The Indian Ocean—An Environmental
| Overview

R. SEN GUPTA* & S.Z. QASIMs»

During the International Indian Ocean Expedition (IIOE), 1962-65, the Indian
Ocean was defined as the area between 25°N and 40°S latitudes and 45°E and 115°E
longitudes. This region included all the straits, adjacent seas and semi-enclosed
basins within the littoral countries, which, because of their special characteristics,
form a subject matter of a separate communication.

In the present review the Indian Ocean has been defined as the area between
25°N and 30°S latitudes and between 40°E and 98°E longitudes. This has been done
simply because of the availability of data with us on different aspects of oceano-
graphy which have been discussed below. Geographically, it is the area from 30°S
latitude to the Gulf of Oman and the head of the Bay of Bengal on the north and
from the East African coast on the west to the coastlines of Burma, Thailand and
Malaysia (excluding the Strait of Malacca) on the east (Figure 1),

In this region of the Indian Ocean, there are altogether 19 countries. Their
total area is about 9.6 X 108km* and they are inhabited by about 1221 million people,
The average population density is 127/km®. Thus, on an average 22.5% of the world
population lives in 18.6% of the total land area.

* Dr.R. Sen Gupta isa senior scientist at the National Institute of QOceanography, Dona
Paula, Goa. _

** Dr. S.Z. Qasim is the Secretary, Department of Ocean Development, Govt. of India Maha-
sagar Bhavan, New Delhi and responsible for recent up surge in the Oceanographic researches
in India and has led the First Indian Expedition to Antarctica,
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Oceanographic Features

From the data collected during the IIOE a comprehensive atlas of physical and
chemical features has been published by Wyrtki (1971). The various characteristics
can, briefly, be summarized as follows :

(a) Physical

The Indian Ocean occupies an area of 74.92x10°® km? including the marginal
seas (Dietrich, 1963). Its average depth is 3873 m. Areawise, the Indian Ocean is
20.8% of the total world oceans. According to Budyko (1972), the Indian Ocean. is
an area of negative water balance. Annually it reccives 6000 kmn® of river runoff and
88,000 km?® of precipitation while its evaporation is 103,000 km?®.
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However, there are some parts of the Indian Ocean in which the water balance
is positive. One such area is the Bay of Bengal which forms the northwestern part
of the Indian Ocean, The Bay occupies an area of 4.087 %< 10® km? between latitudes
0°—25°N and longitudes 80°—100°E (Qasim, 1977). It receives annually a precipi-
tation of 11,000 km?® and a runoff of 1730 km3. It has been calculated that these
volumes or precipitation and runoff, assuming the limit of dilution only upto 25 m
depth, would dilute the surface water by about 5%, (Sen Gupta et al., 1978a).

The Arabian Sea, ferming the northwestern part of the Indian Ocean is,
however, a region of negative water balance. It occupies an area of 6.225X10® km?,
between latitudes 0° and 25°N and longitudes 50° and 80°E (Qasim, 1977). It receives
annually a precipitation of 10,000 km® and runoff of 525 km® from the rivers of
India and Pakistan. Thus, these two areas, although cover only about 13.8% of the
total area of the Indian Ocean, receive 37.6% and 23.9% of total precipitation and
runoff, respectively. In fact, the Bay of Bengal and the Arabian Sea together occupy
only 3% of the world oceanic area but receives 9% of the global river runoff.

The northern boundary of the Indian Ocean is landlocked and it receives waters
of high salinity from the Gulf and the Red Sea. The Guilf water flows through
the Hormuz Strait which has a maximum sill-depth of about 100 m (Duing and
Schwill, 1967) while the Red Sea water flows through the Strait of Bab-el-Mandab
with a maximum sill-depth of 125 m. These are the only two water masses of
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the Indian Ocean which originates from the north, The presence of the Gulf and
the Red Sea water masses have been traced all over the Arabian Sea upto the
equator and into the western part of the Bay of Bengal. The Gulf water can be
identified in the depth range 100 to 300 m of the Arabian Sea. It can also be traced
upto about 500 m depth in the equatorial Indian Ocean with a characteristic
sigma-t of 26.5 (Figure 2). The water from the Red Sea can be traced by its
characteristic sigma-t of 27.1 between 400 and 900 m deptb in the Arabian Sea
and to about 1000 m depth in the equatorial Indian Ocean (Rochford, 1964 ; Wooster
et al., 1967). Apart from these, two other surface water masses are formed in the
Northern Indian Ocean. These include a high salinity surface water in the northern
and central Arabian Sea formed due to excess of evaporation there and this water
mass is present upto a depth of about 125 m. It has a sigma-t of 25 (Rochford, 1964).
Due to an excess of precipitation and a very large volume of runoff, low salinity
surface water is formed in the Bay of Bengal. This water mass flows south of Sri
Lanka to the west and can be traced over a considerable distance into the Arabian
Sca (Wyrtki, 1973).

Ivanenkov and Gubin (1960) termed the water mass between 100 and 300 m as
the North Indian Ocean Deep Water with a sigma-t of 27.0 ; and the \yater mass
below 3000 m with a sigma-t 27.8 as the North Indian Ocean Bottom Water
(Figure 2). These two water masscs are formed as a result of mixing of the Antarctic
Deep and Circumpolar water masses with low temperature and low salinity flowing
northward. According 10 Wooster, Schaefer and Robinson (1967) water masses in the
Northerh Indian Ocean below 1000 m depth originate in the Antarctic circumpolar
region and cnter the Northern Indian Ocean from the southwest. These water masses
penetrate northward and spread out in both central and eastern basins and can be
identified by their characteristic sigma-t values. In addition to the water masses,
broadly classified above, there are several other types of water masses formed due
to mixing, which have not been described here due to limitation in space.

One of the unique features of the Indian Ocean is that in its northern region the
surface circulation reverses every half year, from northeast during the winter monsoon
to southwest during the summer monsoon. This phenomenon makes the Indian
Ocean a very suitable area to study the ocean-atmosphere interactiou.

In relation to the equator the Indian Ocean has an asymmetric shape largely
due to the presence of the Asian continent. The result is that this ocean gets
separated from the deep-reaching vertical convection areas of the northern hemis-
phere. In addition it gets influenced upto 10°S by the characteristic atmospheric
circulation, known as the monsoon circulation (Dietrich, 1973). Such an asymmetric
configuration leads to a week circulation and poor renewal at depths of the northern
Indian Ocean and the reversal of the surface circulation with the two monsoons.

Wyrtki (1972) has identified three distinct large scale circulation systems in the
Indian Ocean, namely, (i) the seasonally changing monsoon gyre north of 10°S ;

. (i) the southern hemispheric subtropical anticyclonic gyre ; and (iii) the Antarctic
waters with the circumpolar current,
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During the northeast monsoon (November-April) the oceanic circulation,
north of the equator, remains moderately strong and follows direction ecast to west.
It penetrates a depth lower than the thermocline. Due to the shoaling of the thermo-
cline, a weak upwelling has been identified in the northeastern part of the Indian
Ocean. The northcast monsoon is quite strcng in the Bay of Bengal, in which
enormous volume of river runoff probably compensates the weak upwelling of the
northeastern region.

During the southwest monsoon, the South Equatorial current becomes stronger.
This current subsequently forms the East African Coastal Current and flows north-
wards ending up as the Somali Current, which frequently attains a velocity as strong
as the other western boundary currents, e.g. Gulf Strcam or the Kuroshio (Warren
et ul., 1966). Thc monsoon current, the South-Equatorial current and the Somali
current forms a strong wind-driver: gyre in the equatorial Indian Ocean (Wyrtki,
1973). This gyre then breaks down in a series of large gyres in the Arabian Sea
(Duing, 1970). The resultant upwelling along the Somali coast is most intensc between
5°N pnd 11°N, where the entire warm surface layer is removed and the subsurface
water with temperatures well below 20°C reaches the sea surface (Warren er al , 1966).

Strong winds blow also parallel to the Arabian Coast, cast of 55°E during the
southwest monsoon and cause upwelling. This upwelling is different from the Somali
upwelling because in this no strong current develops. In the southwest monsoon
season a weak upwelling has been reported from the east coast of India (Varada-
chari and Sharma, 1967). Along the west coast of India, however, subsurface water
comes very closc to the surface, which has been taken es upwelled water (Banse,
1968).

The subtropical anticyclonic gyre includes the South Equatorial Current, the
Agulhas Current and those portions of the westwind drift, which lie north of the
subtropical convergence, close to 40°S.

The bhydrographic structurc of the Antarctic waters flowing into the Indian
Ocear is very similar to those occurring in the Atlantic and the Pacific. It is governed
by the surfacing of the main thermocline and by the strong deep-reaching Circunt,
polar Current forming the major bulk of the Indian Ocean deep and bottom water\
flowing northward. '

(b) Chemical

The nutrient properties of the various water masses in the Indian Ocean are
Jargely governed by the monsoon winds blowing over the northern Indian Ocean. A
detailed review of all the data collected during IIOE has been published by McGill
(1973). However, some general features of the chemical characteristics are as follows :

Because of a weak renewal and sluggish circulation a thick layer of very low
oxygen concentration extends from about 100 m to 1000 m almost all over the
northern Indian Qcean. The oxygen content of this water is very often lower than
0.5 ml/l. Off the Indian coast values lower than even 0.05 ml/1 have frequently been
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reported. This feature of the Indian Ocean is very similar to that of the eastern
tropical Pacific Ocean.

The monsoon gyre in the northern India Ocean is marked by high PO,2*~—P
contents, sometimes associated with low oxygen concentration due the effect of up-
welling. Phosphate concentration in the region of Somali upwelling reaches values
greater than 1 & mol/1 at the surface. For the south-western Indian Ocean the range
is from 0.25 to 0.54 ¢ mol/l. PO —P concentrations, in general, increase with depth
reaching a maximum between the depth range 300 and 500 m which remains almost
similar throughout the water column. It, however, shows a slight decrease close
to the bottom.

Values for NO®*—N indicate similar features, with higher values at the surface
during the upwelling period. Generally, the NOY¥—N concentrations range from
1 & mol/l at the surface to about 40 i mol/l between 3000 and 4000 m depth range.
But during the periods of high photosynthetic productivity, the surface values quite
frequently reach zero.

Marked changes in the concentrations of nutrients occur at 10°S. The mon-
soon gyre in the northern Indian Ocean is marked by high PO,*~—P concentration
and within this region the concentrations range less than 0.4 ¢ mol/l to more than
1 = mol/l. In the areas of the sub-tropical gyre the nutrient values are very low.

Ryther and Menzel (1965) concluded the generai levels of all the nutrients in
the western Arabian Sea are about twice as high as those of the corresponding depths
of the North Atlantic. :
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Subsequent to IIOE much work has been done to study the quantitative aspects
of the nutrient chemistry in the northern Indian Ocean (Sen Gupta et al., 1975,
1976 a and b, 1977, 1979, 1980b; Naqvi et al., 1978, 1982; Deuser et al,, 1978).
These studies revealed that about cne-third of the dissolved nitrate-nitrogen is lost -

during the process of denitrification in the oxygen-poor water layer of the northern
Arabian Sea and this process could be traced to 2°N. Occasionally, two maxima of
nitrite-nitrogen and two minima of oxygen are observed in this region. The
depths of the maximum intensity of denitrification invariably coincide with the depths
of the secondary nitrite maxima (Figure 3). The rate of denitrification it 200 g/m?
in the waters of the northernmost part of the Arabian Sea, where the process of
renewal of deeper water is very slow due to the sluggish movement of water (Qasim,
1982). This rate gets reduced to 70 g/m? at }5°N (Sen Gupta et al., 1980b), and
farther south, at 12°N it is 45 g/m*® (Naqvi et al., 1982). This is equivalent to 5-10%
of the global rate of denitrification required to maintain a steady state in the
distribution of nitrogen on the surface of the earth (Emery er a/., 1955).

Assuming that only about 10% of the photosynthetic productivity reaches
below the euphotic zone {Deuser, 1971) and about 19 of the total production results
in denitrified nitrogen (Deuser et al., 1978), it has been calculated that the mean
‘residence time’ of water masses between 75 and 1200 m in the northern Arabian
Sea can be expected to lie in the range 43-54 years (Sen Gupta et al., 1980b). A
‘residence time’ of 30 years has been suggested by Hartmann ef o/, (1971) based on
the data on the rate of outflow from the Gulf. This outflow has been found to
be of the order of 3 X 10°® km3/year.

Based on the oxidative ratios of the nutrients, the ratios of change of carbon :

silicon : nitrogen : phosphorus in the waters of the northern Indian Ocean have
been calculated as 108 :40: 16 : 1 by atoms. These agree fairly well with the
atomic ratio of concentration of nitrogen : phosporus in plankton of the Indian Ocean
which is 15.4: 1. ,
' Silicate concentrations in the deeper waters of the Indian Ocean are higher
than those at the corresponding depths of the other two oceans. It bas been observed
that silicate values can be used to identify different water masses by plotting them
against the sigma-t values. This has also been confirmed by examining the relation-
ship between silicate and oxygen consumption. The relationship shows that beyond
a certain concentration of silicate, the relation becomes asymptotic indicating that
the water masses having such silicate and oxygen concenirations originate from 2
similar source (Sen Gupta et al., 1976b).

(c) Biological

Several atlases on the phytoplankton and zooplankton production in the Irdian
Ocean have been published based on the data collected during the IIOE (Krey and
Babenerd, 1976; 10BC, 1968a and b). More recently both primary and secondary
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production rates of the Indian Ocean in relation to various relevant factors have
been estimated by Qasim (1977). The gist of the information is presented below.

The euphotic zone or the compensation depth (1% of the surface illumination)
in the Indian Ocean varies between 40 and 120 m, increasing with depth from coastal
to offshore regions.-

The range in column production varies from 0.001 to 6.5 gC/m?®/day. Areas of
high productivity lie mostly in the coastal and upwelling zones. These include the
Gulf and of Oman, mouth of the Indus river, Saudi Arabian waters, Somalia and
Mozambique coasts, south-west coast of lndia, mouth of the river Ganga, Burma
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coast, and off northern Sumatra Java (Figure 4) The average production in the coastal
areas works out to be 485 gC/m?/years as compared to the offshore average of 229
gC/m?/year. Total photosynthetic productivity in the Indian Ocean has been found
to range from 3 to 6 X 10° tonnes C/year with an average of 4.5 X 10 tonnes C/year
or 258 mgC/m?*/day.

An analysis of the data indicates that the Arabian Sea and the Bay of Bengal
are the two most productive regions of the Indian Ocean. The total column produc-
tion in the Arabian Sea works out to 1.1X10° tonnes C/year, while the same for
the Bay of Bengalis 0.4 X 10° tonnes C/year. This means that these two areas
account for about one-thrid of the total photosynthetic productivity of the Indian
Ocean though they together occupy only about 14% of the total area. There is,
however, a qualitative difference in the productivity of these two areas. The surface
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productivity (Im depth) is 4.9 tonnes C/km?/year for the Bay of Bengal while the
same for the Arabian Seais 3.9 tonnes C/km?®/year. This anomalous situation in
the column and surface productivity in these areas has been attributed to greater
cloud cover and higher surface nutrient load, particularly, nitrate-nitrogen, in the Bay
of Bengal than in the Arabian Sea (Qasim, 1977). '

The zooplankton biomass in the Indian Ocecan varies from 15 to 50 ml/m?®. The
areas of high abundance mostly coincide with those of high photosynthetic produc-
tivity. The total zooplankton biomass has been estimated to be 5.2 X 10® tonnes/year
(Prasad ez al., 1970). Secondary production computed from the zooplankton biomass
works out to 69.3 X 10% tonnes C/vear the whole Indian Ocean. -

Studies on the benthic production of the Indian Ocean revealed an expected
decrease from shallower to deeper water. But the density of meifauna was greater
than that of the macrofauna in deeper waters, Benthic population was larger in the
areas of high productivity. However, the upward movement of water, bottom
configuration and the types of sediments control the abundance of macrofauna.
Average benthic biomass in the Arabian Sea upto a depth of 2100 m was 1.8
pC/m?®fyear, while thc same in the Bay of Bengal, uptoa depth of 1870 m, and in
the Andaman Sea (upto a depth of 1820 m) were 0.5 and 1.2 gC/m®/year respectively
(Harakantra ef al., 1980; Ansari et al, 1977; Parulekar and Ansari, 1981). Extra-
polating these values to the whole of the Indian Ocean, the annual benthic produc-
tion works out to be 89. 9109 tonnes in terms of carbon. _

Recent figures of pelagic, demersal and crustacean resources from the differert
regions indicate that the annual catch for the Indian Ocean is about 4 million
tonnes (FAO, 1978). Thus, the Indian Ocean, occupying an area of 20.8% of the
world oceans, yields only 8.2% of the global fish catch. The potential yield of the
Indian Ocean has been estimated as 14.2:< 10° tonnes/year (Qasim, 1977). Thercfore,
there is much scope for increasing the fish production of the Indian Ocean by
increasing the effort.

(d) Geological

The contour maps of the Indian Ocean, relative to the equator, indicate the
the asymmetric shape imposed by the existence of the Asian continent (Dietrich and
Ulrich, 1968). Due to such an asymmetry the Indian Ocean gets separated from
the deep rcaching vertical convection areas of the Northern Hemisphere. Recent
geophysical investigations indicate that the Indian Ocean is the most complex of the
three major oceans as regards its history of formation and hence its physiography,
probably because of this asymmetric formation (Mckenzie and Sclator, 1971). Mea-
surements of its magnetic field showed that the floor of this ocean is spreading at
the rate of 2 cm/year and implics that the Indian Ocean is about 10® years oid
(Dietrich, 1973).

' One of the most prominent topographic features of the Indian Ocean is its
seismically active, rugged inverted Y-shaped Mid-Indian ridge, which iscut by
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numerous north-northeast trending fracture zones (Figure 5, given by Heezen and
Tharp, 1964). Microcontinents and meridional aseismic ridges, e.g. the ninety-east
ridge 4800 km long and the Chagos-Laccadive Plateau, are the unique features of
the Indian Ocean (Heezen and Tharp, 1964)." These features, although massive, are
relatively smooth-surfaced blocks and in marked contrast to the rugged features of
the Mid-Indian ridge. Like in the other oceans, three are a good number of deep
basins in between the topographic bighs of the Indians Oceans. -

120°

AFRICA

Fig. 5.

- Sediment cones and abyssal plains with sediment thickness exceeding 1.5 to
2.5 km. are present in the Bay of Bengal, Arabian Sea, Somali basin and Mozambique
basin (Ewing ef al., 1969)." In parts of the Ganges cone, sediment thickness exceeds
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12 km (Curry & Moore, 1971). In the high southern latitudes near the polar front,
smooth, ‘swale’ topography with moderate sediment thickness appears as a result of
higher productivity of the Antarctic Ocean, While in the other areas, and
especially in the topographic highs, the sediment is very thin (Venkatarathnam and
Hayes, 1974).

The complex physiography, the asymmetrical distribution of the surrounding
continents, their varying geology and climate, and the northward closure of the Indian
Ocean preventing the influence of colder northern latitudes have a considerable effect
on the fauna and the sediment characteristic in the northern part of the Indian
Ocean. Moteover, the Indian Ocean receives about 34X 10® tonmes of sus-
pended sediment per year from the rivers draining into it (Holeman, 1968).
Almost half of this or about 16X 10® tonnes are added by the river systems of thé
Indian sub-continent.

In terms of areal extent, the most extensive sedimentary facies in the Inditan Ocean
is the calcareous sediments. It occupies the Mid-Indian ridge” The other more shallo-
wer areas are neither influenced by terrigenous influx nor by the influx of siliceous ske-
letal remains (Venkatarathnam and Hayes, 1974). The critical depth at which calcium
carbonate becomes a minor component varies with latitude (Lisitzin, 1971).” The other
sedimentary facies are : terrigenous clay adjacent to the major river basins; siliceous
clay and ooze in the equatorial and southern latitudes infiuenced by high biological
productivity; brown and red clays in deep areas outside the productivity belts and
the areas of terrigenous influx (Venkatarathnam and Hayes, 1974; Siddiquie et al,,
1976a & b). Although the areal extent of terrigenous sediment is relatively small,
because of its enormous thickness, its volume exceeds 70% of the total sediments of
the Indian Ocean (Ewing ez al., 1969). Within the limits of the broad features noted
above) Venkatarathnam and Hayes (1974) mapped the following materials in the
Indian Ocean : (i) hard rocks (volcanic and limestones) on topographically high
areas, especially on the Mid-Indian ridge; (ii) Mn-nodules in the deep basins and
Agulhas Plateau far removed from terrigenous sediment supply; and (iii) silicic
volcanic ash in the eastern Indian Ocean adjacent to the Indonesian archipelago.
In addéition, deposits of ilmenite placers have been mapped in the coastal regions of
several of the countries bordering the Indian Ocean, e.g. India, Australia and

Sri Lanka.
Nature of Environmental Problems

Almost all the countries bordering the Indian Ocean are developing countries;
Their major source of revenue is agriculture industry and in some countries also
mining. The effects of pollution in the marine environment, largely arising out of
the economic activities, began to be felt only recently although the practices have
continued over a long period of time. These problems, however, are largely confined
to the coastal areas of most countries, although because of the prevailing wind
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system, the patterns of water circulation and the nature of bottom topography, the
effects can have far-reaching implications.

While a few of the problems are quite chronic in some countries, they are
relativey simple in others. In this communication no attempt has been made to
differentiate them and hence it is greatly hoped that most of the problems presentcd
here would be of general interest.

(a) Domestic Sewage and Industrial Effluents

Due to increasing urbanization and industrialization throughout the region, the
volume of sewage and industrial waste productionis constantly on the increase.
Many countries have several large rivers flowing through the landmass, but because
of increased human activities around them many of these rivers have become badly
polluted. These two human activities also contribute quite substantially to the
degradation of the adjoining seas. Sewage and industrial wastes in these countries,
cither untreated or partially treated, are allowed to be discharged into the rivers and
seas. The magnitude of treatment undertaken can, perhaps, be assessed from the fact
that in a country like India, only 42 cities, with a population of over 100,000 have
arrangements for sewage treatment. Hardly 50% of the total population in the
countries bordering the Indian Ocean is provided with proper sanitation arrangemeants.
The result is that high counts of coliform bacteria are often found on the beaches and
in coastal waters.

‘ Examination of the concentration of toxic metals, such as, Hg, Cd and Pb
reveals that in plankton and in fishes the levels of these metals are still much lower
than the acceptable maximum for them in many industrialized countries.

(b) Agricultural Wastes

Fertilisers, pesticides and insecticides are quite abundantly used in the deve-
loping countries in agriculture, pest control and vector control. The quantities of
pesticides and insecticides used every year vary from 45000 tonnes in India to 3.5
tonnes in Bangladesh (NIOQ, 1976). In many countries, however, organochlorine
pesticides are either prohibited or are gradually being replaced by organophosphorus
and carbamate pesticides. Very little study on their accumulation and harmful
effects has been carried out. However, a recent survey has shown that plankton in
the Arabian Sea, off the west coast of India, has DDT concentratmn ranging from
0.05—3.21 ppm wet weight (Kureishy et al., 1978).

Use of these harmful organochlorine and organomercurial pesticides have been
totally banned in all the industrial countries of the world. But their total production
has not been reduced, rather, a relative increase in their manufacture is taking place.
A hypothesis has very recently been suggested that there should be a ‘southward’ tilt

of the concentration of organochlorine and organomercurial pesticides in the marine
environment.
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(¢) Radioactive and Thermal Wastes

In countries of the Indian Ocean region, power generation is mostly thermal.
But in some countries, nuclear power is also being generated. So far no serious
harm has been reported from these sources, although fly ash from thermal power
plants invariably creates environmental problems.

Radioactive wastes from nuclear power plants are normaily disposed off
according to strict international conventions. However, their heat generation poses
several problems. Nuclear power plants normally release 507, of the 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. They do not need a large deviation from this limit to
finally end up with catastrophic effect. Release of hot salty water, when coupled
with wind system, aiters the current and mixing patterns from offshore to onshore.
This is more probable in tropical areas where the range of the semi-diurnal tides is
quite high.

(d) Tourism

In developing countries more and more emphasis is being given towards the
promotion of tourism. The result is that too many large hotels are being constructed
along the beaches. Wastes from these hotels very often pose serious problems in the
adjacent marine area. In some countries garbage and other wastes from the hotels
have spoilt the beauty of the beaches leading to contamination of the environment
and generation of hydrogen sulphide in the water.

(e} QOil Spills

In 1982 the global marine transport of oil was 1270 million tonnes (MT), of
which 579 MT or 43%; of the total was shipped from the Gulf countries (BP, 1982).

The main routes of marine transport of oil from the Gulf countries are across
the Arabian Sea. One of these is through the Mozambique Channel round South
Africa to the Western Hemisphere, while the other one is round Sri Lanka across the
southern Bay of Bengal through the Malacca Strait to Far East and Japan (Figure 6).
In 1982, 331 MT of oil was shipped to the Western Hemisphere and 248 MT to the
Far East and Japan from the Gulf countries, This, coupled with the increasing
emphasis on offshore oil exploration in many countries of the region, make the
northern Indian Ocean very vulnerable to oil poilution.

Sources of oil pollution are tanker disasters, ballast water and bilge washings.
Fortunately, only a few tanker disasters have occurred, so far, along these tanker
. routes. However, the effect of the oil pollution can be seen on the beaches in the
form of deposits of tar-like residue. The frequency and intensity of this residue
depend on the current direction along the coastal regions. Because of the monsoon
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winds, the surface currents change the direction every six months. Whenever a
shoreward component of current develops, heavy deposition of tar balls occurs on
the beaches.

It has been calculated that at any time the amount of floating tar in the surface
layers of the Arabian Sea would be about 3700 tonnes, while along the tanker route
across the southern Bay of Bengal the tar would amount to 1100 tonnes (Sen Gupta
and Kureishy, 1981). This agrees well with the intensity of tanker’ traffic and the
volume of oil transported through the two areas.

(f) Coral Reefs and Mangroves ;

Coral reefs and mangroves occur widely in almost all the Indian Ocean
countries. Damages that can occur to these two ecosystems as a result of over-
exploitation of the reefs or mangroves or because of pollution are quite extensive.
These can be summarized as follows :

(i) Coral Reefs . Coral reefs of the tropical Indian Ocean include fringing and
barrier reefs ; sea-level atolls ; and elevated reefs (Stoddart, 1972), The
areas of their occurrences are : NW and SE coasts of India, Laccadive
Islands, Andaman and Nicobar Islands, Maldive Islands, Chagos Archipe-
lago; Seychelles, Mauritius, Aldabra and Comores Islands, coasts of Kenya,
Tanzania and West Malagasy. Radiocarbon dating of some of the coral
reefs has indicated their ages as more than 2000 years (Stoddart, 1972),
The growth rate of corals in the Atlantic has been found to be 0.15—0.5
cm/fyear by 2?®Ra (Moore and Krishnaswami, 1972). The growth rate of
the corals in the Indian Ocean can be assumed to be of a similar order/

Most of the coral reefs inlthis region have been declared as endangered
ecosystems. Several coral reefs have almost disappeared because of the
withdrawal of coral debris and live corals as a raw material for cement
industry, while others have become dead due to their constant exposure to
poliutants, particularly oil. Examples of this are : the region of Kavaratti
reef in the Laccadives ; reefs found in the southern part of the Great
Nicobar Island in the Andaman group; and SW part of Malagasy.
Dredging for the construclion of jetties and works connected with the
development of harbours have destroyed some of the coral reefs of the
Mahe Island in the Seychelles.

(ii) Mangroves: Mangroves constitute an important resource in the region and
form spawning grounds, nurseries and feeding grounds for economically
important fishes and crustaceans. They act as a buffer zone and offer
protection to vulnperable communities like the coral reefs. They also
stabilise the bottom sediments, control the local mean water level and the
direction of flow. Mangroves constitute a significant portion of the coastal
wetland in many countries and a fairly large percentage of human popu-
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lation is dependent on them. For example, about one-eighth of the
Bangladesh wetland is mangrove and one-third of the total population of
that country is either directly or indirectly dependent on the mangrove
ecosystem (UNESCO, 1979). '

Due to ever increasing demand for land and fuel, many mangrove
areas of the Indian Ocean region have been destroyed. This has led to
heavy siltation in the nearshore region and with no protective cover of
mangrove, the devastation of men and material during the cyclones in
coastal areas is immense. Mangroves occur in profusion along NE coast of
India, Bangladesh, Malaysia, Sri Lanka, Mauritius, Seychelles and Indonesia.

(g) Siltation

As noted above, the Indian Ocean receives annually 34X10%® tonmes of
suspended sediment (Holeman, 1968), half of which or about 16 X 10® tonnes comes
from the rivers flowing through the Indian sub-contipent. This quantity is on the
increase due to human activities, such as, mining on Jand, clearance of land for
agriculture, lumbering, urbanization and industrialization, and dredging to deepen
harbour channels and estuaries,

Most of the silt settles near the river mouths and in coastal areas. This
probably decreases the productivity of water and depletes fishery resources. Although
these effects have been indicated in many countries, not much direct evidence has
been obtained on the influence of siltation on marine and estuarine fisheries.

These then are the potential marire pollution problems, chronic or acute,
direct or indirect, in the countries in the Indiau Ocean region.

Research and Monitoring Activities

Monitoring and research on marine pollution are fast developing activities in
many countries of the Indian Ocean region. Surveys for the collection of baseline
data on almost zll of the potential pollutants in the marine environment are under
progress and a fairly good data base has been built up. These data are mostly on
the environmental conditions in the coastal and nearshore regions and also on some
parts of the open areas of the Arabian Sea and the Bay of Bengal including the
adjacent areas of the Laccadive and the Andaman group of islands. Several reviews
of all these investigations bave been published in recent years (Qasim and Sen Gupta,
1980, 1983 a and b). The following details have been extsacted from these publi-
cations combining with data collected subsequently.

(a) Petroleum Hydrocarbons

In all, 6689 observations were made on oil slicks and other floating pollutants
along the tanker and trade routes across the northern Indian Ocean. Of these oil was
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sighted on 5582 occasions or 83.5% of the total number of observations (Sen Gupta
and Kureishy, 1981). The data were then ploted in 5°-squares. The percentage of
oil sightings ranged from 51 to 96. The number of oil sightings increased away from
the source of oil, i.e. from the Gulf region. Even in areas away from the tanker and
trade routes, the percentage of oil sightings was almost of a similar order. The
occurrence of tanker disasters has not been very significant along these routes fortu-
nately so fac. Therefore, it could be concluded that oil is released in this region
mainly from the ballast and bilge washings of the ships and that the northern Indian

Ocean is a well known area for the occurrence of oil slicks. _ .
Observations on the floating petroleum residues from the Indian Ocean region,

are presented in Table 1 as ranges in values (Sen Gupta et al, 1980a ; Fondekar
et al., 1980 ; Sen Gupta and Kureishy, 1981 ; Topgi et al, 1980). As expected the
concentrations show variations in time and are fairly high occassionally along the
tanker routes. In the Arabian Sea the concentrations range from 0 to 6.0 mg/m?* with
a mean of 0.59 mg/m®. The range in the Bay of Bengal tanker route varied from 0 to
69.75 mg/m® with a mean of 1.52 mg/m?. This, probably, indicates that the tanker
route in the Bay of Bengal is relatively more polluted than that of the Arabian Sea.

Observations in March 1981 along the east-going oil tanker route across the
Arabian Sea, between 12° and 19°N and 70° and 74°30' E, indicated a range of
0.3—112.2 mg/m? with an average of 12.7 mg/m? for the floating tar balls. This may,
perhaps, indicate that oil pollution in the Arabian sea is oo the increase.

A number of observations were taken along the west-going tanker route on the
Arabian Sea during June-September 1983 (Table 1). Absence of floating tar balls
in this region during this period was expected, as the surface currents on the
Arabian Sea normally flows directed towards the Indian west coast during the SW
monsoon months.

Applying the average concentrations of floating tar balls to the areas of the
Arabian Sea (6.225x 10% km® from 0° —25°N and 50°—80°E) and the tanker route
across the southern Bay of Bengal (0.73 X 10% km® from 5°—7°N and 80°—95°E)
the total quantity present comes to 3700 and 1100 tonnes for these two areas
respectivelyf

Accumulation of floating tar is entirely dependent on the surface currents. In
the areas of strong surface currents, e.g. the Gulf Stream and Kuroshio, heavy
accumulation of tar particles have been observed. The observed concentration in
the North Atlantic ranged from 0.12—0.64 mg/m® with a maximum of 91.8 mg/m?
(Levy and Walton, 1976). Similar accumulation in the Northwestern Pacific ranged
from 0.02—13.3 mg/m?® (Sano et al,, 1979). Thus, the oil tanker routes in northern
Indian Ocean appear to be as much polluted as those in the other oceans.

If we assumed that the abundance of oil entering any marine area is propor-
tional to the volume transported, the average amount of oil present in the seas
around India is 0.36% of the total flow, 177 of the total input ends up as floating
tar and the volume transported across the Bay of Bengal tanker route is 35% of the
total transport across the Arabian Sea, then the ‘residence time’ of floating tar in
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the northern Indian Ocean ranges from 33 to 38 days (Sen Gupta and Qasim, 1982),
The average tar concentration on the surface of the North Atlantic has been
calculated as 5200 tonnes and its ‘residence time’ is about 58 days (Levy and Walton,
1976). Thus, it can be concluded {that tar found in the sea remains unchanged from
30 to 60 days.

Ascan be seen from Table 1, the concentrations of dissolved and dispersed
petrolem hydrocarbons from the surface to 20 m were almost uniform, excepting
some occasional high values. However, some seasonal variations, seen from the
Table, may be due to differences in the intensity of tanker traffic from month to
month and because of the changes in the meteorological conditions.

The average concentrations of dissolved petroleum hydrocarbons in the upper
20 metres of the tanker routes in the Arabian Sea and the Bay of Bengal were 42.8
and 28.2 pg/kg respectively. Calculating the volumes in the upper 20 m from the
total areas, mentioned earlier, the quantity of petroleum hydrocarbons present in the
uppermost 20 m of the water column would be about 5x 109 tonnes in the entire
Arabian Sea and 0.4X10° tonnes in the Bay of Bengal tanker route. Summing
up of all the values in Table 1 would result in Figure 6, depicting the dissolved
petroleum residues in the northern Indian Ocean, as of 1983,

A few observations on the concentration of petroleum hydrocarbons in
zooplankton and in the sediments of the Arabian Sea off the west coast of India
are also available (Fondekar et al., 1980). In zooplankton the concentration
was found to range from 19.5—83.3 pg/g, while in the sediments the range was 4.8—
8.5 pg/g, both on dry weight basis.

Deposition of tar-like residues on the beaches is more or less a chronic problem
in almost all the countries bordering the Indian Ocean. However, this is a seasonal
phenomenon depending on the pattern of coastal circulation largely regulated by
the monsoons. Records from the west coast of India during the years 1975 and
1976 indicate a range of 22 to 448 g/m? with a peak value, on one occasion, of
1386 g/m?* (Dhargalkar erfal., 1977). Observations on the beaches in Kenya gave a
range of values of 20 to 2400 g/100 m* (EAMFRO, 1973). Tar lumps as heavy as
16 kg have, sometimes, been observed on Kenyan beaches.

(b) Heavy Metals other than Mercury

(i) In Water : Some data on the concentrations of heavy metals, in dissolved
form, are available from the Indian Ocean region. These are given in Table
2, without indicating the horizontal and vertical variations as these samples
were collected from different areas and at different depths of the Indian
Ocean including some areas off the Indian coast. The large ranges seen in the
Table may be due to different analytical techniques used. The ranges are :
Cu 0.08—49.1 ; Cd 0.01—1.88 ; Fe 0.10—96 ; Mn 0.07—80 ; Zn 0.3—
42.4 ; Pb 0.02—7.5; Ni 0—16.3 ; and Co 0—7.9 all in ug/l. The accuracy
and reproducibility of the data on trace metals have always been subjected
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(ii)

(iii)

to statistical treatment and only acceptable values have been reported in all
the publications. Exceptiog copper all the higher values are either from the
coastal region of the Indian mainland or off the coasts of oceanic islands.
The higher ranges of iron, manganese and nickel are from the seas around
Laccadive islands ; high cadmium and lead are from the sea around Anda-
man islands ; high zinc occurred off Bombay and high cobalt off the river
mouths in the Bay of Bengal. An exceptionally high value of cadmium, 80
pg/1, was recorded in the polluted coastal waters off the city of Bombay
(Ganesan et al., 1980).

In Plankton and Fishes : Available values (Kureishy et al., 1981) of some
of the metals in zooplankton from the Arabian Sea and Bay of Bengal gave
the following ranges in ppm fresh weight : Cd 0.7—6.0 ; Cu 2—5; Mn 3—
7;Zn 831, Fe 35—94; Pb 1—13 ; Ni 0.2—3 ; and Co 0—4 (Table 3). In
all these analysis, the recovery was calculated with reference to the standard
fishmeal obtained from International Laboratory of Marine Radioactivity,
Monaco, and the values are the mean of at least triplicate analysis for
every sample. Concentrations of all these metals have been analysed in 26
species of fish and crustaceans from both inshore and offshore regions of
the northern Indian Ocean and in different parts of their tissues, such as,
muscle, liver, gills and heart (Kureishy ez al., 1979 & 1981). Ranges of con-
centration in the muscles of these fishes of commercial importance, inclu-
ding sharks, are presented in Table 3. It can be seen from the table that
concentrations of almost all of the metals, particularly the toxic metals such
as Cd, Pb and Hg, arc within the permissible limits for human consump-
tion.EItThas been observed, in the same study, that the concentrations of all
these metals in the livers of the dolphin fish (Corryphaena hippurus Lin-
naeus), barracuda (Sphyraena picuda Bloch), sharks (Eulamia ellioti Day),
skipjack tuna (Katsuwonus pelamis Linnaeus), and yellowfin tuna (Neothu-
nus macropterus Schlegel) were significantly higher than in their muscles.
This indicates that most of the metals are assimilated by these fishes in a
fat soluble form. Acceptable correlation was, however, observed in the
different fish tissues with their sexes, sizes and stages of maturity.

Mercury : Because of its extreme toxicity and very harmful nature to
human beings, concentrations of mercury in the water and biota have been
treated separately. The study of mercury in the marine environment is rela-
tively of a recent origin in India and hence data on this metal are very
sparse.

(a) In Water

Mercury concentrations in dissolved form are normally found at the nanno-
gram levels. Their sources are mostly industrial effluents, but some contribution can
also be expected from weathering, leaching and atmospheric flux from deposits of
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TABLE 4

Range and average concentrations of a few non-essential heavy metals
(ppm wet weight) in different parts of fishes from the Northern Indian Ocean

Body Parts Mercury Cadmium Lead
Range Average Range Average Range Average

Muscle N.D.—0.36 0.07 N.D.— 3.24 0.59 <1— 343 1.11
Liver N.D.—0.04 0.01 1.2—87.3 20.18 <[--17.62 3.8
Gill N.D.—0.03 0.016 N.D.— 0.76 042 <l— 7.0 3.14
Heart N.D.—0.08 0.026 N.D.— 191 054 <1— 34 1.36
Kidney N.D.—0.04 0.015 0.38—36.69 9.02 <]—69.46 8.61
Gonads N.D.—0.03 0.015 N.D.— 806 125 = <I— 476 1.36

Sources : KUREISHY et al., 1979, 1981, 1983 (Unpublished).

TABLE 5

Mercury Pollution in and around Bombay City

Components Coast Distance from shore Thana
| ! km 15 km 2km 3 ki Creelk
Water (1g/1) 1.4—23.0 12—29 10—35 9-—-30 14 42
Crab muscles
(ppm wet weight) 0.2-4.1 0.1—-1.5 02—1.0 03—1.3 138 7.3
Sediment
(ppm dry weight) 0.1-27.0 — - — — 38

SOURCE : Ganesan ef al., (1980).

mercury in the crustal rocks of the hinterland. High concentrations of mercury
in the nearshore waters of the SW coast of India are probably due to deposits
of mercury in the adjoining land. In the absence of any industrial source, such
high concentrations ranging from 204 to 407 pg/1 in the surface waters of this area
cannot be due to any other reason (Singbal er al., 1978).

Ranges of all the observed values are presented in Table 2. Without taking
into account the variation with depth the range is from 0 to 222 pg/f. However,
a decrease occurs in the concentration of mercury with depth, as is the case with
most of the other metals (Singbal et al., 1978 ; Sanzgiri and Braganca, 1981).
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(b) In Plankton and Fishes

An estimation of the total mercury concentration in plankton and fishes was
carried out without fractionating the mercury into methyl and inorganic forms. In
the organic matter, however, it can be assumed that mercury is present mostly in
the methyl form and very little in the inorganic form.

The absence of mercurry in zooplankton {(Table 3) indicates that the metal is
assimilated by fishes probably through other pathways of the food chain. Table 3
indicates that the mercury concentrations in the muscles of sharks and skipjack tuna
are the highest values. Concentrations of non-gssential heavy metals, Hg, Cd and
Pb, in d fferent tissues of the fishes from the Northern Indian Ocean (Table 4)
indicate that their highest occurrence is in the liver and kidney. However, the
highest concentrations of mercury, found in muscles, are still much lower than the
internationally permissible maximum of 0.5 ppm of mercury for human consumption.
Analysis of mercury in the muscles of several commercially important fishes from
the inshore regions and from a polluted creek in and around the city of Bombay
gave values ranging from 0.C4—0.57 ppm on fresh weight basis (Tejam and Haldar,
1975 ; Rama and Somayajulu, 1972). However, the concentration of the same metal,
when analysed in 1980, in the water, crab muscles and sediments showed an increase
by several fold (Ganesan et al., 1980). These values (Table 5) also indicate a decrease
in the mercury concentration away from the shore.

TABLE 6

| Population and Related Data and Some Estimates of Pollutants Entering the Sea
Around India (as of 1984)

Population 720 million
Coastal population {(25% of total) 180 million
Area of the Country 3.276 x 10° km®

Agricultural area

Exclusive economic zone

River runoff (annual mean)

Rainfall per year (on lsnd)

Rainfall per year (on Bay of Bengal)

Rainfall per year (on Arabian Sea)

Domestic sewage added to the sea by
coastal population per year (@ 60
1 per head/day)

Industrial effluents added to the sea by

' coastal industries per year

1.65% 10° km?
2.015% 10% km?
1645x10° km?3
3.5% 10 m3
6.5x10'% m?
6.1 X10%% m?

3.9%X10° m?

0.39% 10° m?
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Sewage and effluents added by the rivers

to the sea per year 50 % 10° m?®
Solid waste and garbage generated by
coastal population per year ‘
(@ 0.8 kg per head/day) 53x10% tonnes
Fertiliser used per year (@ 30.5 kg/ha. yr=1) 5 10® tonnes
Pesticides used per year (@ 336 gfha, yr=?) 55 000 tonnes

Synthetic detergents used per year

125 000 tonnes

Oil transported across the Arabian Sea in 1982 579X 10° tonnes
Oil transported to Western Hemisphere in 1982 331 X 10° tonnes
Oil transported to Far Bast and Japan in 1982 248X 10° tonnes
Tar deposition on beaches along the West

Coast of India per year 750—1000 tonnes

s

TABLE 7

Concentrations of a few Heavy Metals (in pg/1) in Ice and Water, Princess

Astrid Coast, Antarctica and in a Glacier in the Kasbmir Himalayas

Station

Fe Zn Cu  Mn Ni Co Pb cd

Antarctic Ice 1.4 144 3.0 6.8 2.0 0 0 0
Antarctic Lake ' 505 136 34 56 3.2 0 0 0
Himalayan Glacier (mean} 82.5 45 4.1 170 1.8 1.1 3.1 0

e ——

(iv)

v

Chlorinated Hydrocarbons : Only a few analyses of DDT and its metabolites
in zooplankton have been carried out so far. In most cases, the values
were below the detection limit. There was a direct relationship between
DDT concentration and lipid content in the plankton, which indicates that
the pathway of chlorinated hydrocarbons to the animal tissues is via the
fat. The presence of BHC and PCB was also detected in the samples. The
total DDT concentrations in plankion of the northern part of the west
coast of India appears to be somewhat higher.

The values of organochlorine and organophosphorus. pesticides in some
of the fishes from the Indian Ocean -region, particularly the plankton
feeders, may be appreciably high because of the wide use of pesticides in
agricultural activities in the countries bordering the Indian Ocean,

Input Studies : Data on the iuput of different cations and anions to the
Indian Ocean are very scanty. Background data on sources of input, e.g.,
river runoff, load of silt, volume of domestic sewage and industrial
effluents, rainfall, and aerosol are not available from all parts of the region,

L4 .
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However, some data are available from India (Table 6). A rough approxi-
mation for all the countries can, perhaps, be obtained by extrapolating the
data given in Table 6, in relation to population density.

Most of the cations and anions, added to the oceans, are adsorbed on to the
silt particles. Considering the enormous amount of silt added annually to the Indian
QOcean, i.e. 34X 10® tonnes (Holeman, 1968), siltation may be assumed as one of the
principal sources of input.

The mean concentrations of some elements in the rain water from the coastal
region of India were: Na 4.6; Cl 6.8; Ca 1.34; Mg 0.51 ; K 1.02 all in mg/1 ;
Mn 23.4; Br 336 ; 113.3 all in pgfl (Sadasivan, 1979); Fe 4.3; Co 0.1 ; Ni 0.1 ;
Cu 6.8 ; Zn 13.3; Pb 21.5 all in pg/l (Fondekar and Topgi, 1979). Aerosol contents
over the Indian Ocean varies from 1.4 to 68 pg/m® air. It decreases southwards with
the latitude and becomes zero close to Antarctica (Sen Gupta and Qasim, 1983a).
From these values it can be inferred that the atmospheric flux of the elements is not
very significant and the major transport route of pollutants in the Indian Ocean is
through the riverine source.

Anocther important source of input is from the mining activities. Rejects and
tailings from the mining operations carried out in coastal and nearshore regions add
substantial quantities of heavy metals to the coastal environment.

Aéséésment of Possible Impacts of Pollutants on the Marine Environment

- From the information summarized above it is clear that the data collected so
far are quitc fragmentary defying a clear understanding of the total pollution load in
the Indian Occan. However, the information also indicates that this region is not yet
seriously affected by pollution. Localized problems, both short-term and long-term,
do appear from time to time and their overall importance would vary from country
to country.

However, the problem which is common to almost all the countries is oil
pellution. Because of the transportation of a large volume of oil through the Indian
Ocean, many areas are getting damaged, The worst affected ecosystems are the coral
reefs and sandy beaches. Significant damages have already been noted on some of the
atolls of Laccadives, coral reefs of the Andaman and Seychelles groups of islands,
from Madagascar and also from the coastal regions of Kenya and Tanzania.

Other possible impacts can be expected to come from the disposal of untreated
or little trcated domestic sewage and industrial efluents. Continued washings of
fertilizers, pesticides, herbicides and insecticides' due to widespread agricultural
practices in all the Indian Ocean countries can also pose significant problems.

¢ But in the tropical and equatorial regions of the Indian Ocean, the tides are
mostly of the semi-diurnal type with ranges varying from less than 1 m to more than
8 m: Tidal flushings twice-a day, associated with biannual reversa! of the direction of
monsoon winds and the surface currents associated -with smooth bottom topography
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help in dispersing and diluting the pollutants and reducing the magnitude of their
impact on the marine environment considerably.

Analysts of glacier samples from the Himalayas and ice and lake water samples
from ‘Antarctica (Table 7) bave helped to establish background values for heavy
metals in the northern and southern ends of the Indian Ocean (Sen Gupta aad
Qasim, 1983b). Utilising these it will be possible to maintain a watch on the Health
of the Indian Ocean. .
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