pesticides/Insecticlides

Very limited work has teen takea up ia monitoring pesti-
cides and insecticides.

Petroleum Hydrocarben

unnithan et al (1281) reported that tar iike deposits from
14 beaches 0T Xerala appear to be derived Irom oil
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spills and o0il tanker washings. The concentration of dissol-
ved hydrocarbons in the Cochin region of the Arabian Sea is
between 14.6tol8.1 microgram/litre (Senguptz et al., 1980).
Out of 5.5 million tons of cargo handled by Cochin Port, mor
than 4 million tons is o0il. Better control measures are
required to prevent spillage of ¢il inside the port area
while being loaded or unloaded as well as to corntrol pollu-
tion by discharge of waste mixed with oil from ballasting

tanks into the sea.
MARINE POLLUTICN YHCM AIVER D1SCHARGE

It is known for tne past several years that some of the
rivers of Kerala, viz. Chaliyar, Periyar, Chitrapuzha,
Kallada etc. have polluted the estuarine flora and fauna.
It has been estimated that 183 @3 of trade effluents are
being dumped into our rivers and tidal waters every year
(Nair, 1584). It has been recognised that a greater poten-
tial hazard exists 1n estuarine and nearshore areas because
of their proximity to sites of industrial and domestic
activity, resulting in concentration of specific pollutants
by run-off or by biological activity.

TIE IMPORTANCE CF COCIIN ESTUARINT SYSTEM

The Centre for Earth Science Studies has undertaken a major
work for the monitoring oI the heavy metallic contaminents in
the Cochin harkour area where the major industrial discharge
to the coastal environment of Kerala is envisaged.

The Cochin estuarine system receives industrial
effluents from various factories which include metallurgi-
cal, fertilizer, chemical, rare earth, anewsprint, etc. The
shipping facilities, trade effluents, land drainage and also
the sewage disposal makes the estuary more polluted. There
are also inorganic compounds such as arsenic salts, coppe:
oxychloride, copper sulphate etc. used in agriculture as
pesticides, insecticides and fungicides which reach the
estuary on its way to sea.

Estuaries are one of the most productive and biologi-
cally active areas in the marine environment. The infantil
stages of the fishes and shellfish are spent in these
environments. Heavy metals are biologically non-degradable
and tend toO accumulate in these marine organisms to pass
on finally to man. Hence a knowledge of the heavy metal
distribution is of extreme importance in order to under-

stand the bioavailability and toxicities in the marine

environment.

The study initiated by Centre for Ear<th Science
Studies related to the monitoring of neavy metallic conta-
minents in the Cocain harbour and river Periyar by esta-
blishing 46 stations as shown in Fig. 2. Preliminary inves-
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tigations were carried out in July 1985, Nov. 1985

and April 1586. From all stations sediment samples were
collected using a Van Veen Grap. Water samples were
collected for 2b station locations for the estimation of
dissolved and particulate mercury.

Analy8is: The samples were dried at 60°C to a constant
weight., Befiore drying the rock fragments, shells and visi-
ble organisms were removed by hand picking. The dried
samples were manually powered and homogenised as per the
method of Eershelman et al. (198l). The following extraction
procedures were employed. The total metal conteant (Drago
et al.l1l981) and the potential bio-availability of metals
(Loring,1582). The extracts were analysed for Ph, Za, Cr,
and Cd by AAS. Five replicate analysis of cne sample gave
a coefficient of variation of 4.8% fcr Pb, 6.5% for Za,
5.5% for Cr and 7.5% for Cd.

Mercury: Wet sediment samples were digested with a mixture
of nitric and sulphuric acids (Thomson et al., 1980). Cold
vapour AAS technique was used for tne estimation of

mercury as described by Batch and Ott, 1968.

Surface samples were collected using a plastic
bucket and Van Dorn Sampler was used for bottom samples. The
samples were acidified with excellar grade conc. ENOg 20 ml/
litre (Freemann and Schmidt, 1882) and a small amount of
Potassium persulphate was added in order to oxidise the
interfearing organics (Thomson and MacDonald,1980). Milli-
pore filter paper used for filtering the samples and the
filtrate was acidified for dissolved mercury estimation.
Total mercury was determined by directly acidifying the
sample. The amount of suspended matter was determined by the
gravimetric procedure by filtering a bulk volume of the
sample and the values were computed from the known concentra-
tion of dissolved and total mercury. After acidification the
samples were kept in the Ifreezed condition. The above preser-
vation done within six hours and the analysis of mercury
carried out within eight days of sample collection. In each
case the values for the blanks were determined. Five repli-
cate determinations done for one sample from each set of
samples collected seasonally gave coefficient ¢f variation
of 3.8 to 4.6% at concentrations between 5 to 100 mg/litre.
The detection limit was about 5 ng/litre. High purity rea-
gents were used for mercury analysis. Mercury was determined
by using the cold vapour atomic absorptioan technique des-
cribed by EBatch and Ott, 1968. Analytical reagent grade
(Sarabhai M. Chemicals) Mercuric caloride was used for the -
preparation of standard solutioms.

8. RECENT FINDCINGS CN HEAVY METAL POLLUTION

6.1. Total metal content
The concentration of heavy metals in the sediments of river
Periyar and Cochin harbour are shown in Fig. 3-7., Total metal
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concentrations measured in the sediments are Hg 0.12 - 11.5
ppm, Pb 30 - 190 ppm, Zn 35 - 780 ppm, Cr 20 - 145 ppm, Cd
0.5 - 8.4 ppm. In general, the concentrations are higher at
the point of effluent dischnarge and decreases towards the
estuarine environment. The tase line level for Hg is

found tc be 0.08 ppm. This is based on the analysis of a ¢€C
cms core sample taken at station location No. 22. The enrich-
ment of mercury in the sediments are 1.5 to 143 time higher .
ccmpared to the natural level. The baseline levels of other
metals are not known the data is being compared with the
reported metal concentrations from other parts of the world.
The observed concentrations for lead is 1.2 to 7.6 time
higher compared to the natural values for lead for the
sediments of Bay of Naples which is 2-25 ppm (Crigegs &
Joknson, 1278).The background values for the Zinc average for
the Newark Bay sediments is 35 ppm (Lee Meyerson,l1881).

Hence the reported values are 1 to 22 times higher in
comnared to Newark Eay sediments. The levels of chromium
ranves from 20 to 130 ppm are comparable to the bacxground
values observed from cther marine environments (Griggs and
Johnson, 1978; Carmody, 1973). The concentration observed
for Cd is higher when compared to the values reported for

the sediments of Eay of Aundy (Loring,l1982). The high

values reported might te partly due tc the industrial ana
domestic pollution. For example a zinc factorv located

near the bank of river Periyar discoarges effluents wnich
contain zinc¢ and cadmium to the coastal waters. Similarily

a chlor-alkali plant situatec near the tank of Perivar dis-
charges effluents which ccntains mercury to the coastal

waters.

Chemical partition an< tio-availability of metals

Although high levels of metals in sediments are a general
indication of industrial and urban contamination, the total
metal concentrations are a poor means ¢of assessing the
poteatial or acrtual availability of a given element toc the
Biota. It is well established by wvarious workers that in
understanding the distribution and ecological immlicaticns
of heavy metals, knowledge on thz total metal concentration
is not sufficient but it is necessary TO know the elemeantal
concentration present in different phases (Goldberg and
Arhenius 1958; Loring 1282; Tesser et alnwlE7¢; Cosma et al.,
1979: Cosma et al; 1983).1In fact the total metal and the
easily extractable metal extraction technigues are most
informative for envircnmental purposes. We have emploved

as 25%V/V Acetic Acid to make an assessment oI the availa-
nlie concentration of metals as suggested by Loring, 1982, This
methcd was chosen because 1t is one of the weakest chemi-
cal trestments that can be effectively used to remove a
cerrain part of the tctal metal concentration in the sedi-
ments that cculd be potentially available to the Ziota.
Chemical partitions of the secdiments Iromr the sTudy area
shows that 5-10% of the total Pb, 5-60% of total Za, 2-15% of
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Table 3

‘ean ~goncsntriIct.lon Sor surfaca anc 2gorTom samwie

onsoln ostoons=oon 27 emarrseon

L2858 19858 L9688
v . . e . P 4
Jissocivesd ierzury ng/litTe 20 .89 213
Jarzizulacs 1er:u:7;wq/qm 5.34 T3 24.48
I}

total Chromium and 10-80% of total Cadmium occur in the
acetic acid soluble fraction. This fractiocn may represent
some portion of the element that was initially leached from
the source rcocks or supplied in the dissolved form from

industrial sources.

Dissoived anc¢ particulate mercury

The mean concentration of dissolved and particulate mer-
cury in water samples are shown in table 3. Bottom samples
contain nigh particulate matter as compared to the surface
samples. The concentration of dissolved mercury is found to
be high in the bottcm ccmpared to tlhe surface samples. This
observation indicates that the origin of dissolved mercury
may be partly rrom the bottom sediments and bottom sediment
ccntaminates the marine environment. The nighest concentra-
tion observed in the innermost aorthern part of the harbour
area and at the 2rXfluentT discharce point near the chloralka-
1i plant. In general, the concentration of dissolved mer=-
cury decrease with increasing distance Irom the point oI
effluent discharge towards the estuarine environment. This
indicates that Arakian Sea acts as a sink for the discharge
of mercury through Cochin harbour bty River Periyar. In the
monsoon season the quantum of particulate matter Zound to
be high and cthe concentration oI dissolived and particulate
mercury was 10w may be cue to the influx of high amount of
ireshwater input <rom che rivers along with land run off.
in the river Periyar the premonsoon season observed highest
concentration of dissolved mercury. Curing the premonsoon
season a oundh was constructed across Periyar river just
above the 2ffluent discharge point in order to block the
2ntry oI the saline and effluent waters toO the upper reaches
Oof river Periyar. This tlockage might nave created a high
concentration of dissolved mercury in the river Periyar
during the premonsoon season. The concentration of mercury in
Cressostrea madrasensis (Preston) from Cochin backwater
—#as found to be 18-72_2pb (Nair U.N. and Nair B.N.,1986).
This suggests that mercury i1s ceing transfer-ed to the -
hiota through water sediment and particulate matter. The
relation vetween particulate matter and salinity are shown
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in Fig. 8. This shows that the maximum precipitatiom of -
particulate matter is taking place above 10 ppt. salinity.’
Present data are not sufficient to explain the vertical dIShﬂ
tribution, particulate association and mobilisation even— %7
though bottom sample contain higher concentrations of ’
dissolved and particulate mercury. The mercury concentra-
tion in the investigated waters varied through the year and
showed an observable seascnal variation. The assayed

values may be severely influenced bty several factors suck

as rain, wind, sudden changes in the surface streams, influx
of fresn water, tidal phenomena etc., eventhough much care
has been taken in minimising errors in collection andstorage,
pretreatment and analysis of samples.

R, 4'«

The above results indicate that the areas under study
are arffected by heavy metral pollution.

POLLUTION CONTROL

Pollution control systems can re broadly divided into three
sections: (a) identification (b) solution (¢) implementa-—
tion. The first step in any system to control pollution is
identification. The pollutant may be identified either direc-
tly, qualitatively or quantitatively. The solution is to be
found out only after a lot of evaluation of technical and
technological aspects of the pollutants and these techni-
cal and technological solutions should be viable in terms.

of financial aspects. Once the identification is completed
and the solution is selected, the gquestion of implementaticn
of the schemes for the preveation of pollution naturally
arises. Experts familiar with all techmical and technologi-
cal aspects of the solutions are to bte utilised. They should
bhe well experienced, qualified and capable oI understanding
the implementation of the schemes.

RECOMMENTATIONS

(a) Marine pollution baseline and monitoring studies for
the pollutant levels, the sources and pathways may be
initiated.

(b) An evaluation of the various methods currentl? emp loy -

ed for the collection, storage, pre-treatment and
analysis of samples to identify the optimum overall
procedure to be used for pollution assessment and
trend monitoring may be done.

(c) Action plan for the protection and development of
the marine environment and coastal areas of Kerala
may be initiated.
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Heavy metai poiluton in the sedimenrs of Cocilin esmaries system

P P OUSEPH

Centre for Eartn Scieace Studies. Cocnin 682 018. [naia
Abstract. The presentstudy concerns with typicai poliutants such as Hg, Pb. Za. Cr. and Cd.

The coneen-

trattons of heavv meuais sucn as Hg, Pb. Za. C: and Cd in the sediments of the Cochin sestuarine system have

been anatysed by atomuc absorotion spectrometry.

Totat ciemnent conceatranions (Hg 0.12-i.] ppm. Pb

30-465 ppm. Za 35-380 ppm. Cr 20-{30 opm, Cd 0.5.5 ppm) in the estuarine regon vary wath sediment
texture. High toral metat load (Hg 5.5-(1.5 ppm. Pb 160~i70 ppm. Za 420-780 ppm. Cr 35-(20 ppm, Cd
5-3.4 ppm) 1s ovbserved in the sediments near the point of etuent discharge, Low total metai content was
noticed (Hgv.04-0.06 opm. Pb 10-25 ppm. Zn 40-60 ppm. C: 7-20 ppm. Cd not detected) tor the frestt water
sediment samvies cotlected from the upsweams or river Periyar. An assessment has been made 1or the poten-
nai bio=avalability of these eiements by extracuon with 25% v/v aceac acid. [t is found thatin the sstuanne
savironment 5-i07; of towat Cd are potendaily avasiabie to the diota. The organic carpon vary from 0.2 to

3=3%.

The ooserved resuits are compared with the concentradons for the ugpoiluted sediments and atso

from other marine environments. Thg concentranons showed an ogservable seasonat variation.

Keyworus, Heavy merat poilunon: sedimenrs; cluenrs.,

1. Introduction

The soutiwest coast of [ndia bordering :he stare of
Kerala is connected by a chain of backwater systems
and rivers.. There is 3 growing concern over the last
decades regarding the edect of industrial disciarges
in ¢stuanne and aearsiore cavironments. The major
fver systems. causing marmne poilution are the Chaliar,
Pertyar. Clhitrapuzha. ana Xailada. [n Xeraia, Zma-
miam District accounts for more than 709 of ihe
chemical industries in tne State and ihese are swuared
in the banks orf Pertyar ang Clitrapuzna. The major
chemical industries can be ciassfiea as metailurmeat.
{erniizer. rare eartds. newsorint etc.. aod the :dluenrs
{rom these industries are dramned 0 the Arabian sea
hrougn Cochun estuary. The snipping Ixciiides. trage
sfluents. land dramnage. sewage disposai. costruczon
of super twanker berth. reciamanon of wet lands for
j0ousing, dreding operanons efc.. makes the sstuary more
soiluted. [n addidon o the 2bove orgamic Desucides
and insecricides used by farmers waICR reach the sstuary
om iIs way 10 sea.

The Cocpin estuanne system cecsives  sriluencs
comtaining a large dose of Adeavy metdis. Table
() and (2) Zves an ssumare about he ype
and quanury of aeavy memals discnarged into
the environmenr througn rver Peniyar. A knowieage
on the distriburion of heavv merals (o the marine en-
7ironment is iIMMPOrTANT in studying the savironmental
polution since suct elements can be tOXIC even In (races
and cause garmiui edects. Heavv metais are bioiogi-
aiy nondegradabie ana :hArougn e (ood caawnm.
1 may dnaily pass on t0 ¢ man. The distriounon

pattern of Fe. Mn. Ti, Ni, Co and Cu in the sediments
of Vembanad lake has been extensively studied by
Murthy and Vesreyya (1981). Few gzce metal leveis
in the sedimems of Cochin backwaters were studied by
Venugooai (1981). Parricuiate marter of water from
Cochin backwater for trace merais indicated thar this
sgvironment comtains hign comemt of Zn. Cr. erc.
due to indusuial poilunon (Sankaranaravanan and
Rosamma Stephan. 1978). Some of the bexrhic or-
Zanisms sucil as musseis and oysters have accumuiation
of Zinc nigner tban the permutted limmt (Remani [979).
High concemranons of Za. Cu. Fe =1c. were ovserved
in Crassostrea madrasensts rom Cocain region s
considered (0 be due 10 :he industmai and domestc
poiludon (Sankaranarayanan 2r af (978). The sea-
sonality n the distribunon of :trace metads such as CJ
Cua Fe. Mn. Za and- Hg ‘n e backwater oyster C as-
sostrea madrasensis (Preston) of Cocmin  Hardour 3
studied oy Nair and Nair (1986). The swrabiiicy
of the ovster as an indicator Orgamsm for meraf poilution
in Cocain bacikwarer is discussed 2y Rajnaran ana
Xunan (1986).

Table |: Quanuty of wastes and nsrmure of poilutants
discharged inco the river periyar (Joveinga 1976)

Factonies discnargmg  Quannry of wasies

vasres lakh iitres per day Pollutans

M/s. Travancore Ravons. Suspendea Soiids.
[nqian Alurmnium Co.. Mercury, Zinc,
FACT.T.C.C.. 1722.00 Cooper. Caamium,
Hinaustan [nsecncides. Lead, Hexavajent
[oaian Rare Eartas, Cuaromium. Radio-
Pertvar Caemcis., acuve matenal ate.,
T. C. M. Co. Limmed
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Quantity aud nature of heavy metaiic poilutant
discharged into the River Periyar

Table 2;

Factories discharging  Type of Heavy Quanuity per

wastes Meralic contaminent vear in
tonne
|. Travancore Cochin Mercury 2.0
Chemucais
2. Ferulisers and Hexavalent
Chemicals Travan- Chromium 1.1
core Limuted (FACT)
3. Cominco-Binani Zinc 7.3

Zinc Limted

4. Caralysts and Hexavalent Chromium 0.32

Chemicals Lid.

Zinc 2.45
Copper 0.33
[ron 30.0
5. Travancore Chemicais Zinc 0.15

A series of environmental geochemical studfes
have been undertaken by the Camire tor Earth Science
Studies (CESS) to deterrmne the - leveis. behaviour
dynamics of heavv metais in the sediments of Cochin
estuarine system. [n an eariier paper Ousepn (1987
a general descripuon of the rotai and potenually avaii-
able merai content for Mercury (Hg), Lead (Pb), Zinc
(Zn), Chromium (Cr) and Cadmuum (Cd) has been

presented. This paper reports in detal the regionai

distribution and potenual bioavatlabiiity or heavy mezais
in the sediments at the point of 2Huent discharge and
estuarine environment. The dara is compared with the
resuits observed for the sedimemts coilected from un-
poiluted area and rom otfler marine :nvironment.

2. Mareriais and methods.

The study  initated, by .CESS in the._Cociun. harbour
and civer Penyar by estabiisning <6 stauons as shown
in (Figure 1). The stauon location for the unvoilurea
zone is 1ot shown in the fgure but samples were col-
lected 0.5 <m upstream from the pownt of efluent
discharge. Preiimupary investigauons.were carried out
in July and Novemper (985 and Marca 1986. From
ail stations sediment samois were coilected using a
Vanveen grab. Since high concentrations are expected
arthe point of esffluent discnarge. the coilection of sampies:

P P OUSEPH

has been done by taking three sampling, points across
the river. A composite sampie was made for carrying
out the analysis. The samples were dried at 60°C
to constant weight. Before drying the rock fragment.
shetls and visible organisms were removed by hand pick-
ing. The dried samples were manually powdered
and homogenised us per the method of Hershaiman.
er al (1981). Organic carbon was estimated by the
wer oxidation method Wakeel and Relay (1957). The
following extracton techniques were empioved. The
total merai content Basso & Mazzoccotelli (1975) and
the potentiai bioavailabtiity fof metals Loring (1982).
The extracts were anaiysed for Pb. Zn. Cr and Cd by
AAS. Five replicats analysis of one sampie gave a
coefficient of variation of 4.89%, for Pb. 6.53%; for Zn.
5.3% for Cr and 7.3% for Cd.

Fig. | Location map with detaiis of samoiing stations and
major ingustries

For the ecsumarion of Mercury. wer sediment
samples were digested with a mixture of nirric and sui-
ohuric acids (Thomson er af 1980) in Bethge apparatus.
The digested sampies were made upto a known volume.
Coid vapour Atomic Absorpuon Technique was used
for the esumauon of mercury as described by Haica
and Ott (1968). A known weignt of the wet sediment
sampie was dried. and the moisture was caicuiated.



HEAYY METAL POLLUTION IN COCHIN ESTUARINE SEDIMENTS

The resuits were computea (0 get the concentrauons of
Mercury on dry weignt basis.

A 257% VIV aceuc 1cid extracuon method for
the estimauon of the percentage of potentaily avati-
abie stements in the sediment. This method was cihosen
because il is ome of Ine iweakKest chemicaitreatments
that can be edecuveiv used to remove the non-resiquat
element from sediments without (fie danger of rsieasing
sifements [rom structurai oositons or those strongiy
compiexed wih organic matter (Agemian and Chau
1976. Malo (977, Lonng 1982).

3. Resuits and discassion

5.1. Torai merai contens

The roral concentragons measured o the sediments
ire presented in Table 5. o gemeral. the concentrauon
are higper at the point of efluent discharge and decrease
towards Qe <stuanine moutd.

(i) Mercury: The base line levels for Hg is found
1o be 0.08 oppm. This is based on the anaiysis of a
90 crn core sampie takeq ar station -locauon No. 2.
The esnnchment.of Hg is 68 — 142 umes higner at the
point of sduenr discharge and [.5— (5 ames nigher
in :he Cochin Harpour irea. The values ooserved
for the unpotluted zone is less than the background
ieveis.

() Lz2aa: The observed concemtragons ire 6-7
dmes higner at the port of efuent discaarge and | - 3
ames higner in the Cocin Harbour area wiaen comoared
{0 the natural vaiues for the sedimens of Bay of Nabies.
wiica is 2 — 25 pom (Griggs and Joanson (978). The
salues for rne [resn water zone showed lire nigher
;onceatrauons wien compared to the narurdi (evei.

‘i) Zine: The Hackground leveis ‘or me Zinc
wverage for the Newarx Bay seaiments is 15 opm (Lee
Meverson (981). Hencs :ne reported vaiues are
i2 == 22 umes higner at ne goint of efiuent aiscaarge
and [-:0 nmes aigner m the Cocain Hardoour area.
Just like. lead. znc aiso spowea lirtte higher conceatra-
1008 [Or "ne fresawater sediments. Tals ooservauon is
under further invesuganon.

iivy Chromium: The isveis of ciromium n toe
sudy areas are comparabie to tde background vaiues
observed {rom otner manmne environmems (Griggs and
Jonnson (978. Cuarmody er ai. (973). Table 2 snows
amajor:input of hexavaient CRrOMIWR IR0 INe SCOSYS-
#m, but our study does a0t indicate any suca eanca-
qezt, prooaoly rthe ciemnent Jugat be in the soiubie
{orm in (Be aguatlc system. ind couid not come down
0 (0 sediment by the usudl esIUATINe Drocesses.
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(v1 Caamwm: The levets of cadmium for the
sediments of Bay of Faundy is 0.2 pom (Lornng 1982).
The ooservea resuits are 30 — 42 times higher at che
pount of erffuent discarge and 2 — 22 times higner for
the Cochnin Harbour area wnen comvarea to the Bav or
Faunay sediments.

3.2. Discussion of conceniration of ro1atl meras contens
Total eiement concentrauoa vary with (ocauon ana
seaiment texture. Hignh concentraudon of Hg, DPbs.
Zn. Cr and Cd occur 1n dne grainea sediments. Sandly
sedimenrs soowed {ow conceatranons  of  merats.
Hign organic carpon conteat observed a the pomnt of
2dluent discharge and 1iso in the estuanne cegion.
The concentrauons of totai metai content showed sea-
sonai varlauon wuh swauon locauon. [a  genmerai
mounsoon season soowed the lowest and premonsoon
season the Qignest coacsarration (n the sadiments.
The resuits were predominent a the efluent discharge
point wien compared 0 rthe Cociin Harbour area.
During the monsoon season. iign indux of {resia warter
from ifle cvers makes the sediment 10 exchange a part
of the ¢xcnangable phase of the metals t0 the warter
coiumn. A Detter upnderstanding of lis poenomenan
wiil be xnmown bv a study on the water sediresnt unter
face chemustry. Dunng :he premonscon season of
1986 a bundh was constructed across e river Perivar
just above the sfluent discaarge point. in order t¢ block
iNe eqtry of tne saune ana orfluent mixed warer to
the upper reacies of Peniyar. This mignt have created,
2 hign concsnirauon of eiements at the sdiuent discaarge
polnt. The aigh concentrations voserved in Cocam
Harbour 2rea during the premonsoon season. may e
due ro the intrusion of 1iga saune warters ind Orecipi-
:amon Of parmcuiate matter.  Due o tus e seai-
ment may nave algn conteat of fne grade {racuon
voich ieads o0 the high conceatrauon of iements,
Moreover our study of sadmiy versus parucuiate martter,
{(Figure 1) snoweg thal Maximum precipllanion "occurs
for more tnan saiimicy {0 ppr. The vanawon in :ne
concemtranions ooserved in tne Cocain Harpour arsa
220 AUSO De oumbuted 0 (Re tragsport of ine grace
seaiment (owaras tiie seawara ana back. due to the adal
2na sexsonai induence.

3.3, Cliemicat parution and potenuai bio-availadility

The sediment coemmstry wiil broadly redect the conta-
munagon story of the arez. Heavy metais are as-
sociateq to different extents with the vanous componeats
of sediment 2nd these 2ssocialions cau be quute diferent
for aartural and 2mnrovogemc (@atenial, [n generat
e imuaropogenic inputs. of metats wil necessaniy
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be associated with non-lattice fractions. Total dis-
soludon of sediment s analydcally demanding and.
many monioring purposes sediments are leached to
remove the non-iartce heid materiai. The non-iatice
neid contrtouuon usuaily constitutes a smail bur bio-
geochemucally important (racuon. [t represents some
proporuon of the <iement that was imwiaily leached
{rom :he source rocks or suopued in dissoived from
industnal sources.  This refracuon of the siements thar
are most 2as1iy avaliabie to the bdiota and constitures
the gzreatest Janger to them if present in <xcsssive
quanuues. particuiarly if the ziements are of 1 form
Inat can oe setectivety removea Dv the odiota from :he
sediment or in paruculare matter in the water column.
[n fact the torai metal and the easiiy 2xtractable mera-
extracuon fechnique give maxumum (nformauon in
sucn anatysis.

The study reveals that hign contents of Hg, Za.
Cd. are reacning the estuary rom the river Perivar
througn industriai discharge. For sxampie a calorai-
kaii piant and zinc factory situated aear the banks of
river Pertvar discharge :rfuents wiach contain Hg, Za
and Cagmium into the coastai waters. The sampies
from the erfluent discharge point showed that 33-39°/
of totai zinc and 83-95 %4 of total cadmium ocgur in the
acetic acid soluble fracuon. Similariy in the 2stuarine
environment 3-609; of the :owai znc and (0309
of rorai cadmium are potendally availapie to the biota.
Tke above resuits cleariy indicate that most of the zinc
100 cadmium in the sediments 2ppears 70 ongnate
from industriai wastes. From the cesuits it is ooserved
that there is an anthrovogenic input of PY and C: ‘o
the estuarine environment and the data is comparabie
from unpoilutea manne <¢avironment. Moreover.
90°; or tne :otal lead and 35°; of the toral caromum
in the sediments are 1ot poteanaily avaliaoie (o ne
blota. Eartler studies of Sankaranaravanan 2r 2
11978), Remam {1979, Nair ana Nair (1986) indicated
taar biota from Cociun Harpour area contains. Hg, Za.
Cd <¢rc. This confrm our inding hat :nis <aviron-
ment contains Nign concearranons Of aeavy metals n
whicll few eiemeats are in 2 [orm (nat <an oe seiecuvety
cemoved by dDlowa.

4. Conciusions ind recommendadons
(1) Hign comieat of Hg, Za. and Cd are reaching
sstuary ‘hrougl indusinai -vastes.

(i) Za ana Cd are potenuai contamunents of tae
sstuanne sediments.

(i) A deraljed invesugamon on :De speciation aod
sediment water interface ciemistry Of deavy
mewis in the Cocnin Estuarine sysiem is recom-
mended.



HEAVY METAL POLLUTION IN COCHIN ESTUARINE SEDIMENTS

Concenmradion of some heavy metais in the sediments (ppm) and organic carbon ( %)

o

Tabie 3:

No. or T/Org..
Location sampies dg Zn Cr Cd carpon
Fresn warter A ).04-4) .06 10=65 4020 7-20 N.D. N.24).6
zone < 3 —_— -3 10=24 >3 —_ -
(unpoilutea) C —_ {20=23°5 (25=07%)  (28—0?)) N.D. —_
Efluent A 3.5-41.3 160~190 420-780 35-120 6-3.4 0.8-3.3
discnarge 3 B —_ 1540 350-700 1542 5-3.0 _
point C — (9=219% (83899 (17-35%) (83-95%%) —_
Cocain A 0.12-4.t 30-163 35-380 20-130 0.3-.5 0.2-3.=%
Harbour 34 3 _ 1.3-17 2-220 6.3-20 0.05-3.6 —_
area C _ (5-i0% (560245 (2-i59%) (10309 —_

(A = Towl ammack. B = Aceuc Acid artack. C = 24 of Potennaily bio-avaliabie ciemems. N. D. = Not Deteczea)
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DISSOLVED, PARTICULATE AND SEDIMENTARY MERCURY IN THE COCHIN ESTUARY
SQUTHWEST COAST OF INDIA

P.P Quseph
Centre for Earth Science Studies
Cochin - 682018, India

ABSTRACT

The Cochin estuary is subjected to the discharge of effluents from the major
industrial units situated on the banks of the rivers Periyar and Chitrapuzha. Since
mercury and its compounds are highly toxic, a sfudy has been initiated for under-
standing its distribution and seasonal variations. The concentration of mercury in
the sediments varied with sediment texture and showed good correlation with organic
carbon. The bottom waters are found to have higher concentrations compared to the
surface. Tétal mercury for particulate matter was hign in relation to the sediment
concentraticns,

1. INTRCOUCTION

The southwest coast of India tordering the state of Kerala is connected by a
chain of backwaters and rivers. The region surrounding Cochin accounts for more
than 70 % of the chemical industries situated near the banks of the rivers Periyar
and Chitrapuzha, and the effluents-containing a heavy load of metals are discharged
into the Cochin estuarine systems. The particuiate matter of water in Cochin back-
waters indicated that this environment contains high contents of Zn, Cr, and other
metals (Sankaranarayanan and Rosamma Stephen, 1978). High concentrations observed
in Crassostrea madrasensis is considersed to be due to industrial and domestic pol-
lution (Sankaranarayanan et al., 1978). A series of env1ronmental-geochemica]
studies have been undertaken to determine the levels, behaviour and dynamics of
heavy metals in the Cochin estuarine system. This paper reports on the dissolved,
particulate and sedimentary mercury determined during the surveys undertaken in
July and November 1985, and Aprii 1986. ~

2. MATERIALS AND METHOODS

Samples were collected from 18 locations as shown in Fig. 1. Sediment samples
were taken using a van veen grap, surface water samples were collected with a
piastic bucket and bottom water samples with a van dorn sampler. The analytical
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method for total mercury in sediment employs oxidative digestion (Thomson et al.,
1980) and cold vapour atomic absorption (Hatch and Ott, 1968). Filtered and un-
filtered water samples were used for the estimation of dissolived and particuiate
mercury (Ouseph, 1987). The method was further modified by a dithizone/CCl, extrac-
tion technique using 800 ml samples. The organic layer was extracted back by means
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Figure 1: Location map with details of sampling stations and major industries
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of sodium nitrite and hydroxylamine hydrochioride. The extracts served to estimate
the mercury concentration by cold vapour AAS. In each case the blank values were
determined. Five replicate determinations, done for one sample from each set of
samples collected seasonally, gave a variation coefficient of 3.8 to 4.2 % for
water samples at concentrations between 5 to 100 ng/1 and 5.2 to 6.8 % for sediment
samples. Silt is defined as the fraction < 0.062 mm.

3. RESULTS AND DISCUSSION

The mercury concentration in sediments ranged from 0.12 to 0.95 ppm and varied
regionally with sediment texture. The background level of mercury was estimated on
the basis of a 30 cm core sample collected at station 13 and found to be 0.08 ppm.
Hence, the observed sediment concentrations are 1.5 to 11.8 times higher compared
to the background levels, indicating an anthropogenic orgin. In order to find out
whether mercury is held up in the silicate or non-silicate extractable fraction,
the sediment samples were subjected to 8N HNO, attack (Cosma et al., 1983} and the
extracts were used to estimate the mercury concentration. It was found that 80 to
90 % of the mercury is held in the non-silicate extractable fraction.

The total iron concentration ranged from 0.4 to 6.8 % and organic carbon from
0.26 to 3.2 %. Results of linear regression analysis are presented in Figs. 2, 3
and 4. The good interrelationship of organic carbon with mercury indicates that
organic carbon plays a major role in the incorporation of mercury in the sediment
compared to silt and iron. The correlation studies confirm that mercury appears to
be trapped in the finer sediment. Reported values from other marine environments
range, for examplie, from 0.06 to 2.57 ppm (Thomson et al., 1980) and from 0.2 to
4.4 ppm (Bartlett, 1578).

r
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Figure 2: Total Fe and Hg in sediments Figure 3: Organic C and Hg in sediments
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The seasonal distribution of dissolved mercury ranged from 40 to 180 ng/1 dur-
ing southwest monsoon, 50 to 240 ng/1 in the post-monsoon and 80 to 280 ng/1 in the
pre-monsoon season. For all seasons the concentration in the surface samples was
found to be lower than in the bottom samples. This may indicate that mercury is
released frcm the sediment or suspended particulate matter to the bottom water. To
examine the possible contamination during sampling and aralysis, water samples from
unpoiluted reaches of the upper Periyar river were analysed. The results were in
the range between 15 to 25 ng/l. These values are approximately 2 to 10 times
higher ccmpared to the natural backgrcund levels. The relation between salinity and
mercury concentration is shown in fig. 5. Quring the SW monsoon season there is a
strong input of fresh water and the mercury concantrations are low. This might be

the resuit of dilution by fresh water.
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Figure 4: Silt and Hg in sediments Figure 3: Saiinity and dissolived Hg

The particulate mercury concentraticns ranged from 2 to 20 ppm during SW mon-
soon, 2 to 25 ppm during post-monscon, & to 36 ppm during pre-monsoon seasons.
Particulate mercury is almost uniform for bottom samples except at a few stations.
gdottom particulate matter has a higher content ccmpared to the surface which is
similar to dissolved mercury. Salinity has a profcund influence on the precipita-
tion of particulate matter. The relation between salinity and particulate matter

indicates that the precipitation takes place with salinity > 10 ppt (Quseph, 1987).
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Dissolved and Particulate Trace Metals
in the Cochin Estuary

P.P. OUSEPH
Cenure for Earth Science Studies, Trivandrum-31, India

The Cochin estuary located at 9°S8'N latitude and
76°15'E longitude is subjected to various types of
effluents discharged from the Eloor and Chitrapuzha
industrial beits. The present study reports the con-
centrations of dissoived and particulate copper, zinc,
cadmium, lead, nickei, and iron based on three con-
secutive surveys conducted during July (monsoon),
November (post-monsoon) 1985 and Aprii (pre-
monsoon) 1986. The concentrations of dissolved and
particulate copper, zinc and cadmium showed high
seasonai variation. Seasonal variation in the concen-
rations of nickel and lead was negligible. Iron was
found to be removed from the dissoived state. Surface
water samples contained higher concentrations as
compared to the bottom. The study revealed that
salinity plays an important roie in the precipitation of
particuiate matter and heavy metals with respect to
estuarine mixing,
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Ermakulam district in Keraia accounts for more than:
70% of the chemical industries situated on the banks ot
the rivers Periyar and Chitrapuzha. The effluents from
these industries reach the estuary by tides and fresh
water discharges. Pesticides, insecticides, fungicides, oil
spils from ships and boats, land drainage. trade
effluents. sewage disposal. etc. make the estuarv more
polluted.

The hydrography/flow regime/geochemistry has
been described by Sankaraparayanan & Rosamma
Stephen (1978), Sankaranarayanan et al (1978),
Remani er a/. (1980), Paul & Pillai (1983), Nair & Nair
(1986), Rajendran & Kurian (1986), Ouseph (1987),
and Joseph & Kurup (1990).

To understand the etfect of toxicities of heavy metais
in the marine environment, it is important to distinguish
between particulate and dissoived species. The river
Peniyar brings heavy metals in the form of fine grade
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Fig. 1 Location map with details of sampling stations and major industries.

suspended pardculate matter from the effluent dis-
charge point.

Vlaterials and Methods

Surface and bottom water samples were coilected
from 18 locations (Fig. 1) in the Cochin estuary.
Collection of surface sampies was done by a plastic
bucketr and bottom sampies by a Van Dorm sampler.
Surtace water samples were collected from a location
0.5 km upstream of the indusinial etfluent discharge
point in the river Periyar. The biackish. effluent rich,
fine grade suspended particuiate matter sampies were
collected from the sides of the river Perivar at the
etfluent discharge point. Sampies were coilected during
July (1985), November (1985), and Aprnl (1986)
representing monsoon. post-monsoon. and  pre-
monsoon respectvely. 300 to 1000 ml of the water
sampies were filtered using a millipore filter paper and
the particulate matter was estimated by the gravimetric
method. For the total metal content, the partculate
matter was digested as described by Sen Gupta er al.
(1978). Dupilicate filtration ot the water samples was
undertaken and the partcuiate matter was digested with

0.1 N HCI for the estimation of leachable heavy metais
(Duinker er al, 1974). This method was chosen because
it is one of the weakest chemical treatments that can be
effectively used to remove the non-residual elements
from particuiate matter without the danger of releasing
elements from structural positdons or those strongly
complexed with organic matter (Agemian & Chau,
1976: Malo, 1977).

For the determination of dissoived trace metais. a
larger volume of filtered water was required. For this
purpose, a prefiltration by GFC and a subsequent milli-
pore filtration was undertaken. Prior to filtratdon the
GFC fiiter papers were cleaned with 0.01 N HC] and
rinsed with disdiled water. 300 mi of water sample was
used for the pre-concentration of metals by APDC/
MIBK at pH 4 as described by Sen Gupta et al (1978).
The organic extract was back extracted with HNO; and
the aqueous layer (A) collected. The organic layer, after
back extracmon was treated with Perchloric acid,
evaporated to dryness and redissoived in 0.1 N HC] (B).
Both the extracts (A-+B) were taken in a beaker,
evaporated to dryness and made to a volume of 8§ ml
using 0.1 N HCI and the heavy metais were determined
using AAS. Metal free sea water was prepared by
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TABLE 1 TABLE 2
Dissolved trace metais—River Peniyar, Unpoiluted Zone. Partculate trace metais—River Periyar, Unpolluted Zone.
Cu Zn Cd Pb Ni Fe Cu Zn Cd Pb Ni Fe:
Season ugl™ ugl™ ugi™' agl™ pgl™ ugi™*  Season ppom  ppm ppm ppm  ppm %
Monsoon Monsoon
July 1985 0.8 24 0.2 8.0 0.2 1.2 July 1985 48 180 2.8 84 88 9.2
Post-monsoon Post-monsoon
Nov. 1985 10.0 40 0.2 8.0 0.2 1.1 Nov. 1985 85 240 34 94 110 8.8
Pre-monsoon Pre-monsoon )
Apnil 1986 3.0 65 0.2 8.0 0.2 0.8 April 1986 140 450 6.2 105 142 6.5
TABLE 3
Dissolved trace metais—Cochin Estuary.
Cu Zn Cd Pb Ni Fe
Season -ngl™ ugl™ ugl™ ugi™ ngl™ ugt™
Monsoon
July 1985 2.2-2.8 105-155 1.8-2.1 8.8-10.6 0.3-04 0.6-0.8
Post-monsoon
Nov. 1985 10.4-18.8 145-216 2.2-34 8-14 0.4-0.6 0.2-0.8
Pre-monsoon
Apni 1986 14.8-22.2 195-385 2.8-4.2 10-14 0.3-0.4 0.2-0.6
TABLE 4
Particulate trace metais~-Cochin Estuary.
Cu Zn Cd Pb Ni Fe
Season ppm ppm ppm ppm ppm %
Monsoon
July 1985 44-197 125-1040 58-91 33-150 45-65 2.8-36
Post-monsoon
Nov. 1985 65-230 150-2200 50-150 60-180 10-80 7.4-3.1
Pre-monsoon
April 1986 76-298 318-3100 65-180 81-260 5-53 9.4-9.8
TABLE 5
Heavy metai concentradon in fine grade suspended particulate matter.
Cu Zn Cd Pb Ni Fe
Season ppm ppm ppm ppm ppm %
Monsoon
July 1985 250-320 1350-2200 6-8.5 400-620 130-190 3.8—4.2
Post-monsoon
Nov. 1985 350—00 2650-3100 ° 8-10.2 560-740 160-230 3.2-48
Pre-monsoon
April 1986 380420 2500-3800 8-12 600-850 160-220 42-44
TABLE 6
Percentage of trace metai, leached by treatment with 0.1 N HCI with respect to the totai amount in suspended matter.
Cu Zn Cd Pb Ni Fe
River Periyar. Unpoiluted Zone 100 40-70 4550 50-60 40-60 38-47
Fine grade suspended particulate marter 85-90 30-90 60-30 80-50 40-60 55-68
Cochin Estuary 30-90 75-90 70~-35 95-100 10-60 30-90
TABLE 7
Percentage of depietion of heavy metais with respect to estuarine mixing.
Cu Zn Cd Ni Fe Salinity .
Season % % % % % (PPT) pH
Monsoon
Juiy 1985 214 32.25 142 16.9 25.0 25.0 1.1-16.9 6.6-7.1
Post-monsoon
Nov. 1985 4.6 325 35.29 42.85 33.33 75.0 10.8-26.5 7.1-8.0
Pre-monsoon
Apni 1986 33.33 19.35 33.33 28.57 25.0 66.66 19.4-34.2 7.8-3.4
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extracting twice using this technique. Spiked metal
standards were added to the metai free sea water and
extractions were done as described for water samples.
For each set of spiked standards. three replicate
analyses were conducted and calibration curve drawn.
Five repticate anaiyses were done for one sample from
each set collected during different seasons. These gave
coefficients of variation of 4.2-7.8% for Cu. 6.4-8.2%
for Zn. 5.2-6.8% for Cd. 2.3-4.4% tor Pb, 6.4-9.3%
for Ni. 3.1-3.2% for Fe.

Results and Discussion

The heavy metal concentrations in dissolved.
particulate and tine grade suspended particulate matter
are shown in Tables !-3. The percentage of trace
metals leached by treatment with 0.1 N HC! with
respect to the total amount of metal is shown in Table 6.
The seasonal changes in the percentage of depletion of
heavy metals. salinity and pH are shown in Table 7.

Copper

The dissolved concentrations of copper for the
unpotluted zone is 0.8 ug I~ for the monsoon. 10 ug I
for the post-monsoon. and 8.0 ug I™' for the pre-
monsoon seasons. The particulate concentration is 48
ppm for the monsoon. 85 ppm for the post-monsoon.
and 140 ppm for the pre-monsoon seasons. Non-
monsoon seasons showed enhanced level of dissolved
and particulate copper concentrations for the un-
polluted zone. '

The dissolved concentration for the Cochin estuary
is 2.75-3.5 umes higher for monsoon, 1.0-1.88 times
higher for the post-monsoon. and [.85-2.77 times
higher for the pre-monsoon seasons in comparison to
the values observed for the unpolluted zone. Similarly
the particulate concentrations are 1.0-4.0 times higher
for monsoon. 1.0-2.7 umes higher for the post-
monsoon. and 0.5-2.] umes for the pre-monsoon
seasons.

Percentage of trace metals leached by treatment with
0.1 N HC! with respect to the total amount for the metal
is found to be 80-100% for the studv area. The
dissolved copper is found to be 2.2-4.0 times higher
and particulate concentrations are comparable to the
values observed in the Gironde estuarv (Etechaber.
1979).
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Zinc

The dissolved concentrations for the unpolluted
zone is 24 ug |I7' for the monsoon. 40 ug I~' for the
post-monsoon, and 65 pg I™' for the pre-monscon
seasons. The particulate concentration is 180 ppm for
the monsoon, 240 ppm for the post-monsoon, and 450
ppm for the pre-monsoon seasons. Similar to copper
enhanced dissolved and particulate zinc is observed for
the non-monsoon seasons.

The dissolved zinc is 4.37-6.45 times higher for the
monsoon, 3.62-5.4 times higher for the post-monsoon,
and 3.0-5.92 times higher for the pre-monsoon. and
the particulate zinc is 0.60-5.77 times higher for the
monsoon. 0.62-9.1 times higher for the post-monsoon,
0.70-6.8 times higher for the pre-monsoon seasons for
the Cochin ‘estuary in comparison to the values
observed for the unpolluted zone. In general the
concentrations are found to be 2 times higher for dis-
solved zinc and the particulate concentrations are
comparable to the observed values in the Gironde
estuary (Etecheber, 1979). Percentage of particulate
trace metal leached by 0.1 N HCl with the total,
indicated that higher amount is extracted for the Cochin
estuary compared to the unpolluted zone.
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Fig. 3 Relation between salinity and dissolved zinc.

Cadmium

The concentrations of dissolved cadmium for the
unpoiluted zone is found to be constant for all the three
seasons which is 0.2 ug ™' and the particulate concen-
traton is 2.8 ppm for the monsoon. 3.4 ppm for the
post-monsoon. and 6.2 ppm for the pre-monsoon
seasons. The dissolved concentration for the Cochin
estuary is 9.0-10.5 ames higher for the monsoon, 11.0-
17.0 times higher for the post-monsoon. 14.0-21.0
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Fig. 4 Relation between salinity and dissoived cadmium.
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times higher for the pre-monsoon. and the particulate
concentrations are 20.7-32.5 times higher for the
monsoon, 14.7-44.11 tmes higher for the post-
monsoon, 10.48-29.0 times higher for the pre-
monsoon seasons in comparison to- the values observed
for the unpoiluted zone. Similar to zinc, the percentage
of particulate trace metais leached by 0.1 N HC] with
the total indicated that higher amount is extracted for
the Cochin estuary compared to the unpolluted zone.

Lead
For all the three seasons, the dissolved concentration

of lead is constant for the unpolluted zone which is 8 pug
I~! and the particuiate lead concentration is 84 ppm for
the monsoon, 94 ppm for the post-monsoon. and 105
ppm for the pre-monsoon seasons.

The dissolved concentrations are 1.1-1.32 times
higher for the monsoon, 1.0-1.75 tmes higher for the
post-monsoon. and 1.25-1.75 times higher for the pre-
monsoon. and the particulate concentrations are 0.38-
1.78 times higher for the monsoon. 0.63-1.91 times
higher for the post-monsoon. and 0.77-2.4 times higher
for the pre-monsoon seasons for the Cochin estuary, in
comparison to the vaiues observed for the unpolluted
zone. 95-100% of the particuiate lead in the estuarine
region is leached by 0.1 N HCL
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Fig. 5 Relation between salinity and dissoived lead.

Nickel

The dissolved concentraton of nickel for the un-
poiluted zone is found to be constant for all the seasons
which is 0.2 pg ™', whereas the particulate nickei is
found to increase from monsoon t0 nON-mMONSOON

seasons.
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The dissolved concentrations for the Cochin estuary
is 0.3 to 0.4 ug I"! for the monsoon. 0.4-0.6 ug I~! tor
the post-monsoon. and 0.3-0.4 nug I”! for the pre-
monsoon seasons. The particulate concentration of
nicke! is found to decrease from monsoon to non-
monsoon seasons. High content of nickel is observed
for the fine grade suspended matter from the industriai
discharge point. The particulate leachable fraction in
0.1 N HCl with the total metal is found to be 40-60%
for the Cochin estuary.

Iron

The dissolved and particuiate concentrations of iron
for the unpolluted zone is found to decrease from
monsoon to the non-monsoon seasons. The dissolved
concentrations of iron for the Cochin estuary vary from
0.6-0.8 pg I”! for the monsoon, 0.2-0.8 pg I for the
post-monsoon, and 0.2-0.6 ug I”! for the pre-monsoon
seasons, and the particulate iron concentration is found
to increase from monsoon to non-monsoon periods.
The percentage of leachable iron with 0.1 N HCl is
found to be 80-90% for the study area.

The depletion of heavy metails are governed by pH.
iron content and salinity of the water coiumn. Among
the metals under study, iron has the maximum per-
centage of depietion which indicates that iron plays an
important role in scavanging the heavy metals from the
water coiumn. For the monsoon season the pH ranges
from 6.6-7.1 and iron depletion is found to be 25%.
During the post-monsoon the pH ranges from 7.1-8.0
and the iron depieton is maximum (75%) whereas for
the pre-monsoon the depletion is found to be 66.66%.
This change may be due to the fact that at high pH
conditons in pre-monsoon season. the depleted iron
might have gone to the soluble form due to the high
solubility product.

The high concentrations of dissoived and particulare
iron for the monsoon season for the unpolluted zone
could be due to the land drainage. Sankaranarayanan &
Rossamma Stephen (1978) attributed the higher
partuculate iron in the Cochin eswary is due to land
drainage, harbour acuvity and sewage. The decrease in’
the concentrauon of dissoived and particulate iron
observed from monsoon to the non-monsoon period in
the Cochin estuary indicates that iron is removed from
the water coiumn under the influence of salinity.

Seasonally the dissolved and partculate zinc shows a
conservative decrease in concentrations. The com-
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parison of monsoon values of copper. cadmium and
lead with pre- and post-monsoon seasons indicate that
salinity, pH and iron plays a major role in the depietion
of the above metals during estuarine mixing. The
relation between salinity and dissolved concentratons
for the April. 1986 survey are shown in Figs 2-7.
Salinity has a profound influence in the precipitation of
particulate matter (Ouseph, 1987). In generai surface
samples found to have more concentration compared to
the bottom. As the salinity increases, the concentration
of copper decreases. Zinc behaves in a similar way as
copper. Pb, Cd. Fe have almost similar characteristics
with salinity. The conservative nature of nickel is well
noticed. The above data reveals that large quantum of
metais are removed from the water column and pre-
cipitated as suspended matter which may contaminate
the bottom sediments.

The decrease in the concentration of heavy metais
with salinity shows contribution from fresh water

. sources and indicates that physical mixing is a signifi-
cant factor in controlling the dissolved concentrations.
High concentradon of heavy metals are observed for
the fine grade suspended matter from the industrial
zone, even though no correction has been made for the
grain size. According to Paui & Pillai (1983) solubiliz-
ation of Cu and Cd from sediments under the intluence
of salinity may be regarded as one of the major
mechanisms of trace metal transport to the sea. The
enhanced levels of dissolved Cu and Zn observed
during the non-monsoon period for the unpoiluted
zone is attributed to the concentration by evaporaton
and increased dissolution from sediments, due to higher
summer temperature and larger contact time in summer
(Paul & Pillai, 1983). The steady increase in the con-
centration of partculate Cu, Zn, Cd. Pb. and Ni from
monsoon to the non-monsoon period indicate that the
longer residence time of finer fractions of suspended
solids in river water facilitates further build up by ion
exchange processes. Similar behaviour is observed for
the partculate Cu. Zn. Cd. Pb, Ni, and Fe from the
effluent discharge point and also for Cu. Zn, Cd. and
Pb particulates from the Cochin estuary. The decrease
in the concentration of partculiate nickef from monsoon
to non-monsoon season shows that the major mechan-
isim may be solubilizaton. suspension, precipitation and
subsequent incorporatdon in the sediment. The concen-
tration for the fine grade suspended particulate matter
from the effluent discharge point showed high concen-
traton of heavy metal. which indicates that the
transport route of heavy metal may be from indusirial
SOUrCES.

Metals leached by 0.1 N HCI with the total. indicate
that major quantum of estuarine particuiate Cu, Zn. Cd,
and Pb are in such a form which can selectveiy be
removed by the biota (Ouseph, 1989). Similarity in the
behaviour of particulate leachable metals with the total
metal content from the effluent discharge point and
Cochin estuary shows that the metal brought from the
effluent discharge point can behave in a similar manner
in the Cochin estuarine system for bio-geochemicai
uptake. The high dissoived concentration in the surface
water strongly suggests anthropogenic inputs injected

by industrial. harbour activity, and sewage. Mixing
curves have been shown to be useful in detecting the
refative importance of physical and bio-geochemical
reactions in controlling the distribution of dissoived
constituents in estuaries. The balance between the
physical and bio-geochemical processes will dictate the
fate of these anthropogenic sources in this estuarine
environment.

The variadon of heavy metals from season to season,
station to station, relates to the characteristics of the
estuarine system. Two models describing the mobiliz-
ation of heavy metal can be suggested. One is the
transport route to heavy metals through fine grade
suspended particulate matter from river Periyar. The
second is the removai of heavy metals during estuarine
mixing. The survey revealed high concentrations of
dissolved and particulate Cu, Zn, and Cd in the waters
of Cochin estuary. The removal of heavy metals with
respect to estuarine mixing indicates that Arabian Sea
acts as a sink for heavy metals discharged from the
Cochin harbour. The study reveals that there is anthro-
pogenic input of heavy metals to the Cochin estuary.
The implementation of a water quality management
model for the study area is recommended.
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