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PREFACE

The Regiocnal Seas Programme was initiated by UNEP in 1974, Since then the
Governing Council of UNEP has repeatedly endcorsed s regional approacn to the control
of marine pollution snd the management of marine and coastal resources ang nas
requested the development of regional action plans.

The Regional Seas Programme at present includes ten regions 1 and has aver 120
coastal States participating in it. t is conceived as an action-oriented programme
having concern not only for the conseguences but alsc for the causes of environmental
degradation and encompassing @ comprehensive aoproach to comdbating environmental
problems through the management of marine and coastal areas. £Each regional action
plan is formulated according to the needs of the region as perceived by tne
Governments concerned. It is designed to link assessment of the guality of the
marine environment and the causes of its deterioration with  activities for the
management and development of the marine and coastal environmment. The action plans
promote the parallel development of regional legal agreements-and of action-oriented
programme activities.

Four of the regions in the UNEP programme include in their geographic scope
coastal waters of the Indian Ocean or of the seas on it's periphery. These are tne
East Africa, East Asian Seas, Kuwsit Action Plan Region and Red Sea and Gulf of Aden.

The present report was preparsed with the aim of assessing the present level of
. pollution 3in tne Indian Ocean and the extent of information aveilable on the marine
_environment and pollution in the area. In addition to the States of the East African
Region (Comoros, Kenya, Madagascar, Mauritius, Mozambique, Seychslles, Somalia and
the United Republic of Tanzania), the study covers Bangladesh, Surms, India, Pakistan
and Sri Lanka. In it's preparation, informastion was obtained from most of the marine
institutes of the States mentioned above. In addition, many useful documents wers
made availabls by the Library of the Jceanographic Museum at “onaco and the Library
of the Marine Biological Association of the United Kingdom in Plymouth. Tne
assistance and co-operation received from these institutes as well as from
Governments and University sources is gratefully aknowledged. ’

1l Meditesrranean, Kuwait Action Plan Region, West and (entral Africa, iider
Caribbean, Ez2st Asian Sezs, South-f£ast Pszific, South-ilest Pacific, Red Ses and
Gulf of Aeen, fast Africa and South-viest Atlantic.
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PART I

THE MARINE ENVIRCNMENT

1.C INTRODUCTION

This report zttempts to provide a general idea of the sources,
levels and effects of marine pollutants in the Indizn Ocean as well as the existence
eand extent of marine pollution monitoring systems at present available in the
area. It is intended to serve as a source document for eventual progrzmmes
relating to pollution monitoring and its combatting in the Indian Ccean Area.

This paper has been civided into two parts. Part one deals with the
inmtroduction and description of the area. It provides information on the
physiography of the region which covers the physical aspects of the ocean such
as current systems snd weter-mass movements: the geological features of the
ocean bed; and the meteorology related to the area. Marine chemistry, marine
biology and fisheries of the area are also inclucecd.

Part two desls with the pollution probleme of the =area and covers
industrial pollution, pollution from municipal =and domestic sources, oil
contamination, —radicactive pollution =and pollution related to agricultural
activites.

The information in this overview has been obtained from papers and
documents provided from several research centres located in the countries bordering
the Indian Ocean as well as from the references listed in the bibliography.

2.0 DEF INTTION OF THE REGICN

For the purpose of this report, the Indian Ocean has been defined as
follows: Western Boundery, *2°E and to the southern border of Mozambique; Eastern
Boundary, 112°€ f{to the western coast of Australia); Southern Boundary, 3C°S, from
Durban on the South African Coast to Green Hornm con the West Australian Coast. The
two major basins included within these limits are the Bay of Bengal and the
Arabian Sea. The area covered by these bounderies is of the order of 70 million
square kilometres and the average depth of the ocean is Z8CC metres. Seas opening
into and forming z part of the Ocean but not treated specifically are, the Persian
Gulf, the Red Sea, the Gulf of Oman, the Culf of Aden, the Timor Ses and the Malacca
Straits (see fig. 1).

Countries having borders on the area under  survey are Mozambigue,
Tanzania, Kenya, Somelia, Pakistan, Indiz, Bengladesh and Burma. Islands within the
area are  Madagascer, Sri Lanka, the Seychelles, Mauritius, the Comoro Islands
and the Maldives es well as the territorial islands (see fig. - 2). Despite the
aforementioned boundaries, the oceanogrsphy studied will cover the whole area of the
Indian Ocean so as to facilitate the presentatation of features such as currents
and water mass movement and hence the southern boundary will extend to Antarctica.
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3.C PHYSICGRAPHY OF THE INDIAN CCEAN 2457}
3.1 Introduction

The Indian Ocean is the smallest of the three major ocesns. It has unique
features in it's dynamic oceanography, meteorolegy and geology. There is an overall
negative water balance in the Indian Ocean. The Bay of Bengal, on its own, has
a positive water balance due to the input by precipitation and run-off exceeding
evaporation. The dJdynamic oceanogrphy is influenced to a3 great extent by the
metearolcogy egpecially in the Northern Hemisphere. These inter-related
effects give rise to the seascnal monsocns and monsconal currents.

3.2 The Current Systems
3.2.1 Surface Currents

The current system in the Southern Hemisphere of the Indian Ocean does nat
change much from season to season and is domimated by the South Equatorial Current
and Westwind Orift (see fig. 3). Thers is a2 large anticyclenic gyre, the
southern-mest part of which is cthe Westwind Orift lying between 289S and 509S with a
width of 20C-24C nautical miles. It can reach a speed of 20-30 NM per cay near
the Kerguelsn Islands, is normally cependant on the wind and is seasonally
and regionally variable. In winter it turns north befcre Austrzliz and joins the
current coming from the Pacific via Southern Australia. In summer it joins the
south-bound current west . of Austrzlia and flows to the Pacific via the southern
ocean.

~ The West Australia Current reaches 1C-15 NM per day north of Equatorial

Current at 2395 due to the effect of the Southeast Trade winds. In the southern
" summer the flow becomes eastward and shifts southeast. The current is
reinfaorced in the winter by a flow from the Pacific via the Arafurs Sea and resches
up to a 1l knot velecity. It divides into three branches before Macagascar; cnz
branch flows northwar< arcund the Island at SC-&0 NM per day and then turns  east,
the seconcd Bbranch runs north and the third turns south and beccmes the Mozambique
and lacer the Agulhas Current. .

In %he MNorthern Hemisphere, currents are greatly influenced by the
monsoons which give rise to the Southwest and Mortheast Monsoon Crifts. Nerth of
latitude 1C%S, surface currents vary with seasons. Curing the Northeast Monsoon,
the well-ceveloped Ngor:zheast Monsoon Crift or Morth Eguatorial Current, flows west
and southwest. In February, the southern boundary shifts 5-7° south and tuzns
north in March disappearing as the Southwest Monscon Orift begins. The narrow .
Equatorial Countsr Current sets in as a result of the scuthwest flawing
Somali Current and a northward floew from Cape Delgado. In November, it
reaches speeds of 40 NM per day and in February, alsc shifts south, then back nerth
and disappears.

As the Southwest Monsoon begins, nhe Southwest Monscon Orift appears and
flows eastward, south of India, resaching up to ¥ knots south of Sri Lanka. It's
wranches flow clackwise in the Arsbian Ses and the B8ay of Sengal. The southeast
flow reaches 10-42 NM per day off the west coast of India. The East African Coastal
Current resches speeds of 7 MM per day and its sinking, due to changes in density
causes the strong Ras Hafun upweiling between 4°M and 11°N along the CSomali Coast.
'm the North, this upwelling of c¢ooler water is tsrminated by a flow of warm
water from the Gulf of Aden.
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Important local currents are the  Mozambique Current, the Agulhas
Current, the Equatorial Current, the Somali Current and the West Australian Current.

3.2.2 Sub-surface Currents

Subsur face current measurements show that, at 2 depth of 15m, the pattern
does not change much except for the Egquatorizl Counter Current which starts at
60°% and is narrower and more southerly than at the surface. At a depth of 2CC m,
currents south of 5°N are reversed under the North and South Equatorial Currents
and under the Countercurrent ezst of 7C°E. At a depth of SCC m, between 5°N and
10°S, currents are eastward with a clockwise gyre zround a centre at 595 and 6CP°E.

At a depth of 15C0 m, an anticyclonic gyre is formed by & broad eastward
flow south of 18°S which merges with s southerly current at €0°E and then turns
north at 95°% to eventually degenerate into smaller eddies. A slower branch flows
south at 70-B0°E and 2C-25°S. At a8 depth of 200C m, the same current, between
15%E and 329E, is slower and a branch flows northward at 65°E. A current from the
Bay of Bengal meets a flow from the east at the equator and turns northward to the
Red Sea. At a depth of 3CCO m, there is an eastward flow between 20°E and 23°E and
a cyclonic gyre appears between 25-T5°E and S58-7S°E.

The Scripps Institute of  Oceanography made some direct current
measurements from 1°N to 29SS in July-September 1962 and February-March 1962 as
shown in table 1. The undercurrent was stable for several weeks as measurements over
a further * weeks proved.

At the equator, between 79°E and 92°E, the thermocline thickness was
at a maximum as - shown by measurements of the distance between the 15°C and 25°C
isotherms. High salinity and low oxygen were noted at the point of maximum
eastward flow.

B Water Masses

There are 2 major water masses in the Indian Ocean: the Indian (Ocean
Central Water (IOCW), Equatorial Water (TOEW) and Deep Water (TODW) and two
transition types the Antarctic Intermediate Water (ATW) and the Red Sea Water.
The IOCW lies between X*5-40°95 and 15-2(C°%S and is formecd by sinking at the subtropical
convergence. The salinity ranges of the JOEW are larger than those of the ICCW due
to mixing of the high salinity Red Sea Water and the low salinity coastal
water.

The subantarctic water (SW) is a low salinity water mass formed by
mixing and vertical circulation between the subtropical and Antarctic convergences
and is distinct from the AIW which originates with 2 salinity of 72.8C ppt and sits
along a well defined belt around the Antarctic Continent. After sinking, the SW
spreads north to mix with waters above and below it and forms 2 minimum salinity
water mass, with low temperatures and high oxygen content, at a depth of 200-700 m
between the Antarctic and subtropical convergences. North of the latter
convergence, it sinks to a depth of BCC-15CC m, then rises to 2 depth of
500-5C0 m near 10°¢ where salinity increases. West of Australia, it spreads
northeast between 100-11C°E until 1595 st a depth of 6CC m and northwest 9C-10C°E
until 1295 at 2 depth of 5CC-6CC m, probably as a result of separation around the
submarine ridge.



Table 1 Currsnt Measursments
(by Scripps Institute of Oceancgraphy)
LATITUDE MONTEH SPEED FLOW DIRECTION
79°E September 60 cm/sec eastward 0°latitude
89°E September 50 cm/sec eastward 0’latitude
30°E . April 80 cm/sec westward 0° 100 m deep
*
38 cm/sec
o M -3 Il
61 E March 57 cm/sec 0% latitude
May
53°E - no current, westward flow
Augu3tc meridonial
62°E August - no current, westward flow
meridonial
S5 E February S cm/sec eastward flow

From: The Encyclopaedia of Oceanography

R. W. FAIRBRIDGE

(1966)




From the Banda Sea comes the low salinity Banda Intermediate Water (BIW)
which spreads west, south of Indonesia, and southwest off Australia below the AIW at
depths of 1CC0-14CC m. The high salinity Northwest Indian Intermedizte Water
(NTIW) 1lies above +the BIW, 10-20°S and 7CC-1CCC m deep and mixes with the AIW,
Highly szline waters originste from 5 areas and are shown in table 2.

Within the three msjor water masses of the Indian COcean =2are found five
smaller deep water masses. These are the Circumpolar Deep Water (CPDW) from the South
Atlantic Ocesan, the Antarctic Bottom Water . (ABW) from the Antarctic
continentzal slope, the North Indian Oeep Water (NIDW), the North Indian Bottom Water
(NTBW) and the South Indian Deep Water (SIDW). The CPDW flows easstward between
65-35°S and is fairly warm. It enters the Indian Ocean at 3595 and 2C°E below 20CGC m
depth and reaches 28-22°%S and ZC-45°E. It meets the SIDW at 25°S and moves south.
The latter forms at . 10-16°S a8t a depth of 15CC-75CC m from the NIDW,
Subantarctic Intermediate Water (SIW) and ABW and predominstes east of 115°E. The
NIDW forms in the Arabian Sea from the highly saline Red Sea waters and
moves east and southeast. Although the temperatures decrease the salinity does not
change much and the water thus sinks to a depth of 20CC-25C0 m north of the equator.
Between 10°S and 16°S it mixes with the SIW and ABW and is transfered into the SICW.

The ABW forms through mixing with the ASW and CPOW. The west half of the
Indian Ccean is dominsted by water from the Weddell Sea while the east half receives
those from east of 9C°[. Shelf water forms bottom water when the density is
greater than 27.87 gm/cm” with temperatures of -1.8 - 1.9°C and a salinity greaster
than 24,58 ppt which occurs during ice formetion (1.5 - 2.5 m thick). In winter, the
bottom water lies at a depth of 5CC-8CC m, 60-8C NM from the shelf and 3000-35C0
m deep north of the Antarctic zone. In the summer, it sinks to a depth of 1200 m
neer the shelf and _becomes the _ NIBW between 16°5 and 10°S where its
characteristics chenge. Figures 4 a2, b and c show the vertical and horizontal
position of some of the water masses whilst table 2 gives some of their
chearacteristics.

2.4 Tides

The tides are both diurnal and semi-diurnal with the former dominating on
the west coast of Australia and southern Java and the latter concentrating on the
east coast of Africa. When disturbances due to shelf are neglected, variation in
phase of semi-diurnal tides are very small. The mean range of spring tides along
the northern coast of the Arabian Sea is 2.5 m at Aden, 5.7 m at Bombay and 1.1 m
at Cochin. On the west coast of the Bay of Bengal and on the esast coast of Sri
Lanka, the mean spring tide range is about 1 m buf the north and east coasts have
4.5-5.2 m ranges due to shallow depths. The Rangoon spring tides exceed 7 m.
In the Mozambique Channel, values of 3-4 m are recorded and from 6-12 m along the,
northwest coast of Australia.

5, B Waves

In winter, in the Northern Hemisphere, the Northeast Monsoon only causes
small waves below 1 m but in summer, especially from June to Auqust, the Southwest
Monsoon generates waves higher than 2 m. Over the Kerguelen Islands these have been
seen to reach 15 m heights with wavelengths of 25C m. Swells of 7.5 m in height,
341.7 m in length and 14.5 seconds in periodicity have been recorded in the
southeastern parts.
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Ficurec 4 : Water Mass Characteristics, Incdian Ocean

Fig. 4+ (2) Approximate boundanes of Indian Oczan
water masses (Sverdrup er af., 1942). (By perrmssion of
Prentice-Hall, NJ.)
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3.6 Salinity

Maximum salinity values occur west of Austraslia and in the Arsbian  Ses.
Low salinities are recorded in the eastern side of the equatorizl zone at the
transition between the Southwest Trade Winds and the monsoon, and extend south to
10°S (see fig. 5 a & b). In the northern ocean the salinity values vary seasonally.
In the summer it is very low in the Bay of Bengal and very high in the Arabian
Sea. Low selinity is due to the heavy fresh water run-off mainly viz the Ganges,
Bramsputra and Irrawaddy Rivers. The rise in salinity in winter is due, in part,
to the dry season and in part to the upwelling of high salinity water in
the western Bay of Bengal which then follows a northerly flow.

3.7 Density

Censity values correspond to ~saljnity and temperature and show a_ low
density area between C° and 20°S (23g/em”) and off Jave and Sumatra (21.5 g/cm”). In
the gouthern Hemisphere, summer surface densjty values decrease northwards from 27
g/cm” et lstitudes 5X-54°S to 23 g/em” at 17°S. _With the advent of summer,
density values in the_Northern Hemisphere are from 22 g/cm” in the southern part
to RQelow 19 g/em” in the north-western part of the Say of Bengal and abave 24
g/cm” in the Arabian Sea. Figure 6 shows some density values for the Indian Ocean.

3.B Temperature

The western half of the ocean is warmer than the eastern half at the same
latitude due to the oceen circulation pattern. In February, the Southern
Hemisphere is in summer and temperatures above 29°C are recorded off  Australia.
Isotherms run from WSW to ENE turning southeast when they are between 25°C and

-27°C. Between 40°S and 50°S a 129C difference is noted and is a result of the
transition zone between middle latitude water and polar water. With the change of
monsoon seasons, temperatures above 29°C a2re seen in most parts of the Northern
Hemisphere in May. By August, these temperstur=s have cdropped &again and, as 8
result of the upwelling ceus>- oy the Southwest Monsoon of f Somzlia, velues below
25°C zre noted between the Somali Coast and the southeast coest of Arszbia. In
November, the surface temperature is near the snnual mean and north of 1C°S the
range is between 27°C and 27.7°C only.

3.9 Pressure

The pressure values of the ses sur face increase as one progresses
eastwarc. Figure 7 shows the dynamic topography at the ocean surface.

.10 Climatology

The climate in the Indian Ocean Area is  influenced by end influences
both the land and water and 1is characterized by its monsoon seasons. The
meteorological and thermal equator over the Indian Ocean lies slightly south of
the geographic one in January and north of it, on the Asiatic Continent, in
July. This divides the Morthern and Southern Hemispheres into distinct
meteorclogical provinces. The winds in this area undergo a complete shift between

" January and July resulting in the Northeast Monscon in the former and the Southwest

Monscon in the latter (see figs. 8 a £ b). This annual cycle is dominated by the
heating and cooling of the Asiatic Continent. A low pressure ares over the
Persian Gulf during the summer causes wind systems over the North Indian Ocean
to blow from the southwest whereazs in winter, the northeast wind comes from the
high pressurs zone over the Tibetan Plateau. Pressure and temperature patterns over
the area under survey can be seen in figures 9 a and b.
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The moderating effect of the ocean results in little chsnge of pressure
and wind between January and July in the middle and high latitudes of the Southern
Hemisphere. Storm winds, sbove 7 on the Beaufort scale, are dominant in the
northern summer leaving a2 calm zone between 1°S and 7°N west of 78°E. The northern
winter is calm with an occasions] tropicel cyclone around 10°S and E5°E-95°9
arising between MNovember and 2pril. In the Southern Hemisphere, southward from
1595, storm winds are seen more frequently.

Cloud cover is highest during the Southwest Monsoon in the Northern
Hemisphere but although this cleasrs during the Northeast Monscon, the Southern
Hemisphere remains overcast throughout the year. Sea fog is frequent during the
summer off the coast of Scmalia and south of the Arabian Peninsula. This
condensstion is due to cooling of air temperatures by the lower seawaster temperzature
and is stimulated by dust coming from inland_deserts. The dust loading over the
Northern Indian Ocean averages 1.2 microgram per m~ af air. The Northeast Monsoon
trangports cdust from the Rajostha desert region at one order of magnitude gresater
than those of the Southwest Monsocon over the open ocean aress. The southern
Indian Ocean saverages 0.68 micrograms per m~ of air with values in the East being
higher due to the influence of the Arabian deserts.

The total annual precipitation is high, more than *CCC mm in the central
equatorial belt and more than 10C0 mm in the western zone of the Southern
Hemisphere. Between 2C°S and *5°S, up to a northern boundary of 12°5-15°S and
particularly | off the west ©coast of Australia, it is fairly dry with
precipitation below 5CC mm. The equatorial wet zone, 1lying between the
equator and 10°S from the Sunda Ses to the Seychelles, is a result of the boundary

area between the northern.and sauthern wind systems. The eastern part of the Bay of

Bengal, paricularly off Malaysia, has a high precipitation in contrast toc the
west sgide of the Arsbian Sea which is very dry. Meximum rainfall in the
wet areas occurs 1C°S to 25°S between December and February and from 5°N to 1C°S
between March and April. These maxima cccur during the northern summer in the
western side of the Bay of Bengal whereas there is heavy precipitation during most
months in the wettest area between 5°N and 10°S, east and west of Sumatra.

In winter, when the sun's altitude is highest in the Southern Hemisphere,
heat is provided in all but _the northern-most parts of the ocean. The maximum
heat gain reaches 12 kczl/cm” per month in the 4C°S area, cdecreases to the north zand
is zero around 18°5 in the south equatorial current where evaporation is
strongest. It then increases again to resch &4 kcal/cm per month at _ 5°S
becoming negative north of 4°N and reaching 2 maximum heat loss of 6 kcal/cm™ per
month at 2C°M. The evaporation at the South  Equatorisl Current caused by the
Southwest Monscon becomes more conspicuous in February causing 2 hest loss zone at
its western side while the maximum heat gain zone shifts south by 4° latitude.
In the north, the heat loss ares occurs only in a small area of the northern part of
the Bay of Bengsl.

In April, the heast loss maximum lies over the Agulhas Current and covers the
Southern Hemisphere, while areas of heat gain occur north of 1C°N. The heat
gain. ares reduces further to the northern parts of the Arabian Sea and the Bay of
Bengal whilst . heat loss reesches a maximum of 12-14 &4czl/cm” per month
between Java and Madagascar. The heat gain area north of the equstor starts
increasing again in August whilst the area of large heat loss lies southwest of
india. Maximum heat loss in the Southern Hemisphere occurs at about 22°S but does
not reach Java. In October heat geain reaches 8-1C kcal/cm™ per month south of
40°S and patches of hest loss appear over the South Equatorial Current.
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Cn an annual basis, the strongest heat loss arsa occurs over the  South
Equatorial Current Dbetween Madagascar and Java and the Agulhas Current south of
Africa., Maximum heat gain lies around 459S and a zone of weak heat gain is seen
between Tanzania and Sumatra. In the Bay of Bengal and Arabian Sea the southern parts
show little heat 1loss whilst the northern parts have large heat gain.
Differences hetween the annual heat balance are accountsd for by horizontal  heat
transport by the ocean currents. This heat flux appears as a change in surface
temperature ‘with a delay of about . 2 months 2nd effects the layers above the
thermocline, below which seasonal changes in temperature are negligible.

.11 Gﬁclogy

The Indian Ocean is the smallest of the three great oceans and
geclogically spesking the youngest. It has existed since Permian times (late
Paleozoic) when Condwanaland, the land mass formed by Africa, India, Australia
and Antarctica, was thought to have broken up as a result of continental drift (see
fig. 10).

The bed aof the Indian Ocean has five distinct features: the Continental
Margin, the .Ccean Basin Floor, the Micreccontinents, the Mid Cceanic Ridge and the
Fracture Zones.

The continental shelves range in width frem a few hundred metres to
mere than 20C lm, for example off Bombay. Mumerous submarine canyens mark the
continental slcpe ..notably near the CGanges and Indus Rivers. Large sediment
accumulations forming abyssal cones are alsa .associated with these rivers. The
continental rise averages a gradient of 1:4C at the base of the slopes to 1:1C0 at
the abyssal plaim boundaries and cccasional sea mounts, sea knolls and canyons
may be seen locally.

The Java Trench bordering Sumatra and Java forms a boundary for the
Indian’ (QOcean between Burma and Australia. The oceam basin floor is noticeable for
it's abyssal plains. These flat surfaces have gradients from 1:10C0 to 1:7CCC with
occasional peaks, not exceeding 1-Z m, charactaristically lying on the seaward
side. The plains are extensively well-developed in the northern and southern parts of
the Indian Ccean but are poorly ceveloped off Australia.

Aseismic microcontinents, running north-south, are a striking feature of the
Indian Ccean and tend to be higher and more akin to sgare blocks with lower
lecal relief, than the mid-oceanic ridges. Notable among these, from west ta east
are, the Mgzambique Ridge, the Madagascar Ridge, the Mascarene Plateau, the
Chagos-Laccadive Plateau and the Ninetyeast Ridge - the longest and straightest
ridge yet discovered. In addition to these north-south running micrecontinents the
more  east-west trending Eroken Ridge, Diamantine Fracture Zone and Kerguelen
Plateau may be seen. '

The mountainous mid-aceanic ridge, lying in the center similar to an
inverted Y, is the most conspicucus feature of the Indian Ocean contrasting
with the smooth continental rise and flat abyssal plains. Starting from the
Carlsberg Ridge in the Arabian Sea it is thought ro separate two distinet crustal
regions. Along 1its axis is found a seismically active rift vallesy which |is
cut by several fracture zones, of which, the most prominent are the Cwen,
Redriguez, Malagssy and Amsterdam Fractures with msny smaller ones lying fairly
parallel to the Owen Ffracture Zone. Areas of smooth swale topegraphy are seen
to contrast with the mid-oceanic ridge and are probasbly the result of a blanketing.

effece by thick pelagic sediments. Major geological features are seen in figure
b0 6%



51 w

Figure 10 : Sketch Illustrating the Theory
of Continental Driit

From: Times Atlas of the World

( 1280 )

A Sinus Australis
B Sinus Borealis
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The pelagic sediments of the Indian Ocean floor are made up of red clay,
which covers 25% of the total ares ( fig. 12). Calcareous ooze covers 54% of
the ocean floor and diatom ocoze 20% of the area occuring in locslized patches.
Red clay is seen between 1C°N and 4C°S in the eastern ocean, away from islands and
continents and right up to the continental rise of West Australia, owing to the
semi-arid nature cof this region. Towards the trepics the red clay merges with
radiolarien coze. Vhere the depths are not excessive in areas of warmth and high
productivity, between 20°N and 40%S, calcareous oocze mainly Globigerina
species is found with pteropod dominating in small patches off MNorth Western
Australia. Diatom ooze is seen mainly in the sub-polar region beyond 50°S.

Terrigenous sediments, mainly kaolinite in the tropicel areass, are
found close to land. In the mid-ocean volcanic areas, lava and ash accumulations with
occasional fine tuffs and pelagic oozes are .found. The =zeolinite mineral,
philippsite, is characteristic near marginal volcanic zones. Corzl limestones are
seen occasionally. Near the circumpolar belts, melting of ice floes and
icebergs provides fine and coarse tillite sediments up to 50C km north of
Antarctica although deposits have been seen as far as 2000 km north of the
continent. JIn the western Indian Ocean, 15°N toc 20°S, coral reefs and biothermal
facies are seen. These are not associated with submerged volcanic cones but
with microcontinent type mid-ocesnic submarine plateaus. In the northern part of
the Indian Ocean, transport of sediments occurs by turbidity currents, volecanic
action and submarine slumping.

4.C MARINE CHEMISTRY

Oxygen content is wusually large a2t the surface and increasses with
decreasing temperature and hence the surface layer of the Antarctic region is
richest in oxygen with values above 7.5 ml/l. The northern Indian Ocean has
low oxygen values which can reach ss little as < 0.05 ml/1. '

This oxygen rich water is carried north by the  Subtropical Subsurface
Water, the Intermediate Antarctic Water and the Antarctic Bottom Water. In the South
Equatorial Current the oxygen content of the 100-300 m layer is less than 2.5 ml/1
due to the stability of the surface which prevents oxygen exchange at the sea-air
inter face as it has no contact with the atmosphere. The North Indian Deep Water is
poor in oxygen and forms an oxygen minimum layer between the oxygen rich bottom and
intermediate water mass=s down to 40°S.

Biological COxygen Consumption rates estimated in different arees of the
Indian Ocean show the center of the North Indian Déep Weter, from 60C-12CC m, to
have the highest consumption rate at 1.5-2.C ml/l. The biclogical oxygen
consumption rates of all equatorial regions, 1CC-3CO m deep, the Antarctic
Shelf, 0-4CC m deep, and the North Indian Bottom Water more than 20CC m deep
were valued at 1.5 ml/1, C.37 ml/l1 and 0.04 ml/1 respectively.

pH distribution determination was carried out for some regions as seen
in table 4. The Antarctic Surface Water shows a low pH due to cessation of
photosynthesis in the early winter (May). pH velues of the subsurface and
intermediste weters depend on the rate of oxidation and the supply of carbon
dioxide-rich waters. Deep water pH values are affected by the dissolution of
carbonates as well as oxidation which causes some differences in  vertical
gradients of oxygen and pH. Due to oxidation of organic matter the North Indian
Deep Water has s pH minimum which coincides with the oxygen minimum.
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Sharp increases in phosphates from the surface to 10C m in the equatorial
water are due to the general upwelling in the area. The highest values found in the
North Indian Deep Water are an effect of mixing with phytoplankton-rich intermediate
waters which originate from the Red Sea Water.

Although the Antarctic zone is rich in silicate consuming diatoms, the
silicate values for the area are high due to mixing with deep water whereas north
of the subtropical convergence uniformly poor silicate values of 5-1C mg at/m”
are due to stable stratification preventing mixing with deep water.

In the Antarctic zone, nitrites are found only in  summer in the C-25 m
layer where intense decomposition of unstable organic matter occurs. The maximum
value in the upper layer of the_ sub-tropical convergence in the
Subantarctic zone was found to be E-10 mg at/m”. No nitrite is found north of this
convergence in the southern_ winter and none is present in the North Equatorial
Water but values of 10-10.5 mg/m” are seen in the pycnocline.

Nitrate maxima of 110-220 mg/m3 are found in he Antarctic and
Subantarctic zones with an overall maximum value of 220 mg/m” at 12°S in Bhe North
Indian Deep Water. The Circumpolar Current has values of 2C00-21C mg/m” whilst
the Subtropical Convergence shows no evidence of nitrate presence.

Orgenic phosphorous values averaging C.20-C.3C mg at/l were found on the
southern boundary of the South Equatorial Current, the Equatorial Divergence and the
boundary between the Countercurrent and the North Equatorial Current. Maxima in the
vertical profiles lay at 1CCC m probably as a2 result of the salinity minimum of the
Antarctic Intermediste Water. Conditions of some waters of the Indian Ocean may be
seen in table 4 and figs. 12 a and b.

5.0 MARINE BICLOGY
5.1 Introduction

Most of the work carried out on the biology of the Indian Ocean bhas been
_done in connection with the results obtained from the International Indian Ocean
Expedition which begsn in 1959. The area contains both tropical and temperate
marine life, the majority of which is concentrated around the coastal regions.
The tropical Indian Ocean is considered the richest in shellow tropical marine
fauna. The leest productive of the ocean areas is the south centra! Indian Ocean
which is oligotrophic as compared to the rest of the ocean ares which is fairly
eutrophic. The Indian Ocean has a lower biological productivity than the Pacifice
or Atlantic Cceens due, in pert, to its relatively smaller continental shelf area.
The shelves off India, Sri Lanka and Pakistan are prominent on the western coast
whereas the eastern coasts and East Africe have narrow shelves fringed with
mangroves and coral reefs. The region of maximum bioclogical use to man is found
in the continental shelf area. The islands have volcanic and coral type reefs.

The Arabian Sea has the potential of being an exceptionally fertile srea,
especially during the southwest momsoon, due to upwelling induced by wind
stress. In the Ras Hafun area, upwelling results in weter rich in nutrients with
temperatures well below 20°C but lacking in the fertility apparent in more stable
upwelling areas. Turbulence results in replenishement of nutrients and waters rich
in plankton. Some regions of the Arabian Ses are very fertile due to the discharge
from rivers, for example at the mouth of the Indus, as well as from upwelling. High
concentrations of phosphates are recorded here and large precipitation
accumulations may be found.
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Figure 13p : Oxvgen and Phosphate Distribucion in
the Indian Ocean
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From: Physical Oceanography in the Indian Qcean
XK. WYRTKI (1973)
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The effect of river discharge is also important in the Bay of Bengal for
example, there is a high inflow of mud from the Ganges river. The discharge
from the turbid rivers is picked up by the MNortheast Monsoon Current and taken
along the East Coast during the Northeast Monsoon. The Southwest Monsoon, with
its heavy rains, causes an increased flow of fresh water from the rivers with
an increased sediment locad entering the water. Increased sediment reduces
light penetration gnd transparancy and results in a decrease of plankton as measured
in dry weight per m°. The sharply stratified low salinity at the surface, due to
high fresh water from the Ganges and Irrawaddy rivers, is the cause for the
relatively poorer fertility seen in the Bay of Bengal as compared to the Arzbian
Ses. ' i

Gentle downwelling in parts of the East African Coast around Kenya and
Tanzania prevents nutrient enrichment of surface waters. The coastal areas off
Tanzanie and Kenya are, therefore, less productive than the coastal areas of the
rest of the Indian Ocean.

5.2 Bacteria

The microbial distribution in the Indian Ocean . is clcsely linked to
that of the primary productivity. The -microbiomass is greeter near the Equator
away from the African Cosst. It is also greater in the northern parts of the
Bay of Bengal and the Arzbian Sea and off the Indian Coast st Goa.

Petritus is found in large cuantities near the coast and is. especially
abundant near the river mouths due to run-off. The increased-quantity of
organic matter accounts for the high bacterial counts found in the northwestern
parts of the Arabian Sea. These bacteria are mainly proteclytic types with about 1C%.
being of the luminescent variety.

S5a3 Primary Productivity/Phytoplankton

Although primary productivity is measured as a rate of energy storage, and
standing crop as energy present at any given time, the two mey be compared to
obtain 2 general view of primary production. Primsry production values can
indicate the fertility of various regions of the ocean and the variations in
productivity with season. In general in the northern Indian Ccean, the Southwest
Monsoon period is more productive than the Northeast Monsoon periocd. In the Northern
Hemisphere, for example off the East Coast of Somalia during the Southwest
Monsgon, production is 1.C gC/m”/day and in the Northeast Monsoon it is 0.2
gC/m”/day. Further south, few values are noted. Messurements of chlorophyll
'a' concentretions of the standing crop show the northwest Arzbian Sea to be fertile
(> 0.5 mg/m”) but the rest, ageain, is not so fertile. Tables 5 a3 % b
show primary productivity ranges for various types of waters. The tertiary
production shows a similar psttern to the primary with 2-4 million tonnes C wet
weight per 5°.square during the Southwest Monsoon pericd and 1-Z million tonnes wet
weight per 5° sguare during the Northeast Monsoon period.

Trichodesmium erythraeum is a blue-green alga endemic to the Indian Ocean
and often casuses blooms where nutrient-rich waters ere found. Some Indian Ocean
blue-green counts are recorded in table 4. Spatial distribution” of some
phytoplankton are seen in table 7.
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Table 5 b Primary Productivity {gCarbon/mz/day}
AREA SOUTHWEST NORTHEAST
ARABIAN UPWELLING 1.16 .23
ARABIAN SEA 0.76 0z
JAVAN UPWELLING 0.55 0.28
EAST TROPICAL OCEAN 0.70 0.26
EQUATORIAL REGION 0.40 0.15
EAST AFRICA & MOZAMBIQUE 0.83 0.42
BAY CF BENGAL not sampled 0.2

»

From: Production in the Indian Ocean and the Transfer

from the Primary to the Secondary Level

D. B. CUSHING (1973) .
Table © Blue-Green Algal Counts
AREA NUMBERS
ANTARCTIC GYRE & 1000 - 100,000 cells per liter
WESTWIND DRIFT

ARABIAN COAST UPWELLING -| more than 100,000
SOUTHWEST INDIA " more than 100,000
ARABIAN SEA app. 10,000
EQUATORIAL CURRENT app. 10,000
SOUTHERN TROPICAL GYRE less than 5,000
BAY OF BENGAL less than 5,000

From: Primary Production in the Indian Ocean

J. KREY

(1973)
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1. Coastal upwelling ireas
1. Southern Arabia,
b. Western Austraiia,
¢. Indonesia

2. Cencral Arabian Sea and
Bay of Bengal

3. Somali Current region
1. NE section
b. SW section

7. West-wind drift region

8. Anrarctic gyre up © the
suDanrarcric convergence

4. Mozambique Current region
5. Equaronal Current region

6. Southern subrropical gyre berween
southern subtropical convergence
and the southemn wopical froat

Diatoms

Dinoflagellates,
Blue-green aigac

Diatoms

Diatoms
Dinotlag=ilates,
Coceolithuphores
Dinoflagellates

Diaroms

Diaroms

Dinoflageilates,
partily Blue-gre=n aigac

Diaroms, Coccolithophores

Dunotlagellates, partiy
Blue-green aigae

Dinotlageilares,
Coccolithopnores

Diatoms, Blue-green algae

Coccolithophores, Diatoms

Dinoflagellates,
Coceolithophores

Dinoflageliates,
Coccolichophores

From: Primary Production in the Indian Ocean

J. KREY

( 1973)

Counts oI Total Abundance and Percentage oI

Table 8

Chaetognath Species.found in the Arsbian Sea
Scecies Total Abundance Percentage
Eukronnia 7 negligeable
Krohnitta 14,627 1.3 %
Plerosagitta 48,319 5.1
Sagitta 9717130 83.6

From: Chaetognaths of the Arabian Sea

V. R. NAIR & T. S. 5. RAO

(1973)
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5.4 Zooplankton

The copepod populations follow 2 trend of increased numbers in the
northwestern regions. They are associated with productive waters. Amphipods are
found in large numbers in the southern central and central Arsbian Sea. Fair
numbers ere seen in the east and west southern Indian Cceen in the equatorial zone.
The Somali and Arabian coasts have & high density of amphipods ancd the Bay of
Bengal has a high concentration in its northern part. Increased numbers are
noticed in upwelling regions, in sreas of river drainsge and at night due to
vertical migrstion. Euphausid concentrations 2lso follow & similar petgzern.
Zooplanikton volumes ore highest in the Arabian Sea with values of 54.7 ml/mz. A
general idez of the cifferent species of chaetognaths present is shown in table E.

Detritus feeders are dominant nearest the surface followed by seston and
predators. At a depth of 200 m seston feeders become dominant.

14 species of Hydromedusae have been recorded in the Arabian Ses of which
4 were salso seen in the Say of Bengal where they tolerate low salinity. Half of
the species present there are neritic. Inshore and in upwelling areas, their numbers
are low, the greatest numbers coming from the boundary zones and discontinuity
layers and where there is a large food supply. Some deep water species are also
present. The dominant species found ere Aglaura hernistoma and Lyriope
tetraphylla. These are warm water, holoplanktonic, oceanic, surface species.

Bl Benthos

Benthic biomass generally decresses with increasing depth. The abundance
of benthic organisms is linked with the presence of food. Areas rich in detritus
and phytoplankton are favourzble to colonization by benthos as these regions
are rich in nutrients. Phytoplankton numbers are at a minimum at the tropics with
higher densities towards the two poles. The benthos is thus richer in the
temperate regions near the coast. Some concentrations of benthic organisms are
listed in table 9 end their spatial distribution is shown in figure l4.

The major part of the benthos consists of polychaetes  at 'depths.
Crustscea snd Tanasidzcea are common in shzllow regions and sponges are seen at
grest depths along with echinoderms. Molluscs are not very common.

A few cumacea have been noted near the coests of Gujsrat and Southwest
Indiz. The species recorded include Sympo dammatida, Bodotriida spp. and
Lerconide spp. Specimens of cumacea have also been seen in the nearshore  waters
off Pakistan, India and East Africa. Cumacea are usuzslly rsre in open waters
and are present in waters of low oxygen content. Compulaspis spp. have been found
at great depths off Madagascar.

Rivers carry pollutants and detritus to the sea, sometimes in the form of
nutrients. At the point where these rivers flow out nutrients enrich the
waters and this often leads to some eutrophication. The effects of this river
discharge and run-off on the fauna and flors is very localized.

5.6 Representative Biotopes

The major ecological systems present in the Indian Ocean are the coral reef,
corzl-free/inter-reef areas, mangrove swamps znd open ocean. The Somali upwelling
ares is sometimes taken as a3 sepsrate ecosystem. The two major nearshore biotopes are
the coral reef areas and the mangrove swamps.



- 34

(EL6T)  DIVNALSYA "W *d 9 YAOAWMODONIA "D "N 'YAOTOMOS ‘N "W 'NYWAIN ‘¥ 'V
Ueadp uRTPUL Ayl UT  PUNRY WOIIOH JO UOTINQIIISTJ DY) JO S127110J HWOS WOL]

Appemeaar ay3 3e usbAxo MmOoT 03 2anp w gGT-0p8 Ie

1ood fw G/-G7 3B IsaYOTY

G0'0 uPyl S8BT NVAD0 NAJO NUTLSVA
1°0 ueyj ssaf NVID0 NAJO ISIM
2°0 ueyl ssay NVADO NAJO

g e ILNOW SHONVO

. 01 ueyy ssaf SOTAOML "TVLSVOD

0T - 0 | SNYWVYANY % TTYONAH JO AVH

G 03 0f - G¢ YIONI J0 LSY0D JSiM

(atex3s anbrquezow o3 dn) G - g 03 07 - ST VINSNINAd VY
,W/b e burbexase ,U/B 005 ueyl sxow vaS NYIGWVIV HILAON
SUAIWNN Ay

ueaoQ uetpur a1 jo suorboy awos ut punoy swstuehig otyjueg jJo sIDGqUAN  : o B[




- 35 =

(vewdany "y "y woxj) urvang :q_‘uf 8yl Uy ssewoyq OTYJuIQ JO UOTINQIIISTQ P op1 @anbyy




= 96 -

5.6.1 Coral Reefs

One of the main focii of marine life in the trecpics is the coral reef
which extend to a depth of approximately 15 m. The coral reef is made up of
calcareous skesleteons, living and dead, onto which coral polyps are attached. In the
shallow regions of the coral reefs (2-3 m deep), the substratum is made up of sand,
coral and encrusting algae and colonized by angiosperms and turtle grass. The
20°C isotherm is a rough indication of the lower limit of coralline growth.
The numbers of coral genera present in certain designated areas is shown in
table 1C and the corresponding diversity contours are shown in fig. 15. In
Mozambique, most of the corals are found in the north from Preimeirzs Islands
to the Rovuma and are rich in neritic molluscan fauna. These areas support
commercially important fish and crustacea. The shelf region to a depth of 12C m
has mainly coral rubble in it but some fauna is present.

5.6.2 Mangroves

The estuarine regions of most rivers of the area have extensive
mangrove growths, ~ Mangrove vegetation extends along the coasts of Mozambique,
Tanzania, Kenya and the southern part of Somalia with some mangrove forests
found in the Northern Madagascar Coast. In India, an area just under 7CC,CCC hectares
is covered with  mangroves. Rhizophora  mucronata, Avicennia officinalis,
Sonneratia acida and Excoeccina agallochra are the dominant species present. The
mangrove area is economically important for firewcod, tanin medicinal products, pulp
and paper, timber and aquaculture. They =are also important spawning, nursery
and feeding grounds for commercially important fish and shellfish species.
Oysters, mangrove crab, mullet and pensid shrimp are found here. The mangroves
have a distinct ecological character of their awn, Due to heavy demands on land
a large number of mangrove arees are being cdeforested. This activity combined
with giltation is sericusly affecting fisheries and environmental conditions
in some of the areas of the region.

6.0 FISHERIES
6.1 Introduction

The Indian Ccean contains between 3CCC and  4C0C species of fish. The
dugong oOr sea cow is an aquatic mammal peculiar to tropical waters. The numbers of
these animals are on the decline as are those of the sea turtles.

The western and eastern extremities are fairly distinct 1in species _
composition with the Arabian Sea being slightly more productive than-the Bay
of Bengal. Cue to areas rich in chlorophyll, nutrients, organic production and
zooplankton, biomass should sustain large stocks. of fish. In the countries of
the Indian Ccesn, fish forms an important source of food. Fisheries contribute in a
major way to the economy of the majority of these countries. Most fishing methods
are fairly simple, and fishing by large vessels using advanced technalogy is
somewhat restricted to the foreign presence in the area. The main species af
fish found in the Indian Ocesn are listed in tables 12 and 13. The distribution of
fish larvae in the Indian Ccean is shown in fig. l&. '

Comparing potential yield values estimated in 1972 with actual catches
in 1979, the Indian Ocean area still appears to be underfished (see tables 14 %
15). The main part of the catch usually consists of Clupeidae (herring, sardine)
and Engraulidae {anchovy) 36%, followed by Serranidae (red fish, basses)
and Congridae (congers) 24¥, crustacea - mainly shrimp 15%, Scombridaze (tunas,
baritos, skipjsck) 14% with Scombridae (mackeral) and Istiopheridae (billfish),
amongst others, making up the remaining 11%.
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Table 10 Distribution of Reef Coral Genera in the
Indian Ccean (nos. of genera)

COUNTRY SURFACE 18-91 m 91-146 m 146- m
MALDIVES 59 49

SEYCHELLES 53 27

ALDABRA - GLORIOSO 50 29

EAST AFRICA 47

MADAGASCAR (southwest) 44

MALDIVES 40 1.7
" CHAGOS 40 3

MAURITIUS 40 1
SRI LANKA (south) 37 1

MERGIN 37 1

MOZAMBIQUE (scuth) 35

MINIRAI 32

SRI LANKA (north). )

INDIA (south) ) e %

AMIRANTES 21 19 3
COCOS~-KEELING 25

ANDAMANS 24 d

RODRIGUEZ 21 _

MOZAMBIQUE (north) 19 3

MADAGASCAR (northwest) 18

COMORO ISLANDS 18

FLORES (south) )

TIMOR ( west) ) A3 8

SAYA DE MALHA 13 12 sy
AQABA 12

FARQUHAR - PROVIDENCE 9 2
CARGADOS CARAJOS q .9

LACCADIVES 9

REUNION 5

NICOBARS 3

SAVAQUIRAH BAY 1

From:

Biology of Corals

Bi R

ROSEN
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nt Species of Marine Orcanism:

Takle 12 . Presence of Differc
ems in the Indian QOcr:-

in.Various Eczss==

Reol
100 i

Species

20 w
Coral Recf
100 m°

Lagoon -
Boat channel
Reefs
Shelrl
Coastal
Pelagic
Small
Schooling
Larqge
Schooling
Coral

20

Coral Reef
Mangroves
Epipelagic
Meso/it by
PFelagic
Deepr Ocean

0

k

Siganidae
Mugilidae &
Lethrinidae + + +
Lutjanidae + + + =7 +
Mullidae + + + +
Scaridae + +
Labridae +
Nemipteridae + i 1l
Acanthuridae +
Serranidae + + +
Carangidae K3 - - - - + + + +
Clupeidae f + + -
Scombridae + + + + -
Sphyraemidae + * §
Leiognathidae +
Rachycentridae +
Trichiuridae % .
Synodontidae + 5
Sparidae + | +
Engraulidae +
Mvctophidae +
hpogonidae ' -
Diodontidae

Coryphaenidae

Istiophoridae

Other
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Table 12 Brescrnee ¢f Tifferent Snccies of
Marine Oraanasms 1o Variousg Ecosvezemzs io
the ingia;. weesn lsont.d

Species "1 Z]-3 4 5} & 7 & g | 204 3L | 121 313 | 14
Sepioldae +
Sepiidae *
Portunidae Y
Penaidae &
Chelonidae ¥
Ostraidae +
Paniluridae - = %
Octopoda +
Rays *+
Sharks = + +
Cetacea = 4 +

Key:

1 Lacoon Boat channel

2 Reefs

.3 Shelf

4 Coastal Pelagic

5 Small Schooling

& Large Schooling

7 Coral Reef 0 - 20 m

8 Ccral Reef 20 - 100 m ‘

9 Coral Reef more than 100 m

10 Mangroves

11 Epipelagic

12 Mesopelagic / Bathvpelagic

13 Deep Ocean

—
&>

Other
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Tabis 13 Fisn Specias Present and Approximats Distribution

Estuarias: Penaids

Mangroves: Penaids, mullets, crabs, oysters

Reefs: Lethrinids, scolopsis, scarids, lutjanids, caesio, carangids, panulirus
Cnral-{rse Reels: Rays, siarks, bre=ams, penaids

40 metars: Scavengers, sSnappers, Snarks, rays

Corzl rubble & rocky bottom: Lutjanids, serranids, sharks, denticids, carangids,
caesio, spiny lobsters

Smooth Sea Flcor: Mullidae, nemipterus, sauridae, sparids, lutjanids, serranids,
lethrinids, sand lcbster, portunid crab

more than 100 m: Pristipomoides, carangids, panulirus, scuridae, polysteganus,
sparids, epiniephelids, sharks

Deep ocean waters: Tuna, billfish, squids, cuttlefish, sharks, skipjack,
dolphin f£ish, auxis, suthynnus, scomberomorus, acanthocybium,
clupeoid, carangids, baraccudas

Epipelagic: Sardines, scombroids, carangids, scads

Mesopelagic/Bathyvpelagic: Lantern fish, gonostomidae
Others: include red oceanic swimming crab, mantis shrimp, porcupine fish,
dolphins, marine turtles

East-West Distribution of Major Species

Pelagic: Qil sardine *, lesser sardine +, other clupecids +, Bombay duck *,
half beaks, gar fishes, carangids, flying fish, ribbon fish +,
mackeral *, seer, tunny, Indian pellona, leiognathidae

Demersal: Elasmobranchs +, eels, catfish +, tuna, perches, lizard fish,
anchovy, red mullet, polynemids, sciaenids +, silver bellies +,

lactarius, pomfrets, soles, prawns *, shellfish, cephalopods,
crustacea, Pomadasyidae

* Dominant on the West Coasts

+ Dominant on the East Coasts
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Table 14 Potential Yielé in Thousands of Tons
DEMERSAL &|
ZONE crusTaces |- PELAGIC TOTAL
EAST AFRICAN COAST 120 5 125
EAST AFRICAN OFFSHORE 3000 - 3000
SOMALIA - - _
WEST PAKISTAN 160 90 250
'__'HEQBIA,'wéEE"EEKEE“ 580 1020 1600
MALDIVES, LACCADIVES, CHAGOS 7 ' 23 30
INDIA, EAST COAST 143 672 815
EAST PAKISTAN 98 250 348
SRI LANKA 52 90 142
ANDAMAN & NICOBAR ISLANDS 4 8 12
OCEANIC (Tuna) - - 450

From: India and Indian Ocean Fisheries

R. RAGHU PRASAD & P. V. R. NAIR (1973)
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6.2 Pelagic and Cemersal Fish

The demersal fish catches are rich in northwestern parts of the Eay of
Bengal but pelagic fisheries are negligible in comparison with those af the Arabian
Saz. In the Say of Bengal, the majer part of the catch taken by Surma is mainly
through the use of primitive craft with simple nets. Mechanisation of the technicues
using purse seines and side trawlers is, howsver, becoming more prevalent. In the
latter menner, mackeral are caught off Sri Lanka, the Maldives and Bangladesh, aof
which <the last has ihe most primitive fishing methods. India and the Maldives are
nett exporters of fish whereas Sri Lanka still imports some of her needs.

Om the East African Coast, the trawlable ground is  fairly unproductive.
The potential yield is probably 1G,CC0C-20,CCC torns. The most commen fish appearing in
the trawls are Carangidae (scads, horse mackerals), Lechrinidae (empercrs,
scavengers), Lutjanidse (snappers) and Serranidae (groupers, Sasses).
Scemproidae, toe, is fairly common. tlasmobranchs (sharks, ra2ys) cemprise an
important part of the catch. Coral-free areas such as the North Madagascar and
North Kenyz Banks, the Zanzibar and Msfia Channels, the Somali Ceast and the Gulf
of Aden are impartant as trawlable grounds.

Large tuna such as yellcwfin, bigeye, albscore and southern bluefin " are
the most heavily exploited pelagic Ffish with 1CC,CCC-12C,CCC <cnmnes being
captured, whereas skipjesck is lightly exploited mostly around the Maldives and
Sri Lanka. B8illfish stocks are cverfished by longline technigues. xploitaticn of
other species has not been assessed.

From Mogadiscio to the Indo-Pakistan border, purse seining for scheols
of herring species and scad is commen. OfF Pakistan, in the 1C-JC m depth layers,
armchovies are found in abundance especially from the Sind coast of Pakistan to the
Ras Hafun-Ras Asir coast of Scmalia. Catfish (Ariidae), snappers,
groupers, hairtail (Trichiuricdae), croakers (Sciaenidae) and grunt (Pomadasyidze)
are an important part of the demersal fish community. In Kenya and Tanzania, fishing
is still mzinly concentrated inland. The coastal arees are pocrly fished
probebly due, in part, to the poor fishing technology existing at present.

8.3 Mesopelagic Stocks

Preliminary calculations show approximately Z millicn _tonnes of mesopelagic
fish to be present with maximum concentrations of 1C-3C g/m™ just off the shelf
from 150-7CC m deep. The catch rates are highest in the northern Arabian Sez
with  Myctophidae and Conostomidae being the main species found. Off Pakistan
cne finds mainly B2snthosema pterotum followed by B. fibulatum, Ciaphus
perspicillarus and 0. watasei. The species composition is more diverse further
south (see fig 17 and tables 1§ a & b). In the eastern Indian Ccean,
Gonostomicdae (Cyclothone alba and Gonostoma elongatum) and Myctophicdae (Benthcsema
suborbitale and Diogenichthys atlations) are still dominant. The Arabian Ses
seems to hold the largest stock of mesopelagic fish of the world but estimates
vary from &0 million to 15C million tonnes whether due to patural
‘fluctuations in the stock size or sampling variatioen.

Fish larval counts are 25/m2 for £ast Africa, 27/.112 in the cpen ocean and
9/m“ en the Indian %West Coast which were sampled using shallew nets. Ffrom Cape
Cuardafuii to Mombasa, 2 large varisty of scarse fish larvae are seen (175 species),
and these are possibly corzl fish as there is a narrow snelf here. These fish
were mainly men-of-war fish, cardimal fish and lantern fisn (28 larvae/m”). The
last -two along with wrasses (Labredae) and left-eye flounders {Bothidae) are
common in the open ocean arsz between East Africa and South Africa although not
S0 mzny specimens are present (18 larve/m”)., The West Indian shelf reveals
Goncstomidze, Myctophidae and Sregmacerotidze {42 1arvae/mz}.
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Western Incian Ocean

Area Size (m2 X lOll) 310mass (g/mz} Stock (merric tcnnes)
1 1% 30 100
2 3 30 15
3 95 0.5 20
4 3=5 6 2
5 184 B:5 90
Total 305.5 257

Eastern Indian Ocean (1KMT-10 ft)

T 34 4.7 16
Iz 75 3.8 29
I1L 122 3.1 i8
Iv 53 1.8 11
Total 290 94

From: A Review of the World Resources of Mesopelagic

Fish
J. GJOSAETER & K. XAWAGUCHI

(1980)




Table 17 : Species Collectec in the Larval Stazte

in Different Coastal Regions of the Indian Ccear

Area Species
Somali coast Meciapenaeopsis andamanensis
Penasopsis rectacura
Parapenaceus sp.
Penaeus sp.
Gulf of Aden Penaeopsis rectacusc

Saudi Arabian coas

Bombay and Ratnagiri coast

South west coast of India

East coast of Ipdia
(off Madres to Orissa)

Rangoon coast

South of Apdaman and
around Nicobar Isiands

Metapenaeus dobsoni
Penaeus sp.
Metaperasopsis andarmanensis

Merapenacopsis coniger
Penaeopsis recracuta

Metapenaeus affinis
Penageopsis rectacuta

Penaeopris rectacuta
Parapenacus sp.
Merapenaeus spp.
Mercpenaeopsis andamanensis
Penaeus indicus
Trachyvpenoeus curvirosris

Penaeopsis recracuia
Parapenaeus sp.
Metapenaeopsis andamanensis
Metapenaeus spp.

Pengeus indicus

-Parcpenaeopsis Sp.

Perngeus spp.
Merapenceus sp.
Pengeopsis reclocuta
Parapenaeus sp.

Penaeopsis rectacura
Metapenaeopsis sSpp.
Penaeus sp.
Meigpenaeus sp.
Perapenacopsis sp.
Trachypenaeus sp.

From: Abundance and Distribution of Penaeid Larvae as an
Index of Penaeid Prawn Resources of the Indian Ocean
V. T. PAULINOSE & M. J. GEORGE (1976)
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6.4 India

In India, with a coastline aof 5650 km, the major fishing ground lies
off Kerala followed by Maharashtra and Tamil Nadu. Major potential still exists for
catches of catfish along the northwest coast; deep sea lobsters from the
southwest coast and upper continental slope off Ouiland: squid off the southwest
and southeast coasts along Gujarat and Maharashtra. Lantern fish (Myctophidae), a
mesopelagic species providing vitamin A and about 110 litres of oil per ton, are
found off the Bombay shelf and Angina 2aks. Grenadiers (Lutjanidae) and macurids are
found off the west coast; swimming crab off the northeast and east coast and prawns
off Kakinada.

India has extesnsive molluscan resources which are neglected in  some
reqions and overexploited in others. The more important species are mussels,
oysters, clams, pearl oysters, squids, cuttlefish and sacred chank
(gastropod) . Indian mussels attain sexual maturity very early and grow rapidly to
marketable size and they should, therefore, be profitable. However, there is
little demand in India for edible bivalves, although pearl culturing is viable.
Cephalopods, too, are still underfished.

Bottom trawling provides an average of 20C kg per hour -of which 24% are
elasmobranchs, 17% congers, l4% catfish, 16% croakers and 5% pomfret (Stromateidae).
Pelagic trawling is. most profitable off Owarka followed by Veranal and Goa.
Here, 834 kg per hour has been recorded (6C% horse mackeral, 1€% ribbon fish
(Trachipteridae), 5% elasmobranchs 3% catfish, €% pomfret and 2% eels). In each
case the remaining percentage is made up of diverse other species.

6.5 Pakistan

Large resources of anchovy and whitebait (Clupeidae) are found on the
west coast. They are found between 25-35 m from October to May. From the data of
cruises in 1969, the potential yield of pelagic fisheries to a depth of I5C m,
was estimated at 3-4 times the present catch. In 1978, the standing stock for
demersal inshore fisheries was 43,500 tonnes and up to 125 m  offshore, 4,2CC
tons. For both, the annual sustaineble yield is estimated to be 41,CCO tons.
The inshore waters were found to be exploited but the aoffshore waters were not.

6.8 Sri Lanka

Sri Lanka has a coastline of 1,770 km with a wide continental shelf. The
expectad yiald is 26C,00C tons. There are 1CC0 fishing villages with
approximately 43,000 fishing households. Ouring the southwest monsoon, fishing
takes place on the north and east coast and during the northeast monsoon, on the
south and west coasts. The fishermen migrate to obtain maximum fishing time. 3C-4C km
offshore, roughly 6CCO-tonnes tuna and skipjack are caught by gill-netting from deep
sea vessals. Coastal fisheries form 9C% of the total, with. commercial fishing
using mainly beach seines and drift nets. Purse seines ares coupled with light
attraction techniques to increase catches of small pelagic fish. On the west coast,
sardine, herring, redbait and anchovy are caught, but only sardine and herring
are caught on the east coast. The main period of fishing is from November to April in
the west and from May to Cctober in the east. Shrimp, crab and lobster ars
valuable resources and only the last is fully exploited and the catch includes
juvenile specimens. Marine turtle is regularly caught off the North coast.
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6.7 The Comoro Islands

The four Comoro Tslands have msinly rocky coastlines with a scattering of
sand beaches. The 129 fishing villages provide an snnual cztch of >CCC tonnes of
which mcre than 5C% is tuna. The Saya de Malha is one of the biggest fishing
areas. This is meinly a subsistance fishery using stationary lines or simple
troll lines close to shore, zs the main transport is by engineless canoes. Szle of
the catch is local but good catches are often lost due to lack of z market.

6.8 Kenya

Kenya has just over 5CC km of coastiine with fringing coral from 16-4C m
deep. There are approximately 6CCC fishermen and 1C* of the boats are mechanized.
Fishing is mainly within the 12 mile zone using beach seines, gill nets and
bottom lines. The most productive zones are from 25-2CC m of fshore and on the North
Kenys Banks. In one month's trawling an average of 70CC kg shrimp and 14 kg fish
may be obtained. Restrictions are enforced on the export of marine shells and
corals. Commercial exploitation of marine turtles and sea cows has also been
banned. Swimming crabs are common off the Kenyan coast although they are not
exploited. The main species of crustacea found off the Kenyan coast is shown in
table 17. The existing fish stock is underutilized and Kenya imports some of its
needs.

6.9 Madagascar

The major part of the fish catch in Madegascar comes from the - inland
fisheries. Local marine fisheries appear to be concentrated on the west coast
catching mainly shrimp, whereas offshore foreign vessels are dominant. Prawn
larvae are located nearshore and open waters support few varisties.- The biggest
shrimp fisheries, however, occur in Madagascar and Mozambique and are fully
exploited there.

6.1C Mauritius

Mauritius hes a fringing coral reef which slopes to 15C m deep. There
are over 2C00 fishermen using meinly basket traps, lines, drag seines and gill
nets. The lagoon stocks are constantly replenished but the demersal fish are
associated with corslline and sponge areas and hence trawling is not possible as the
hydrogeography is poor for fishing, and growth and recruitment of stocks is slow.
Coral reefs are heavily fished off Mauritius where crustacea are zbundant with
spiny lobsters and crab being the primary catch. There is some oyster harvesting
on the west coast in the vicinity of the mangrove swamps and a small tuna fishery.

6.11 Mozambique ‘ -

Mozambique has 4020 km of coastline with a northern rocky coralline
zone, central loemy shore with mangroves_and =2 southerly sandy zone with
consolidated dunes. B0%¥ of the 12C,CCC km shelf is in the central ares.
Subsistence fishing exists along the entire coastline. There are important pelagic
fisheries (Sofala Bzy) and shallow wster shrimp fisheries (Maputo Bay) along
the coast with clupeoids being found in large quantities in the estuaries. The spiny
lobster is common at 1CC-40C m depths from the southern border to the Bazaruto
Islands. Artisansl fishery is carried out from small craft *-8 m in length using
traps, beach seines and gill-nets.
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§.12 The Seychelles

The Seychelles are macde up of 92 1islands with Fflat areas between that
permit  trawling. The north, west and east edges have coral and the northwest ecdge
has sea knolls. Handline, trap and bteach seine are wused catching mainly  jacks
(Carangidae) but with fluctuations due to adverse weather conditicns and
migration. Various catching methods are used to catch different species.

812 Tanzania

Tanzania has ECC km of coastline with 6é-8C ¥m of shelf. €C-9C% of
the fishing is artisanal using outrigger cances, hooks, lines znd nets. Pembz and
Zanzibar Islands and the shallow channels between the latter and Mafia Island
contain some of the more important Ffish stocks of sardine and other filter
feeding clupeoids of the East African cosst. 75% of the fish catch is small
pelagic fish and 25% demersal, the catch being made up of sardinellsa,
sharks, rays, small prawns, lobsters, tuna, billfish, kingfish, groupers,
‘barracudas and snappers. About 70C0 individual fishermen exist using purse seines,
gill nets, traps and hand lines. Stocks are still underfished.

5.14 Somalia

The Somali coastline has good fish resources narth of 159N but the  rest
is fairly unproductive. There are commercislly viable grounds for tuns fisheriass.
Mackera! is an important species along the edge of the continental shelf 5-1C°N,
The northeast coast has a fairly high abundance aof small pelagic fish: Indian oil
sardinella, round herring and scad. Some export of dried and/or salted fish to
neighbouring countries is underway.
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PART II
POLLUTICON
7.C INTRODUCTION
CESAMP, the Joint Group of Experts on the Scientific  Aspects of Marine

Pollution, has defined merine pollution as "the introduction by mzn, directly
or indirectly, of substances or energy into the marine enviromment fincluding
estuaries) resulting in such deletericus effects as harm to living resgurces,
hazards to human health, hindrance to merine activities including fishing,
impairment of quality for use of sea water and reduction of amenities.”

The Indian Ccean region, especially in the Bay of Bengal area, is one
of the most densely populsted in the world (see table 18). With progressive urban and
industrial growth, pollution in the countries bordering the Tndian Ocean Bzsin is
" becoming & major source of anxiety but is only just being documented as experience,
funds and technology with which to tackle the problem become more prevalent. The
primary sources of pollution are industrial and municipal effluents, oil
spills or . leakages, river run-off including agricultural wastes, and the
adverse effects of coastal development, for example from blasting and dredging.

Until recent oil pollution scares end the incressed publicity given to
pollution affecting coastal aress, research in the countries in this region,
especially the islends, has tended to concentrate on development 2and exploitation
of figheries resources. This occurs for two main reesons. Firstly, the countries are
dependent on fish as a source of food as well as income from exports; hence
improved fishing technolegy is potentially important to the nationsl economy in

many cases. Secondly, these nations are developing countries and
industrialization is not far advanced. Many of the countries are primarily
agricultural and with increasing populzstions and urbanization, the

problems of pollution from domestic and municipal wastes and from agriculture are the
first to cause concern., Although industri2! technology and the number of
factories being built have been growing very rapidly, the adverse effects of this
development =are only just being studied, and research is now being carried out on
factory effluents. In addition, o0il contamination studies receive priority due to
the heavy tanker traffic going through the Indian COcean to the Far East.
Some details on growth and development, industrialization, mejor resources and
major produce are seen in tables 19-29.

Tl East Africa

Little information is aveilable concerning pollution of the East African
Coast. The main threat is from oil contaminstion but otherwise pollution does not
' appear to cause much concern. Coastel and corsl reef, damage is one of the mzjor
problems in East Africa. The reef is close to the shore -and vulnerable to
pallution end silting. Coral has been dynamited and used to construct breakwaters,
and burnt for the production of lime to be wused in building construction.
This destruction of the coral reef system has caused several marine species to
disappear including starfish and sea-urchins. Artisanal fisheries are
concentrated . on well-developed fringing coral reefs and their lagoons. The reef area
is productive and local fishing is intensive. The use of dynamite and poisons for
fishing is now banned Kenya and Tanzania but has already destroyed fish cover and
caused severe damage in the coral reefs which are slow to re-form. In Tanzania a
species of algze breeds on dead coral. These algze, when consumed by fish, render
the fish flesh poisonous.
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18 : Penitlation Pigures for the

Countries of

the Indian Ccean

3asin

2

- Country Populacion Arsa (xm’)
3angladesn 86,062,000 142,778
Burma 34,434,000 673,031
Comcro Islands 328,000 2,274
India 578,255,000 3,287,593
Kenva 15,780,000 582,544
Madagascar 8,511,000 587,042
Maldives 145,000 298
‘Mauritius 976,000 1,865
Mozambigue 10,199,000 789,961
Pakistan 79,838,000 803,941
Seychelles . 64,000 443
Somalia 3,542,000 637,539
Sri Lanka 14,608,000 65,610
Tanzania 17,382,000 939,762

From:

The Times Atlas of the World (1980)
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Tazic 22 : Produstion and Cavaezitw e Tnergy Tougys:
(1974
Cauﬁc:;es Pacrol Naczural Petrolaun Coal
( 163 tonnes) Gas Distillation | (x 103 Tonnas)
(ce2cra cals) Capacity
(% 103 wnnes)

Sangladesh - 5720 1580 1471
3urma 1153 1325 132C 13
Comoros Islands = = - -
Inéia 3639 10830 31960 100870
Xanvya _ - - 1 4750 =
Maﬁagas;ar : - - 750 60
Mapritius - - - -
Maldives - - - -
Mozambicue - ' - 800 371
Pakistan 305 J 40140 3690 o 1349
Seychelles - - - --
Scmalia - - - -
Sri Lanka - - 1850 -
Tanzani - - 850’ 1

Trom: Unitaed Nations Statistical Yearbook (1378)
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Table 23 : Production ané Consumrtion of Enerct
in millions ©f metric tenne:

Country Production | Consumpticn | Hydro- Hydro- Total | Total
electric | eletric capa~ | produc-
Capacity | production city tion
Bangladesh 1.14 2.63 110 505 915 1710
Burma 1.78 1.51 1el 470 441 968
‘Comoroim = 0.02 - 1 - 3
India 121.08 132.92 9029 34827 23684 | 95335
Kenya 0.09 2.10 b 694 284 | 1119
- Madagascar |  0.02 - 0.55 - 40 ---248 95 343
Mauritius 0.01 Q.38 - ;5 55 143 378
Mozambigque 0.56 1.25% 680 1510 753 1915
Pakistan 8.33 13,4, 2236 4920 2236 10876
Seychelles - 0.03 - - 11 ; 33
Somalia : 0-15 f - 18 45
Sri Lanka 0.14 1.45 335. 1134 421 1202
Tanzania 0.06 1.07 - - 160 685

From: United Nations Statisticz2l Yearbook {1278)




Tabls 24 Major Resources
Surma - Copper Bangladesh - Coal
Petroleum Petroleum
Water Power Water Power
Tin
Tungsten Mozambigue - Bervl
Zinc Water Power
Lead
Silver Madagascar - Graphite
Uranium
India - Uranium Pakistan - Graphite
Titanium Lignite
Magnesium Chromium
Mica Water Power
Bauxite Petroleum
Ircoh Ore salt
Chromium Coal
Asbestos -
Gold' Sri Lanka.- Graphite
Manganese
Coal Tanzania - Diamonds

Water Power

Salt

Soda Ash

Water Power

salc

From: Hammond Headline World Atlas (1977)
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Table 27 : Industry in the Comoros Islands
The principal exports of the Comoro Islands are ylang-ylang oil

caps) . vanilla, copra, cloves, and to a smaller

"
0
"
o)
)
[
I_'!.
i
wn
1)
o]
L
w

axtens, coffee, cocoa, rice, maize, manioc and livestock.

Commodircy Ysar Quantity

Ylang-Ylang 1974-1977 | 300 tonnes
Vanilla 1970-1974 300 tonnes
Cloves at present 150,000 trees
Copra = 2 50,000 tonnes

Coconut production is high ; more than 60% of the production
is used for domestic purposaes and less than 40% goes towaxds the

production of copra.

From: Comoros - An Island Nation in a Difficult
Economic Situation (1981)

The Courier : Africa-Caribbean-Pacific
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Tzfu 28 : Number ef Livestochk i: Tnousands oI Animai

Countries Cattle Sheep Horses rigs Asses Mules
Banglades: 26,500 1200 43
Burma 7.696 205 105 1,800 e
Comecro Islands 75 8 3
India 181,092 40,187 900 8,732 | 1,000 125
Kenya 9,100 | 3,980 2 65
Madagascar 8,886 607 2 557 1
Mauritius . 54 4 é
Mpzambique 1,35¢C 95 100 20
Pakistan 14,901 |[20,546 452 94 | 2,226 e3
Seychelles 2 11
Scmalia 3;950 9,800 1 8 22 21
Sri Lanka - 1,690 27 2 36
Tanzania 14,817 3,000 25 160

From: United Nations Statistical Yearbook (1978)
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T2l 29 ‘:-rc_aoc’; _anf:; Cerr:en*._?‘:’od;;;:;or.
{10 Tnousanas 0 neETrliye tonnes,
®
1974 1975 197¢
Countries Reoundwood Sawnweod Cemen<
Bangladesh 1070C 291 160
Burma 21100 335 233
Indiz 124200 3561 18684
Kenya 13600 173 987
Madagascar 6400 4 70
Mozambique 9100 lQ}I -
Pakistan 9000 293 3196
Scmalia 3100 14 -
Sri Lanka 4600 37 336
Tanzania 35400 67 244
Statistical Yearbook (1278)

From: United Nations
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Some coastal regions have been dredged and blasted toc creste space for
berthing and manoeuvring of larger ships and tankers. For example, in Tanzania, the
expansion of the Dar es Salaam port is in the process of destroying shellfish
spawning areas at the south end of the creeks. In Tanzaniz, the coastal arez is
densely populated and, as a result, most of the pollution is localized and tends to
be domestic. Although industry in Tanzania and Kenya is developing at a rapid rate
in both coastal and inland ereas, pollution studies tend to be concentrated inland
especially around Lake Victoria where many industries are located. Both studies
and effects of pollution are very localized and usually concern fresh water problems.

Somaliz, where industrial cdevelopment is still at an early stage,
nevertheless has o0il contamination problems. In ‘- Mozambique, research has been
carried out on pollution in the heavily populated Lourengo Marques Bay which
receives municipal and industrial effluents. However, studies usually deal with
fisheries and coral reef investigations. At Tnhaca Reserve, coastal erosion
management and control are also under observation.

Tl The Islands

In the islands of the Indian Ocean, industrial- development is slow and the
effects of related pollution not readily apparent. There is concern sbout the
possibility of o0il pollution as occasionsl coastal contamination is seen. 2s
in the cese of East Africa, coral reef damsge is 2 major concern in the islands
notably in the Maldives, Mauritius =and Sri Lanka. In Madagascar, pollution
problems are, agzin, primarily related to fresh  water. Some problems  are
specific to certain areas. An example of this is found in Mauritius where the
leaves from the Aloe fibre tree have destroyed the aguatic fauna in parts of the
island. Significant damasge has been recorcded in the fisheries and oyster beds
due to the toxic effects of these leaves.

¥ P9 The Asian Sub-continent

Pakistan's recent intensive industrial development is localized and
causes increased pressure on the existing domestic and municipal sewage systems
around Karachi. Although some preliminary investigations have been carried out
and increasing attention is being given to the state of pollution, the amount of
research done is minimal and as yet, the information seems toc be restricted to
the ecology of the coastal area.

Most informastion on pollutant Jevels and pollution reseasrch in the Indian
Ocean concerns work done in India. Coastal and inland scuatic pollution research is
fairly advenced and informetion may be obtained as to the effects of pollution
along most of the coastline. The conditions of some estuaries in Indiz which are
affected by pollution are seen in table ZC.

Little documented information is available on pollution problems from
Bangladesh or Burma. There is some concern about the effects of river run-off
from the Ganges and the Brahmsputra in the former, especially around Chittagong
Harbour, and from the Irrawaddy River in the latter.
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8.0 INDUSTRTAL POLLUTION
2.3 Introduction

The countries around the Indian Ocean are all developing countries,
and there is a basic need to improve industrial technology. The rate at
which industries zre being set up is steadily increassing. At present there are
few major industrial sites along the coasts (see fig. 18). Marine pollution
problems resulting from this development are, thus, restricted to small areas of
the coastline such as the Bombay region in India or the area around Karachi in
Pakistan. As industrial ' development is still fairly recent, there is little
evidence of documentation on related pollution problems. :

_ 2.2 East Africa

Coastal industrial developement is at 2 very low level in East Africa
and industrial -pollution is not very apparent off the coastline. In Tanzania and
Kenya, for example, meny industries are situated around Lake Victoria and
pollution is mostly of the fresh wster type.

»

In Somalia, industry is negligible and 2s yet, does not constitute a
major scurce of pollution. However,  of particular interest are the slaughter
houses situated along the coast at Marka and Mogadishu. At Marka, wastes zare
discharged directly into the sea which has an unpleasant smell and sttracts sharks
to the nearshore ares. At Mogadishu, effluent is drained into a sump pond. There
is probzbly some leaching from the pond into the ses as before the slaughter
house existed there were no sharks in the region. Mats and tools used in the trade
are cleansed directly in the sea.

In Kenya, industrial wastes from Nairobi drain into the river passing the
city which eventually discharges directly into the Indian Ocean via the Athi River.
The Athi River carries with it wastes from slaughter houses, cement factories,
tanneries and coffee factories from the industrizl sector in the Kiambu district.
Effluent enters the town sewers but sometimes this is untrsated and released
directly into natural  waters. Examples of these are sugar wastes from
untreated molasses entering Lake Victoria end the weters south of Mombasa, which
have a deleterious effect on the survival of fish. Wastes from dairy processing -
plants and slaughter houses are released from Mombasa and Kisumu and cement and
fertilizer factory effluents from Kilindi Herbour. Tanneries at Kisumu discharge
large amounts of chrome salts and solids which increase the Riological Oxygen
Demand (BCC) load. When the BOD loasd is increased, the oxygen content in the water is
depleted due to it's use for the degradation of such pollutants as has
been introduced into the environment. COther effluents include cyanide from
mining and smelting operaticns, heavy loads of organic wastes from coffee and sisal
industrial plants &and wastes from pulp .and paper mills. Heavy-metal
pollution is a potential oproblem arising from the use of zinc to coat iron
sheets used for roofing. Another potential pollutant in Kenya is mercury. About
25,CC0 tonnes per annum of mercury compounds are used here as seed dressing.

In Tanzania, however, organic waste from s diversity of smell industries is
apparent, especially in and around Der es Salasm. These include soap factories
(Mwanza and Dar es Salaam), sisal (Tanga), sugar mills (Sukoba), cotton seed
processing plant (Mwanza), plastics (Dar es Salaam), wood processing and super-
phosphate plants. Textile and fishnet  industries at Dar es Salaam discharge
directly into the Indian Ccean. Cther plants are situated at Kilwa, Amsha and
Lake Victoria.
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Waste effluents from several industries, for example breweries 3t
Tlala and industries in Ubungo are discharged into the Msimbazi Valley Estusry. The
water is very alkaline with pH values of 11 =and above and has a soapy texture.
The dissolved oxygen concentration is near zero and wastes are mainly from
dyes and chemicals used in textile processing. Effluent from the breweries is acidic
with 1-5% solid waste which is mostly organic is nature. There is a flushing system
in the industry but it is hindered by sand bars and during high tide, waters
sometimes overflow into the mangrove system. The low oxygen waters and
organic wastes mix to form an snzerobic environment but stagnation is prevented by
the flushing system. The increasing population in the area has increased the
pressure on the system.

In Maputo in Mozambique, the Lourengo Marques Bay is a busy harbour.
Wastes from the city and port drain directly into the Bay (see C7 in fig. 3C) and
effluent comes from, e.g. cotton and textile factories. There are two ports, one at
the junction of the inner and outer beys catering to general cargo and minerals, and
the other at the west of the inner bay handling iron ore and hydrocarbons in bulk.
High values of iron and copper are noted due to the use of a new method for
lpading. This involves z sedimentation process where the supernatant rich in heavy
metal content (111.4 micrograms/l iron and 8.2 micrograms/l copper) is dumped into
the bay. In windy conditions, even normal loading procedures result in high  values
of iron 2and copper downwing. A4 large part of the tide flows back to the inner bay
on tide reversal and therefore not much of the water is renewed. However, the
shallow depth and .geometry of the bay create 2 self-clearing process by
adsorption of metal ions onto the mud of the bay. Increeses in iron, copper, lead and
nickel sre short-lived due to the natural <cleaning process in the bay.
Howsver, metal ion accumulation could occur in, for example, bivalves snd shrimps
which are capable of ingesting and concentrating these ions in their flesh.

B.Z The Islands

In Madagascar, wastes from similar industries to those found in Kenya
could effect the shrimp Ffisheries on the southern and western coasts. Examples
of these are sissl and sugsr cane a% Diego Garciz, Nosy B8é&, Port Dauphin and
the Marudrari River. Mear Tananarive, effluent from tannsries, plastics,
textiles and paper industries have zlready been noted as csusing some
pollution problems. Mining industries (mica, chromium) are potential polluters but
without severe effect to the fisheries as the they are situsted on the East Coast.

In Mauritius, a particularly high 80D loed (4,60C 1lbs) is caused by
wastes from the 20 odd sugar mills found on the island. Effluent containing
bagasse (crushed cane fibres), 2sh, soot and molasses can cause total oxygen
depletion up to 2-4 km downstream. This is accompanied by a2 sludge layer and mass
mortalities of fish and invertebrates. Between January and June, factories do not
operate and some organisms, thus, have time to recolonize. Parts of the south coast
beach are blackened and local fishermen complain of a decrease in catches and fouling
of fish traps by bagasse. There is a major industrial drain from Port Louis
which carries effluent from the industrial estate a2t Carmandel.

Effluent from industries in the Seychelles is negligeable. Discharges
consist of caustic soda from the cleaning of vats in the local brewery and sawdust
from the two furniture companies which are released untreated into the sea.
Despite this effluent being fairly heesvy, no Ffaunal damage is seen. A similar
situation is seen in the Comoros as here, %too, there are saw mills and =
distillery.
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Some local pollution is seen from industrial and port sctivity in
Colombo, Sri Lanka. Copper values of C.132 ppb and 2.C ppb were found in the
industrial effluent in Colombo which has a direct effect on the drinking wster. Many
industries are situated on the banks of the Kelani River which then passes through
the city of Colombo and out to the ses.

8.4 The East Asiatic Sub-Continent

Cn both the eastern end western coasts of India, there are regions of
intense industria! development. One of the most important on the East Coas: is the
Hooghly Estuesry region. The Hooghly Estuary is formed from three branches of the
Ganges and is very important for port facilities and commercial fisheries. The
estuary has large rivers discharging into it and many industries are situated along
the banks of these rivers. The lower part of the estuary has -
myultifarious industries: paper,. textiles, chemicals, pharmaceuticals, plastics,
shellac, food, leather, jute, tyres and cycle rims. It also receives drainage from
the Begar and Reighland canals which have sewage oulets. The dates suggest that the
river is polluted before it receives the industrial wastes. Despite the heavy
sewage and indusirisl pollution in the river and canals, the estuary itself is not
too badly pelluted due to the effect of mixing and dispersion by high tides and
turbulence. The estuary has a high salinity, a high turbidity factor and is
well supplied by the monsoon. The tidal range is large and its impact can be felt
up to 100 km inland. ' '

About 250 million gallons of waste water are discharged per day of which
30.6% is industrial. The total solid waste is of the order of 106C tannes and the
B2D 110 tons. The BM value it has is equivalent ~to  that caused by a
population of about 235,000. An example of waste from a chemical factory is seen in
table 31. This factory lies about 18 km north of Calcutta and produces
heavy chemicals, pzints, varnishes, plastics and rubber chenicals. Some
characteristics of waters from textile, vegetable cil and paper and pulp factories
are seen in table X2. These are found in the Rishar region in Tiriberi, Titagurh
and Paltsa. !

Between the 92 km from Dumurdahe to Birlapore, 95 factories are found of
which 55 are jute mills. The bulk of the effluent, however, comes from five paper
and pulp mills. The fresh water supply is slow and the condition of *the water is
deteriorating. Sulphite, sulphaste and sodz processing methods are used in the
mills. The characteristics of the effluent from these mills is seen in table 3*. For
75,000 tonnes of papsr produced, along a 50 km stretch, the total pollution load is
60,00C 1bs B8CD (population equivalent of 4CC,CCC) and 260,000 1lbs  suspended
solids (population equivalent of 1,320,CCC). In summer this loac is heavier. Due
to the use of jute and salar grass for raw materizls, the effaciz 37 pollution
from paper and pulp factories in India is higher than from other countries using
different taw msterials. 80% of the effluent is discherged untreated into the
Hooghly Estuary. One of the major components of the waste water is lignin which is
toxic to the fish stock. Up to *.5 km below the confluence of the Hooghly and
the Bagar Canal, conditions are not congenial to the sustenance of fish life.

A comparison was made between the polluted Hooghly and the unpolluted
Matlah Estuary. The former is & tidal estuary with fresh water, gradient and
tidal/marine conditions. The tidel/marine is only seen in the summer in the lower
stretch. The Matlah is a merine estusry with' no stratification and 1little
drzinage dus to the shortage of spill area and the 'heaping up of tides'.
The phygico-chemical conditions in the Hooghly indicste the area is
unfavorouble for fauna. Some results may be seen in table 24,
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Different Mills

Characteristics Sulphate Mill Tissue Mill
pH 9.8 -~ 7.1 9.0 - 8.5
Suspended solids 1392 - 732 964 - 512
mg/1l
Bop 37°C 552 - 207 610 - 251
CoOD mg/l 1525 - 792 1234 - 600
Lignin mg/1l 116 - 12.4 100 - 33

Table 33 b:

Criteria for Characterizing Waste

Waste Characteristics Suspended Solids BOD
Weak less than 200 less than 150
Medium 200 - 400 300 - 150
Strong more than 400 more than 300

From: Characteristics of Wastes from Pulp.and Paper
Mills in the Hooghly Estuary.
R. S. DHANESHWAR, S. RAJAGOPALAN, A. K. BASU &

Ce Sy

G. RAO (1970)
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Table 34 : Comparison of Hoochlv and Matlah Escuaries
Condition Hooghly Matlah
Dissolved oxygen rate 3.76 - 5.89 5.62 - 6.00
(mg/1)

Zooplankton | Dominant
Phytoplankton Dominant
Dissolved Oxygen. Lower Higher
Temperature Lower " Higher
Oxygen Consumption Lower Higher
.Turbidity Higher . Lower
PH Lower Higher
Plankton Numbers Lower Higher
Free Ammonia Values Higher ] Lower
Primary Proguctivity : neéligeable i 0.375 - 0.562

fqu/m /day)

i

Adapted From: Comparison of the Polluted Hooghly Estuary with
the Unpolluted Matlah Estuary
A. X. BASU, B. B. GHOSH & R. N. PAL (1970)

and

Observations on the Probable Effects of Pollution
on the Primary Productivity of the Hooghly and
Matlah Estuaries “
A. K. BASU (1965)
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Ooty, in the Tamil Nadu region of India, has an industry for black and
white photographic film fabrication. The main toxin being washed out is undissociated
ammoniz. Hydrocuinone and metol are =also present and these have a synergistic effsct
on the survival of fish - in the presence of hydrogquinons, metol is more lethzl.
When the two are combined toxicity can be reduced by the presesnce g¢f thiosulphate,
cerhonste and sulphate of sodium. Hydrogquinones is a powerful reducing agent and
deplstes oxygen.

The presence of mercury was noted in parts of fish obtzined from the Bay
of Bengal. Hammer-headed shark and white epot shark showed high valuss ofmercuty
with lower values seen in seer fish and dolphin. The overall values, for example,
are lower in the Arabian See.

Copper, iron, manganese, zinc, cobalt and nickel in dissclved and particulate
fractions of sea water at different depths were estimated from nine stations
in the BRay of Bengal. Concentrations of dissolved and particulate iron were fairly
high at coastal stations especially at the river mouths. Copper at the nearshore
stations was high but there was no marked difference between nearshore .and
offshare concentrations so as to reflect the possibility of 2 river input.
Dissolved zinz =and nickel values were lower at the surface than at the deeper
layers contrary to that noted for manganese. Particulate fractions of iron and
zinc were significent whilst cobalt and nickel were not significant. Copper and
manganese  showed intermediate values. '

Dissolved copper values are greater in the Arabian Sea than in the Say
of Bengal as are the values for particuleste copper and manganese. Zooplankton appear
to accumulate higher qusntities of metals in the Arabian Sez then in the Bey of
Bengal] possibly due to the higher quantities of dissolved metals present
there. The concentrstion factor in the Arabian Sea was highest for zinc followed by
iron, cobalt, copper and nickel whereas in the Bay of Bengal, the concentration
factor was highest for iron followed by cobalt.

Heavy metals im effluent, for example copper, 2re traced back to pesticides,
fungicides, jewellery, copperware and anti-fouling pzint. Tn Vellar Estuary
in Porto Movo, South Incdiz the effect of copper on Meretrix castaz was studied.
After acclimatisation and subjection %to lethal! doses, the bivalve was founcd ko
have an LCSC (lethal concentration at which 50% of the populsation is killed) value of
C.57 pom Cupric sulphste. Death wes caused by asphyxiation due %o copper induced
mucus coagulating the gills., Bivalves can generally sccumulate larger amounts than
fish and are thus more’ tolerant. Studies were carried out on heavy metal
concentration by the oyster Crassostrea madrzsensis in the Cochin area. High levels
of mangsnese, zinc, iron and copper were notsd in December to May whereas the low
values from June ‘o November were attributed to the flow of fresh water causing
dilution. Cysters can concentrste copper up to 14,CCC times and zinc up to
10,0C0C times. Some results for copper sccumulation by various bivalves were
also obtained for the Vellar Estuary on the east coast of India (see table 35 and
fig. 19).

Natural run-off effects the concentrations of iron found in the Mandovi
and Zuari Estuaries, India. Estimation of concentrations were studied for ! year and
values wer found to vary from (0-7.6 mg/l. The higher wvalues were
attributed to the influence of the river which flows through iron ore bearing
terrain. Around other parts of Goa values very from (.65-18C mg/l. The decrsase
in velues offshore is due to flocculation and during the southwest monsocon, when
there 1is thesavier runoff due to increzsed rainfall, the values are higher.
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Figure 19 : Geograpnv of Vellar Estuary

farhom !qm&.'-q

= ———

Bay of Bengol

) Vellar estuary—Lat. 11° 29" N, Long. 72° 49’ E. Location of stations:
A, opposite to Marine Research Lab; B, oyster bed at Muzhukkuthurai.

Table 35 : Accumulations of Copper in CertZ@in Bivalves

Experimental A. granosa M. casta C. madrasensis Copper: dry weight (parts/10%)
concentration  Length Length Length
(parts/10®) (mm) (mm) (mm) A. granosa M. casta C. madrasensis
Avg. Avg. Avg.
o'0zo0 26 35 55 < 19715 26.44 11.80 18-91 20°38 23-51
29 19 59 22:72 12-7§ 2369
32 43 68 25°31 1623 24°47
35 46 78 2670 16°51 25°'50
a9 49 — 3830 37°25 —
o c40 28 36 56 2779 34-83 17-25 18-42 39-08 3970
32 40 6o 2778 21°40 joros
36 4 69 27-58 16°73 40727
. 41 48 77 33°53 18-28 40739
L — — 57°45 = e
o-0bo 29 37 55 . 3232 3642 1277 20715 34°58 48'74
32 41 61 3266 2637 45°35
36 4 69 3063 15°70 53'59
40 48 79 30799 25'73 6144
42 = — 55'58 — oo
o-08o —_ 36 56 - 2350 32725 48-54 75736
— 39 62 — 2612 5617
= 42 70 — 3580 99-02
= 47 79 - 43756 9769

From: Accumulations of Copper in Certain Bivalves of Vellar
Estuary, Porto Novo, South India in Natural and

Experimental Conditions
A. K. KUMARAGURU & D. RAMAMOORTHI (1979)
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In the Bay of Bengal studies cn arsenic content showed values from <1 to
18.75 microgram/1 with an average of 2.55 microgram/l. The highest concentrations
were seen in the Gulf of Mapnar off the northwest coast of Sri  Lanka.
Surface waters have <1 to 9.25 microgram/l and bottom weters <1 to 18.75
microgram/l with the oxygen minimum layer carrying the minimum amount. In the fine
clay regions of the Bay of 8engal the arsenic was absorbed into the sediment. In
the Indian Ocezn, arsenic is found mainly as arsenate and it is removed in
particulate form. .

Visakhapatnam Harbour is slightly further south of the Hooghly Estuary

and lies half way between Madras and Calcuttz along the eastern coast. It is
also affected by industrial effluent and receives. effluent from fertiliser
factories =2nd o0il refineries through the Mehacriggeda Stream. The Visakhapatnam

coast is rocky with a diverse growth of algze. Industrial, domestic and
municipal sewage result in the presence of crude o0il, "iron ore dust snd
sulphur. Thermal blue-green algae are found in the thermal effluent of the oil
refinery.

In the early mornings of November 1974 and May, September and October 1975,
mass mortality of fish occurred. This was thought ta be the result of an acidic
effluent composed of ammonia, fluorides, phenols and heavy metals such as copper
end lesd discharged from the fertiliser factory which lowered the already acidic
pH in the northwestern arm. About 35C fish, m=2inly from the species Nematalosa,
Megalops and Mugil, per 100 m stretch of canal died. In enclosed harbours,
estuaries, lagoons and bays high in bicarbonate content, the addition of  strong
mineral®acids can csuse liberation of large amounts of carbon dioxide. This combined
with 8 low dissclved oxygen content level due to photosynthetic inactivity during
the night was the probable cause. for the fish deaths. Mass mortality of fish due to
ammoni poisoning has also been seen in Chitrspuzhs, a tidal tributary of
the Cochin Backwaters. These kills have been attributed to effluent from two major
industrial establishments in the area.

8.5 The West Asiatic Subcontinent

Ammonia is often apparent in effluents. The accepted level of ammoniz is 2.5
ppm. In the Cochin Backwaters, the present level is 4%2-560 ppm. Acids sand
suspended solids are alsoc present in this region due to industrial pollution. In
Kalamaserry this resulted in scattered petches of dead Ambassis gymnocephalus. At
point A 12,000 1/day acid is discharged and at point B, 50-50 million 1/day alkali
(see fig. 20). Some of the conditions of the water in this area 2nd their affects
on fish are as follows: high *emperature 1leads to changes in chemical and
biochemical processes, an increased turbidity causes choking: of the cperculum
cavity and high ammonia concentrations corrode ths gills. Studies on the
toxicity of ammonia to various fish species was carried out at Goa. The toxicity of
the ammonia depended on the solution it was in; at pH E ammonia was more toxic than
at pH 7. Similarly a decre=ase in the dissolved oxygen content incressed the
toxicity of non-ionized ammonia. O&mmonis toxicity affects the growth rate,
disesse resistance and produces hyperplasia of the gill epithelium. Ammonia toxicity
is correlated to the permeability of the gill to it. Often, the fish that are not
indigenous to the zrea may have sccidently entered it during feeding movements.
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The majdrity of the industrizl effluent entering the Cochin Backwater
stems from Eloor (Uycgamandal) belt which stretches 5 km along the banks. With
sewage and industrial pollution causing so much concern in the region, studies cn the
hydrographic features and water quality of the areas have also been carried out. The
state of the water is influenced by the monsoonal conditions. Some
cheracteristics of the effluents entering the area are listed in table 4. Thes
mz jor stress is at station 2 ‘table 77) and diminishes gradually from there both up
stream and downstream. High levels of metals are noted particularly iron,
manganess, coppesr and zinc.

Although 211 arise from industrial and municipal pollution, the iron concentrations
are also influenced by 1leaching through iron ore bearing terrain. Crganic
carbon and organic matter levels showed enrichment in the 2rea of a coconut
husk retting ysrd. Bacterial counts are high and the sediments take on a black
coloring and are malodaorous. Monsoonal dilution and tidal mixing are too low to
have any positive effect on the self purifying abilities of the system. The
concentrations of some metals at different stations in Cochin are seen in table 37
and comparisons of this data with data from other regions is seen in tsble 2,

A titanium factory situated * km from the Marine Biological Station at
Sankhenoghon, Trivandrum in India, discharges an effluent ccntzining sulphuric acid,
ferrous sulphate and small scale titanium sulphate. In March and November, the
effluent is especially heavy in ferrous sulphate (.(C125 g/l whereas ths range at
other times is wususlly C.C0CC7 g/1 - C.0*°5 gq/1. Curing these months few
interstitial fzuna arz seen on the affected tropiczl sandy beach, with none close to
the discharge point. This depletion is not due to natural causes. Tests have shown
that species of copepod, nematoda, archiannelid and polychaete cannot resist
concentrations above 0.0C21 g/l at pH 7.1. In May, the maximum number of animals
is 21 per 0.5 1 of sand but in the other months only 5-12 animals per 0.5 1 of sand
are found. The animals seen are foraminifera, ciliata, coelenterata,
turbellaria, nematoda, gastotricha, ostracoda, copepode and isopoda. The sand has
become a browny colour due to the presence of iron in the discharge. This ctlogs
the interstices and the lack of fauna from the outfall point to X0 metres along the
beach is dus %o this as well zs tp the reduced oxygen content and pH. From
*0-200 m from the outfall, the beach is still moderately affected with some slight
effect after a distance of 20C m. Near the titanium plant the n=arshore wgters
of the Kochuveli beach are very polluted due to the daily discharge of 16CC m" of
wastes. pH can range from 1,4-2.5, Studies on foraminiferz show less specimens in
the region. When they are found it is often with corroded surfaces due to the =zcidic
nature of the effluent.

Bombay is the second most populated ciEy in Tndia. It has many
industries and effluents from these incduetries are a major pollution problem,
About 75 million m of industrial effluent is discharged from Sombay every year.
The current measurements for this srea indicate that the movement off Bombay is
northward in the rising tide and southward in the falling tide. South of the
harbour, there are strong onshore and offshore components. Tidal phenomenz appsar to
help dissipate the pollution to some extent in this region.

The mercury content entering the ocean has cesused great concern since
the Minamata disaster. Some regions of the Indian Ocean have been :ested for mercury
content as seen in table ?9. The mercury concentration is constantly increasing
due to its long residence time. 1% is found mainly in the coastal aress. The content
of mercury in various organisms has been recorded. Values for concentrations in food
fish in the Indian Ocean are shown in table 4C.
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Comnarison oI Data
w2ts Respect to Coc

Ranges of conc. in present study (ug/litre:

Values (pegilitre:
reported earijer

Surface

1257-4586

5-7-64

0-8-5-9

2:3-113-2

Bottom

Irox
10-80

0-65-180 mg/l

2286-9771

MANGANESE
2-21
40-42
12:5-102:2

4-8-97

CoPPER

0-9-13-7 24-78
1.45
0148

Q-
1-

-12
-7'9
Zixc
28-35
0-8-52-6
21-38
1-347-6

2:8-42-3
5:5-42-4

~hin

3-1-83-6

— CoMPARISON OF PRESENT DaTa WITH REPORTED DaTA FOR WATERS FROM DINFFERENT AREAS

Remarks

Porto Novo waters'. Higher particulate
copcentration at the botrom also reported
Waters around Goa’. Higher iron concen-
tration observed artnibuted to the mining
operation in the area

Waters of Bombav:®

British coastal waters'® and Porto Novo waters*

Waters of Goa’. High content has been explain-
ed as a resylt of minin acmvity iz the area

Waters of English Channel'* and high value
has been artributed to land drainage *
San Juan Channei?*

Sar Sea watertt

Av, copper content for river and ocean water,
5 and 3 respectivelvl?

Porto Novo waters?

Arabian Sea waterst

Bombay waters!
Sargasso Sealt
Oresund®. High values due to the infiuence

of sewage uents

British coastal waters’ due to terrestrial
éastion

Goa waters’

Arabian Sea'

Waters of the Cochin Backwater

V. N. SANKARANARAYANAN & R. STEPHEN

From: Particulate Iron, Manganese, Copper and Zinc in

(1978)
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Tabls 39 : Surface Samples of Mercurw frov
the lndian Ocea:
Longitude Latitude Date Mercury Weight of
ng/1 Suspended
Matter
ps/l
18 55.5'S 60 40.0'E 1972-8 Nov. 20 12
06 23.%5'S 78 11.0'E 12 Nov. 20 38
30 42.5'S 34 08.5'E 1973-10 Nov. 21 -
27 24.0's ; 42 15.0'E 19 Jan. 10 | 36
25 24.0'S 49 45.0'E 27 apr. 12 25
14 35.5's 58 35.5'E 5 Jul. 35 65
12 46.0'S 69 37.0'E 1 May 11 2 ki 4
07 47.0'E 73 54.0'E 13 Jan. © 11
06 57.0's 68 50.0'E 3 Jul. 20 101
0l 17.0*S 83 37.0'E 4 May 34 19
06 34.5'Ss 91 S55.0'E 22 Jun. 18 142
0l 44.0'N 77 12.0'E 22 Jun. 1.2 64

From: Observation on the Distribution of Dissolved
Mercury in the Oceans.
D. GARDINER (1965)
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Table 40 Mercurv Concertrations in Some
Zrom the Ing { pag/g i
Species Minimum Mean Maximum
PomIret 15 16.5 18
Seerfish 5 122.5 16
Skipjack 6 65.0 124
Jew Fish 16 19.0 22
Sardéine 4 6.0 8
Bombay Duck 26 35.5 45
Catfish 5 35.5 62
Eel 8 14.0 20
Ribbon Fish 4 8.0 12
Whitefish i 3.5 6
Mackeral 2 5.0 8
Scle 12 14.0 16
Cuttlefish 6 23.0 40
Lobster 19 27.0 85
Edible Oyster 9 12.5 16
Sharks 12 40.0 62
Shrimps S 10.0 30

From: Baseline Study of the Level of

Concentration of Mercury in the Food Fishes

of Bay of Bengal, Arabian Sea and

Indian Ocean.
V. D. RAMAMURTHY (1979)




R - o

From studies done along the west coast of India from Bombay to Cochin,
concentrations of mercury at different depths are recorded giving lower values as
the depths increase, probably as a result of adsorption on to particulate matter.
Apart from off Cochin (at station %26 in fig. 21) the average concentration of
mercury present, 77 ng/l, appears to correspond with global values (Atlantic
Ocean 0.5-225 ng/l1 Pacific 12-157 ng/l, China and Jspan Seas 6-51 ng/1).

In general the Bay of Bengal is more polluted by mercury than the Arzbisn Ses

except for the region near Bombay and Thana. The mercury content of the
water column estimated along Thana Creek/Bombay Harbour (figure 22), gave a value
of about 77 kg in excess of the expected background count. Mercury

concentrations in sediment from Z¥ locations varied from 0,17 - 28.21 ppm (dry
weight) (see *ables 41-43). The highest values were found in the creek region which
suggests a substantial input in this area. The mercury enriched layer in the
sediment cores (figure Z®) has about 1C - 25 cm in the creek region and C.8 em in the
harbour =2rea. Results.  obtained from around Bombay at Thana and Colaba markets
show the brain of fish to accumulate more mercury than the muscle and the bone
(table 44), Measurements of mercury concentrations present in the Laccadive Sea
carried out in March 1978, show values ranging from 45 ng/l to 204 ng/l. Values
increase from north to south and decrease offshore. Localized high spots probably
arise due to leaching from mercury carrying rocks.

Along the coast of Goa, seaweeds were monitored at 5 spots., The specimens
showed 2n ability to bioconcentrate and accumulate trace metals such as cobalt,
copper, iron, manganese, nickel, lead and zinc. Results of a study of the
effects of different metals on seawseds of the Goa coast are seen in  table 45,
Some values for concentrations of trace metals zine, copper, manganese and iroen
in fish, prawn and crab are seen in table 46, The effects of trace metal
concentrations on different marine orgenisms along the coast of India are seen in
tables 47 and 48. Concentrations of copper, zinec, manganese, cobalt, iron
and nickel were messured in particulate and dissolved form in the Arabian Sea.
Generally dissolved cooper shows 2 decrease with cdepth and pearticulate copper an
incresse at mid-depths. High values st increased depths are due to accumulation by
organisms and sediment. Dissolved iron and manganese showed a noticesble
increase at depths of 500m. Iron snd zinc values sre higher nearshore due to coastal
inmput; nickel and cobalt values were low.

From October 1577 to September 1972, chaetognath fauna were studied in
the Bombay region et Thana, Malu, Bombay harbour and Versova. The meximum density
of chastognaths were found in the post monsocn period and the fluctuztions in
population and species density were greater in the polluted area. Sagitts bedati was
most common of the Segitta species present.

In Pakistan, industrial development is advancing rapidly. More than
half the country's industry is situated around Karschi which has a population
of 4.5 million. Sewage running through uncemented drains and linking with
bigger dreins containing industriazl effluent 2]]1 discharge into the sea. Despite
the laws sgainst dumping dangerous  industrial wastes, local factories still
release untreated mercury, lead compounds, chlorine and hydrochloric acid into the
rivers. For example, 70% of the contaminants in the waste water flowing into the
River Lyari come frem the 1local factories. BCD velues of 1,237 tons/day were
obtained from effluent from Xarachi of which 84,5% were from industrial wastes.
About 8CC industries are situated here comprising alimentary products, metal! and
non-metal manufacturing, paper and pulp, rubber, tobacco, petrol, cosl and chemical
products. These industries are concentrated on the SITE, LITE, West-Wharf and
Korangi Industrial sites.



figure 23 Some Values for Mercuxry Concentrations
Along tne West Coasz ¢ India
1] ' ' []
0301 20 — TotaL MeErcurY CONCENTRATIONS
0297 30.3 4
’ _‘_“}" 1044 Station  Depth Conc_.: Station Depth  Conc.®
W sga e ] No. (m) ag L No. {(m] ag |
- tes) 1 32
e 297 100 52
. 150 13
Ly J 1 130
et 303 10 71 1 —
saf®
‘ e 2 20 3+ 316 10 187
4 15+ o
03 90
1 116
1 304 10 142 1 407t
15 32 326 30 181
| 1 26 1 123
25 32 in 500 90
7 308 30 136 1200 ° 181
- 75 34 )
e i 8 138 % o
-, . 1 3 5 187
. (407
3381 C°d“1"o._ 100 52 1000 110
6 315 500 26
3% 800 39
\ s *Surface av. 77 ng "%
e tExcluded from calculation.
231 1
e TH00fm
i = 1000 fmd
70’ . 78 g ’

From: Total Mercury Concentrations in the Arabian Sea

Waters off the Indian Coast

S. Y. S. SINGBAL, S. SANZGIRI & R. SEN GUPTA (1978)
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Mereury Levels

Mercury in waler of Thana Creen/Bombay Harbour

Approvimaie Mean water Mass of Mean Hg conceniraiion Mass Hg Excess Hp
ars:s denth water n water mn water In water
Repion thm?) (my (M1) g he-") (hg) (kg!
I 3 0.3 2.4 0.3 0.7 0.5
h 9 1.2 2.8 0.302 69 52
Y b 2 $8.8 0.266 15.6 1.2
v £ 3.3 112.2 0.186 208 12.4
\ 0 5.0 265.0 0.2+ 63.6 43.8
Vi 9r 5.8 568.4 0.153 86.9 43
Table 43 Mercury Levels in Sediment
Mercurs in sediment of Thana Crech
Approsimate Contamination Sediment He Estimated sediment
ares depth mass {wer weight) mercury
Segment (km=) {m} (M) (me hg-') (1)
1 L] 0.20 £.21 2.5 21
n 6l 0.16 «  |2.15 1.0 14.1
1 49 0.10 7.10 0.35 2.5
FPigure 23 : Mercury in Some Sediment Cores
Hg |ppm!
:] ] o5 10
| T 1
PUR i
- |
AN '
= IE[ 9
.
a
w s
: zo/// b
8 :
3‘\ {a) = (b) (¢)
28
Stations 3 8 13 15

From: Mercury in Thana Creek, Bombay Harbour

M. D. ZINGDE & B. N. DESAI

(1981)
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Taple 45

Trace Metal Concentrations in the Seaweeds
(pom cry wt.)

cfi the Goa Coast,

India.

Trace Metal Concentration in the Scaweeds of Goz Coast (values expressed in ppm/dry weight)

Station SL No., Name of species Co Cu Fe Mn Ni Pb Zn
1. Chapora 1. Enteromorpha clarhrara 1518 30.23 1292.51 2685. 53 34.55 9.17 11.58
2. Ulve reticulata 10.56 13.85 1169.23 1721.04 39.06 17.76 8.89
3. Grecilario verrucoss 14.52 15.61 1076.77 3420.56 13.52 8.59 11.74
1. Anjuna 1. Coulerpe sertularioides 4.35 5.03 587.50 74.58 17.02 149 - 11.07
2. Ulva fascicta 6.07 6.70 722.34 111.25 9.61 15.24 23.80
3. Dictyoia ssp. 9.24 5.84 710.20 94.77 9.31 9.51 9.95
4. Podina 1etrastromatice 4.35 7.86 1004.53 344.20 10.31 2.95 7.60
S. Sargessum-1enerrimum 7.92 4.53 471.93 79.81 7.31 34.73 5.40
6. Acanthophora specifera 2.39 80.41 490.61 90.72 13.62 6.07 12.61
7. Grocilaria corticala 7.92 4.53 564.96 144.86 . 22.03 11 00 12.27
8. Hypnea musciformis 6.07  6.55 615.82 96.81 9.61 16.04 11.74
111. Baga 1. Ulve fasciata 8.58 7.30 353.46 1075.65 7.01 16.04 2.79
2. Dictyota ssp. 5.94 10 32 784.94 153.47  B8.01 16.04 7.38
3. Padina tetrastromatica 8.58 4.03 . 657.81 530.65 8.51 10 89 4.47
4. Sargassum tenerrimum 7.92 5.79 128.09 42.67 3.50 1261 «11.30
5. Acanthophora specifera 7.26 12.59 238.85 63.11 9.51 8.02 11.80
6. Gracilaria corticala 11.88 3.52 261.97 180.19 6.00 9.74 3.69
1V. Dona Paula 1. Colpomenia sinuosa 10.56 21.06 1796.22 258.15 23.03 20.06 21.48
2. Dictyopreris australis 3.03 8.36 685.74 131.52 11.31 20.97 21.26
3. Dictyota ssp. 264 12.99 582.69 100.39 11.71 .14.1 18.19
4. Pading 1eirastromatica 5.67 6.70 755.66 418.78 18.33 2831 11.70
5. Sargassum ienerrimum 4.88 8.96 451.32 140.55 8.71 14.55 6.04
6. Acanthophora specifera 13.20 1.40 796.11 344.16 14.72 17.19 13.80
1. Hypnes musciformis 8.84 8.56 779.74 238.79 1272 11.80 10.36
V. Cabo-de-Rama 1. Ceulerpe peliala 9.63 1259 1596.86 136.24 18.33 19.48 18.19
2 Codium elongatum 8.84 3.82 680.92 72 42 b G By i) 12.95 11.97
3. Dictyopieris australis 1.32 9.72 492.54 32.98 5.30 14.55 57.44
4. Padins tetrastromatica 4.62 317 388.52 205.09 8.01 1328 9.78
S. Sargossum tenerrimum 1.32 15.46 130.48 43.02 6.31 11.48 - 38.49
6. Spathoglossum asperum 1.98 5.54 130.40 25.09 0.50 18.34 24.55
7. Stoechospermum marginatum 5.94 33.60 868.16 84.61 15.32 19752 203.88
8. Acanthophora specifera 1.32 13.45 1012.24 88.20 1302 13.75 28.71
S. Graocileria corticata 10.95 9.22 1028.61 159.91 14.32 18.68 15.21

From: Metal Concentrations in Some Seaweeds of Goa.
V. V. AHADI, N. B. BHOSLE & A. G. UNTWALE (1978)
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Tzole 46 Concentrations of Some Trace Metals i
Tish, Prawn anc Cxaz
lwg/g wet weight,
Qrganism Zinc Copoer Manganese iron
Tish 9.42 0.88 1.41 11:50
{arius species)
22.17 2.30 1.30 3.0C
30.55 4.35 3.74 -
Prawns
(Ascelis indius) |11.15 1l 20 - 15.00C
rab :
{Scyella serrata) {83.30Q 23.80 4.76 295.20
60.70 34.00 - 114.20
Sea Water 14.54 5.50 2.78 9.390
Average
from: Distribution of Zinc, Copper, Manganese and Iron

in Bombay Horbour Bay.

V. M. MATXAR, S. GANAPATEY & X. C. PILLAI
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Merine

Trace Metal

o5 -

Crganism:

Cencentrat.ons

- ™. & & -
in DLolerent

1
Locanon Conc. of memals {ppm dry wa) :
Locauen Conc. of metals (ppm drv wit! |
As Cu P Mz
‘ AS Cu Zn M= |
MARINE ALGAE F1SHES |
Cihe Jasstat Carchanas sorrakoush (Dog Ash) l
Vazator 2:5 12-4 25-2 167 ik e
Anjuza 28 68 178 203 | & &3 32 12:6 10:6
Baga 1 161 193 37 D 10:8 158 18 &6
Caldirpa’ davivlirion Mugil parsia (Grey mullet)
. A §3 28-6 47-8 17-9
Vagator 2-9 12-6 64 115 : 11, 2 .3
Abjuna 32 57 129 a7 | ° 144 223 " %3
Baga 33 32 185 216 Etropius suralensis (Peari spot)
Sargassum lenerimum A 86 17 765 —
c 11:2 149 51-8 _
Vagator 10-4 2011 357 302 .
Baga 57 27-5 60-2 270 Resirelliger hanegurtc (Mackerel)
Doza Paula 13-6 10-3 40-1 586
B 32 15-8 234 42
Padina telrastromatica
CRUSTACEANS & MOLLUSCS
Vagator 126 37 20-2 456 .
Baga 48 12-5 315 233 Crassostrea cucuilata (Small oysters)
Doga Paula 7 20-1 288 388
Vagator 56 433 715 3-2
: Baga 4:2 728 1398 -
Dictyota dumose Mi P_ 23 251 46 ==
- 3 ? Dona Paula 35 356 2618 —
Dona Paula 67 129 379 560 vs] iridas 31 380 2232 17
= & A vt eisao 63 325 2800 17-5
Vagator 25 86 50-8 193 Crassostrea gryphoides (Edible oysters)
Bagsa 4 22-5 194 63 Cha 32 210 323 —_
Dooa Paula  * 39 15 21 8 | Ve i 175 550 =7
& FISHES Penacws monodom (Tiger prawz)
Leiognathus spilendens (Silver bellies) A 9-3 48-3 70-0 23
c 11:2 21-5 215 14-9
? O-g 5-; 30-6 5-3
3- 2 271 9-8 Metapenaeur afints (Prawn)
D 1.3 61 21 1249 i o
D 136 289 583 -—
Otolithus ruber (Rosy Jew fish) 1
 Portunus pelagicus (Blue swimming crab)
B 3-3 4-9 301 20
C 1-8 126 115 12-3 | Chapoma 24-8 A45:3 78-5 —
D 1.3 5.2 18.7 97 C 11-3 290 80-2 -
D 252 944 737 —
Peliona ditchela (Shad) ' o
Mytiiws wind:s (Commozn mussel)
c 21 36 - —_
D 4 81 — - Baga 9-6 12-9 153 -—
. Miramar §-2 250 63-0 —
Pampus argenteus (Pampret) Vaisao 89 86 212 _—
g 05 35 40-2 ’ 39 Mereiriz casic (Bivaives)
1-7 12 ’ :
! a4 126 | chapors 109 161 502 -
Laztarius laciarius 21T
: (Bt 2an) A. B, C. D are trawlicg aress (Fig. 1).
c 03 26 154 15-9
D 08 54 11-5 82
Sardinella fimbriats (Sardine)
B 3 12-2 13:1 —
< 23 124 17:6 -
D 7-6 59 75 38
Trcm: Arsenic, Copper, 2inc and Manganese in the Marine Florz

and Tauna of Coastal Estuarine Waters arouné Goa

M. D. ZINGDE, S. Y. S. SING3AL, C. F.
REDDY

e. V. G.

(1e76)

MORARES &
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9.0 OIL POLLUTION
9.1 ' Introduction

With the increasing number and sizes of  tankers travelling through the
Tndian Ccean area, fear of oil spills has also increzsed. Some paths used by these
tankers are shown in fig. 24, In 1979, 355 million tonnes of 0il was transported
through the main route from the Arsbian Sea to the Far East. 0il pollution risks
include collisions or groundings of laden tankers and operstionzl discharge from
tankers in ballast condition.

The hydrocarbons ususlly found in the opzn oczan are a mixture of
satursted and aromatic compounds. The aromatic fractions sre usually the more toxic
and rarely arise from crude ai! spi'ls or refinery produce. Sampling from the top
meter show 2 smaller amount than  expected. It is *thus thought that the
aromatics are preferentially removed by evsporation, for thaose of C15 and lighter
and dissolution for those of C1C and lighter. Heavier fractions are aften adsorbed
onto suspended materials and sink o the bottom being washed ashore by heavy wave
action in monsocon months, Degradation and zbsarption zre other means by which o0il
is removed.

952 East Africa

Despite the opening of the Suez Cansl, the major tanker routes from
the Gulf %o Europe, which zre adjacent to the East Coast of Africa, are still heavily
used. Over 12 years, 21 individuzl spills of more than 15C tonnes have occured
in the area. Examples of these are the Ennerdale which lost 4C,CCC gallons fuel oil
off Mahé, Seychelles, the Silver Ocean which lost 18,500 tonnes off the
southern tip of Madagascar, the 279,CCC ton tanker Albahaa B which exploded eand
sank 3CC miles of Tanzania in April 1980 and the Tayeb which broke up on the reefs in
Mauritius in 1972 and released 2CC tonnes of heavy oil. East Africa is
beginning to zccept heavy tankers and hence the probability of 0il pollution
occurring has increased. Often, contamination of the East African Coast by oil is
due to slicks being brought in by coastal currents from spillages in the open ocean.
Thie is esepecially true along the Kenya coast during the southwest monsoon when
it is carried onshore by the Eguatorial Ccunter Current.

Cil pollution is noticed from Diani Beach in Kenyz and northwards.
Some contamination is noted at  Mombasz, Kisumu and Nakuru, the former from
tankers and refineries and the 1latter from a diesel stztion. Poor . 2lgal
communities were seen in the port and creek areas of Mombasa, Kenya and it is
possible that pollution by oil  slicks has put come restraint on arowth in
Kilindini Harbour for example. Algse appear to have damaged some of the coral
reefs by smothering the corals after 1invasion of the ecosystem probably
triggered off by eutrophic conditions. The south coast of Mombasa suffers most
from this in March and June and may be contaminated by oil from unloading and loading
of ships from refineries seen in the Mombesa area. (il is =also found on the
coasts from wastes from industrial sites but as vet is not a serious threst. In
recent research programmes, the presence of tar balls on the coast of Kenya has
been monitored. 7n Shelley Beach, south of Mombasa, tar concentrations of
29.5 g/m" were recorded with individual lumps weighing up to ¥ kg being found.

7il is also appearing 2leng the coasts of Somalis, in the proximity of
the pil tanker route. Some of +the o0il pollution 2long these coasts is due to
contaminaticn from ships clearing their holds before =ntering the oil ports.
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In Tanzania, oil pollution has been noted close to a refinery near the
floating o0il mooring in Car es Salaam. Tanzasnia, too, is near the tanker route
and some damage to corz] reefs can be observed with many of the beaches showing some
crude o0il contamination. At Zenzibsr, values of 1,62C g per 1CC square yards
have been recorded and 2t Mafia Tsland, 1,75C g per 10C square yerds. Ceposition
is dependsnt on the prevailing winds 2nd currents and is higher during the
southwest monsoon when the 0il is parried by the South Egquatorizl Current to the
southern coest of East Africa.

g The Islands

In Madagascar, a refinery 2% Tamators handling 20C,C0C tonnes per annum,
periodically causes local pollution problems. Dusz te the increasing ‘“anker
traffic in the Mozambigue Chennel, some contamination has been seen 2long the
western and southern coests of Madagascer. )

Tn Mauritius the degree of oil pollution has not yet become alarming but
it is a threat since the breakup of two ships near Mauritius in 1972 and 1976.
In 1978, 3 mass of tar balls appeared off the esst coast of Mauritius carried
in by the South Egquatorial Current from 3 slick in the open ocean but no serious
damage to flora or faunes was noticed. There is also some concern sbout the passible
spills in the future near the site of a new oil refinery being set up on the west
coast of Mauritius.

Some contamination of o0il from the washing of oil tankers has been seen just
off Colofmbo port off the west coast of Sri Lanka.

The Seychelles, 2lthough fairly distant from major tanker routes,
experience heavy deposits of oil on the northern and western sides for example off
Mahé Island. Aldabra, too, is subject tc o0il contaminstion and some fouling by
tar balls has been noticed on the beaches of the islands. Although thes Rayal

Fleet Auxiliary, Ennerdale, was grounded in the Seychelles arez in 1970,
offshere winds carried the 6% km slick seaward and no demage was noted *o fauns
or flora. The rupture of a submarine hose caused 8 spill in February 1979 but

despite the o0il blowing into the South East Island cove, wind and wave action
dispersed it and again no damage tao species wezs noted.

In Kilton, in %he Laccadives, the tanker 'Transhuron' was grounded TCC
km from the mainland island (see fig 2%). 0On the southwest rocky shore, rock
pools had flesting o0i)] in them, Dead fish, lobsters anc crab were sezn and fish
and holothurian were found later on the beach. In the lagoon, plankton and s2aweed
were found dead. Due to the lack of oxygen and turbidity, both pelzgic and
benthic species were killed. The hermatypic corals were baaiy hit =and fishing was
temporarily banned. The east coast was contamination free but on the west coast
tar-like materials were found 3-1C cm deep-in the beach lagaoon.
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Figure 25 : Sketch of Site of 0il Spill from the Tanker

Transhuron and the Area ZIffected

KZ::> 'Transhuron'

9 Reef
2 o

From: Oil spill in the Laccadives from the oil tanker Transhuron
S. Z. QASIM, P. N. NAIR AND P. SIVADAS (1874)
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9.4 The Asiastic Subcontinent

Many studies on the presence of 0il have been carried out along the
Indian coastline. Figure 26 and table 49 show the presence of oil slicks around the
asiatic subcontinent. In June 1977, the M.T. fosmcs Pioneer broke up near
Porbander on the Gujarat coast of northwest Indias. 18,CCC tonnes of LDO ‘black
0il) was relessed into the prevailing southwest monsoon. The 7C0-8C km/h winds caused
the oil slick to change direction. The shzpe and pattern of the slick -~ was
dependant on the tide and current. 7C% of the barnacle population was killed dus ko
an o0il coating end oil on the thallus of plants also caused damage to the flora. The
0il became less viscous when warmed by the summer sun and ran over new areas
contaminating more plants. The local fish were reported toc have a diegel taint. 50%
of the top and 25-30% of the sides of the rock were covered in oil with up to 4
cm-deep o0il in rock pools. The lower and middle areess of the coast were not so
badly affected due to being constantly washed by the waves.

Tar-like materials, first seen in 197C and increasing 2-5 times since
1971, are becoming a common site on beaches in India. 0il wastes and tar balls were
found for 10C km 2long the Goa cosst (see table 5C). In March/April of 197C, a 3
year investigastion of 24 besches began, coincicding with the start of wind in
the coastal direction. Tar balls 1-B mm in diameter were found floating in the
water. At low tide deposition is less and at low and mid-tide they are transitory
es the tar balls tend to concentrate at high tide and supratide level. Sand and
leaves found in the tar bzlls indicate that they have been on the coast and sometimes
moved along the coest, for e=xample from a2 mangrove region. Polychaste tubes and
teritella shells show how far from the cosast they can be, probably near
coastal ship routes. Algae and goose bernacles growing on them suggsst they have
been around long enough toc become =2 substratum (see for example table 51). In

February 1972, contamination wes seen to a 1C m  depth. The increase in the——

Indian shipping fleet could eccount for the increasing concern over the
problem: in 1947 there were 59 ships with a gross tonnage of 1.92 lakh tons and in
1975, 259 ships with a gross tonnage of 25.17 lakh tons. :

The site of contamination is dependant on currents, wave action,
configuration of the beach and the level of degradation. These materials
probably arise from tanker washings and. inter-tidal discherge when no  accidents
are reported sand the quantity is too large to be accounted for by naturzl seepage.
The east cosst samples seem to be more weathered as indicated by the larger
percentage of zsphaltene that they contain.

Pils often affect organisms by coating the gills and hence limiting the
oxygen exchange with the surface. Ingestion+ of volatile paraffin, olefin and
aromatic  hydrocarbons can csuse functional elterstions. Certain aromatic
constituents of o0il 2re cercinogenic. The mezjority of the toxic constituents are
water soluble and volatile and are thus quickly lost unless the spill is
continuous or extensive. On the Indian coast, of the 59 beaches studied only 2 were
not contaminated with tar bells. On the west coast, deposition starts in May/Junes and
on the east coast, in December/January with the start of the southwest and northeast
monsoons respectively.

0ff the coast of Goa, measurements were made of the concentration
of petroleum hydrocarbons in water, plankton and sediment. Surface values in
the south were found to be higher than those in the north renging from 16.8
micrograms per litre %o 42.P micrograms per litre. Similar distribution was
found for plankton {(19.5 - 60.8 micrograms per litre) and sediment with values
higher nearer the coast.
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Tigure 26 : Reportes Signtings of 011 Si:icks in the
Northern Indian Ocearn

{ -
e oC*

Qbservations on oil slicks and other floating poliutants every
5*.square in the indian Ocean. Numbers a( the lower right hand
corners of the squares indicate the (otal occasions when oil slicks
were sighted, Numbers at the top ieft hand corners indicate the
occasions of the absence of oil slicks.

From: Present State of Oil Pellution in the Northern

Indian Ocean
R. SEN GUPTA & T. W. KUREISHY (1981)
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Table 49 Concentrations oI Petroleum Resicduas
in the Northern Indian Ccear
Arabian Sea
Deptn Number coif Observations Mean Range
(m) (na/kg) (pa/kg)
0 39 339 0 - 385
10 34 30.86 3= 217
20 15 29.4 2 - 112
Mean of all values 32.5
Bay of Bengal
Depth Number of Observations Mean Range
(m) i (rg/kg) (pa/kg)
0 46 29.1 4 = 229
10 43 25-1 2 - 147
20 43 17.6 l=-75
24.1

Mean of all values

From: Present State of 0il Pollution in the

North Indian Ocean
SEN GUPTA & T. W. KUREISHY

R.

(1981)
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ristics ¢of Some Tar mali
ong the Indian Coassz

n

Summary of the survey showing deposition at different tide levels

SL _— Type of
N, PouPs beach

Deposition (g/m?) at different
tide levels

EHWS HTL MTL ETL

Remarks

1 Porbander Open sea

2 Odedar Open sea

3 Cosabara Estuarine

4  VYeraval Open sea

5 Prabhas-  Open Sea

puttam
Somnath

6 Dumas  ° Estuarine
Surat - influence

228 3145 — @ —

230.50 90.c0 15.25 —

750.01 2375.00 630.00 —

5.30 165.50 1.73 —

.6.25 250.90 3.24 0.72

1.05 15.25 -_— -

Wave action very
‘high
Beach gradient very

steep. Algal growth
on the deposit.

Plastic beads embed-
ded in deposits

Goose barnacies
(Lepas sp.) on coal
tar lumps

Plastic beads and

( Lepas sp.) found
assogiated With
deposition

‘Traces of oil-film in
the intertidal region.

EHWS Extreme High Water of Springs MTL Mid Tide
LTL Low Tide Level

HTL High Tide Level

Form: 0il Pollution Along Gujarat Coast and its
Possible Source

S. N. DWIVEDI, B. N. DESAI, A.

V. JQSANTO (1574)

w

H. PARULEKAR &
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The fringing mangroves cf Coa are polluted by o0il notably from ship,
barge and trawler engines. Pctrol, diesel 2nd motor oil show significant scverse
effects on growth and survival of seedlings. Avicennia species sre more sensitive
than the Rhizophors. Sorneratis species have been defolisted nezr Elephantsz
Islend, Bombay as a result of frequent crude oil spillage. There is damage to  both
leaf and root, the latter probably by clogging of lenticels and zir holes of prop
roots. What starts 2s sdverse growth is often ultimate dezth.

A survey of petroleum hydrocarbon concentrations in the shslf regions and
adjscent waters of the west coast of India showed results seen in fig. 27. At the
surface, values ranged from C.12-2.44 mg/l. OFf Bcmbay the results were samongst
the highest as 2 result of the busy port and industrial area, and the proximity of
the Arabian Sea tanker route and Bombay High, the site at which petroleum
exploration is underway. Studies on probable o0il patch movemen: from a
hypothetical spill have been carried out at thes Bombay High region see figs. 28
and 29 and tsble 52. These are an overall view and would be affected by any
residual changes in current and wind but it is encouraging to find studizs being
made before any incident has occurred.

According t& ‘'studies made in 1975-1976 on beaches in India, ©cil
contamination has decreased by 25%, the reason given being “he decressing number of
tankers going through the Arzbian Sea since the opening of the Suez Cansl. & lot of
the oil pollution occurring zlong the beaches is a result of he southwest monsoon
carrying spills to the Indizn Zoast from the Western Arabian Ses.

A petroleum complex with a refinery is situated on the East Coast of
India at Menali, 25 km from Madras. After treatment of the wastes, most of the oil
has been removed and as yet no damage to fauna or flora has been noted.

Polyurethane can be used for o0il clean-up technigues and experiments in
India have shown that a local brand can absorb up to 100% of it's own weight and be
re-used once the cil has been squeezed out of it. 2il dispersants are mors commanly
used to attempt to disperse o0il slicks but often they are found to be more
toxic than the oil slick itself. Results of some laboratory  experiments are
shown table 5%, Mortality wusually occurred within 48 hours after which, survival
indicated adaptation to the environment. With  the mussel, excessive mucus
secretion, failure to form new byssal threads snd irritation of the opithelium
was nokiced. With the prawn, reversal was possible if the specimen was transferresd
beck to clean water but it depended on the dispersant it had been in. Dispersants
2, ¥ and 4 were more toxic than 1, a2lthough all of them were toxic to some extent the *
arometic parh being the most toxic. The dispersants were seen to be less toxic when
mixed with 0il and are most effective when used on a 1:1 ratio with thez oil.

Although hydrocarbon degrading bacteria counts studied in the Eastern Indian
Ocean indicate the presence of large numbers of them, no correlation was discovered
between their presence and the presence of o0il. Once the velatile fractions of the
0il are lost it is in a dispersed state readily available for the bacteria to
degrade. Degradation is a slow process and often tarry residue is seen on
rocks, settling-birds and besaches before the bacteriz have a chance to degrade the
o0il sufficiently. New "tar killer bacteria" are being investigated in Gos which
are reputed to have an accelersted bio-degradation capability.
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Figure 28 : Hynothetical Movements of an 0il Parch
the West Coast oi India
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From: Probable Movements of a Hypothetical 0il Patch
from the Bombay High Region
A. D. GOUVEIA & P. G. KURUP (1977)
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Table

— Trajectories of oil spills occurring in difierent
months of the year [1-12 represent the calendar months,

January to December)

Time Taken for O1
Reach and Effect

52

1l Patch—to—-
the Ccastline

Time of Spill Coastline threatened as a Time Interval Between
result of spill Spill and 0il Reaching
the Shore
Early March No threat -
Mid March Far South of Bombay 105 days
Early April Around Karwar 35
Mid April Around Ratnagiri 35 ™
Early May 70-80 km South of Bombay 22 =
Early June Around Bombay io "
Early July 70-80 km North of Bombay 4% "
Early August Around Bombay 7 AN
70-90 km South of Bombay 22 "

Early September
Mid September

No threat

Trom: Prcbable Movements

of a Hypothetical 0il Patch

from the Bombay High Region

A. D. GOUVEIA & P.

G. KURUP (1977)
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In Pakistan, the Manora Channel and backwaters have been subject to oil
contamination particularly in the lower harbour areas and esastern backwaters. Over
12,00C tonnes of o0il was discharged into Karachi Por: in 198C. High tide carries
oil-contaminated waters up Chinna Creek into the eastern backwaters and hence
increases the area affected by the oil. The besin is reported nearly black with oil
and the degradation products thereof. The incoming cosstal water mixes not conly
with the o0il but also with the outfall waters of Lyari River and returns these
polluted waters to the coastal aress.

1e.0 POLLUTION FRCM DOMESTIC AND MUNICIPAL SOURCES
RS R & Introduction

In the littorsl states of the Indian Ccean, most of the effluent from
municipal and demestic sources is released untreated into natural waters. There are
few sewage treatment plants in the region and where they are present they are
often overloaded and in bad working order. Stabilization (oxidation) ponds are an
ideal way of treating sewage as the climatic conditions of the area are
suitable for this form of treatment. Furthermore, they require little trained
personnel or finance as it is a natural treatment method. The 'clean' water obtained
at the end of the lagooning system can be used for controlled irrigation. However,
although it is frequently planned th have these ponds, the plans are not always
imp'ement=d, “os?t of YNz 2onkamination Feoam sz sourzs=s is found fa Na
vizinity of caas*»! towns. "Many of Yha countcies in the  area depend on  the
tourist  industry for their income and it is therfore important that the coastline
and beaches remzain clean. The presence of faecal bacteria is wused as 2an
indicator of sewzge pollution.

Presence of faecal coliform (Escherichia coli) and faecal streptococei
(Streptococcus faeczelis) in water and the sediment is a hazard to health as
these organisms get ingested into the body of filter feeder orgsnisms, bottom
dwelling fish, ©prawns end bivalves and make them unfit for human consumption.
They arise from humazn and non-human faecal matter and constitute an ‘indicator
bacteria' group. The streptococcus distribution of E, coli is more random but
with slightly higher counts in water than in the sand.

10.?2 East Africa

There are 150 sewage trestment plants in Xenya but es population
end industrial growth increases these are becoming insufficient. Kenya has a
large coastal tourist industry and although 211 the hotels have septic tanks or
smsll treatment plants the increase in their capacity has not been
commensurate with the expansion of the hotels. Septic %anks and soak pits 2re found
on the mainland but most of the population uses pit latrines. The most ssrious
domestic sewage problems are found at Nakuru, Mombasa and Nairobi. The Nairobi
city sewage treatment plant is overloaded and partiaslly treated effluent enters the
Nairobi River which is a tributary of the Athi River. The 25 year-old sewage
system in Mombasa discharges 1,2C0,CCC gallons per day of sewage into the Indian
Ccean, BC% being primery treated and 20% secondary treated. The wastes going into
Mombasa Harbour are neutralized naturally to some extent.



In Tanzania, wases from Oar es Selaam, Tanga, Zanzibar, Kilwa, Lindi,
Pemba, Mafia, Bagemayc and Mtwara are all discharged direcily into %he sea and
harbour without treztment. Kur2sini Creek also dumps sewage 3t two a2djscent peints
tc Dar es Salaam Harbour and hence the area is beginning %c show signs of pollutien.
The Msimhazzi Valley is heavily polluted and is 2 hazard to the health of the
residents of Dar es Salaam. Sewege 2nd refuse &reatment sysiems ar=s procticslly
nen-existant and often get blocked where they do exist. Septic hanks are wicely
used but these often get fleoodaed in the rziny season. In Somali, &itreatment is
restricted to the use of septic tanks but is gtherwise not apparent and solid wsaste
is dumped anywhere.

The sewage system in Mczambique covers 1C% of the osopulation and *the rest
use septic kanks or pit Iatrires. Pit lziripes 3re no: very effective in the Morth as
the water table is high and they becom= a3 source of pollution 2s in Beira.
2oth Maputo and Beira hav: 1T untreatad ouleis into the s=a. Sclid waste disposzal
is  good in Maputo but *he Bseaches are nolluted by thousands of tourisis 2nd
townspeople. Tffluent from tha central hosoital is delivered ta the sewers without
chlorination. A sgewage =treatment plant is under plamning in Loursngo Marques Bay
{outlet £2 in figs. 30, 3la, T1b & %lc). The inner bay velues arz much higher
than the outer 'bay with CN znd PC having intermadiate valuyes due to sewage influx
snd ¢&lean water tidally entesring %the bay. CT a3cts as 2 dilution poal betwzen
inner and outer bays. 23% of vslues inside *»e inner bay and 35X st stztion £2 are
greater than 2 mg/l, the point at which esutrophicaticn is  consicered ts  begin.
The more sewege thers2 is the more eutrophication will occur and in the long
run, the bay's production will decrzase cdue to anaerobic cenditions of the hofteom
layers.

10,3 The Islands -

Maost of the population in Mauritius is concentrated in  the industrial
area 3t Port Llouis and Plaine Welhems hence majcr sewer systems discharge sbaout
5001/sec {1974) into @ lagoon on the west coast of the island near the harbour.
There is rapid dispersal due to high wave action but seaweeds proliferagte and
the decay of thess dense mats causes foul odours. This excessive growth zlong
with siltation has resulted in damage to benthic znd coral escosystems. Fascal
coliform conteminaticn is ssen on the west coast but is at a2 mirim2l level 2s is
the polluticen of the rivers.

In Sri Lanka, raw sswage is cumpec directly froem Colombo into the Kelzni
River without trestment and flows dirsctly inkog the sea.

In Macdagascsr, sewage fEreatment is practically non-existant anc municinal
wastes from Tananrive znd Nosy BSé eare merely dumped in the sea contribute to
eutrophication in the region. Cffshore latrines on stilts at sea or on the river =are
commeon znd the beaches and cosst are polluted thereby jecpardizing the kaurist centire
at Nosy 82,

In “he Seych=lles, sewszge, though mostly untr , does not aposar ‘o
have any adverse effects.  There is some inci al pollution, for ex=zmple
through the effects of blasting “c lay 2 new pipeline. Dumping cof solid wasta2s at ses
is controlled and initially was limited by 2 sea wa!l. But now, some dumping is
done beyond the wall. Septic tanks and soakage pits zare in use althcugh they are now
somewhat overloaded.

In the Coméros, pcllution from municipz! and domest
problem, P2Pit latrines 3re in use but, as in ‘ozambique, *t
and contamination of the water is 2 possibilizy,

2 sourcas is net yet a
[-]

4 -
he water table is high



Figure 30 : Geographv of Lourengs Marsues 3ay, Mozambicus

Figuze Ji a: Tocal Dissolves Fnosnnorous present

* Espirito Santo Bay, town and port layout and the sampiing stations network.
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0.4 The East Asiatic Subcontinent

Discs of Ulva fasciats delile were used to study *the zlgal growth in the
waters of Visakhzpatnam Hartbour 2nd gave results seen in figs. *2 3 and b. The
Southern Lighter Channel has high concentrations of untreated sewage and is toxic
to the growth and survival of Ulva fasciats. Although the Northern and Yestern
arms are pclluted, some incresse in  growkh is noted dus to the incressed
presence of nutrignts zand the dilution of pollution by tidal currents. High
B0D and CCD values 2s well a2s high phosphorous and nitrogen values are
characteristic of the domestic sewage wastes and indicate a high incidence of orgenic
pallution,

The fact that Visakhapatnam Harbour is polluted is emphasized by the
presence of Capitella capitsta found in large numbers (50,0CC/m™) in “he
north, west and northwest arms of the harbour. €C. capitata satisfies most of the
criteria for an indicator species. They are high in density, other species
are excluded, they =are scaevengers and they tolerate low oxygen  valuss.
Visakhapatnam is subject to both domestic and industrial pollution in varying
degrees. Maximum numbers of fauna are seen in the pollution free mangrove
swamps from December to March when salinity and  temperature values sre fairly
stable. Minimum numbers are found in the northwestern arm which is subject to
heavy industrial pollution. Therma! blue-green algze eg Nostoc are found in the
thermzl effluent of the o0il .refinery and fertiliser plants. The Southern Lighter
Channe! is subject to heavy pollution but still hes a2 fair amount of fauna.

10%:5 The ¥West Asistic Subrcontinent

The Cochin Backwater area is 3lso substantially pelluted by sewage. The
effects of the outflow zre dependant on the area they discharge at 2nd the season in
which it occurs. In the pezk of the southwest monsoon, salinity is < 1%, A
large tidal flow 3nd the current effect reduce the oxygen deficiency =and
temperatures lie between 25.1 and 31.22C at the surface and 24.6 a2nd *1,18C gt
th2 bottom. At low tide, oxygen values crop to < C.C5 ml/1 due *+c the high level
of organic matter decomposing in the aree. The lowest oxygen velues are found at
the sewsge canal outflow points. The highest H2S values are ?.41 mg/l. There is
some level of pollution at poinis 1,2 snd 7 point 2 being the most depleted of fauna.
Polychazta are feirly tolerant o sewage and are found commonly in the ares.
However, crustacea 2and molluscs are Few in numb=sr or absent 1in the marginzl and
polluted regions.

During September 1974 - August 1975, § "dirty" stations and 1 clean station
were studied. High “emperatures and repid decompositicn of orgenic waste curing the
monsoon accelersted the pollution effect. DOOC values varied with the sewage imput
but BOD values varied with the stations and the tide. The oxygen consumption of
bottom wsters was 12-13 times  higher in the polluted station than at the barmouth.
80D increased with the start of the premonsoon and decreased with the monscon in
polluted areas.

Decaying plant and animal matter contribute to pollution by increasing the
suspended load in water and increasing H2S levels and BTD.,  This applies
particularly with the African weed _Salvinia _molesta which are washed ashore
in monsoon months and then proceed to decay through the post monsoon period. During
late post-monsoon and pre-monsoon months, the weed pollution disappears. The
fern _Salvinia _auriculata is 2lso notec for this blanketing effect. This forms =zn
important source of primary nutritien but also creates a new environment for certain
invertebrates thersby changing the ecolegy of the region,



Ficure 32 a: Geography of Visakhapatnam Harbour witr
Selectedé Station:
Tigure 32 b: Survival of Ulva fasciata in Visaknapatnam Harbour

'

[r}
-

-
wanint nu AR

LOUTHERN
LigWTLE
GAHAL"

BAY

oF
BENGAL
- 500= "
AT’ Ty
st. 1 St.l1
10 Ccontrol 4 Control
8 0+ 4 B
60 4 B =
40 18 B
2 12
<4 o IBEBEEE
s 0 510152025 0 51015 2025
> St.II StV
a ntrol
51 00T T Contro | A——— Control
L B B B H B HE
2 E B E 2 S B e
so EHHH {BEHE®
B EHAE& 5 5 HHE
s P A 4 E m 1 EHOH E
604 B = IR B B - {BHEHE
T EEEEE HHHEHEE
sol EEHEBEE IBEHERE
i HEHEHE HEHHEB
HE B E : 3 (] 12 i Bz
204 K H B EE - H B HBBEBR
S EHEEE 5 H 5 H B
S HERARE H 3 HE B
0 LAd o - . B N 1 & ]
0 510 5

o I
n
(o]
»
tn
o

From: On the Growth and Survival of Ulva fasciata in the

Polluted Waters of Visakhapatnam Earbour
T. SREERAMULU, M. U. RAO & V. E. PREMIIA (1977)
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Bt the bottom of the polluted station, during low tide of the premonsoon,
high sulphide concentrations were noted to a maximum value of 4.92 mg/l.
Faunal composition wes also noted and was the least affected at stetion 3 (see fig.
3%). Stations 1 =2nd 2 were the most polluted and had the least amount of
fauna. Polycheata, a pollution tolerant group, were found in =211 ststions and
were dominant in the polluted zcne as they had few competitors. Tidal conditions
and monsconal  inflow prevent the area from becoming polluted to the stage
where polycheatz cannot survive (see table 54).

The Cochin 8Beach is among one of the most contaminated. Incidence of
faecal. coliform and faecal streptococeci as well as faecal coliform and fascal
streptococei ratics for this arsa may be seen in tables 55 and 55. ¥ith bactzris!
counts of mora than 00,000 colonies per gram sand the heslth risk at Cochin beach is
high. High B0D5 values recorded at Cochin correspond with the high bacterial
counts as do the high H2S values. Cherai Beach in particulat, along with other
beaches, has faeczl contamination. At Cherai, this contamination is considered
to be of non-human origin (see table 57). In general, the beaches zppear %o be
contaminated to a greater degree in the monsoon and post monsoon menths at which time
the salinity is lower and the conditions more conducive to bacterial survivel
but occasicnzl high values have also been noted in pre-monsoon months. Usually,
during 1lste post-monscon and pre-monscon morths, fzecal pellution is 2t 2 minimum
or even absent. At monsoon times the cuurents stir up the mud substratum and
the sedimen* load is high. This too is thought tec correlate with the numbers
of indicater bacterisa. £zhumala beach on the Keralas coast has received some tar
and faecal pollution but it is negligeable and sporadic and the besch is considered
safe and clean. =0n the same stretch of coast, species of Salmonella have been
isolated in 3t least five beaches creating agzin, a health hszard, however, positive
occurrence seems to be restricted to the sand 2nd none appesared in the water.
Many of the beaches along Kerala had faeczl bacteria present as seen in table 5E.

In Jaleshwara reef at  Veraval, Enteromorphsz prolifera variztion
tubulosa- has formed a luxuriant growth dus to sewage outflow. From
August-October 1956, the algse increased in growth. They were found to be
richer in protein, soluble and insoluble ash, sodium, calcium, patassium, magnesium,
chloride and sulphate and poorer in carbohydrates than those in non-polluted
areas (see table 53).

In Gos, higher concentrations of foraminifera are found in the Zuysri
estuary (?5C0-17100 per sample) than in the Mandovi (700C-540C} specimens per
sample), In the lowsr reaches of both estuaries, numbers are lower dus to
organic poliution =ffects. Sewage Ffrom Frhe town of Paniim enters the Mandovi
estuary and results in high organic carbon content. This leads to 2 lower species
diversity with s dominance by the Ammonia beccarii group.

In Bombay, sbout 2000 million m3 of sewage are discharged along the
beaches resulting in considerable oxygen depletion in the nearshcre waters.
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Figurz 33 : Samzlince Sitee in the Cochin Backwatar:
l i
(AwacuLAm
—Station location map
Table 54 : Distribution of Some Bottom Fauna in the

Cochin Backwaters

. DisTRIBUTION OF BoTTOoM FAUNA AT SEVEN FixEp STATIONS

Sediments of the Cochin Backwater
V. N. SANKARANARAYANAN & S. U. PANAMPUNNAYIL (1979)

[s:.m‘qn Number Polychaeta - Crustacea Mollusca
£
. ohsoem- Mini- Maxi- Mean Mini- Maxi- Mean - Mini- Maxi- Mean
tions mum mum mum mum mum mum
1 5 120 2240 620 0 300 60 0 60 12
2 5 20 1980 440 0 80 16 20 40 16
3 5 100 2200 ° 980 1100 30560 . 8364 20 240 56°
" 5 80 4500 1052 0 40 16 0 60 12
5 5 80 6520 2336 20 120 32 20 40 16
6 5 120 1720 G4 60 100 32 0 0 Q0
7 5 940 2800 1238 20 240 88 20 120 56
From: Studies on Organic Carbon, Nitrogen and Phosphorus in
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rm and raecal Streptococci Ratio cf Water and

Tanles 56 : Paescal Coliiic
Mud in Cocnin Backwaters from June 1275 to May 197¢
Month Stauon | _Sation 2 Stavon 3 Station 4 Stauon § Stauon 6
w M w M w M w M W M w M
1975
Jupe 122* 214 11* 10 10.5* 1t 10* y ol 30 FU 28* 0
July 2 1® - 0 1® y od @ 1.5° 0 - — 3
Aug  166® 4 2 0 i 3.5t 1® L y o 1® - 033°
Sept. 133 1P 248 26* 2 1.6 133> 29 » L 3 1.6°
Oct 123 0 1.5 0 3.5 0 n 0 663 0 343 0
Nov. 10 0.5° 1b 009® 08 0.sb 11* 0 > 1® 3* 1.66°
Dec. 2.56* 1.04®>  0s8b 00s® L7 04s® b 0.63° 12b 1.7° 35 4
. L1976
Jam. 1P 0.6° 26* 027° 137 0.8° 0.7° 0,73° 120 052® b 1
Feb. 1.6° 0as®  12° 02® 1® 0.4° 13° 0.16® 083® 02° 1® 0.15°
Mar. 09¢® 03P 1.0° 0.3° 1.1® 014>  093° 06® 0.7° og® . 1sd 0.66°
Apr. 114> o8P 137° 14 057 027  09° 047®  09° 1.8° 1® 1.4°
May 07 0.1° 0.6° 0 - - 0.4% 0.2° - — - -

a= human and b= non-human

Pollution in Cochin Backwaters with Reference to

Indicator Bacteria
P. S. GORE, O. RAVEENDRAN & V. UNNITHAN (1979)
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1n Cherzl 5Seac:

ADT.
May
Juze
July
Aug.

Sept.

Qcr.

| Nov.

-~ OccURRENCE OF DIFFERENT BACTERIA IN CHERAI BEaCH DURING APRIL-DECEmpex 1934
.

(Values are average of 3 observations)

Sand counts/g

Coliforms E. coli Faecal FC/ES
streptococci
7 2 5 D-4=
11 % 8 Q:3=
17 + 9 0-4=
17 6 9 06"
19 8 4 2t
19 B 3 1-33¢t
18 6 + (O !
13 2 1 1=
i 1 2 0-5=

Water count/ml

R e

Coliforms

o ) L

11
18
10
16

*"Nonbuman iaecal pollution.

tHuman faecal pollution.

E. cofy

ail

(8]

nil
ail

nil

Faecal FC/Fs
streptococci
2 0-5+
2 -—
3 0-6*
1 1
p § —
1 —
ail 3t
1 —

oil” —

Average Hydrographical Parameters

L . AVERAGE HYDROGRAPHICAL PARAMETERS
Month Temp- (°C) Dissolved Salinity »H
e %o

Water Sand  (mlflitre)

Apr. 30-3 36 5-16 32-43 74
May 306 37-8 661 33 73
June 30-2 36 5-88 31-8 >7

July 275 382 6 24-1 >7

Aug. 28-3 37-2 6-15 25+4 7-5
Sept 301 40 7-03 30-81 7-5
Oct. 29-5 323 66 31-09 T4
Nov. 97 31-7 6-73 3203 75
Dec. 30-5 376 6-34 286 74

From: Observations on Faecal Contamination of

Cherai Baech in Kerala

O. RAVEENDRAN, P. S. GORE & R. V. UNNITHAN

(1978)



58 Uccurence ¢f Salmonella in some Beaches of Xeraie

3
fu
4]
|..
G

Faeza] matter

h Beach 1, 1
Mont aT MT iT Salmonella
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September 1978 Vizhinjam
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Neendakara
Alleppey
October 1978 Calicut
West Hill
Kappad
Mopla
Payyambalam
(Cannanore)
HT=High Tide; MT=Mid Tide; LT=Low Tide; +—=Mipimum present; == = Medium;
++=+=Abundaant; *=Present; —= 3 bsent.
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From: Iselation and Significance of Salmonella Species from

some Beaches of Kerala (1980)
P. S. GORE, T. S. G. IYER, C. RAVEENDRAN & R. V. UNNITHAN



Taple 59 The Effect of Sewace o the Growzh ¢
Entezchorsns orolizers vas. =utuiose: (cm)
Augus: ' QOczocer
Constituencs Normal Growt in Normai Growth 1in
Growtn Sewace Growzh Sawace
Langth 3.75 5.93 21.'55 26.35
Moisturs &.135 7.43 7.91 7:2:02
Crude Protein 12.38 13.44 15.52 15.81
Carbonvdrates 57 .12 35.64 52.52 37.58
Crude rfat 1.03 0.688 1.02 1.05
Soluble Ash 20.51 32.81 20.886 30.42
Insoluble Agh 2.31 4.95 L.92 3.49
Sodium 3.53 10.31 2.2% _ 3.506
Potassium 2 3.36 3.85 2.85 3.2
Calcium L.53 1.94 L8 4.28
Magnesium 2.24 314 ) 2.10 2.%4
Chloride 2.08 3.26 - -
Sulphate 7.60 8.83 7.63 10.37

From: The Effect of Sewage Polluticon on Enteromorpha
prolifera variation tubulosa Grewing Under
Natural Habitat
A. TEWARI (1972)
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Sewage can be usecd to aid aquaculture as is done a% some places on the
Indian coastline for example Kakdwip in West Bengal and in the Lake Vidyachari
region where major carp fingerlings 7.5-15 cm long.and 5-5 months old are grown
using Calcutiz sewage. Crganic wastes have a2 high quantity of suspended
solids which are highly oxidizesble in nature. In aquaculture waters, suspensions
can be oxidized by bscteria. In general the 2ddition of heat or domestic wastes
have been shown to chaznge oligotrophic waters to nutrient-rich conditions. However,
the saddition of sewage can also have adverse effects, one of the major ones
being plankton number reductions. Rivers ecarrying insecticides may wash into
agtuaries, khe  principsz! ares of aquescultucz, where, for example, the culture of
shrimp may be affected. Shellfish may keep their shells closed for awhile if they
detect that the waters are toxic and often on opening again still find the
conditions lethal. Larvae and egas may be destroyed by the addition of excess sewage.
Respiratory and metabolic disruption are the wusuzl cause of desth and sometimes
disease and parasitism may begin to appear on surviving specimens.

Sewage systems in Karachi, Pakistan are still inadequate. The city's
drinking water supply is heavily polluted by untreated sewage and industial wastes.
In the summer of 1980, the consumption of these waters resulted in an outbreak
of gastroenteritis which caused several deaths. The examination of the water
revealed that virtuslly the whole of the city's supply of drinking water was
contaminated by the b=cteriza E. coli. Effluent is carried from industrial and
municipal sources via the Lyari River to the western backwaters of Manorz Chznnel.
Some values of waste flowing to the sea from the Llysri River 2re given in  table
60, The various creeks, namely Korangi, Phitti and Ghero, all receive effluent,
especially the former,

11.0 POLLUTION FROM AGRICULTURAL ACTIVITIES
1131 Introduction

Many countries in the Indian Ocean area are predominantly agricultural.
Some of the main agricultural products are seen in table 61, These countries use
apprecisble quantities of insecticides, fertilizers and pesticides such as DDT,
aldrin and endrin (see tables 62 and €3 ). They constitute an important source of
pollution from factories and from drainege and run-off from land via the rivers to
the gea. Being fairly stable and non-bigdegradable they persist in the sea and
often lead %o spots of eutrophication.

In develeoping countries, the use of organo-chlorine pesticides in
agriculture is 1inevitable in order to sustain 2 food supply for tha expanding
population. Demands for CCT in  the agriculturzl and anti-melarial programmes
of the tropical countries is unlikely to decrease in the near future. Total DOT
concentrations in the Indian COcean seem to be higher than those in the other ocean
areas excluding the North Pacific. Some vslues of DDT and HCH are seen in table
64.

1 il ) East Africs

Tn Kenya the use of pesticides has increased 10 fold since 1965. The
effects of run-off from land is still noticed only in inland fresh water systems.
The Athi River carries pesticides and insecticide wastes collected from the
extensive agricultural land in the Kiambu district.



Tanlisc 50 Comsosticion €I tTha Wao3rs o8 ths
Lwarr River Entering the Arabian Sszz (g)

Composizion Dailv Yearly
Chlecride 152.49 33200.0
Sulpnacs 151.74 33209.0
Suscended Sclids 34.20 11970.0
Total Dissolved Solids 376.20 131079.0
Organic Matter 47.34 ‘15555.3
Ammonial Nitrogen 2.30 805.0
Albuminoid Nitrogen 0.05 18.9
Total Nitrogen 2.33 822.5
Alkalinity as Calcium Carbonate 115.74 404985.0
Phosphate 2.62 917.0
Calcium as Bicarbonate 152.00 56700.0 .
Iron Oxide S.14 1799.0
Aluminium Oxide 1.36 476.0
Magnesium Oxide 60.00 21000.0
Arsenic Oxide 1.40 450.0

-

From: Survey of the Polluted Lyair River and its Effects
on the Arabian Sea
A. A. BEG, N. MAHMOOD & A. H. K. G. YUSUFZAI

(1975)
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B S (e
Counxtry Litrogenous Phoschacsas W Nizrogenous 2nosgnactes Potash
fertilizer ferfilizer (3] {HB?GQ} iK:G)
Sangladesh 230.4 20.8 155.8 81.5 1455
3urma 5353 _ 42.9 6.7 L5
India 185¢e.3 477.3 2437.0 €25.C 318.0
Kenva = - 22.4 2.3 1.2
-ﬂadaqas:ar - - 6.0 .7 2D
Mauritius 5.9 - S s 3.0 14.3
Mozambigue 4.7 2.0 6.7 2.9 l.é
Pakistan 306.7 13:5 500.4 1233 &
Sri Lanka - - 47.0 T2 31:5
Tanzania 5.5 g7 14.5 10.9 4.3
From: United Nations Statistical Yearbook (1977)
Tabl- &3 Estimared Annucl and Future Use of DI7T
in Asriculizun {tons per annum)
Area Ceotton Producing Non-Cotton Producing Other
Countries Countries Counctries
Africa (present) 2,186 605 729
Asia (present) 5,563 410 1,523
Africa (future) 13,100 1,170 1,410
Asia (future) 33,509 905 3,350
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T 6d Total BOT and ¥7F Concantratians Found
1t Sade Pavie o gh Narthess Tndsan OEes
Al S io Datu ToTe: Toxss
Loy HC=
S8R Suries
Bay of Bengzl 5 52 e 3'E 1 '7u 0.0z 15
g 02 8& 01 19 '76 0.02 AR
T 20 92 2% 10 '75 c.0% 0.6%
Arzbian Sez I4 3% 586 53 12 *79 Q.1€ 13
1A 0 i 81 38 el Q.13 1.5
5 25'S BS Ol1'E X 76 0.0e Q.17
(né?;3l
Bay of Bengal 8 38'N B7 12'E 10 '76 Q&7 0.37
8 17 90 27 I 76 0.1% 0.95
708 8405 10 ‘76 0.15 0.20
g 16 95 12 10 '76 Q.27 C.36
6 03 90 31 12 '78 0.1lse 0.16
5 5% 81 20 12 '76 c.22 0.1l4
Arabian Sea 23 04 85 15 1. "T8 0.40 3.3
20 53 64 19 11 '378 0.24 261
19 23 64 13 11 '7s 0.20 2.5
11 43 63 56 11 '76 0.15 0.81
6 08 84 05 11 '7¢ 0.0%9 0.92
) 1 36 64 00 11 76 0.10 0.24
3 05'S 64 03'E 11 '78 0.13 0.18
4 12'S 66 12'E 11 '786 0.16 0.28
Eastern Arabian 21 10'N 68 25'E 12 ‘%6 10.50 2.0
Sea
18 50 70 26 12 '78 1.3 3 &
14 55 73 03 12 '76 1 e | 10.1
10 75 19 12 '76 0.93 6.6

45

. Chlorinated Hvdrocarbons in the North Paciiic
and Indian Oceans.
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Tanzania's economy is largsly dependant on agriculturs of which coffee,
gsisal and cotten  are predominant. [n Tanzania a2nd Somalia, pesticides are used
increasingly For cokton fields but again effecis are not very noticeable and if so
only in the inland waters. Some metabolic residues of copper fungicides used for
the preventicn of coffee leaf rust may be apparent.

In Mozambique, the Incomati, Maputo 2nd Umbeluzi rivers carry large
quantities aof phosphorous into the Loursngo Margues Bay causing spots of lecalized
eutrophication. Nff Mogadishu, in Scomalia, 3 large scale fish «ill was obsarved in
1972 caused by 2 red tide. But the problem is usually very localized.

11.3 The Islands

In Madagascar, about 20,CCC tonnes per annum of about 5C compounds of
pesticides particularly CDT, HCH, phosphoric and sulphuric compounds are used
for agricultursl purposes 3s on the sugar-cane farms. ODT and endrin are
used reqularly for spraying houses against insescts.

In Mauritius, some pollution problems are apparent from pesticides
used in sugar plantations. In 1977, 116C tonnes of pesticides wers being used,
increasing the concern about pollution dus %o them draining into the sea via the
rtivers.

In the Seychelles, agriculture is at a3 minimum and hence pollution Ffrom
fertilisers is absent. However disesse control is fairly sstensive and pesticides
and insecticides are used freely., Their 2fFfect is minimal so far with very
small amounts being found, for example, in mussels. '

11.4 The Asiatic Subcontinent

Already large amounts of HCH are being consumed in India. Soms studies
af DODT content in zcoplankton have been made off Sombay. VYariaticns in
concentrations of phosphates, nitrates and oxygen from waters off Sombay are seen in
table 55. Similarly, distribution aof total phosphorous, total nitrogen and
organic carbon in Cochin Backwaters are seen in fig. 34.

In 4ugust 1970, a survey in West Bengal showed that the
organo-phophorous  pesticides D0OVP phosphamidon and parathiecn, killesd mzny fish from
Punarbhava River and West Dinajpur. The gill ‘tissue, alimentary *ract, liver and
brain of the exposesd carp and catfish were found to be sevarely damagsd. These are 2
commercially important fish and thus 2 direct hazard to man too. Heavy rains
result in heavier run-off Ffrom lanc and hence larger quantities of chemicals
reach the sea. Tntermittant fish mortality is associated with the fertiliser
factory at Velsao in Goa, India. The effluent is nitrogenous with arsenic
compounds (sze table 56). The former is toxic due to the presence of ammonia
and the latter is considered to be a cumulative poison. Some eutrophication is
already apparent which could lead to low oxygen content and asphyxiation,

4 fertilizer plant at Manali discharges effluent around the Enpnore
Backwaters which has important migratory fish, oyster, mussel and prawn grounds.
25C0-5CC pob oil, chromium, ammonia, hydrogen sulphide, phosphates znd
sulphuric acid are amongst the wastes discharged. Afier treatment mest of the
oil been removed =2nd only ammonia z2nd phosphate are still present. The
Ersated effluent is harmless to fish but has a nutritive effect. Bottom Ffauna is
found in abundance and =sutrophication leads to prisence of the blus-greens
microcystis, spirulina and oscillatoria in the fertilizer wastes, and diatoms,
cyclotella, nitzchia and navicula in the o0il refinery wastss. Ths zooolankton
present are mainly calanoid copepods with occasional mysis appearing.
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Table 65 : Variations in Some Chnemical Constituents in
waters off Bombav

Date  Depth - Qs O, PO,3"-P NO,~-N NO.”-N pH

(m)  °/oo  ml/lsaturation% pg-at/l  pg-ayl  wg-atfl
29-1-74 1 35.52 4.52 95 0.40 2.06 0.5 —
= 35.52 4.9l 103 0.88 2.21 0.59 ==
10 35.53 4.62 97 0.80 1.25 0.46 —
20 35.52 542 115 1.30 2.28 0.32 —
5.2-74 1 3534 449 95 0.51 2.17 0.44 —
3 35.33 4.42 93 0.70 2.13 0.44 —
10 35.28 4.47 95 0.70 2.54 0. -_
18 3530 446 94 0.57 1,75 0.66 —
1-3=74 1 35.45 5.02 109 0.38 1.22 0.46 —
5 3543 5.00 1C6 0.32 1.34 0.48 —
10 3543 4.71 100 0.63 2,44 0.64 —
15 35.43- 4.70 100 0.82 ° 2,38 0.37 L —
.20 3545 4.74 101 0.57 1.97 0.31 —
16-3-74 1 3531 4.98 109 2.43 2.02 0.51 8.52
5 35.31" 4.86 106 2.43 1.66 0.22 8.58
10 3539 4.52 98 2.56 3.7 0.59 8.55
15 3538 4.73 102 2.73 3.38 0.68 8.53
20 . 3538  4.92 107 2.43 4.06 0.79 8.50
-5-74 1 3543 378 83 0.94 1.24 0.47 817
S 35.50 3.64 80 1.17 1.46 0.29 8.16
10 3540 3.64 80 1.17 1.71 0.25 8.19
13 3541 3.80 83 1.28 1.97 0.38 8.19

= By courtesy of Nava] Physical & Oceanographic Laboratory, Cochin

From: Pollution Studies off Bombay 3
R. SEN GUPTA & V. N. SANKARANARAYANAN (1974)
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TED 66 : Nussiens Contens of Some =SSlusnt
in Velsac Bay, Goa
Nutxriants Minimum Maximum Normal
\ﬁé—N 290 173.0C 5.00

Nitrites 2.50 42.79 1.00
Phqsphates 0.05 26.84 ‘ 1.00
Nitrates 2.4C 271.00 2.00
Arsenic 3.00 : 583.20 _ 1.00 - 43.00

1y

rom: Chemical Characteristics of the Inshore Waters in
Velsao Bay, Gea.
S. Y. S. SINGBAL, S. P. FONDEXAR & C. V. G. REDDY
(1978)
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Periodic phytoplankton blcoms are reported in the watars of Visakhapatnam
Harbour. These are dominatad by the centric diatom, Skeletonema costatum. The
bloom usually lasts for 12-15 days with a peak abundance within 5-10 days.
Asterionella, Chaetoceros and Coscinodiscus are amongst the other species
observed at densities which often exceed 1C,CCC cells/ml. 7n the l4th October, 1974
as many as 40,477 cells/ml were seen, with 99.5% being S. costatum. These blooms
are thought to be a result of high concentrations of nitrite, nitrate and  2mmenia.
Generally, ~concentrations of nikrogen and phosphorous decreased a3s  the
phytoplankton standing crop increased whereas Gthe nuirient levals were high when
phytoplankton numbers were low.

' The bulk of the nutrient source antering the harbour comes from the
nearby fertiliser factory and domestic wastes. High values of dissolved oxygen are

noted during pericds of phytoplankton Dblcoms with super-saturation at  the

surface indicative of increased photosynthetic activity. Inadsquate flushing of
the harbour waters promotes optimum conditions for bloom growth. Peak blooms
occur in calm weather with increased sunshine and reduced fresh watsr inflow.
Following low sunshine and heavy rainfall, blocm ce!l numbers appear %o descresse.
Phytoplankton blooms have also been noted in the area from high phosphate
values of 13.62 and 12.45 ppm, high pH values, high chlarophy!! and defieciency in
oxygen leading to eutrophicztion. - '

Pakistan imports 5CC tannes COT per year as well 2s severzl hundred tonnes
of chlorinated pesticides such as 2ldrin and dieldrin which are widely used
throughout the country. In 1925, in Xchat in nottbern Pakistzn, 3 faulty batch
of melathion containing hig=-r quantities of iso-mala“hien than ncrmal was the
cause of the intoxication of over 2CCT sprayers 7 of whom died. This hatch was 6CC
times more toxic than ‘the normal malathion and potentially wvery harmful to
freshwater and marine populations.

12.0 RACICACTIVE POLLUTICON

As nuclear research increases so will the samounts of radionucleoids
being released into the ocean. With their long residence times they will
remain contaminants for many years. Muclear research is not very evident in the
countries of the East African Coast.

Some radioactive substances are discharged from the Karachi Muclear Power
Plant located on the west coast of Karachi Harbour near Paradise Point, Hawks B8ay
but so far these remain within the permissible lesvel and no contamination bhas
been noted in the fauna and flors of the region.
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In India, rzdioactive pollution has become 2 major concern recently with
the number of nuclear power ststions being built constantly incressing. Values
for the radionuclides around the coast of India are seen in table 67. The plants at
Tarapur and Trombay are of primary concern (see fig. 35). Some values of
various radionuclides found in the seas are listed in tables 62, 59 and 7C.
Trombay Reseerch ‘Station is situated near EBombsy while Tarapur is found 1C0C km
further north. This erea is very rich in fauna. The res=arch station at Trombay has
four reactors, thorium and wuranium plants, an irrqdiated fuel processing
plant, metsllurgy and engineering labs, isotope production facilities and other
research labs. C.14 million 1litres of radioactive effluent are discharged every
day. The 420 MWe generator needs 2950 million litres a day for cooling. The
outgoing temperature is 7-1C warmer than the incoming. In the immedizte vicinity of
the outflow the increased temperasture leads to an oxygen deficiency due to the
increased oxidation rate of organic matter. The solubility of the oxygen is also
reduced. The increased temperature has a mild effect causing peaks of zooplankton
in December and March and dominance by siphonophores, copepod and decapod
larvae. The pipe length is such that the water has time to cool off a little before
it reaches the sea.

The bottom sediments show a high pick up of Cesium 177, Cerium 144
and Rubidium 104. Fish tissue is found contamina*ed with Cesium and Strontium but at
g lower level, Non benthic crab Scyella serrata picks up cesium, cerium and
rubidium and non benthic cetfish arius species pick only cesium. Examples of values
in both sediment a2nd faunal tissue are sesn in tables 71 and 2. Zysters are found
to accumulate zinc K5, iron 59, cesium 1?7, cerium 144, 141  cubidium 295, silver
11C, cobalt 6C, manganese 5%, plutonium 32, niobium 11C and tin 112, 11% the
latter two being from zirconium 2 and 4 alloy used in structurz! metal and selenium
T4, 75

4.0 SILTATION AMD EROSICN

The effects of siltation are apparent in most of the countries of
the Indian  Qcean. Siltation begins by erosion of topsoils in inland ares.
This wusually follows periods of heavy rainfall when the rivers often overflow
and water runs averland carrying soil with it to the sea. The effects asre greater
when rains follow a long dry spell during which %the soil hes already been
loosened. Intensive grazing by livestock and 2 poor choice in crops can also lesd
to erosion. Erosion of the coastal areas by heavy wave action often leads to the
destruction of tourist beaches and leaves them covered only with pebbles. Cozstal
reefs can act @2s a berrier against erosion of the beaches by waves.

The retreat of the cozstline is a problem =2rising from erosion and
siltation is an important way of counteracting this. However, siltstion results
in an increased amount of nutrients entering the sea which leads to
excessive algal growth, damzsge to coral reefs, particularly by smothering them, and
adverse affects on the coastal nursery grounds.

Some of the mzjor rivers draining into the Indian Ccesen are the
Athi/Galana, Tana, Ganges, Rramaputra, Trrawaddy, Indus, Kelani, Ruvumu, Jubs,
Rufiji, Zsmbesi and Lipopo. Yhere these dischsrge, large zones of turbid
waters are wusually seen. The Indian Cceesn receives about 3,40C million tonnes of
suspended sediment per annum about half of which is a direct result of river imput.
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Tabie g7 : rRacdium Content iLn Some Coastal Areas of India
=
Bombay
Coa
Cochin
Trivandrum = ;
ape Comorin
Serial No. Station Location Radium content Remarks
X 10~%g/mi
1 Goa Arabian Sea 0.82
2 Bombay T 1.5
3 Cochin 5 2.5 Monazite rand
' Beach
+ Trivandrum o 3.2
5 Cape Comorin Indian Ocean 2.0
8 Madras Bay of Bengal 1.5
T Waltair .. 2.0
3 Gopalpur-on-Sea ” 0.88
9 Purl . 0.94
10 Chilka " 1.7
11 .Digha o 1.1 N
12 Haldia o 3.0 Ganges estuary
13 Kakdwip ’ 4.8

From: Radium Content in Sea Water along the Indian Coast

S. D. CHATTERJEE

& P. BANERJI (1976)
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Marine Crustacesa

Sea Hare + *
From: Intertidal Ecology of the Sea Shore near
Tarapur Atomic Power Station.
M. C. BALANI (1975)
Tazle 89 Values of Radicactive Substances Found
in Some Species ¢ Tuna
Speciss oCi wet wt. pCi dry wt. t. of fisk nCi wet wt.
7 137
Cle Cs 3 kg. K40
Albacores Tuna 2.6 - 1.4 33.1 - 5 17 2.89-0.08
Albaccore Tuna 8.2 = 1.2 33.2 -5 17
Bigeye Tuna 9.9 = 1.0 33.8 - 3.4 14 2.7-0.1
3igeye Tuna 8.9 -~ 1.1 34.3 - 7.0 14 2.8-0.5
Yellowfin Tuna 5.0 = 1.2 18.5 - 4.6 1X 3.8-0.3
Adapted from: Cesium 137 and Potassium 40 in the Flesh of

Fish of the Indian Ocean and the Straits of

Malacca.
B. G. Lowz

(1979)




Takble 70 i&5cr Element Concentraticns ir
Selecred Species ¢f Fisn
(migcrogcrams atom/g wet weight)
Species Potassium Magnesium Calecium Strontium
Ghol 116.50 7332 74.00 0012
Lobster 133.20 14.82 90.00 0.040
Pomfret 115.00 6.34 23.00 -
Catfish 114.00 0.29 3.50 0.012
Bombay Duck 95.50 13.94 85.00 0.018
Flat Fish 99.50 13.77 209.00 -
Koth Fish 99.50 37.00 225.00 -
Sea Water 10.33 53.60 9.60 0.042
From: Radipactive and Stable Element Distribution in

Marine Biospheres off Tarapur Coast.

T. P. SARMA,

S. M. SHaH, V.

T. M. KRISHNAMOORTEY, C. K.
G. R. DOSHI & S. R. RAO

N. SASTRY,

UNNI, S. S.

{1973)

GOGATE,
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Coastal Marine Organisms

ACCUMULATION OF RADIONUCLIDES IN COASTAL

ORCANISMS FROM AREAS CLOSE TO DISCHARGE LCCATION
Pars (- Hich Ce oy
H -
Crzamsm anaivsed (pCi/g wet) 2emam
Crab Sevlia flesh .44 3.2 1.2 ND Sampie sizz wmall
L Shel! ND 25,38 ND ND Sarmple stze small
Sevila serrata Flesh 5.35 3.7 4.4 0.0015
done - 15. 52 - 0.20235
Sevila serrata Flesn .7 15.3 7.8 -
Shell = bene 35.1 54.7 ND 0, 0033
Prawnt 8.18 ND Sample size small
Cyseers Flesh 13.58 3.11 §.2 0.0139 Contaminatieon from
tediment jwopected
Sheil 25.3 ND ND 0. 0017
Mackerel Flasn ND 0.023 ND 0, 2005
3one - - - 0, 0028
Arius 50, Flesh ND 29.6 ND 0, 0004
Zone ND 52.5 ND 0. 0080
Gue 230.5 75.2 3.7 0. 0023
Anw sp. done ND 40.1 . ND 0,024

-

Form: Determination of Plutonium in the Marine. Environment

K. C.

PILLAT

(1975)

Table " 72 = Values of Some Radionuclides in Bottom Sediments

ACCUMULATION OF %®Ru, *"Cs AND *4Ce IN BOTTOM
SEDIMENTS AT DISCHARGE LOCATION

Location iz o e
(pCl/g (dry))
1 116.3 129.3 278.§
2 59.1 89.3 221.9
3 111. 296. 5 $38. 8
3 59,1 116.1 255, 4
5 - 1551.0 313.1
5 1 1351 .
1 . 125. 4 91.§
3 - 189, 3 391.3
3 1.6 108.2 193.3
10 82.4 149,0 329.3
1 39.0 129.3 234.5

From: Radiourethenium in Ccastal Waters
PILLAI & N. N. DEY (1975)

K. C.
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Sedimentzry accumulations are higher off the Asiatic subcontinent
than those found off the East Africen coast. The submarine cones of, the Indus
and Ganges rivers have, respectively, s=diment volumes of 2.12Z x 1C/14 m" @and 7.28
X 1Efl&1m whereas the basin off &fricz has a sedimentary volume of about 4.81 x
1071 m ,

The building of dams across naturally flowing rivers decreases the
rate of flow, reduces nutrient concentrations in estuaries and cozastal waters
and decrezses the number of plankton blooms and fish landings.

4,0 CONCLUSION

Pollution problems in the Indian COcean have not yet reached the magnitude
of those found in regions such as the Mediterranean and the Baltic which are
bordered by industrialized countries. The East African Cosst, in particular, is
still relatively free from pollution. However, *he coastal areas of the Asiatic
subcontinent are beginning to show signs of deteriorastion. This is especially true
in the vicinity of coastal industrial sites and towns such as Karachi, Calcutta and
Bombay.

At present there is a lack of information on pollution problems in
the region. Meny of the institutes in the ares concentrate their efforts on
general research into marine science and development of fisheries.

There are few adequate or satisfactory methods for treatment and  disposal
of effluent. Often, wastes are dumped directly into rivers and seas causing
damage to coastal marine ecosystems and resulting in hazards to human health.

Research on the effects of pollution other than from industrial
sources is still scarce. The countries of the area are primarily agricultural and
it is therefore important to develop research on the problems of these
forms of pollutants. 0il contamination from accidental and operational sources is
2 growing threst to the coastsl areas most of which are on key shipping lanes. The
dumping of untrested sewage directly into the sea has resulted in many bathing
beaches being contaminated.

Much of the infeormation available in the area comes from research
carried out by institutes in India particularly on the effects of industrisal
pollution in the country. Dsta is not available from the other large countries of the
Indian subcontinent. However, cdata that has been collected often remzins unused.

The treztment of industrial and domestic wastes needs to be promoted
throughout the countries of the region. There is therefore a need to develop
monitoring programmes to assess sources, levels and effects of pollutants and 2lso =2
need to implement programmes on pollution ebstement and control. '
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