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Fig. 2. Pesticides residue in water and zooplankton in the Arabian Sea
(modified from: Kureishi et al, 1978; Sarkar & Sen Gupta - 1989)
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Table 4. Levels of pp’ - DDE and PCBs in some shellfish
off Penang Ccast, Malaysia (ppm dry weight)

Shell fish pp'-DDE PCBs
Perna viridis (Penang) 2.69 - 17.38 99.9 - 599.9
Perna viridis (Singapore) 7.11 - 8.12 139.8 - 256.9
Anadara granosa ND - 9.24 160.29 - 335.3
Barbatia bicolorata 435.%5 ND
Pinctada vulgaris 467.25 ND
Atrina vexillun 519.79 ' ND
Saccostrea cucullata 461.57 ND

Source: Sivalingam, 1982; Sivalingam et al, 1982.

3.1.3 Other contaminants

Being predominently agricultural countries with a number of agro-based
industries in some of them, the dominant contaminants are more or less similar in
all of them. Unmitigated and continuous discharges of domestic sewage and
industrial effluent with little or no treatment are surely damaging the coastal
environment and ecosystems to varying degrees.

The main constituents of all these discharges, directly to the sea or
through estuaries, will be the residues of pesticides, insecticides and nitrogenous
compounds, PCBs and a few toxic heavy metals.

India, Pakistan, Maldives, Sri Lanka and Western Malaysia lie close to the
oil tanker route from the Middle East to the Far East and Japan. The effect of
tanker traffic with associated discharges and disasters are almost always visible

on shore, in harbours and in coastal areas. The effect of these will be dealt with
in detail under Section 4.7.

Disposal of untreated sewage has already created a problem with the presence
of large amounts of bacteria and viruses in coastal waters and in sea food. It is

not yet fully documented whether microbial contamination has reached an alarming
and irreversible stage in places.

The perennial rivers of many of these countries carry a large sediment load
of about 1,600 million tonnes per year (Sen Gupta & Qasim, 1985). As a result many
of the river mouths are yetting shallower with consequent emergence of sand and mud
banks. This siltation can be expected to have considerable impact on fish,
generally reducing species diversity.

Another important source of contaminants is tourism. All the countries are
aggressively promoting tourism and a number of large hotels are coming up on the
shereline. Deleterious effects of such hotels have been noted in many countries in
different parts of the world and can be expected here also.

11



3.2 Transport and fluxes across boundaries

Data on these aspects are lacking in almost all the countries. However, the
transport and fluxes of pollutants are an emerging field of study in India.
Analyses of several potential contaminants have been carried out in rain water,
aerosols, water and ocean sediments.

The average annual rainfall over the Indian mainland is 3,500 km®> and over
the surrounding seas it would be about twice as much. The mean concentrations of
some elements in rain water from the coastal region are: Na 4.6; Cl1 6.8; Ca 1.34;
Mg 0.51; K 1.02 all in mg/1; Mn 23.4; Br 33.6; 1 13.3; Fe 4.3; Co 0.1; Ni 0.1; Cu
6.8; Zn 13.3; Pb 21.5 all in ug/1 (Sadasivan, 1979; Fondekar & Topgi, 1979). Some
of these values are influenced by atmospheric contaminants over urban areas along
the coast, for example lead concentrations over the city of Bombay.

Aerosol contents over the Indian Ocean decrease from 65.3 pg/m air at 9°N
to 1.9 pg/m at 2° S (Sen Gupta & Qasim, 1983). These clearly show that aerosols
over the sea are mainly influenced by the air flow from the nearest landmass.

3.3 Quality assurance, data validation and mar.agement

National intercomparison exercises for quality contrcl of data have been and
are being attempted in a few countries.

Attempts at improving the quality of environmental data is an ongoing
brocess in India. So far, the National Institute of Oceanography (NIO) participated
in the IOC/GEMSI/ICES intercalibration exercise on heavy metals, I0C/ICES
intercalibration exercise on petroleum hydrocarbons and I0C/WESTPAC/COBSEA/SPREP
intercalibration exercise on heavy metals.

h national intercalibration exercise for nutrients in aqueous solutions and
heavy metals in biological and sediment samples was organised by NIO/DOD/SCOR
(India) in which 7 marine laboratories in the country participated (NIO, 1987). A
second such exercise has also been completed recently with participation from 16

laboratories, and a third one has been initiated recently.

Assessment of the quality of environmental data is in progress in Pakistan.
Results of investigations, applying standard methodology, have been prescnted and
published in several international symposia and journals respectively. Much of the
available data are provided by the scientists of the Centre of Excellence in Marine
Biology, University of Karachi, and by the laboratories of the Pakistan Council of
Scientific and Industrial Research.

A national intercalibration exercise among 13 main analytical laboratories
is in progress in Sri Lanka. The first phase has been completed and the second
phase was expected to be over by the en¢ of 1987.

The School of Biological Sciences of the Uriversiti Sains Malaysia
participated in the IOC/GEMSI/ICES and WESTPAC/COBSEA/SPREP intercalibration
exercises on heavy metals.

Vast amounts of oceanographic data are now available at the Indian Nationaj
Oceanographic Data Centre (INODC) at NIO. The data have been collected by research
ships from India and a few other countries from the Indian Ocean. The data are
variously quality controlled.
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4. HUMAN ACTIVITIES AFFECTING THE SEA

4.1 Disposal of urban and industrial waste waters

An estimate of sewage and other effluents added to the seas around India is
presented in Table 5. Three of the four Indian major urban areas are located either
on or close to the sea with associated industrial belts.

Table 5. Human population and related data together with
some estimates of waste material (pollutants)
entering the sea around India (as in 1986}

Population 750 x 10°
Coastal population (25% of the total) 188 x 10°
Area of the country : 3.276 x 10%km?
Agricultural area ’ 1.65 x 10°km?
Exclusive Economic Zone 2.015 x 10%km?
River runoff (annual mean) 1,645 km®
Rainfall per year (on land) 3.5 x 10"m’
Rainfall per year (entering the Bay of Bengal) 6.5 x 10"m’
Rainfall per year (entering the Arabian Sea) 6.1 x 10"m’
Domestic sewage added to the sea by coastal

population per year (@ 60 litres per head/day) 4.1 x 10°m’
Industrial waste added to the sea by coastal 0.41 x 10°m’

industries per year

Sewage and effluents added by the rivers to 50 x 10%m’
the sea per year

Solid waste and garbage generated by coastal

population per year (@ 0.5 kg per head/day) ' 34 x 10° tonnes
Fertilisers used per year (@ 30.5 kg/ha.yr) 5 x 10° tonnes
Pesticides used per year (@ 336 g/ha.yr) 55,000 tonnes
Synthetic detergents used per year 125,000 tonnes
Tar deposition on beaches along the west coast 750-1,000 tonnes

of India per year

Source: Qasim & Sen Gupta, 1988

Currently only 45 cities with a population of 100,000 or more have sewage
treatment facilities in India. Many more can be expected to be added to this when
projects like the Ganga Action Plan are implemented.

The consequences of the discharges of sewage and effluents are not very

perceptible aleng all the Indian coast. However, in nearshore areas of a few
metropolitan cities which have large industrial complexes, the effects are, indeed,
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becoming alarming. An increase of about 140% of phosphate-phosphorus concentrations
in the nearshore waters off Bombay from 1959 to 1984 (0.82 to 2.0 pmol.17") has been
observed (Sen Gupta & Sankaranarayanan, 1975; Zingde, 1985).

Similarly, dissolved oxygen concentration has decreased from 4.71 m1.17" in
1959 to near-zero in 1983 (Parulekar et al, 1985). Higher concentrations of
phosphate-phosphorus, as compared to earlier data, have also been observed in the
nearshore waters off Madras. This deterioration is evidently the result of
uninterrupted discharge of untreated sewage and other effluents. Bombay city
discharges about 365 million tonnes (MT) of sewage and effluents to the sea every
year. Similar discharges from Calcutta city to the Ganges estuary total about 396

MT. These figures illustrate the environmental stress the coastal waters of India
are subjected to.

In Bangladesh, sewage and effluents are usually discharged to the adjacent
sea or estuaries. Industrial developments are fast taking piace in the Chittagong
area, along the river Karnaphuly and 1in the Khulna industrial zone along
Bhairab-Rupsha river. Solid wastes are often released to the aquatic system
altering the appearance of water bodies. Quantitative data of total discharges is
difficult to compute from available information. Long-term and
pre-industrialisation data are not available but the data on the current state of
rivers and water-sources close to the coastal area are alarming. Disposal of
untreated urban wastes has resulted in Bangladesh having the highest rate of faecal
transmitted diseases (Ahmed, 1979). Bangladesh has a good reserve of natural gas
and consequently a number of gas-based fertilizer factories have been establisned.
Some of them do not have effluent-treatment plants and untreated effluents
occasionally cause fish mortality in receiving water bodies.

In Pakistan, the problems are very similar. There are two large industrial
areas in Karachi - Sind Industrial Trading FEstate (SITE) and Landhi-Korangi
Industrial Trading Estate (LTTE). SITE consists of 300 major and 900 minor
industries (Beg et al, 1984). Discharges of untreated industrial wastes from SITE
and LITE areas create problems with their high load of BOD and suspended matter in
the rivers and creeks receiving them. It has been estimated that the Manora channel
receives suspended matter at the rate of 30 tonnes per day from SITE area (Beg et
al, 1975). The guantity of domestic wastes produced per household varies from 80
- 280 Tlitres per day (Zai-nul-Abedin, 1978). The computed total annual discharge
of mostly untreated domestic sewage and industrial effluent from the city of
Karachi is 175 MT. The sediment load of the River Indus has come down from 250 MT
in 1940 to 50 MT in 1984 as a result of the construction of dams and barrages
(Milliman et al, 1984) with a proportional reduction in runoff. This, combined with

the increased volume of sewage and effluents, indicates a deterioration in the
marine environment.

In the Maldives, Male is the only urban centre. There is, practically, no
industry on any of the islands and the major problem is the direct disposal of
wastes to the sea from the fish canring factory at Felivaru in Faadippolhu atoll.

In Sri Lanka, there is a major concentration of some 20,000 industrial units
around the main urban centre, the city of Colombo. Most industries lack facilities
for proper separatinn of sediments and waste material from the effluents. These
waste waters, with high BOD are released to waterways and ccastal areas untreated
thereby contaminating them. The most damaging industries for such pollution are

coconut and rubber-based industries, food processing plants, paper mills and
distilleries.
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Problems along the Bay of Bengal coasts of Malaysia and Thailand are, in
addition to sewage and other effluents, mine tailings. The estimated total annual
discharge of Cd, Co, Cr, Cu, e, Mn, Ni, Pb ard Zn from raw sewage on the island
of Penang alone is 189,000 tonnes (Sivalingam, 1984).

4.2 Development of coastal areas

About 1,600 MT of sediment reaches the Indian Ocean from rivers flowing
through the Indian sub-continent. Roughly 500 MT come from Indian rivers, and the
rest from rivers of the adjacent countries (Qasim & Sen Gupta, 1983). The greatest
amount of sedimentation takes place at the head of the Bay of Bengal which is
influenced by outflows from India, Bangladesh and Burma. The visible effects of
this are a number of drifting sand bars and islands. This siltation must definitely
have a considerable influence on fisheries but no data are available.

Soil erosion, resulting mainly from land reclamation and harbour
construction, is quite common in India. Occasional storm surges and tidal waves
also cause erosion. Construction of sea walls and groynes to check erosion at one
place have resulted in erosion at other parts of the coastline.

Extraction of coralline sand, as a raw material for the cement industry, has
resulted in considerable damage to the verdant coral reefs in the Lakshadweeps.
Quantitative data are, however, not available.

Construction of hotels along the coast has both negative and pengficfal
effects. Tourism may spoil aesthetic values by litter and by commercialisation

however many hotels strive to keep the nearest beach area clean for their
clientele.

Karachi, in Pakistan, has two ports both of which suffer from siltation.
As a result, dredging is a regular operation with associated costs and damage to
marine life. Harbours are also affected by oil pollution. During construction of
a new harbour considerable areas of mangrove were destroyed damaging economically
important marine fisheries, particularly prawns.

Bangladesh has a tcotal coastal length of 1,120 km of which 200 km has been
assigned for development of tourism, park and recreation facilities. Such

developments, though needed for economic reasons, have adverse effects on the
natural environment.

In the Maldives, groynes, sea walls and jetties have affected sand movement
around many islands causing erosion and deposition. Land reclamation for human

habitation, coral mining and sand mining are also damaging some of the reefs and
lagoons.

Construction of marine structures without proper environmental impact
assessment have created problems in the western, eastern, southwestern and southern
coasts of Sri Lanka. Siltation of most of the fishing harbours constructed in the
past, has been attributed to the of structures upsetting the littoral drift
balance. These and tourism-related activities are damaging the coral ecosystem
while land reclamation is destroying habitats for a variety of fish.

4.3 Manipulation of hydroloqica]bcycles

The construction of dams and barrages across rivers is quite common in India
to provide water for agriculture, power and public water supply. The River Narmada

is thought to be the only large river which has, so far, been left without anv
artificial regulation of its flow. :
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A fair amount of nutrients and pollutants can be expected to get trapped
behind these artificial structures. This is in addition to the quantity which will
oscillate with tides in estuaries. It has been calculated that such oscillating
tidal entrapments in the estuaries of the rivers Ganges and Mahanadi amount to 9
and 24 per cent respectively (NIO, 1986).

Dams and reservoirs can accumulate silt very fast. As a result of this,
their holding capacities are reduced. During heavy rain and consequent high
drainage from the catchment areas, water has to be released in large quantities
causing floods in downstream areas.

One prominent example of manipulation of the hydrological cycle is the Indus
River in Pakistan. Due to the construction of dams and barrages at various places
on its course, the annual sediment load at its confluence with the sea has been
reduced from 250 MT in 1940 to 50 MT in 1984. The runoff has also been reduced
considerably from 174-236 km®/year to 57-108 km’/year (Milliman et al, 1984).
Another example of manipulation of the hydrological cycle concerns the River Ganges
giving rise to changes in the water balance of the associated delta and estuarine
systems (see e.g. Nandy et al, 1983; Rahman, 1986).

Construction of artificial barriers for shore protection is a common feature
both in the Maldives and Sri Lanka. A project on beach nourishment to attempt to
reduce the sand transport capacity at a few beaches in Sri Lanka is under way. It
has been computed that the net annual loss due to erosion in Sri Lanka is of the
order of 300 - 500 x 10°m’.

4.4 Other land use practices

Near several metropolitan cities land has been reclaimed and is still being
reclaimed from the adjacent sea. The material used for such landfills is mostly
solid wastes and garbage generated by the urban population. Often, these have
resulted in public health problems through leaching.

Another land use practice which is causing concern in India, is the siting
of nuclear power generation units along the sea. These plants normally release 50%
of their generated heat to the coastal marine environment. Flora and fauna in the
warm tropical waters live dangerously close to their upper lethal limits of
temperature, particularly during the warm summer months. It does not need a large
deviation from this Timit to result in an environmental catastrophe. Fisheries near
such power plants are receding further and further away from the shore.

About 3,200 ha. of mangrove areas along the Bangladesh coast have been
converted to fish farms. Some mangrove areas have also been cleared for the
construction of dykes. However, 22,400 ha. of damaged mangrove areas are being
replanted with suitable mangrove plants.

Pakistan has problem with thermal pollution from the Karachi nuclear power
plant. A reduction in species diversity of marine organisms has been observed near
the warm water discharge point of the power plant (Rizvi et al, 1985). Coastal
areas are being increasingly used for urbanization. This often results in damage
to coastal ecosystems and denudation of mangroves. Increased numbers of automobiles
in cities, domestic burning of fuel, power plants and other industries, also
contribute considerably to air pollution, part of which uitimately reaches coastal
marine areas with associated deleterious consequences.
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Flooding of brackish water and lagoon areas by fresh water due to river
diversion schemes, the reclamation of marine area by garbage dumping, and
construction of dams at upper reaches of rivers resulting in salt water penetration
at the lower reaches (e.g. River Mahaveli) are some of the problems in Sri Lanka.

Dynamite blasting of reefs, even if infrequent, could be a problem in the
Maldives in the long run.

4.5 Disposal of contaminated sediments, mine tailings and industrial solid
wastes

There are 11 major, 16 intermediate and 78 minor ports in India. All these
ports have navigation channels which are dredged continuously. The dredge spoils
are dumped not very far from shore and may contain material toxic to marine life.
During flood tides part of this may be washed back. As a result of this dumping
activity, fisheries near several harbours have either been depleted or have
disappeared. Monitoring of these areas needs to be undertaken.

In coastal areas of India, occasional deposits of ilmenite placers and
monazite sand have been located and are being mined (Siddiquie et al, 1984).
Intense mining activity is in progress in some estuarine regions. Depletion of
fisheries, particularly shellfish and benthic fauna due to mine tailings and mining
rejects and washings, have been observed at places in India, causing irreversible
ecosystem instability (Parulekar et al, 1986).

About 500 tonnes of sediments are contributed every year by the Kuala Muda
river in Malaysia necessitating regular dredging in Penang Harbour to keep the
shipping lanes navigable. Tin mining activities in the offshore waters of Phuket
seem to be affecting the northern waters of the Malacca Strait. It is believed that
this is harming spawning grounds and rare coral reef areas in the Malacca Strait.

4.6 Disposal of solid waste (litter)

Generation of solid waste and garbage is not very high in India. Calculating
at the rate of 0.5 kg per head per day the coastal population of India can be
expected to generate 34 x 10° tonnes of solid waste per year (Qasim & Sen Gupta,
1988) . Near urban and metropolitan areas these are used as landfills and for land

reclamation from the sea. The major portion of these wastes is generated in urban
areas.

Other solid wastes which pollute Indian coastal waters are: garbage,
including plastics, from the tourism industry; scrap material from ship-breaking
yards; damaged and rejected fishing nets and other gear; and the disposal of
unwanted trash fish by trawlers. Quantitative data on these are, however, lacking.

Wastes from fishing eg. trash fish, rejected gear, and from slaughter houses
are problems in Bangladesh. Ship breaking activity is a flourishing business with
about 50 companies engaged in such activities. Rejects from these contaminate the
beaches and the nearby sea area. Data from a beach quality study are presented in
Table 6 (Hossain & Islam, 1986). Bangladesh lies in the cyclone path. Storm surges
and cyclones ravage the coastal area almost every year, leaving in their wake
devastation and disaster. Human bodies and cattle carcasses together with a large
quantity of debris are washed out to sea as a result of these natural catastrophes.
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