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FREFACE

The Kegional Sees Proyromme  wes  initigted by UNCF in 1994, Since then, the
Governiry Louncil of UNEP has repeetedly endorsed a reglensl spproech to e wontrol
of aerinc poillution and the manegement of merine arkl coestal resourres and bas
reguested the develupment of regional actlon plens.

The Hegionel Seas Programme st present includes eleven reninns 1/ and has  over 120
voastul Slates perticipeting in it. It is conceived 55 an sction-oriented programme
haviny concern not only for lhe consequencos but  alse for the causes of
envirormenlel degregation and encompassing e comprotiensive  ospproech to combnting
piwiroieenls!  problems through  the mensgement of marine snd coastel areas. Each
regional ootion plen is formuleted according to Lhe needs of the region as perceived
by the LGovernments concernec. Jb is desiuned to link assessment of the quality of
the merine enviranment and the raoses of its deterioretion with activities for the
monagument and devel oprent of the marine and coasta) environment. 1he action plans
promote the parallel development of regional legel agreements and of action-priented

progremme activities.

Five of the regions in the UNEP progremme include in bLheir geogreaphic scope  coastal
waters of Lhe Indisn Locean or of bthe sess un it's periphery. Thoese are the Easat
Africe, Cost Azian Sess, Kuwait Actiom Plan Fegion, South Asian Sesa, and  Red  Ses
and Culf ot Aden.

The present pepart wes prepared wikth the saim of  assessing  the peesent  level of
pallutjion Iin Lhe Indian Ocesn and bhe extent of informalion availsble on the merine
ervirorment &nd pollution in Lhe erea. In eddition Lto the GSletes of the GLest
African Region [{omoros, Keoyo, Hadecsgscar, Mauritios, Hozembigue, Seychelles,
Somulis and the tnited Republic of Tanzanial, the study covers Baoglaiesh, Burma,
[ndia, FPuekistan and  45i Lanka.  In its prepwration, informetion was ohtained from
most of the marine Lnstitutes ol the States mentioned  sbove. In gdoition, meny
useful documents wevre made availsble by the Library aof the Uegsnogrophic Museum et
Monaco gno the Libracy of the Harine Biologiesl Associobtion of the United Kingdom in
#lwpenth,  The wesistence and co—operation reccived from these institutes as well as
from Govermments end tniversity sources ts gratefully sckaowledoed.
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PERT 1

THE HaR'wt EMYTRTMMERT

1.¢ TMTRINYICT {1

Thiz report rttempts to provide 2 general iden of  the sourcos,
leveels end effects of macrine po!tfutants in the Tndien Mcean as well as the existence
#rd extenr of marime peolluvtion monitoring systems =t presenc available in the
arer, Tt te  intended to 2erve p8 A gouree docoument  for  sventual  progremmes
relating tao pollution momitortng =nd its combstting in the Tadian Ceean Area.

Thiz paper has been divided intoc two parts, Pert  one desls with the
introduction and  description  of the  aree, It provides informetien on the
physicqroaphy of the reagian which covers the physicesl aspects of the ocesn such
@5 current. Systems ang! weter-muss movemenys: the grologlica? Teaturez  of  thr
ocesn hodj an the meteorolony relsted to the ares, Morine chemistry, marine
hinlpay and fisheries of the area are 2T8n ineluded.

Part two dea's with the pollution prablems of  the ares  a2nd covers
industrin? po!'ut ion, pollutien frem municips! end domestic sources, oil
conteminahion, redfosctive  po'lution »nd pellutior telsted to o2griculrursl
nctivites.

Tre  informarion in *his overview hss been  obtainer from psepers  ond
dAncunents provided  from mevera' r=graech centres locatad in the countriez bordering
the Tpdian Mgean es well ns from  the refarances listed in the hiblingrzphy.

2.0 DEFTHTTION OF THE REGTINM

For the purponse of this ropoct, the 'nf'ien  Dceoan hes  been defined as
follpws: Western Poundary, """E and to the sputhzrn border of Mozambigue: Eastern
Pournvisty, TI17"E (tn  the western roast of fustrabilal; Sourhern Boundary, %S, from
Curhon on the Touth African Mpast to Sreen Horn on the West Auscralian Cosst. Tha
two wmajor basins included within these limits nre the flay of Bengal and the
fvabisn Fra. The eres rovered by these bounderics is of the order of 70U million
sguare kilometres and the average depth of the ocean is J0CC metres. Seas opening
irmto and forming e perr of the [cesn but not treaoted specifical'y are, the Persian
GulF, the Red Sea, the Bulf of Oman. the Culf of Aden, rhe Timor Sea and the Malacca
“traits (see fig, ). v

Tountries having bhorders on the Aarea  unvler survey are Mozembicue,
Tenzenin, ¥enye, “omelis, Pakisten, "ndia, Pengladesh snd Bugma, Tz'enda within the
arez are  Mecagescer, Srt  Lenka, the Seychelles, Mauritius, the Comoro Tslands
armd the Maldives #s well as the territgrial is'ands (ere  fino. 7). Despite the
afarerenticned  boundaries, the ocranography studied will cover the whole ares of the
Tndian Doean gn 55 te Ffacilitate the presentatnrion nf features auch A8 CurTenLE
and water masa movement an?  hence the southern boundary will extend to dntarctica.
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ic FHY=T{\GRAFHY OF FHE INDTAN OFEAN HASIM
30 Tt roduct ion

The Indian Ocean is the smallest of the three major oceans. & has unioue
features in it's dynemirc eceanography, meteorology and peo'ogy. There is an owverall
negative water balance in the Tndien Ocean. The Bay of Benga!, on ks own, has
& pogitive water balance due to the input by precipitetion and run-ofF exceading
evaporetion. The dynamic oceanogrphy 1s influenced te s great extert by the
metearology especially in the . Northern Hemisphere. These inter-retated
effects give rise to the soeasonal monacons and monsoonal currents.

3.2 The Cutrent. Systems
1.2.1 Surfece Currents

The current system in the Southern Hemisphere of the Tndisn Oceen  does not
change much from sesson te season and is dominated by the Soputh Equetorial. Current
ond Westwind Orift (see fig. 3). There ims & Jlarge anticyclonic gyre, the
sauthern-most part of which is the Weatwind Orifc lying between 7P9% and 50%S with & °
width  ef 200-22C nauticel miles. It cen reach a speed of 20-30 MM per day near
the Kerguelen Talands, is normally dependent on +he wind and ip seasonally
and  regionally wvarisble. In winter it turns north before Austrslia end joins the
current coming from the Pocific vis  Seuthern Pustralin. In asummer it joins  the
south-bound  current  west of Australia and flows to the Pacific via the southern
OCERn,

The West Australia Current reaches 1€-15 NM per day north  of Equetoriesl
Current at Z3°5 due o the effect nf the Southesat Trade winds. T the southern
pumher the flow becomes eastward and  shifts southesst. The current - is
reinforced in the winter by a flow From the Pacific vie the Arafurg Sea and resches
up tn B 1 knet velocity. Tt divides into thres branches before Madegascar; onz
hranch flows narthwasrd sround the Taland at 50-&D MM per dey and then turns easL,
the  second hranch runs north and the third turns sauth and becomes the Mozambigue
ond later cthe *guthes Current.

In tha Morthern Hemisphere, rurrents sre gresatly  influenged by the
monsonns  which give rise to the Scuthwest and Mortheast Monapon Drjfts. Narth of
latitude 109%, surface currents very with scesons. During the Northeaat Monsoon,
the well-Zeveloped Mortherst Monsvon Drift or Mortb Eoustorial furcent, flows west
and  southwest. Tn  February, the southern boundary shifrs 5-79 sputh and  turns
north in March disappesring as the Southwest Monsoon Drift begina. The nactow
Equetarial Tounter furrent sets in 35 a resu't  of the southwest Flowing
Somali Current ard a norEhwsed flow from Cape Delgado. Tn Movembor, it
rerches  speeds of 47 MM per dey snd in February, also shifes sauth, then back north
sl digappearsa,

fs the Southwest Monscon begins, the Spuchwest Mangoon Orift appcarse  snd
Flows  eastward, south of Tndia, rveaching up to * koots south of Sri Lanka. It's
brenches flow clockwise in the frabisn Ses and the Bay of PBengal. The southeast
flow reaches 10-42 MM per doy off the west cozst of Tndia. The Emst African Coestsl

A L S L S P [ A FER L ST,
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Tmportent locel currents are the Mozembique  lurrent, the Agulhas
Current, the Equsterial Curvent, the Somali furrent and the West Australian Current.

2.7 Sub=-surface Turrent=s

funsurface current mensurements show thet, at a depth of 15m, the pattern
does not  change much except for the  Equatorial  Counkmr Murrent which gtarkg at
6T and iz narrowar amd more gsoutherly than st the surfece. At g depth of 2T m,
currents sowkh of 59N are reversed  under the Morth and South Equatarisl Currents
and wunder the Counvercurrent eest of 709, At o depth af 500 m, between 59N  ard
1™, rurtents are eastwsrd with a clockwise gyre around 8 centre at 5°% and 6CPE.

At o depth of 1500 m, an anticyclonic gyre 15 farmed by a broad eastward
Flow snuth of 1F?< which merges with a southerly current. at FO°E and  Eben fturns
notth ot 95%E to eventua'ly deqgereroke into smaller sddies. B alower branch flows
sqguth at JF0-BCPE  and 20.25°%, At a depth of ZICC m, the same current, betwesn
15 ame T7°E, 1is slower and 8 brench Flows northwerd et 65°C. A current from the
Bay of Pengal merts a flow from the cast at the equater and turna nerthward te the
Red Sea. 2t A depcth of MEL m, there is sn =astward Tlow between 26°E and  23°E  and
a rcyclonic qgyre appears hetween 25-"5°FC and 38-75°E.7

The Zerippa Thstiture of  Oceanography mede some  direct  currcent
measurements from 1" to 2*%  in  July-September 1982 and February-Mavch 1967 as
shown in tahle !. The undercurrent was steble for several weeks og meesuremenis cover
a further * weeks proved.

Ar the eoustor, between 79°E and 979E, the thermocline thickness — was
at # maximum 95 shown by messurements af the distance betwesen the 15°C and 259C
isgtherm=, High aalinity and low oxygen were noted =2t the point of maximum
eagtward flow,

3 Mater Masses

There are T major waker masses 1n the Tndian Orean: cthe Indian  Ocean
Central Water (IDCWY, Equstoris) Water (T0OEW! and Deep Water (70D} and two
transitinn types the BAataretic Tntermedinre Water {ATW) snd the Red CSes  Water.
Tha TOCW ligs betwoen T5-4£295 and 15-2C°% and is formed by sirking =t the subtropicsl
converaence,  The salinity ranges of the TOEW are lerger than those of the TOCW due
to mixing of the high salinity FRed Ses Water e&nd the low =2alinity coastal
water,

The subsptarctic water {%WY is a low s=#linity water mass formed by
mixing end wvertical rcirculation between the subtropical and fntaretic  convergences
and is distinct From the ATW whick oprigqinates with & salinity of 77,80 ppt amd  sits
alang a well defined be't around the Pntarctie Continent. After sinking, the 5W
spresds north  ta mix wlth warers sbove and helow tt and fgrms 2 minimum  salinity
woter mass, with 1ow temperstures and high oxygen content, et a depth of 2CC-700 m

between the Aptarctice =mnd achiropice)l convergences. Maorth of the latter

convergence, it sinks ko a depth of 8CC-150C m, then rises to a  depth  of

SCC-3CC m  mear  109S where salinity increasea. West of Busktratia, it spreads
meabbrant bk simees TAA TECAE s i1 1RAE nbk n dankh ofF 7 @ ond  snedbaaek GEOIOROF



Table

1: Current messurements [by Scripps Institute of Oceanography)

LATITUDE MONTH SPEED FPLOW DIRECTION
79°E September 60 om/sec eastward 0" latitude
89'E Septembeyx 50 cm/sec eastward 0" latitude
S0 B April ' 80 em/sec westward 0" 100 m deep
38 em/sec
el E March 57 cm/sec 0 latituds
May
53" E - no current, westward flow
' August meridonial
62'E August - no current, westward flow
meridonial
85'E February 5 em/sec eastward flow

From: The Encyclopaedia of Dceansgraphy
E. W. FAIRERINCE (I96a)
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From the Benda Sen comea the Tow saliniky Bands Tntermediate Water (BTW)
which spreads west, south of Todeonesiz, and soukhwsat off dusiratia below the 2THW at
depthe of 10C0D-14CC m. The high salinity Morthwest 'ndian  Intermediate Water
{NTTHY lics above the BRTW, I0-20°5 and 70C-100C m derp and mixes with the ATM,
Highly sr1ine waters originate from 5 aress and sre shown in table 2.

Within the three major water masses of the Tndian Ocean  awre Found  five
emal ler drep water masses. These are the Tircurpolsc Deep Water (CPOW) from the South
flantic Meean the Antaretic  Hottem Water (ABW)  from the Antarctie
contincnta! slope, the Nogrek Tndizn Desp Water (MTONY}, the Morth Tndian Pattom Water
(HTRMY  and the South Tndian Deep Weter {(STEW), The CPDW flpws eastward between
£3=T5%0 and is fairly warm. It enters the Tndien Coean 2t “57°50 end P00 below 2000 m
depth  2nd reaches I0-2775 and "C-45%"E. TC meets the 5TIW at "5°5 and moves south.
The 1letter forms ar 1C-1625 at a depth of 15(C-"5CC m from the KTOW,
Sunantarckic Interpediate Water {STWY and ABW and predeminates epst. aof  1159F, The
NTIM  Fforms in the Arebian Tea From the highly szline Red Sez wsters and
moves eact and southesst. Although the temporaturez decreosse the salinity does not
chenge  much and the water thus sinks to o depth of P00C-2%0 m norkth of the equator.
Between 105 mand 16°5 it mixes with the 5TW and ABW and is transfered inte the SIEM.

The ABW forms through mixing with the ASW and CPOW. The west helf of  the
Tnelian  Meean 18 domineted by water from the Woddell Ses while the epast half receives
those from east of 30°L. GShelf water forms bottom water when the density is
grester than 27.P7 gn/om” with temperetures of -1.7 - 1.9°0 and @ salinity grester
than 24,52 ppt which occure during ice formetion (1.5 - 2.% m thick). Tn winter, the
hotrtom weter 'ies ar a depth of S0C0-PCC m, &0-P0 MM from the sbelf and XCce-Tslc
m deep north of the Anterctic fone. T Lhe gummer, it sinks to » depth of 1200 m
near the she'f  end  hecmeez the  NTEW  between 16"3 and 10°5 where its
characteriarice chenge. Flgures 4 23, h and ¢ show the vertical and horizaneal
position of some of the water magses whilst table 3 gives some of their
characteristics,

J.a Tides

The tidea ere both diurerl and semi-diucnal with the former dominsting on
the west coast of PAustratia and southern Jsva and the latter concentrating on the
ezst coaat of Afries. When disturbances dum tg shelf are reglected, wvariatioen 1in
phose of semi-diuemal tides are very amall. The mean range of spring tides along
the nporthern corst of the Arabion Sez is 2.5 m at Aden, 5.7 m ot Dombay and 1.1 m
st Cochin. On the west coast of the Pey of PYengal and on the esst cosst of Sri
Lenkz, the mean epring tide renge is about 1 m but the north and esst coests heve
4.5-5.2 m ranges fdur to sha'iow depths. The Ranooon spring tides exceed 7 .
In the Mozambigue Channel, values of 3-6 m are recorded and from 6-17 m slang the
northweet coast of Augkralia,

=5 Waves

Tm winter, in rhe Marthern Hemisphere, the Norbtheast Monsoon only  ceuses
amall waves helow 1 m buk in summer, especially From June to  Pugust, the Southwest
Mansoon  generates waves higher than 2 m. DBver the Kerguelen Islands these hsve been
eeen to reach 75 m heighte with wevelengths of 730 m, Swells ofF 7.5 m  in height,
1.7 m  in Jength end '4.% seronds in perigcdicity heve been recorded in the



Table 2 Characteristics of Waters Entering the Indian Scean Basin

{Saline Warers)

Originating from Salinity ppt Depth L m Densit
Fed Sea €30 - 34.90 600 - %S00 27,30 -
Persian Gulf 3&.10 - 3%.00 3¢ - 400 26,40 -
Northern arabian Sea 36.50 - 35,00 100 - 299 24,50 -
Archian Sea 28,60 — 35,20 Q- 10¢ 23.80 -
Egquatorial Indian Ocean 35.89Q - 35,20 0 - L10 23,00 -

From: The Enéyclcpaedia of Oceancgraphy
E. W. FAIREBRIDGE {19464}
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Table 3

Characteristics of Water Masses in the Indian Ocean

Water Mass Temperature °C Salinity Dfmn Depth In Den=zity
Indian Central Water B - 1% 36, &0 00 - 600
35.50 1000 - 2000
Bguatorial Water 4 - 18 34.90 - 32.25
antarctic Intermediate 2.2 33.80 21.2 -
Formed from
Antarctic Intermediate 3.4 - 4.0 34,20 - 34,50 200 - 700
34.75 500 - 200
Panda Intermediate 4.0 - 5,0 34.60 - 34.70 1000 - 1400
HNorthwest Indian
Intermediote 7.0 - B.LD 34.70 - 34.90 700 - 1000
Merth Indian Deap 1.0 - 2.5 35.50¢ - 24,80
Antarctic Surface DI 34.58 - 34.62
Circunpolar o] 34.76 - 34.70
North Indian Bottom 1.5 - 1.7 J4.74 - 34.76
Antarctic Bottom Water -0.9 - 0,0 jd4.66 - 34.69 27,87

From: The Encyclopaedia of Qceangography

R. W. PRIRBRIDGE

{1964]
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.0 Selinity

Meximum sslinity velues occur west of Pustralim and in the Arebilan Sea.
Low salinities Bre recorded 1in the esstern side of the eguatoriel zone 8t the
trensition between the Southwest Trade Winds and the mohscon, end extend south to
1695 faee fig. 5 &8 & bY. Th the northern ocesn the salinity values vary seasonelly,
In the summer it is wery Tow in the Bey of Rengal and very high {n the Arabisn
Sea. tow selinity is due to the heevy fresgh water Tun-ofF mainly wvia the Ganges,
Bremaputra and Irrawszddy Rivers. The rise in ealinity in winter is due, in part,
tn the dry season and in part to the vpwelling of high selinity weter in
the weatern Pay of Bengal which then follows s northerly flow.

3.7 Density

Denaity veluee correspond to aa];nity and temperature and show a_ low
denaity area between [ end 20°5 {21g/cm”) end of f Jeva mnd Sumetra {21.5 g/ecw”). In
the §nuthern Hemiaphere, summer surFace denajty volues decrease northwards from 27
g/em” et letitudes 33-34°5 te 27 ofcm et 17*5. _With the advent of summer,
density veluea in the Northern Memlaphere are from 22 g/cm” in the  aouthern part
to helow 19 ofcm”™ in the porth-western part of the Bay of Benga! and sbove 29
g/cm” in the Apsbisn See. Fipure 6 shows fome dengity valuaa for the Indian deean.

N Temperature

The western half of the ocean is warmer than the eaaterr halF at the ‘same
lgtityde dur to the oreen circulsmticn pettern. In February, the Southern
Henisphera l& 1n summar and temperatures shove 27°0 are recorded off Austrelic.
Teotherme rtun  from WSW to ENC turning southesst when they are betwean 25°C and
27°C. DBetwesn 40°5 and 30°5 a 12"C difference is noted end I8 a result of the
trapaition zome  betwern middle latitude water end poler water, With the chepge of
MOR&ECON &HE6E0nS, temperstures asbove 79°C are meen in most perts of the Northern
Hemisphere in May. By fuwgust, these tempersturcs have dropped again and, s a
resvlt of the upwelling ceueed hy the Southwest Monsoon of  Somelia, values bBelow
Z5"C sre  noted between the Somsld Cosst and the southegst coest of Arebie. In
Noverber, thea surfece tempersturs 1s near the snnuel mean and north of 1095 the
range 1s between 27°C and 27.79C anly.

1.9 Pressure

The preessure values of the ses esurfzce increese ©E DRe progresses
eagtward. Figure 7 showe the dynemic topography et the ocean surface.,

.10 flimatology

The climete in the Indien Oceen fres i influenced by end 1influences
both the land end weter and  is characterized by its monsobn aeapons. The
meteorclegical end thermal equetar over the Indian Oceen lies slightly south of
the geogrephic one in Jenwecy end north of it, on the Asistir Continernt, in
July. Thie divides the Marthern and Seuvthern  Hemizpherves  {into distinot
meteorcloglical provincee. The winds in this ares undergo a complete =hift hetween
January and July resulting in the MNortheast Monacon in the former smd the Southwest
Mongoon in the lptter (aee figs. & a * b). Thie a&rnual cycle is dominated by the
heating and cooling of the Agietic Continent. A low pressure omrea over the
Persian Gulf during the ammer causes wind systems over the Nerth Indien Oczan
to blow from the southwest wherezs in winter, the northeast wind comea from the
high pressure zone over the Tibetan Pleteau. Pressure and tempereture patbterns owver
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Figure 5u0: Surface salinily - February

Figure 5b: Surfece salinity - August
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Figurc Pa: Temperature and pressure patterns over the Indian Ocean
{January)
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Ihe moderating effect of the ocern reeults in 1itEle  chenge of pressure
and wind between January and July in the middle and high Ystitudez of the Southern
Hemisphere.,  Storm winde, wbove 7 mn the Peauforr scele, are  doaminent iIn the
rorchern summer  leaving » colm zohe between 125 snd 77N mest of 7P"E.  The northern
winter is rca'm with an  pecasieng!  Eropicel  cyclone arpund 1095 and  PSTE-959F
arising bebwwoon November and  fpril, ™n the Sputhern Hemisphere, southwsee' from
1995, starm winds are sean more frequently,

Cloud cover is highestk Huring the Soutbwest Maonzoon in the NMaorchern
Hemisphere but  although  this clezars during the Mortheast Honscan, the Southeen
Hemisphore remezina overcnst throughout the year, S%Ser fog is frequent during the
summer off thes roest of Temadie and south of the PArabian Peninsule. This
vunvensst ton is due to coo'ing of air tempperrtures by the lower seawater tempersturs
ernd . 15 stimulated by dust coming from inland deserta, The dust loeding aver the
Forthern Indisn Qcean averages 1.2 microgram pec m o of  #ir. Tiw Mortheost Manzoon
trangports  dust  from the Hajostha desert reqion ot ane order of magnitude greater
than thase of the Sguthwest Mongoon over the open  ocean aress. The sguthern
‘ndinn  [eean syreages .80 micrograms per mo of afr with values in the Esst being
higher due ko the influence of the frabian deserra,

The tota?! ampual precipitetion is high, more than *CCC mm i the central
spuarorisd belt and more then 'ICC mm in the western zone af the Southern
Femisphare. Between 2I°°5 gad 7575, up to 8 narthern boundary  of 170E_150C and
perticular!y off the  west  roast af Mustralis, it is fairly doy with
precipitation below 5T mm., The equetorial wet zone, iying hetween the
equetar  and  10%% From the Sunds Ten to the Seyebelles, is & reasu't of the boundarcy
erra between the northern and southern wind syatems. The eoastern part of the Pay of
Bengsl , paricularly off Malaysia, has & high precipitstion in rcontrest o the
west side of the Arpbian Reg which is very dry. HMeximum rainfatl in  the
wet  areas pccurs  10%T tp 7575 berween Decembzr and Februowcy and from 5°M ro 1095
brtween Mzrch  2nd pril. Thesr maximy accur during the northern summer in vhe
wostern side of the Poy of Bengal whereas thers is heavy procipitation during mosrt
months in the wettest ores hetween 3°M and 1005, east and west of Sumetra.

Tn winter, when the sun's eltitude is highest in the Taulbern Hemisphere,
hest  1s prﬁvided in all but _rthe rwoiciecn-mest parts of the ocean. The maximun
heat gain reaches 17 keel fom’ per month in the 4'*5 ares, decresses to the norch  and
ig rero sround 1F?S in the south eaustarial  current where cvaporation is
strongest. Tt then incresses again to resch & keal/om per  month at _ 5°h
hecoming negative  north of 4"N and reaching = maximum heat Joss of & keel/som™ per
month at *0*M, Tha evaporation at the South  Eguatorizl furrent caused by the
Southwest Monscon boromes mere conspicuous in February ceusing & hest loss zone at
its western side whi'e the meximom heat galn zone =hifts sputh hy 47 laritude.
Tn the narth, the heat lonss aras pceurs anty in B smell gres of the narthern psrt of
the Bay af Bengsl.

Tn Mpril, the hest loss meaximuom Vies over the Pgulhes Current a2nd covers the
Southeon Hemisphere, whi'le oaress of heat gain occue morth ofF 10PN, The beat
asin erea redures Further to the northern parta of the Arabtan Sea and the Fay af
Renga) whilst  beat loss resches & maximum of 12-14 Les'/em” per mankth
between Jdave sl Madeosscatr. The hest gein ares north of the equstor sterts
incrersing agsin in August whilst +he gres af Targe hest Yoss lies southwest of
Trdia  Movimiem hasok lase im rha Basdbhoss Hamianhanrs accine ar sheok 7908 ket dmeo
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On an ennual basis, the strongest heat losa area occurs  over the  South
Equatoriat furrent  between Madagascar amd Jeva and the Aqulbas furrent south of
Africa. WMaximun beat gain 'ies around 65°5 and 8 zone of weak heat gain 1s seen
between Fanzania apd Sumatra, Tn the Eay of Penga! and Arshian Sea the soubthern parts
ghow little heat 1losz whilst _the northern parts have large heat gain.
Differences bhetween the apnual heat ha'snce are accounted for by herizontel  best
transport. by the ocean currenta. This heat flux eppeers as s charge in surface
temperature with 8 delay of about 2 months and sffects the layars- above  the
thermoc! tne, helow which s=ezsonal changes in tempersture are negligible.

.11 Geology

"The Tndian Dcean is the smallest of the Ethree grest oceans and
geologirally spesking the vyoungest. Ttk has existed since FPermign times (late
Polenzaic) when Gondwanzland, the lend mass formed by Africs, Indis, Australia
and PAnterctics, wes Yfhowght to have broven up a5 & result of continental drift (aee
fig. 0.

The bed of €Ehe Tndian Ocean has Five distinct  Ffestures: the Centinental
Margin, the Ocean ®Rgain Floor, the Microcontinents, the Mid Deesnic Ridge and the
Fracture ’Tones,

The continents] she'ves range in width from & few  thundred metres to
more  then 200 km, For exemple off Bombay. Mumerous submarine canvonz marck the
continentel slope notably nesr the Gamges and ITndus Mivers. Lerge sediment
gccunuletions forming sbyssa! cones are’ elan associeted with these rivers. The
continental rise averages a gradient of 1:40 at the bese of the slapes to 1:I[C at
the abysset! plain boundsries and occapional Bes mounts, ses knolls and canyons
may be sean locally. :

the Java Trench bardering Sumetra and Jove forme a  boundary for - the
Yrdian Presn between Burme and Auastratie. The oceen basin floor 3® noticeable For
it's abysse? plaina, These Flat surfeces have gradients from 1:'C00 wo ¥:700C with
ocragsionks!  pesks, ™t exceeding 1-2 m, charactecistically lying on the seawerd
gldg. The pizinsg are extenslvely well-developed In the northern and southern parts of
the Tndian Beoanm but are poorly developed off Australia.

Apeismic microcontinente, rumning north-south, are a striking festure of the
Tndien Ceoeen and kend o be higher erd more ekin to sqare blocks with lower
1ocal relief, than the mid-oceenic ridgea. Yotable emong these, from west to east
are, the Mozamhique Ridge, the HMadngaacar Ridge, the Mascarene Plateauw, the
Chagog-Lacesdive Plateaw and the Minetyeast Ridge - the lomgest and stratghtest
ridge yet discovered. Tn addition to Ehese north-sauth punning mierccontinents the
more  east-west rreending Proken Ridge, Diamsntine Fracture 7one and ¥ergoelen
Platesu moy be seen.

The mounrainous mid-oceanic ridge, 'ving im the center similar to ap
- inverted ¥, im rhe sost conspicuous  feature of the Tmdian Doean cantrasting
wich the smooth continentz? rise an? Flat  sbyssal pteins. Sterting from the
Carlsherq %®irdige in the A4rsbisn %es it is thought to sepsrate twn distinct crustal
regions. Along its axis ie found 8 seismicelly active rtift walley which ise
cut by several frecture zones, of which, the most prowminent are the Owen,
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Figure 10: Sketch illuatrating the theory of continental drift
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The pelagic sedimenta of the Tndian Crean Floor are made up of red clay,
which  covers 25% of the tote) erea ( fig., 12). Calcarecus ooze covers 54% af
the acean floor and diatom goze 20% of the sree ocrurtng in  localired patches.
Red¢ clay 1is eeen between 10°N and 405 in the esstern ocean, sway From islands and
continents and- right wp to the continental rise of West Australia, owirg to  the
semi-srid nmature of thie region. Towards the tropice the red clay merges with
rediolarisn aoze. Where the depthe ere not excessive in zreas of warmth  end high
productivity, bekween 20°N and 40%S, calcereous ooze mainly Clobigerina
speeles iz found with pteropod domineting in =msll patches off Morth Western
Australia, Diatom ooze ia seen mainly in the sub-polar cegion beyond 5C°5.

Yerrigenoua sedimenkts, wmeinrly keplinite in the tropical areaz, are
found close to lend. In the mid-ocean voleanic aress, lave and eph sceumulsticns with
occesionel fine tuffs  and pelpgic ocozes are found. The z2eatinite mineral,
philippeite, ie characteristic near margine! voleanic zones. Coral limestones are
geen occasionally. Mear the circumpolsr bkelts, wmelting of ice Floes ard
iceberge provides fine ond coarse tiltite sediments wp to %00 km nocth af
Antarctice although deposite heve been seen &5 Far as 000 km north of the
continent. Tn the weatern fndian Ocean, 15" to 20°%, coral reefs end binthermal
fecirs are seen. These are not aasociated with submerged volesnic conea  but
with microcontinent type mid-oceenic submerine plstesva., In the northern part af
the Indian COcean, transpert of sediments occurs by turbidity currents, veleanin
action snd submarine &lumping.

4. MARIME CHEMISTRY

fxygen content i3 usuﬁ]ly large st the surface snd inctessss  with
decreasing temperature and hence the surface layer of the Anterctic region ie

‘richest in oxygen with velues shove 7.5 wl/1. The northern Indien Oceen has

low oxygen values which can reach es little a5 < C.05 =l /1,

- This oxygen rich water is carried north hy the Subtroplcel SubsurFace
Water, the Tntermediate Antarctic Water amd the Antarctic Bottom Water. In the Seuth
Eguatoriel Current the oxygen content pof the J0OC-C0 m Jayer is less than 2.5 ml/]

- due to the atshility of the serfece which prevents oxygen axchenge at the sen-air

interface as it has n¢ conteck with the atmosphere. The North Indian Deep Mater is
pocr in oxygen and forme an oxygen minimum lsyer between the oxygen rich bottem and
internedinte water messes down to 4005,

Biological Duygen Conaumphion rates estimpted in different arees of  the
Tncien Cceen show the center of the North Indien. Deep Water, from €GL-12CC m, to
hsye the highest consumption rate at 1.5-2.0 ml/t.. The hiclogical oxygen
consumption  rstee  of oY1 =squatcriel! regions, 10C-3C0 w deep, the Antarctic
Shetf, C-4CC wm deep, and the Morth Tndian Botkom Water more than 20CC m deep
were vatyued ot .5 ml/1, 0.27 m)/) and 0.0 /1 cespactively.

pH diatribution determination wes cerried aut for some regions as seen
in teble 4. The Antercric Syrface Water ehowe a low pH  de to cessstion of
photosyntheais in the esardy winter (May). pH veslums of the aubeurfece and
intermedinte waters depend on the rote of oxidation and the supply of carbon
dioxide-rich weters. Deep water pH valuee sre affected by the diseplution of
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Sherp incpeasea in pheaphates from the surface to 100 » in the eguatoriel
water are due to the general upwelling in the area. The higheat valuas found in the
MNorth Indtan Deep Water are an effect of mixing with phytoplankton-rich intermediate
waters which originste from the Red Sea MWater, '

Alghough the Antarctie zane g rich in wilicete  consuming distoms, the
sllicate vsluem for the srea are high due to mixing with deep water whegeas north
of the subtropical penvergence uniformly poor =ilicete walues of 5-10 mg at/m
are due to atable siratificetion preventing mixing with deep weter.

'n the &pntarctic zone, nitricea are found only In summer in the [-25 o
layer where intense decomposition of imatehle arganic satter occurs. The mavisum
valum in the wupp=r layer af the, sub-tropical convergence in the
Subenterctic zone waes found to be B-10 mg at/m”. No pitrite iz found north of this
convergence in  the southern, winter »snd none ie present in the Morth Equatoriael
Meter but values of I1M-10.% mg/m” are seen in the pycnocline.

Nitrate maxime of 110-27C -gfn1r are found in  the Antarctic and
Subentarctic zones with sn overall meximum velue of 370 mg/m” st 1295 in the Morth
Tndian Deep Water. The Circumpoler Current has velues of 200-2YC mg/m”  whilst
the Subitroplesl Convergence shows no evidence of niteate pressnce. .

Drgeni¢ phosphorous velues averaging O.720-C.3C mg at/] were found on  the
southern baundery of the South Equatorie’ Current, the Equatnriat Cvergence and the
bourdary between the Countercuxrent snd the North Equetarie] Current, Mexima ia the
vertical profiles lay st 16CC m probebly a2 & result of the salinity minims of the
Antarctic "mtermediate Woter. Comnditions of some weters of the Indian Ocean mey be
gseen in toble & and figs. 17 a and b. '

L.C MARTME RTOLOGY
5.1 Introduction

Most. of the work carried out on the biclogy of the Tndien Ocean has been
done in connectlon with the results obtained from the International Indian Oceon
Expedition which begen in 1¥5%. 1he  area containa both tropical and teeperste
marine Yife, the majority of which is concentrsted around the coastal regions.
fhe tropical Indien Ocean is considered the richest in shéllow tropical merine
feune. The lerst preductive of the ocesn areas is the scuth centra! Indian  Ccesn
which is aligotrophic asm rompared to the rest of the oesean area which is fairly
eutrophic. The Indisn Ocean has a lower biologice! productivity than the Pecifie
or ftlantic Doesna due, in park, to its eelstively smeller continentsl shelf area,
The shelves off India, Sri Lanka and Pakietan sre prominent on the weatern coast
vheress the eastern coests and East Africe have narrow etwives fringed with
mengraves pnd rera’ reefa. The region of mAaximsn biological wvee to men is Fouwnd
in the rontinenta! shelf erea. The islends have voleanic and coral type reefs.

Tra Arabisn Ser has the potentisl of heing en  exceptionelly Fertile ares,
ropecially  during  tha #outhwest monspon, due to upwelling induced by wind
etress. Tn the Ras Hafun aree, upwelling results in weter rich iIn muteients with
temperotures well be'ow 20%C but lacking in the fertility spperent in more stable
upwelling aress. Turbulence results in replenishement of mmtrients and watere rich

- . P - - - - -



Table 4 + Conditions of spme waters of the Indian Dcean

WATER MASSES  Latitude Dept pl Phos
i | {m} 1 {mg
SUBTROPICAL SURFACE ] (surface} 0.8 -
| 200 1.
e ——— s e . | . . e e
|
SUBTROFTCAL SUBSURFACE Lo-16 © 5 8.0 - 8.1
SRR S f e T LRy
; 100 1.
R B ]
EQUATORTAL WATER ;610 °8 120 - 300 T.81 - 7.86
1 300 - 500
— ALl AR LEE P A d.d - hes s mm—— ——— Y - - . . . . - ——————r—r =
EQUATORTAL BOTTOM ;
ANTARCTIC SURFACE 5  6-100 T.93 - 7.68
ARTARCTIC SURFACE CONVERDENCSE 1.5 =
ANTARCTIC INTERMEDIATE o upper band 1.2 -
E -middle band
! lower band 1.8 -
ANTARCTIC BOTTOM !
wmmmn T e i
CTRCUMPOLAR : 1.8 «
NORTH INDIAN DEEP ' 2.6 -

DEEF

From : The Eneycleopaedia of Oceapography
R. W. FAIRBRIDGE [ 1966]
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From: Physicel Oceanography in the Indian Ocean
K. WYRTKI (1973)
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Figure 13b : Oxygen end phoaphate distribution in the Indien Ocean
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The affect of river discherge is alec important in the Bay of Bengel for
exomple, there 1a s high inflow of muwd from the Ganges river. The discharge
from the turbid rivers is picked up by the Mottheast Monsoon Current and teken
mlong the East Coast during the Northeest Monsoon. The Southwest HMoneoon, with
Itz beavy rains, caimes an increased Flow of fresh weker from the rivers with
an ineregsed sadiment load entering the water. Incresszed sediment reduces
light penetration gnd trenspstancy end results in a decresse of plankton ae messured
in dry weight per m'. The sharply etretified low ealinity at the =urfoce, due to
high fresh water from the Cenges and Irrewaddy rivera, is the cause For the
relettvely poorer fertilicy seen in the Bay of Benge) as compared to the Arsbian
Gen. '

Gentle downwetling in parts of the Epst Africen Coesk  around I{aﬂﬁ and
Tenzenia  prevents nutrient enrichwent of surface waters. The coestal eress off
Tanzanie and ¥enys are, therefore, ltess praductive than the cosstal areas of the
reat of the Tndisn Dcean,

.2 Becreria

™e microble’ distribution in the Indien fcean i3 . Foly linked to
rhet of the ptimary productivity. The microbiomsss i= gresker neer the Equstor
awny from the African Coemt. Tt g wo'lsa greater in the northern perts of the
Bay of Bengsl and the frpbien Sea and off the Tndian Toaet st Goa. :

Detritue is found in targe guantities reer the cosst and is especinlly
abrand etk near the river ooukhe e to run-off. The increassd guantity of
organic matter sccounts for the high backeriel countg found in the narthwestern
perts of the Argbian Sea. These barteris are mrinly proteclytic types with sbout 10%
being of the luminescent variaty, :

5.7 Primary Productivity/Phytoplankton

Although primery productivity is meesured as & rete of epergy storzge, and
standing crop es mpergy present at eny given time, the two mey be compered to
obtein £ general view aof primery production. Primary production veluem can
indicate the fertility of wvarious regions of the oceen and the variationm in
productivity with aeagon. Thn general in the nocthern Indilen Oceen, the Southwest
Monsoon  period ie more productive then the Mortheast Monsoon period, In the Morthern
Hemisphere, Tor examp'e off the East_ Tcast of Somalis during the Southwost
Monsgon, production is 1.0 gl.".‘fmzfdny ond in the MNorthesst Monsoon 1t im 0.7
gC/m*/day. Further south, Ffew values sre noted., ~ Meesursments of chlerophyll
'a! r:nrr:entgntlnnn of the atanding erop show the northwest Argbian Sea to be fertile
{ C.5 mg/m”™) but the reat, sgain, ig8 not w0 fertile. Tables 5 2 4 b
show primaty productivity ronges for wvarious types of waters, The tertiary
production shows o gimiler pattern to the primary with 2-4 million tommes € wet
weight per 5 aquere during the Southwes® Monsocon peried end -2 million tomonew wet
meight per 5% agusre during i Mortheast Monaoon perind.

Trichodeemium Erﬁh;aeﬁn iz a blve-green mlga nm:leli::: ta the TIndien OGocesn
and often causes bloome where ntrient-rich waters ere fourwd. Sone "Trdian Doeman

blue-graen counte ere tvecorded in tahle &) Spatis)  distribution of  some
phytoplenkton are seen jn teble 7,

e
B



Tahle 5p 1 Primary production in different waters of the I[ndioh (¢

AYERAGE
PRODUCTION LIMITS TOTR
TYDE OF WATER in mgc/mé | in mgc/m? | AREP
per day per day 1{]3k
OLIGOTROPHIC CENTRAL SUBTROPICAL 70 100 14

|TRANSITION AREAS BETWEEN SUBTROPICAL AND
1SUBPOLAR REGIONS. PERIFHERAL REGION CF THE 140 100 - 150 2:
EQUATORIAL DIVERGENCE

EQUATORIAL DIVERGENCE

SUBPOLAR REGION 200 150 = 250 1+ 1t
COASTAL UPWELLING 340 250 - 500
MERITIC I 1000 500 !

From: Primary Produstion in the Indian Ocean

J. Krey (1973}



- 3] -

Table 5b : Primery productivity [anrbnnHmzfday}

AREZR ' SOUTHWEST NORTHEAST
ARABIAN UPWELLING 1.15 0.23
ARABIAN SEA 0,76 0,12
JAVAN UPWELLING 0.55 ﬁ.zs
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 : 0,21

Froms Production in the 'Indien Ocean and the Tranafer from the Primaty
to the Secondary Level, D. H. CUSHING ({1973)

Table § : Bive-qreen algal counta

AREA NUMBERS

ANTARCTIC GYRE & 1200 - 100,000 cells per liter
WESTWIND DRIFT
ARABIAN COAST UPWELLING more than 100,000

SCUTHWEST INDIA " more than 100,000
ARABIAN SEA app. 10,000
EQUATORIAL CURRENT app. 10,000
SOUTHERM TROPICAL CYRE less than 5,000
BAY QF BENGAL less than 5,000

Frnﬁ: Primsry Production in the Indien nneah, J. KREY (1973)
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Table 7 : Phytoplankton predominance in eight phytopiankton
geographicel regions of the lndian Ocesn

Asca Predeminance Sccondary Dominance

1. Commal upwelling arcas Dialoms Ginoflagellares,
a- Suurbern Arabia, pardy Bluc-green alzac
b, Wesecrn Ausmalia,
<. Indvnesia

L Crmral Arabian Sea and Dinodlageiizies, Lriarems, Laocod ithophores
Bay ol Bl Blue-gesen 3l guc

3. Somah Currenr vegion Diarom: Dinoflagetars, pacly
i, ME sxtion Blug-green algae
b, 5% secrivn

4. Mozambique Current region Driaroms Dinwdl agellares,

Cocoulichophore
§. Equatonial Corrent region Dinwflagellates, Diarums, Blue-goeen algae
Laneenlithophores

6. Sourhern subrrapical grre berween Dinoflagellares Ceqvolishophores, Briems
sanzhera subrropical convergence
and rthe southern ropical frooe

7. Wat-wind drift cegion Diatoms Drinvesflagellares,

Coxindithophores

§. Ancarcric gyre up m the Diaroma Diroflageliares,

subantanctic converpence Coconlivhopbures

From: Primery Production in the Indisn Deean, J. KREY (1973}

Table B : Counts of total sbundance and percentaqe of chaetogneth

species found In the Arabian Ses

_'ﬁ Spegies Total Abundance Percentage
Eukronnia 7 negligeable
: Kronnitsa 14,627 1.3 %
Plergpgagicea 48,313 5.1
Ramitra &T1 13 -
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5.4  Inoplanktan

The copepod populetions fallow a trend of incressed nuebers in  the
northwestern regions, They are sssociasted with productive watere. Anphipods are
found in Yarge numbers in the southern centra! end  central  Arabian Sea. Fair
nmbere ere  gesn in the east end weat southern Trdian Oceen in the equatorial zone,
The Somelt and Frabien coeste have 2 high density of amphipods and the Bay of
Bengst has & high concentration in ite northern pert, Increased numbera ere
noticed in upwetlling regiona, in sreas of rviver dratnege ®nd &t night due to
vertical migrstion., Euphsusid concentrations -2lse follow a skaflac petLEC,
“noplenkton  voluaes  ace Wghest in the frobi=n  Sea with valuss of 54.7 ml/m<, @
oeners] idea of the different speciea of chaetopneths present is shown in table 8.

Detritus feeders are dominant nearest the surfsce follawed by aeston and
predetors. At o depth of 200 wm  eeaton feedera - becone doninant.

¥4 species of Hydromedusae have besn recorded in the Acmbian Sea of  which
4 were also seen in the Pay of Penga! where they tolerste low salinity, Half of
the specisa present there are neritic. 'nehore end in upwelling areas, their numbers
are low, the greatest numbers coming from the boundary zones and diecontiruity
'ayers end where there is a lerge food 2upply. Sone desp water speciea are alsp
present. The dominant species found ere  Aglours  hepnistoms and Lyciope
retraphylla. These are werm water, boloplanktonic, aceenic, surface species.

5.5 Eenthos

Berthic btomess generally dectesses with inereasing depth. The sbundence
of benthic orgenisme ts )inked with the presence of food. Areas rich in detritus
and phytoplankton ere favoursble to colonization by benthos ss  these reqians
ate rieh in nuteients. Phytoplankton rebers sre at e minimum ot the tropica with
higher densities towards +he two poles. The benthos is thus richer in the
Lemperste regione neer the coest. Some rconcentrations of benthic organisme  &re
listed in teble 9 snd their spetial diskribution is shown in Figure 14,

T™e mefor pert of the benthns  consiste of polychsetes at dept he,
Crustacea and Tenaldeces sre common in shellow regions and sponuyes are ssen at
great depths slong with echinoderms. Molluscs sre not very COMNON ,

P few cumaces have been noted near the cossts of Gujerat end Southwest

Tndic. the epecies recorded include Synpo dammatide, Bodotriide spp. and

" Lerconide spp. Specimens of cumacea have alsp haen meen in the nearshore  waters

off  Pakistan, Tndia and Emst Mrtca. fumecea are usually rere in open waters

and are present in watets of ‘ow Oxyoen content. Compuleopis spp. have been  Found
at qreat depths of F Madagascer .,

Rivers corry pollutonts and detritus to the mes, spmetimes jn the form of
nutrients, At the point where these rivere flow out nutrients enrich  the
waters and this often lesds to sowme euttophication. The efferts of this river
diacherge end run-aff’ op the fauna and flors is very localized. *

5.6 Representative Biotopes

The major ecoltogice! systems present in the Tndien Dreen Bre the corce! reef,
corel-free/inter~recf areas, manorove swamps =nd open ocesn. The Soms¥i  wowe)lina



Talle 9 : Numbers of benthie organisms found in some regions nf the Ind

ARER NUMBEES

NORTH ARABIAN SE2 more than 500 gfmz averaging
AFRAB PENINSULA 15 - 20 to 3 - 5 (up to Mozam
WEST COAST OF THDIA 2% - 30 o &

BAY OF BENGAL & ANDAMANS 0 - 10

COASTAL TROPICS less than 10

GANGES MOUTH 42.8

OPEN OCEAN leés than 0.2

WEST OPEN OCEAN less than 0,1

EASTERN OPEN OCEAN less than 0.05

Richest at 25-75 m; poor at 80-150 m due to low oxygen a

From: Zome Patters of the Distribution of FBottom Fauna in the Indiar
A. A. NEYMAN, M. W. SOROLOVA, W. G. VINOGRALOVA & F. A. PASTER?
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5.6.1 Cora! Re=fs

Gne of the main focii of marine 1ife in the tropics is  the coratl reef
which extend ®a £ depth of spproximately 15 m. The corsl reef is made up of
calcareous ckeletons, 1iving snd dead, onto which coral polyps are attached. Tn the
ghallow regions of the coral reefs f3.1 m ceep', the substratum iz mede uvp. of sand,
rora' end encrusting alger end coionized by engiospetms  and. turtle Qress. The
20°C igotherm is & rcough indication of the lewer 1imit of coralline growth,
The numbers of coral genera present in certsin desighated aress is  shown in
tohle ¢ and the correspending diversity contours are shown in Fig. 15, Tn
Mazambinue, most of the corals ece found in the north from Preimeirse TIslsnds
to the fovums ard are rich In neritic wmo'luscan Ffsune. Thess aress support
commercially  importent fiesh  and crustacea. The shelf region to a depth of 120 m
has mainly coral rubble in it but seme feuna ts present.

5.&.2 Mangroves

The estuvarine regions of post  rivers of the area have eutensive
mangrave  growths. Mangrove vegetation extends along the coasts of Mozembigue,
Tenzeniz, Kenys znd the 'southern psrt of Somalia with some mangrove forests
found in the Mortheen Macdagsacar Cossc. Tn Indie, an area just under 7CC, M0 hectares
is covered with  mangrovea. Rhjzophora muprarata, Ayjcennia officinalis,
Spnneratiz acida and Exconeccina agallochra are the dominant species  present. The:
msAgrave area is economically important fer Firewood, tanin medicinal products, pulp
and papec, timber snd aguaculture. They ere aloo importent spawning, nNureeTy
and  feeding grounds For commercistly important flash end she'tfish species.
(lysters, mangrove corab, mullet end penzid sbrimp are found here. The mnangroves
have & distinet ecologiesl charscter of their ow, Due to heavy denands on lend
a lsrge nurber of mangrove arees are being deforested. This ectivity combined
with ailtation is seriously affeeting Fisherirs ond envirorwental conditlons
in some of the cress of the region.

()] FISHERITES
6.1 Tntraduckion

The Tndisn Ceesn contains berween (0C and  4CCC species of fish, Th+
dugony or Sea cow ia an eguetic memmel peeulipr to tropice] warers. The numbers of
- thege animels are on the dectlipe @3 sre those of the sea rurtles.

The westorn sné eastern extremities are Fairly distimet  din species
composition with the PArabien Tea being stightly more praductive then the Bay
af fengal., Due to preas rich in chlorophyll, mtrients, orgsnic production and
zogplenkton, biomess should sustain large stoneks of fish, In the countries of
the Indien Gcean, fish Forms an imporcant seurce of Food. Figheries contribute in a
major way to the econcmy of the majority of these countries. Most fishing methods
are Fairly aimpls, and Fishing by targe vesoels using advanced technology is
somewhat restricted to the foreign presence in the area.  The main cpecies ©ofF
Fish found 1n the Tndian Ocesn sre listed {0 tables 12 end 1%. The distribution of
fish larvee in the Indian Ceapn is shown in fig. 1€. :

Compering potentiz) yie'd wvalues estimsted 1In 197T with actual cetches
in 1979, the Tndjan Ncesn sres Bti1]l appears to be underfished (eee tsbles 14 4
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Teble 10 : Distribution of reef coral nenera in the Indien ficean
(nos. of genera)

COUNTRY SURFACE 18-31 m 91-146 m 146- m
MALDIVES 59 49

SEYCHELLES 53 27

ALDABRA - GLORIDSO SQ 29

EAST AFRICA 47

MADAGCASCAR (southwest} 44

MALDIVES 40 17

CHAGOS 40 )

MAURITIUS 40 ' 1
SRT LANKA (south) 37

MERGIN a7 1

MOZAMBIQOUE (south) 5 1

MINIKAT 34

SRET LANKA (north) )]

INDIA (south) y| 32 2

ANTRANTES 31 14 3
COCOS-KEELING 25

BNDAMANS 24 1

RODRIGUEZ z1

MOZAMBIQUE (north) 19 3

MADACASCAR (northwest) 18

COMORO ISLANDS 18

FLORES (scuth} )

TIMOR { west) ) 13 8

SAYA DE MALHA 13 12 1
AQABR - |
FAROUHAR - PROVIDENCE g 7 .
CARCADOS CARAJOS 5

LACCADIVES 9

REUNTON S

NICOBARS 3

AAVAQUIRAH BAY 1




Teble 10: Uistribution of reef corsl genera in the
Indian Ocean (nos. of genera)

COUNTRY SURFACE a-51m H_—ui o 146- m
HALDIVES 59 i3

SEYOHELLES EE 27

ALDABRA = GLORLDSO 50 29

EAST AFRICA 4t

MADAGRSCAR | 50U Eiinest ) 41

MALUIVES an 17

CHAGDHS 40 1

MAURTTLYS a0 L
SR LAadRA (aoukh) T 1

MERS Ik a7 1

HOZAMBIGUE [goukh) 13

MINIEAL LF

SRT LANZA (morthl. 1|

TNOTA (EDukth! 1 2 :

AMIRAMTES a1 15 1
COCns-KEELING 5

AHCAMANS H 1

RODALGLEL il

MOHEAMBIGQUE (nocth) L b |

MADMGASCAR (morthwest} 1B

COMORG TSLAILS N |

FLORES {south] 1

TIMOR | waet} W s

S5haYM DE HALHA 11 12 1
AIREA 1, 1

FAAGUHAR = PROYIDELICE 3 7 1
CARCADOS CRRAJOS 2 &

LACCADIVES 9

REUMTOH g

HICOBRAS 1

SRMACIT RAME BaY i

Fiqure 1% = Coral di:
Indien Tk

. Biocl noral records and di
line d, Tabls T. Bymbols : *—locality d
L9gE. Huffixed numbers give locality 1

From: Ll
b.

From: Biology af O



Tahle 1] :

Some species of amlgae found in Kenya

Algac markrd < are wat b previensly published fecurds fot Kenyg.

L, SEarins
Species | 21 4 5 8
Rhodnphyrrae o
Acraeysrior nanr 2anarding ;
Arvaniig ponerin O A, ¥ X __Sr.u:m
Anmhivam feapilisning {LY Larmoyrmgs b Phacoplyvorae
x Awphteag rimis Lomouroux x Chatoseira revrica [Gmueliol ©. AE.
t festerehie ddfeoirs Moniagne X Crstavire drtucedis horsh 3 0. &8
At vohia tened {vuhly | Ag. " Efevrater f_ parduliy Ky zing
& Cudigdatnr fopriencif (M) L, Ap, % Dr'{-r:_mm LTI NreEi Lamourinls wiu Yick
Curpnrpeiiis cocicks M Larve ¥} Sclimilr, X N frtewarnus Mglnrortammd: BOTEEER
Liirnelia I il {ﬁnndennuy,h & Winglw b Cirgy, ¥ Hi-d. THrgs efathearis IH-UF"':' Hauwe
Cralrurtres rlanfurm (AR Muningne XN Poding boryane Ty | = £, crwinicesond B
% Cevomitr hrrw':rlr_r\rf.rum Felemsen X Fadfing g renma s (K, nu_f‘;':’rkcrs
t Crogmunr s | Fiwson X A Sargatanit auifalioe {Temd ). AL,
¥ Ceramgunt berboeii Pawcon ') % Sorpasions ef. Binderi Sonder
% Chernpie forvge, oris Wanard,y Mook ¥ Surpassun: duplirotuom ). Ap.
Cherramie parvaia 0 A ey ¥ Sarparnn iieifedicn (Tyra.) 1. Ag.
wiebkin crenerta 4 Menmura ® Sarpas e 2pp,
Chondrogocris harmesi 1. Ag, » JACrog franeer g5rerin ) Ay
Chongracorcint bornesann [Lyngh ¥ Schminz ¥ Iphueriaria sp,
¥ Batrr plangole Senslee X Staechnppeestmmm aarginainem A0 Mg Kootz
% fetogiphania clivierrd {Wallow) 1 afaenberg x Twrbfngrie qencides (). ) Kitzing
x Calrymwa o TEIL & Soflt 1o ranx ¥ Trrbinrria decarrens Bory
Gaty vaura teamaer X jelimn u Terbimonia kemvasnsls Taylor
Galergera whverdcifion KjstHman X
Crefielelln anernsol Uk, ) Foldamnn & Hame! X X Chlarophyceae
% Oelidieln tesniviivie Feldmann & Harel % Cetwlerpa fastigiare Moentagne
n Gelidfium of, b derpfotos Miorgewn X Cwederpe servwdvia (Forsk,} . Ag. em, Borge
Gractana coviicoie ., AR, ¥ % Chactammrpfie rrasse WO Ap) Kiilting
x Gracllarts ferpunomid 1 Ap, % © vty fureipigre (T _Ap) Drucker
Gracifariz salirarnia th Ag.] [Mween X X X x Cindopharapsis sundunensiz Roinbold
x Griffitésta somft T, A X x Codium dwarkrmse Birgesen
Haliprvden suhulata lFﬁr. & 5ol Johinaen ¥ X Coufiuer geppid Schmidi
Halyrenia veensti [iirgesen % Dictyosphayria cavrnose {Forsk. ) Bivpesen
Fvprea cowninia (Lamoue.} , Ap 'y A Entgrompephin hviind Bliding sersu Davson
Hypuog expart Bary A X X Holimmls discridea Decaisne
H’ ipreg dnawibass {Turn,) Montagn . Halimedn ineravsote (5. Lamourous
HHP e (Turn.) gne X Halimeds .
vpneg manscifereny (Wull) Lamouros ¥ inidiz iwarenizba Docaisne
X H}'pwﬂmm-m I Ag. x Haffinede opumtia (L)) Lamourous
Jonlx agberenr Lamouroux X Ha."rmda"rmrrﬁf{ Hik
x Cowrencia Preeniadis Yamada X Ut fosckata Dilite
L toreneia papittacs {Forsk, ) Grevile ¥ x & Lifur pulrhrg Jaasund
LeveiNea fyonsersmnmninires (Mur. & Her ) Harvey K X Ut resicuiare Fordol
Lingora smeoritions Bingesen X Lifva ripida C. Ag. T 1ropica
% Lophedahmiy Frplafimde (Subt) fascum! X
LR x
% Polisipfterie reaasivelfic Biregsen X
% Spynidin Avprakdes (Tharyd Papen ey ¥ X
hpyrifie filmnrnto oz [Wall ) [arvey X
Fonudardia comampce (Decnisng; Ahboit : X
Froim:

Notes on Littoral Rlgae from Monbasa, Kenya
J. KNUTZEN {19749)
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ecosystems in the Indien Ocean

Presence of different species of marine orqganisme in vericue

Species

Lagoan

Boat channel

Reefs

Shelf

Coastal
Falagic

Small

Schocling

Large

Schooling

Coral Reef
J0-m

Coral Peaf

0 -

100 m

Coral FReef

160 m

Hanqroves

Epipelagic

Mess/Bathy
Pelaglc

Deep Ocean

Other

Siganidae
Mugilidae
tethrinidae
Lutjanidae
Mullidae
Scaridae
Labridae
Hemiptaxidae
Acanthuridaa
Carranidza
Carangidae
Clupeidae
Scombridae
Sphyraemidae
elognathidae
Rachycentridae
Trichipridae
Synodontidae
Bparidaa
Engraulidae
Mvctophidas
hpogonidae

Diodontidas

+

+*

R T
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Teble 12 (cont'd) s Presence of different specles of marine organiems
in verious ecosystems in the Indisn Ocean

Species

I 2 k| 4 516 7 10 |11 12 13 14
Sepioidae +
Sepiidac +
Portunidae +
Fenaidae +
Cheionidae +
Ostraidae *
Paniluridas + + +
Octopoda +
Rays +
Sharkx + +
C&tanea' + +
Key:
1 Lagoon Boat channal
2 Resfs
3 Shelf
4 Coastal Pelagic
5 Small Schocling
2] Lﬂrgﬁ Schooling
7 Coral Reef O - 20 m
8 Coral) Reef 20 - 100 m
G Coral Beef more than 100 m
10 Hangroves
11 Ppipelagic
12 Magopslagic / Bathypelagic
13 Doep Oceéan
14 Other
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Table i3 : Fieh species prement end approximete distribution

Egtvaries: Papaids

Mangroves: Fenaids, mullets, crabs, oysters

Reefs: Lethrinlds, scolopsis, scarids, lutianids, caesio, carangids, panulirus
Coral-frae Peefs: Rays, sharks, breams, penaids

40 metars: Scavengers, Enappets, sharks, rays

Coral rubkle & rocky bottom: Lutjarids, serranids, sharks, denticlds, carangids,
caesio, spiny lcobzters

Smooth Sea Floor: Mullidae, nemipterus, =auridae, sparids, lutjanids, serranids,
lethrinids, sand lobster, portunid crab

mote than 100 m: Pristipomoides, carangids, panulirus, scuridas, polysteganus,
sparids, epiniephelids, sharks

Deep ocean waters: Tuna, billfish, squids, cuttlefish, sharks, skipjack,
dolphin figh, auxis, enthynnus, sconbercmorus, acanthocybima,
clupenid, carangids, baraccudas

Epipelagic: Sardines, sconbroids, carangids, scads

Mesopelagic/Bathypelagic: Lantern fish, gonostomidae

- Otherg: include red oceanic sﬁi-minq crab, mantis shrimp, porcupine fish,

dolphing, marine turtleg

Eazst-West Distribution of Major Species

Pelagic: Cil sardine *, lesser sarding +, cther clupacids +, Bombay duck *,
half beaks, gar fishesz, carangids, flying fish, ribborn fish +,
mackeral *, seer, tunny, Indian peliona, leiognathidas

Demer=al: Elasmobranchs +, eels, catfish +, tuna, perches, lizard fiszh,
- anchovy, red mullet, polynemids, sciaenids +, silver ballies +,

lactarius, pomfrets, soles, prawns *, shellfiszh, cephalopods,
crustacesa, Pomadasyidaa

* Cominant on the West Coasts

+ PBominant oan the East Coasts




Figure 1& : Distribution ef total Fiah larvae in the Indlen [(coen
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Tabkle 14 : Potentinl yield in thousends of tona

DEMERSAL ¢
ZONE CRUSTACEA PELAGIC.. TOTAL
EAST AFRICAN COAST 120 5 125
EAST AFRICAN OFFSHORE 3000 - 3000
SOMALIA - - -
WEST PAKTSTAN 160 90 250
INDIA, WEST COAST 580 1020 1600
MALDIVES, LACCADIVES, CHAGOS 7 23 10
INDIA, EAST COAST 14% 672 815
EAST PAKISTAN 98 250 348
SRI LANKA 52 30 142
ANDAMAN & NICOBAR TSLANDS 4 8 12

BT R R T M =




fish 1975 - 1979 {in tonnes! freah water end mar

Teble 1% : Total catches of
Country 1975 1976 1977 197
Bangladesh R23, 000 . 826,000 815,000 64¢
Burma " 485,140 501,560 518,700 54¢
Cecmoros Islands 3, 850 3,500 4,000 - 4
Indin 2,265,875 2,171,926 2,311,869 2,30¢
Kenya 27,341 41,021 42,779 4€
Madagascar 55,800 54,950 56,040 54
Maldives 27,900 32,300 26,400 25
Mauritinos 7.038 6,660 7,668 7
Mozambigue 17,490 - 19,500 18,950 17
Pakistan . 195,039 206,659 269,958 293
Seychalles 3,950 4,010 4,600 5
Somalia 32,600 312,600 32,600 a2
Sri Lanka 124,661 135,853 138,747 156
Tanzania 195,581 239,194 288,084 294

From: FAD Yearbook of Pisheries

11980}
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6.2 Pelegic and Demersal Fish

The demerssl fish catches are rich in northwestern parts of the Bay of
Benga! but pelagie fisheries are megligible in comparison with those of the Arabian
Sea. 'n the Bay of Bengel, the wmajor part of the catch taken by Burme is meinly
through the use of primitive craft with simple nets. Mechsnisation of the techninues
using puree seines and side trewlers ia, however, becoming more pravalent. In the
Yatter menner, mackerel are ceught off 5ri Lenka, bthe Heldives and Bangladesh, of
which the last hes the most primitive fiehing methods. Tndim and the Meldivaes are
nett exporters of fish wherseas 5ri  Lanka eti1l imparts some of her needn.

_ O the East African Coast, the trawleble ground 18 fairly uwnproductive.
The potential yield is probsbly 10,000-20,C00 torm. The most common fish appeering In
the trewls ere Cerengidee ({acads, horae wmackerats}, Lethrinidae {emperors,
scevengers), Lutjanidee (snhappers) ond Serranlidae {qgroupers, bassea).
Scombroidee, tnao, 18 fairly cosmon. Elassobranchs (sharks, rays) compriae an
importent part of the cetch, Core)-free sresy such as the North Madegascar end
Morth Kenys Banke, the Zanzibar and Mafia Thannels, the Somali Cosst end the Bulf
of Aden are important es traow'ahle grounds. '

Large tuna such am yedlowfin, bigeye, slbecore end southern bluefin are
the mogt heavily oxploited pelagie fish wirh J0C,CCE-10C,00C tonnes being
ceptured, whereas ekipjeck is lightly exploited moastly eround the Maldives and
i Lanka. Pillfish stocke sre overfighed by Jongline techniques. Exploitation of
other species hee not been sceessed.

From Mogediecic to the 'ndo-Pokistan barder, puree seining for schools
of herring species and sced ie copmon. OFF Pekistan, in the 'C-2C m depth leyers,
anchovies are Found in sbundence especially from the Sind coaat of Pakiasten to the
fas Hafun-fes #sir coest of Somalie. Cak fish {Ariidae}, snappers,
QroLpera, heictail fTrichiuridae}, croakers {Sciacnidae) and grunt (Pomadasyidse}
sre on important part of the demersal figh community. Tn Wenya end Tanzenir, Ffishing
ie atil! meinly concentrated inland. The coasta? aress are poorly fished

probebly dus, in part, to the poor fizhing technology existing at present.

£.3 Hesopelegic Stocks

Prol iminery csleulstions show epproximately 2 million _tomnes of wmesopelegic
fish ro be present with meximm concentretions of 10-2C g/e” juet off the eghelf
from 150-T0" m deep, The catch rates are highest in the northecn Arabian Ses
with HMyctophides oand C(onostomidse being the mein specizs found. OFF Pakisktsn
ore Finda mainly Penthosema  pterotum followed by B fibuletum, Disphus
perspicilistue and D, watasel. The species composition iz wore diverse further
south (see fig !7 ond tables 16 a & b). In the eastern Indien Ccean,
Cormstomidae  (Cyclothons s'be and Gonostomz elongatum and  Myctophidee (Penthoscma
swborbitele ar  Diogenichthys atlationg) are still domirant. The Arvabien Sea
seema to hold the largest stock of assope'agic fish of the world bhut estimetes
vary from 60 wiliien te 15¢ nmillion tonnes whether due to naturel
Flectuations in the stock size or seamplinng varistion. '

Figh larval counte are 25!!:12 for East Africa, 2?,"’!42 in the open poean Bnd
Q,ﬁnz on the TIndien West Cpast which were sompled usihg shallow rmeta. From Cepe
Guardefuii to Monbesa, a large varlety of ecerce Fish larvee are seen (175 epecles),
erel  these are possibly coral fish ea there i» o nerrow she'{ here, eee Fiah
were melnly men-of-war Fish, cerdinal Fish and lentern fish (7P larvee/m"). The



Figure 17: Subdivisions of mesopelagic fish
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Fromi A Review of the World Resourcea of Hesopelegic Fish, 1. GMSAETER & ¥. K&
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Takle 16 : Mesopelagic Tish stocks

- &8 -

Western Indian Gcean

11

1 Biomass [quz}

Area Size [m2 x 140 Stock [metric tonnas)
1 17 60 100
) 5 10 15
3 e L a. 20
4 1.& ] 2
5 184 0. S0
Total 305.5 257

Eagtern Indian Ocean ILIH*-IQ.ftI

I 34 4, 16
II 75 3. 29
IIT 122 3. 38
v .59 1. 11
290 o4

Total
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Table 17 t Species collected in the larval state ln different
coastal regliona of the [ndian Ocean

Laudi Arabian coast
Bﬁmbay amd - Raznagiri cowl

Somth west coxst of India

Eim coapt of Amifa
fof Madrma 1o Orisw)

Rangpon coast

South of Asdumar, and
amund Micsbar Islrmds

Fram: Abundance and Distribmtion of Panaeld Larvae as an

Anea Speciex
' Somali coest Metapenacopdly andemanensis
Pencaopsis reclocuts
FPorapsnaris sp.
FPenacur 5p.
Gut of Aden FPenoeopnis recioduls

Metapenaeus dobsoni
Fengeur =p.
Mulapenaeopriy andamansasix

Metoperagoptis coniper
Penaeopsis rectacula

Metcpenaras affimc
Pengropsis Mciacuie

Temaeopas racracubc
Farapenarus 3p.
Metaperarky 10p.
Metapengropsir andaramenrlt
Praarus indicus

Yrochypemaeus cwrviromris

Penaeapsis rechacata
Parapenueus ep.
Merapenaeapils sndamansnns
Mergpenasus Ipp.

Prnueus Incfieus
Purapennegpnr o

Praacus sfpp.
Metaprravas sp.
Peraropsis reclarufa
Parcprndeus

Pragropsts reclacuea
Merapemeopsiz spp.
Prnaeas 1p.
Mricpenarus zp.
Parapraneopris sp.
Trochypenocus sp.

Index of Yenasid Prawn Resources of the Indian Ogean

¥, T. PAULINGSE & M. J. GEORGE

(i9va)

e emn
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6.4 Indig

Tn Indio, with a coastline of 5650 km, the major Fishing ground lies
off Kerala followsd by Maharashtra end Temil Madu. Mejor potenticl still existe for
catches of cetfish alpng thet northwest coest; desp ses lcbaters from  the
southwest cosst aend upper continental slope off Duilend; squid off the southwest
end southeaet cossts along Gujaret and Mahareshtra. Lentecn Fish (Myctophidee), 2
mesopeldgic speclem providing vitsmin A and sbout 110 1itrms of oil per ton, are
fouwt off the Boshay shelf and Angine Pake, Grenadiers (Lutjsnidae) s macurids are
found off the west coast; swisming crsb off the northemst and east cosst end prawns
off Kaklnada.

India hae extenmive molluscen resources which are nmeglected in acme
regione and overexploited In others. The more importent species are wusasls,
oysters, clams, pearl oyatera, squida, cuttlefish and sacred chank
{gastraopod). Indisn mumssels sttmin sexual maturity very early and grow rapidly to
morketable eize anrd they ashould, therefore, be profitsble. However, there 1»
1ittds demand in India for edible bivelves, although peerl culturing js visble.
Cephslopodz, too, sre still underfished.

Bottom trawling provides sn average of 200 kq per hour of which 24X sre
e)lpamobranchs, 17% congers, 14% catfish, 16% croaskers and 5% pomfret (Strometeidee).
Pelagic trawling im most profitsble of f Dwerks followed hy Veransl end Coa.
Here, 034 kg per hour hes been recorded (6C% horse mecksral, 1IB¥ ribbon flsh
{Trachipteridee}, %% elasmobrsnche % rcetfish, C% pomfret and 2% eels). In each
cese the remeining petcentage la made up of diverse other speciles.

6.5 Pekistan

Large resources af wnchovy end whitebeit {Clupeidee) are fomd on the
west coast. They ere found between 25-75 wm Ffrom October to May. From the dete of
ctuises in V962, the potentipl yie'd of pelegic Fisheries to a depth of 15C m,
wos eatimsted at -4 timas th= present catch. Tn 197F, the standing atock for
demersul inshore Fisheries wam A%, 50C totwws and up te 125 = offshore, 4,20C
tons. For both, the snust sustwineble yleld is sstimsted to be 41,000 tons.
The inshore waters were found ko be avplolted but the offshore waters were not.

"

G.& Sri Lamka

' £ri Lenke haz o cosstlire of 1,770 Y with & wide continentel shelf, The
mxprcted yiald is 266,000 tons. There are 1000 fishing villages with
approximately 47,000 fishing housebolds, ODuring the southwest sonecon, fishing
takes plece on the north end eamt coast and during the northeest monsocon, on the
sauth end west coasts. The fishermen migrzte to obtain maximus fishing time. ¥0-30C km
offshore, roughly 0G0 tornes tuna and skipjeck are caught by gill-petting from deep
ges vessals. Coastal fisheries Form 9C% of the totel, with cowsercisl fishing
using meinly beech seines and drift neta. Pures smines are coupled with light
attraction techniques to incresse cetchas of saell palegic Figh, On the west eoest,
asrdine, hearing, redbait emd anchovy were caught, but only serdine and herrimg
are cpught on the esat coest. The mein peried of fishing is from Movewber Lo Ppril in
the west and from May to October 1in the eest. Thrimp, creh  end lobster are

- um - —W_d4ae . d a2 2. kL LaaTiadaa
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6,7 The Cemore Tslends

The Four Comoro Tslsnds have msinly rocky cosatlines with & acattering of
sand beachas, The 139 fishing villegea provide an annual gateh of IC0C tonnes of
vhich more than 50% lis tune. The Gaya de Melha e one of the biggest  Fiehing
sress.  This i1g meinty a euhsistence fishery using stztionary lines or simple
trotl lineg cloge to shore, ae the main transport is hy sngireless cances. Sefe of
the catch ix 'gcal but good cetches are often lost due to Tack of & market.

&.r Kenya

Kenya hes just over S0 4m of conetline with fringing coral from J6-40 m
reep.  There are spproximately £000 Fishermen and 10% of the boats are mechanized.
Fishing is mainly within the 12 mile zone using bhesch seines, gill nets and
hattom ‘'ines. The most productive zones epe feom 25-70C m offshore and on the Morth
Kenys Banks. Tn one month's trewling an average of 7G0T kq shrimp and )4 kg Fish
mey be chtaiped. FRestrictions are enforced on the expore of merine shells and
corels. Compercisl exploitation of merine turtles mnd sea cowe hag alea heen
banned. wimning crehe are common off tha Nenysn coast although they are not
exploited. The main species of crustacea found off the Kenyen cosst iz shown in
table 17. The ewisting Fish stock is undecutilized and Kenya imports some of its
needsa.

6.9 Hadagnscar
The mejor part of the figh epateh in Madegascar comes from the inland

fisherieg. Locrl merine Flgharies sppear to be concentreted on the wast cosst
caktching meinly shrimp, wherees offehore foreign vessels are dominamt. Prawn

" larvee ore located nearshore and open waters support few wvarieties. The biggest

shrinp fisheries, hownver, occur in Madegascar end Mozambique. and ere fully
exploited there, :

[

6. 1C Mauritiun

Mauritius has & fringing coral vesf which elopee ta 150 m deep. There
a&r¢  over OO0 Filshermen using meinly bestet trops, lines, drag seines and gi'l
nctes. The lagoon atocle ecr constent!y replenished but  the demersal flsh sre
ossociated with corstline and sponge aress and hence trawiing is not possible as the
hydrogeoqraphy is poor for fishing, and growth and rectuitment of atacks is  slow.
Coral rerfs are heavily fighed off Mauritius where crustacea are shundsnt with
spiny Iohatrrs end creb being the primary cateh, JThecre is some oyster hervesting
on the west coast in the vieinity of the mongrove swenpz end & small tuna fiabery.

&7 ‘Hozambigue

Mozambigue has 4020 km of coestline with 3 northern  rocky corslline
zone, centrs! losmy shore with wsngroves and & southerly sendy zone with
conso) idated dunes. POY aof the 20,000 lknm ghelf is in the centre! ares.
Subsietence fiehing exists along the entire coastline. There are important pelegic
Fisheries {Sofslx Pey' and she)low water ahrimp fisheciea (Maputa Pay} elong
the coset with clupepids being found in lerge guentities in the estusrien. The gpiny
lobster is common Bt 1CP-400 m deoths from the southern horder tn the Bararuro
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&.12 The Seychelles

The Seychelles pre mede up of 92 islands with flet weress betwsen that
permit trawling. The north, weat and ewst edges have coral and the horthwest edge
hea ses knolls. Handline, tresp awnd heach seine are wused cetching mainly Jecks
{Carengican) but with fluctuvationa due to adverae westher conditions end
migration. Yerious cotching methods are used to catch different species,

6. 13 -Tenzenia

Tanzanis hes BCC km of cosetline with 660 km of shelf, BR-G(™ af
the fimhing #m artissnel using outrigger cences, hooks, lines erd nets. femba and
Zanzibar Telsnds and the shallow channe)s betwean the latter and Mefia  Taland
contain eome of the more important fish atocks of asrdine and other Tilter
feeding clupenids of the Esat Africen coest. 75% of the fish cstch iz swell
pelagic fish and 25% demerssl, the cateh being made uvp of sardinells,
sharks, rveys, omall prawa, lobstsrs, tuna, billfish, kingfish, groupers,
bearrecudes ond snappers. About 7000 individual fisharmen exist uming purae seines,
gill nets, traps and hand Llines. Stocks ere 2ti11 underfished.

6. 14 Somelia

The Soma!i coastline hag gaod Fizh respurces north of 157N buk the  reat

| s Fairly unproductive. There ores commercintly viable grounds for tuna Flsheries.

Mackers! is sn twmportant epecins elong the edge of the continental shel!f 5-10°NM,
The northesest coest haa & feirly high abundence of small pelagic fimh: Indisn oll
sardinelte, tound herring and acad. Some export of dried end/or smlted Fish to
neighbhouring countries is underway.
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POLLUTTON
1.0 INTRABUCTTON

GESAMP, the loint Group of Experts on the Scientific Aspectm of Marine
Paltuticn, has defined marine pollution as “the introduction by men, cirectly
or indirectly, of substances ar energy inta the moacvine envirorment (including
egtuaries) resulting fn such delekerious effects as herm o living tesources,
harards to  human health, hindrence ko merine activities imluding Fisbing,
impairment of aquality For uae of aea woter and reduction of amenitiesa."

The Tndian [cesn reglon, especiatly in the Bey of BPenga' erea, is  one
af the wost densely populnted in the world {see tsble 1P). With progressive urban and
irdustrial growth, pollption 1in the countries bordering the Tndisn Deean Besin is
becoming » major source of pmxiety hut is only just being documented 58 sxperience,
funds and tecbnolngy with which to tackle the problem berome more prevalent. The
primery sources of pollution are induetrinl e municipal effluents, of!
apills or lenkagen, river run-off including egricultural wastes, and the
adverse #ffecra of coastel development, for exemp'e from blaating angd dredging.

tntit recent oi! polluecion wscares ond the incresmed poblicity given to
pollution effecting cosstel eress, rveegsarch In the counteies §n  this region,
esperinlly the isianda, has tetwied to concentrste on developmant end  exploitstion
of fisheriss resources. This occura For two mein ressona. Ficstly, the countries are
dependent on fish »s « source of food e well es Sncome from exporte; hence
ilmproved fishing technology is potentially iwmportent to the natione? sconamy in

_many cesea, Tepcondly, these natifons  ere developing countries snd

irmdustrielizetion ta not far edvenced. Meny of the countries ere primerily
aqricultural and with Incressing populetionn and urbonization, the
prebYeme of pollution froe domestic and mmicips! weates s from egriculture are the
first to ceuse concern, Although induetrie? technology and  the number of
fectoriem being 'bullt have been growing very repidly, the adverse =ffecta of thig

“development are on'y just being studied, and resesrch is now belog carried out on

factary efffuenta. Tn addition, ai! conteminetion studies receive priority due to
the heavy tanker traffic going through the Indien Deean to  vhe Far  Esst,
Some deteils on growth and davelopment, Jindustrislizetion, mejor ressurcee and
maioT procduce are seen  int tshles 19,29, -

7.1 Eart 8fpiga

Lit:1: information is avrilahle concerning pollution of the Eaat  African
Coast. The wmain threet ta from otl contsminerion but otherwise pollution does nat
appezr to cause much concepn. Cpostel and eoral reef demage 12 ane of the mejor
problems in Epat Africa. The teef is close to the ashore 2nd  wvulnereble ko
pollution and eilting. Cors) hes been dynemited and uzed to conatruct breakwsters,
and burnt for the production of lime to be wsed in  building conatruction.
Thie destruction of the corat reef aystew has csused several msrine species to
tisappeer trcluding starFiah and sea-urchine. Artisansl fisberies are
concentrated on well-developed fringing corsl reefs and their lzgoona. The reef ares
ia producrive and ‘tocel Fighing iz intensive. The uss of dynamite and potsonz for
fiahing is now benned Kenya and Tenzanie but has slready destroyed fich cover end

ramed couvers Aamane 1n tha rrral racfe whinh wra clre fa re Fase T Fmmmmmia -

e ———— e ——— e e e —
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Table 18 : Populakion Figures For the countries of the Indian Ocesn

basin (1979}

- Country Population hrei [kmz}
Bangladesh 86,062,000 142,776
Burma 34,434, 000 ETEH- ,031
Comoro Islands 128,000 2,274
Indi{l €78, 255,000 3,287,593
FKanya 15,780,000 SB2,644
Hadagascar 8,511,000 587,042
Haldives 145,000 298
Mauritiua a76,000 1,865
Mozamhique " 10,199,000 . 789,961
Paﬁistnn 749,838,000 B03, 041
Saychelles &4, 000 ?43
Somalia 3,542,000 637,539
Sri Lanka 14,608,000 65,610
Tanzania 17,382,000 939,762




Table 19 : Growth of consumption and investment
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AVERAGE ANNUAL GROMTH RATE AS A PERCENT

COUNTRY  [PURLIC CONSUNPTION  PRIVATE CONSUMPTION  CRDSS DOMESTIC INVESTHENT
1960-70 | 1970-78 1960-70 | 1970-78 1960-70 | 1970-78 .

BANGLADESH - - 3.4 3.1 1n.1 | -.a
BURHMA - - 2.8 3.7 1.6 4.2
INDLA 1.7 4.2 8.2 3.0 5.6 6.1
KENYA 10.0 8.7 4.6 6.2 7.0 2.3
MADAGASCAR - 1.4 - 2.2 - | -2
MOZAMB IQUE 6.8 { -4.4 a8 | 2.7 8.3 | -9.6
PAKISTAN 7.3 3.9 7.1 3.8 6.9 4.8
SOHALIA 3.7 | 11.7 .5 2.1 4.3 8.5
SRI LANKA - - 1.9 2.5 6.6 3.6
TANZAKI A - - 5,2 5.8 9.8 1.0

from: World Development Report, 1940
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Table 20 : Growth of production as an average annual grawth rate

{PERCENT}

COUNTRY GoP AGRECULTURE | INDUSTRY |MANUFACTURING [  SERVLCES
1960-70 197078 | so-70|70-78 | 8070|7078 | 60-70} 70-78 | 60-70| 70_78

E BANGL ADESH .6 | 2.9 2.7} 1.5 7.9 | 5.9 6.6 | 5.3 3.8 4.7
IBURNA 2.6 | 4.0 4.1 | 3.4 2.8 | 4.5 | 3.3 | a.2 1.5 | a.2
INDIA . 3.6 | 3.7 1.9 | 2.6 5.5 (4.5 | 4.8 | 4.6 | 5.2 a.@
KENYA 6.0 | 6.7 - | 5.5 - |lo.a - | 11.7 - | 6.0
paDacascar | 2.9 | 0.7 - 0.3 - | - -~ -0 | - [a2.a
MOZAMB 1QUE 4.6 | 3.2 2.1 .8 | 9.5 [sa1 | 6.6 | 62 | 4.0 3.7
FAKISTAN 6.7 | 8.4 4.9 | 1.9 [10.0 | 4.8 9.4 | 3.5 [ 7.0 | 6.2
SOMALTA 1.0 | 3.1 -1.5 |[2.7 3.3 2.6 | 1a.3 - 2.5 | 8.8
Enl LANSCA 4.6 | 3.4 3.0 |z.3 6.6 |3.0 6.3 | 1.2 |a.6]a.3
TANZANIA 6.0 { 5.0 - |a.s - |2.3 - |as |- 6.4
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Table 21 : Indumkrislization
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Table 22 : Production snd capacity of energy sources (1974)

Countries Fetrol Natural Petraleum - Coal
(x 10° tonnes)| Gas Distillation | {x 10° tommes)
{tetra cals) Cagacity
Bangladesh - Gsz 1680 1473
Hurma 1163 1425 1320 1a
Comoros Islands - - - -
India 8659 10630 11960 100870
KEanya - - _ 4750 ) 1
Madagascar - - 750 60
‘Mauwritius . - - - -
Maldives . , - - - -
Mozambique - - _ - - 800 371
Pakistan 305 40140 1590 _ 1349 1
Seychelles - - .- -
Somalia - - - -
S];.i. L.anka - - 1850 -
Tanzania - - BsD 1
—
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Table 23 : Production and cansumption of enerqy in millions of
metric tonnes

" Country P?ﬁdUcticn Consumpntion | Hydro- Hydro- Total| Total
glectric | eletric capa—{ produc-
Capacity | production| city | tion
Bangladesh 1.14 2.R3 110 S05 915 1710
Burma l1.78 1.51 181 470 q4]1 21114
Comoroes - 0.02 - 1 - 2
India 121,09 13z 92 9035 34H27 L3684 aL33b
Kenva 0. 09 2.10 171 634 284 11149
Madagascar n.42 D.55% 40 248 o5 3143
Mauritius 0.01 0.35 25 55 143 ita
Mozambidque 0.5& 1.25 620 1510 793 1515
Fakistan 8,33 13.11 2238 4920 2236 10876
Seychelles - 0.03 - - 11 33
Somalia - 0.15 - - 1B 45
Sri Larka 0.14 1.45 1358 1134 421 1202
Tanzania d.DE 1.07 - - lad LI
From- TiInifed Matimee Stariekds~s]l Vaarkhaols F1Ama
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Teble 24 : Major resources

S

Burma - Oopper

India —

Petroleum
WHater Power
Tin
Tungsten
Zinc

Lead

Silver

Uranium
Titanium
Magnesium
Mica
Bauxife
iroh Ore
Chromium
Asbestos
Gold
Manganese
Caal
Water Power
Salt

Copper

Dangladesh - Coal
Petraleumn

Warar Fower

Mozambigue - Beryl

Water Powelr

Msdagacscar - Graphite

Draniuvm

Pakistan - Graphite
Lignite
Chromium
Water Fower
Petroleaun
Salt

Coal

Eri Lanka - Graphite

Tanzania - Diamonds
Soda Ash
Water Power

Salt




Table 25 : Major mineral resources (in thousands of metric tonne

Countries Fe ore Cr Bauxite Cu Fh Magnesita |
Bangladesh 1
Burma is
Indila 27430 195.5 1448 28.8 1z.8 30
Kenva 0.1
Madagascar L

¥
Hozambique : 5 2
Pakistan 5.1 B

From: United Mations Statistical Yearbook (1978



Table 25 (cont'd) : Major mineral resources {in metric tonnes)

Countries u Ay Hi Ag an
{kg} {concentratas)

Burma 20 22 750

India 25800 2211 3

Kenya 1

Madagascar 5

Pakistan

Troms;

United

Mations Statistical Yearbook

(1978}



Teble 26 : Some goods being. manufactured at present (1977)

Countries - Milk - Meat Butter Sugar Ealt Faos Wheat Flour
Eangladesh 1022 iR9 14 110 JE4 27.0 -
"Burma 273 172 & BC 132 23.4 53
India 25632 646 575 5039 4076 85.0 1666
Kenya 1007 181 4 182 14 18.7 138
Madagascar - 28 13z - 114 27 28.0 -
Mauritius _ - - - 731 & - -
Mozambigque &7 a6 - 220 2B 9.2 &5
Fakistan 9932 570 280 = 578 6.3 -
Seychelles - - . - - - - _
Somalia 731 _ .113 2 40 2 - -
Sri Lanka 229 21 - 24 140 17.5 =k
Tanzania =1 181 - 3 110 22 21,1 72

Prom: United Mations Statistical Yearbook {1972)
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Teble 27 5 Industry in the Comoros Islanda

The principal exports of the Comoro Isiands are ylang-ylang oil
{for perfumes and soaps}, vanilla, copra, cleves, and to a smaller

extent, coffee, cocoa, rice, maize, manicc and livestock.

Commodity Yaar . Quantity
¥Ylang-Y¥lang ' 1974-1977 00 tonnes
Yanilla 1970-1974 300 tonnes
Cloves at present 150,000 trees
Copra " " 30,000 tonnes

Coconut production is high : mere than 60% of the production
j5 uged for domestic purpeses and less than 40% goes towards the

production of copra.

From: Comoros — An Island Nation in & Difficulc
Foonomic Situatinn {1981}

The Courier : Africa-Caribhean-Facific
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Table 28 : Numher of liveatock in thousends of animals

Countrieg | Cattle | Sheep Horses Pigs Aszes Mules

Bangladesh 26,500 1200 43
Eurma 7,696 205 145 1,800 9
Comoro Islands 75 8 - 3
India 131,@92 40,187 a0 8,732 | 1,000 125
Kenya S, 100 | 3,980 2 65
Madagascar 5,886 607 2 857 1
Mauritiue 54 4 ©
Mozambigue 1,350 us 100 20

" pakistan 14,901 { 20,546 452 94 | 2,226 63
Seychelles 2 11
Eo@alia 31,950 G, 800 ] 1 g 22 21
Sri Lanka 1,650 27 2 36_
Tanzania 14,817 3,000 25 10

Twmrme tTeaidoad Makimne Eratriekdimsal Vﬂ;l‘i"l'lﬂﬂ‘r raTal
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Table 29 : Wood and cement production (in thousands of metric tonnes}

- G =

1974 197& 1976
Countries Rourndwend Sawrwood Ceament
Banqlaﬂesh 10700 2921 10
Burma 21100 335 233
India 124200 35al 18684
Kanya 12600 173 987
Madagascar 6400 44 70
Mozamhique S100 193 -
Pakistan 9000 293 3196
Somalia 3100 iﬂ -
gri Lanka 46040 37 336
Tanzania 30400 ey T 244

From: United Nations Statistical Yearhaook (1978)

______
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Jome coestal regiong heve been dredged and blested tg  creste apace  for
berthing and menceuwring af larger ships and tenkers, For example, in Tenzania, the
expansion of the Dar es Salasm port is  in the procemss of destroying shell Fish
spawning sreas at the sputh end of the creeks. In Tanzania, the coasta! arez inm
denealy populated end, o3 @ result, moat of the pollution ia Jocalized and tends to
be domestic. Although industry in Yenzania and Kenye 1s developing at = rapid rate
in both coestal and inlend srems, pollution studies tend to be concentrated inlond
especially around Leke Victorie where many industries are loecated., PFoth  studiss
and effects of pa'lution sre very locolized and ususlly roncern fresh weter problems.

some!is, where Iindustrin! development is still  at  an early stage,
nevertheless has oi' contaminetion problems, In Mozambigue, research hes been
cerried put on pallution in the heavily poputated Lourenge Marques Hay which
receives municipal and industrial effluents. However, studies usus!ly deal with
Fieheriez end coral reef investigations. At Trhzea Reeerve, coastal erosion
managemcnd, ant! contro' are alsn under ohservatien.

7.7 The Tstands

™n the islends of the Tndian Ocean, industrie! development ie slow and the
effectse of relsated pollution mot resdily apparent. There is concern shout the
poseibility of o0i! pollution 2 occesiens! coastat contsminetion is =seen. fg
in the cese of East ffrica, vors! reef damzge is & major concern in the islands
notably in  the Heldives, Mauritius and Srci Lanka. Madagascar, pollutieon
problems are, sgain, primerily related to fresh  weter, Some  problems are
specific  to  certain wmrees. An exemple of this is found in Meuritius where the
leaves from the Aloe fibre tree have destroyed the agquatic faune in parts of the
island. Ffignificent demzge has been recorded in the fisheries and oyster beds

“due ko the toxic effects of these lesves. :

7.0 The Asian Sub-continent

Fakigtan's recent intensive industrianl development  is localized and
tAuges  increased pressure on  the existing domeatiz end municipal HEWSQE EYErEmS
arpund Karachi. Aflthough aome pre? iminacy inveatigstions hsve been carried our
and fncreasing attention is being given to the state of pallution, the amount of
repearch done i3 minima! and Bs yet, the information seems to be ragtricted to
the ecoleqy of the cossts! area.

Most infarmetien on pollutant levels and pollution research jn  the Trctian
Heean concerns work dore in Tndis, Cogstel and inlsnd Gouatic pol'ution research iz
fairly advenced and informstion may be obtained as to the effects of pallution
s'ong most of the coestline, The conditions of some estuaries .im Tndis which are
effected by polluytion ere seen in rable °C.

Little documented information is evailable on potlutien problems From
Bangledesh ot Burma. Thers i8 some concern sbout the =Ffects of river run-gff
from the Gsnges and the Brabmeputcy in  the former, especially around (hiktapong
Harbeur, and from the Trraweddy River in the latter,
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IN ; Conditions of some esbtuaries in Indis

Kulti Estuary:

Coon Biwver, Madras:

Adyar Estuary, Madras:
Pinnakcayal Chahnel:

Cochin Barkwaters:

Chaliyar Estuary .:

Banbay Bay Reglon:

poliuted by Calcutta sewage. 48 km of septic tank
in tidal waters without dissipation, Dissolved owyge
are subnommal.

HT i H
D2 0.8 - 3.2 1.5 - 3.6 )
FE']- Tll - E‘lﬂ ?11 - ?.8 } n.gr"rl

Fish fauna are almost completely gone in heavily pol
waters.

Normally separated from the sea by a bar which is op
of sea. Washings from slums, cattle vards overflow 3
pumping station wastes from autanbile workshops ard
factories. Upper zone devold of fish. Major part of

is saptic.
Not much pollution is seen.

In Tamil Madu. Discharge of caustic soda plant destr
fish fauna near it, Significant cuantities of chlori

The main pollutants are domestic sewage,’ coconut hus
retting waters and small industries,

In Kerala State. Pellution from Rayon factory, 13 K
Beypore, High BOD values as gqo dowm the estuary, P
lysate. contributes major part of BOD load and waste
mortality is caused by oxygen defficiency, effluent
decamposition of crganic matter creatin g near anae
conditions.

More than 100 industries discharge wvia creeks into -
via Kalu River mainly. Acidic block in river prewen
migratinn of Hilsa ilisha. Putrid swell apparent.
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; 8.0 THOISIRTAL POLLUT AR

g.1 Tntroduction

The countries arcund the Indian Ocean  are  all  developing countries,

and thers is = besic need to improve industria! technology. The rete =t

_ whicrh industries ere Heing ®set up is ateedily tmcreasing. At present there are

i Few major industriel sites along the poasts (see fig. 1R}, Msripe poliution

[ prabtlems resulting from this develnpmenk are, thus, restricted to smell  areaa of

: the coasttine such as the Pombay region in Tndia or the area eround Karachi in

Pakistan, Jg industris! development is atil? Ffsiely recent, there is !ittle
evidence of docomentation on relared po!lution problems.

8.2 - East Mrice

Coastel industriml developement is at @ wvery low level in Eask Afripa
and  industrial pollution is not very apparent off the coastiine. Tm Tanzanis and
Wenya, for example, many industries sare situsted around Lake Victgria end

petlution is wostly of the fresh water type,
_ tn fomelle, industry is negligible amd 83 yet, does not copstitube a
' majer source oF  pollution. However, of perticulsr interest eare the slazughrer
! hauses sitruated atong che coest rt Marka and Mogedishy, At Marka, wastes are
O discharged directly intp the ses which hss zn unpleasant sme!l and srtracts sharks
i ta the nearghore rrea. At  Mogedishu, effifuent is drsired into & sump pond. Thers
iz probsbly some leaching from the pond into the sea as  hafore the slaughter
housn existed there wera no sharks in the region. Mets and tools used in the trede

aro cleanged direcktly in the sesa.

o

™Tn Kenya, inductrial wastes from Mairohl drain into the river passing the
city which eventually dischargesa directly Into the Tndian ficesn via the Athi fiver.
The Athi River carriea with it wastes from slzughter houses, rcement Factories,
tenneries and caffee fartgeics from the induskrisl sector in the Kiembu disteict,
Effluen* enters the town #ewers but sometimes thiz is. untrested and released
directly intp nature! woters. Exsmp’rs of thear are suger wastes from
untreated molesses entering Lave Victoria end the waters south of Mgohasa, which
have & deleterious effect on the survive' of fish. Wastes from dairy processing
plants and slaughter houses sre re'eased from Mombesy end ¥iaumu and cement and
fertilizer Factory affluents frem Kit'indi Merbour. Tanneries at Kisumu diascharge
large ampunte of chrome aslts and solids which incresse the Piological Dxygen
Demand {PCT} load. ¥When the BOD 1ond is increased, the oxygen content in the water ie
depleted due ta  it's use for the degradation of such po)lutznts as  hes
becr introduced inte the environment, Dther efftuentz  include cysnide From
mining and smelting operations, heavy losds of organic wastes From coffee and sisel

g tnctustr ial pl ants and wastes From pulp and paper milla. Hesey ¥ ~meta]
e pallutiagn 4% a3 porentiat problem rnrising from the uze af zinc to coat iron
. sheets used For roofing. Another potantia! pollutent in ¥Yenye is  mereury.  thout

25,008 tonnes per ennum of mercury compounds are used here 25 seed dressing,

Tn Yenzania, however, orgenic waste from & diversity of a2me)l  industries is
apparent, especially in and esround Der es Salaam, These include soap factories
{Mwanza and Dar es Salsam), sisa’ {Yanga), suger mills fBukoba}, cotton sesd

processing plent {Mwanza), plasties {Der es Sataam)}, wopd processing amd super-
phosphate olants. Textile and fishnet imdugtries at Dar ee Salaan discheran
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Wacte efflucnts from several industries, for exemple breweries et
"tala  and industries in lbunge are discharged into the Maimbazl Valley Estumry. The
woter is very alkaline with pH velues of 11 and above and has a soapy  texture.
The dissolved axygen concentration is near zero and wastes are meinly from
dyes and chemicnls used in textile processing. Effluent from the breweries ig acidic
with 1-55% solid waste which is mostly organic is nature. There i= s flushing aystem
in the industry but it iz hindered by sand bars and during high Eide, waters
zometimes overflow  into the  mangrove system, The low oxygen waters oand
organir weskes mix %o form an anserobic environment but strgnation is prevented by
the  fluehing syatem. The incresging population in the ares has increased the
pressdre on the sysbem,

Tn Maputo in Hozambigue, the Lourenge Herques PBay is =& busy harbaur.
Yastezs  from the city and port drain directly inta the Bay (see C7 in fig. ) and .
effluent comes from, e.g. cotton end  textile factories. There are two ports, one at
the junction of the inner and outer bays catering to gemeral cergo end minerals, and
the  other ak the west of the innec bay handling iron ore and hydrocarbams in hulk,
ligh wvaluns of iren and ropper are noted due to th= use of & rnew method far
loading. This invelves s sedimentation precess where bthe supernatspt  cich in heavy
metal content f111.4 microgrema/? iron sn? A,2 microgrems/1 copper) is dumpad into
the bay. Tn windy conditions, even narmal 'nading procedures reaylt in high wvalues
of iron  and copper downwing. & large part of the tide flows back to the inner bay
on tide vrevearsal end thersfore not much of the water iz rencwed. However, the
ghallow depth and geometry of the bay creste 2 self-clearing process by
adsgrption of metal joms onto the mud of the bay. Tncreases in iron, copper, lead and
nickel agre short-lived due to the npature!? cleaning procees in  the  hay.
Howzver, metal ion accumulation could occur im, for exemple, bivalves and shrimps

“which are crpable of ingesting and concentrating these ions in theit flesh,

B.3 The Talands

Tn Madogescer, wsates from gimilar industries te those found In Kenys
could  effect  the shrimp Fisheries on the southern and western coests. Examples
of these are siasl and supar cane at  Diego Garcin, MNogy Be, Port Dauphin  and
the Marudrari  River, Near Tananarive, effluent Ffrom tanneries, plastics,
toxtiles and paper industries  have slready been noted 53 causing  sofe
aotlution problems. Mining industries (mica, chramium) sre potentia! patluters but
withdut givere effect Yo bhe fisheries sa  the thoy are situsted on the East Coasth.

In Mauritius, a particularly high BOD toad . {2,A0C 1bs) is ceused by
wastes  from the 70" odd sugar mills found on the island. Effluent eontaining
hagasse {crushed cane fibres), ash, soot and molasses can - cause totsl  oxygen
depletion up tn -4 km downstream, This is accompanied by 2 sludge layer and mesa
mortalities of fish and invertcbrates. Between Jenuary and Juns, Factories do  nat
eperate  mnd  some orgenisms, thus, have time Lo recolonize. Perts of the south coast
beach are blackeped and local Fiahermen cemplain of a decresse in catches and fouling
of fish traps by bagasge. Thaee is 3 major industrial drain from Port  Louis
which coarries effluent from the infustrial estakbe 2t Carmeandel,

EFfiuent from industries in the  Seychelles §s negligeable. Discharges
conaist  of caustie soda from the cleaning of vats in the local brewery snd sawdust
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Some loral pollution i3 seen frem industrisl and pert activity in;
Colombo, Sri  Lanks. Cepper values of M.13Y pob end 2.7 ppb were found in the
indismtrinl efFFluent in Colombo which has a direct effect on the drinking water. Wany
industries msre gityated on the boanks of the Xelen! River which then passea through
tha city of Colombo and gut to the ses.

8.4 The East Asiatic Sub-Coantinent

fn bott the gastern and westecrt coaats of TIndia, there are regqions ef
intense industrial development. One of the most important on the East Coast s the
Hooghly Estuety region. The Hooghly Esbuary is formed from  three brenches of  the
Canges arw! is very importsnt for port FaciTities and commercial fisheries. The
estuary has lerge rivers dischsrging inke it and many induskries sre situsted along
the banks of *heas rivers. The lewer part of the esbuary has
multiFarious dinduatriss: poper, textiles, chemicals, pharmaceuticsla, plastics,
shellac, food, leathber, jute, tyres ond cycle rims. T% alsn recetves drainage from
ke  fBagsr and Reighland cansls which have sewagn oulets. The daba suggest thal the
river is po'luterd hefora it ternivea the industrie! wastea. Despite the theavy
sewage ond industriz) pollution in the river and csnnls, the estuary itself is not
toa badly polluted due to the effect of mixing and dispersion by high tidezs and
turbulence. The estuary has a high a3alinity, o high burbidity fector and is
well supplied by the monsoon, The tidal range is large end ite impzct cAan be fell
up to *C0 km intend.

Abogt 250 mittign gallons of waste water are discharged per dey of  which
*0,6% is industrizl. The tptal salid waate is of the order of 1062 tonnes and the
8 110 tona. The B value i+ has iz equivalent to that cpused by a
papulatien of about 735,700, An exemple of waate from e chemical fectery is aesen in
table 31, This factory lies asbout 12 dm north  of Caleutts and produces
heavy chemicels, painta, vatnishes, plastics and cubber chemicals.,  Some
characterigtice of waters from textile, vegetablr oi?! and paper and pulp fackgries
are sgeen in table %7, These nre found in the Rishar region in Tiriberi, Titagurh
ard Palta. )

Bekwesn the 92 km from Dumrdahe to Birlapore, 9% factories are found of
which 5% are jute mi'ts. The bu'k of the efflu=nt, however, comes from five paper
and pulp mills. The Fresh water aupply is 3'ow and the condition pof the water s
deteriprating. <ulphite, sulphete and sodz processing metbads are used in the
milla, Thr charactertstice of the effluent from these mills im seen in tshle **. For
75,MC tonnes of paper -prodaced, along 2 5C km strateh, the tokal po?lution load is
&M, 000 Jhe 8™ (population equivalent of &PC,C0C) and 260,000 1bs  suspended
solids fpopulation equivelent of 1,720,000, In suemer this load is heavier. Due
to th- use of Jute and saltar grass for rew meteriels, the off2c'c 2F pollution
from paper and pulp factorira  in Tndia is hicgher then from olther coun‘ries using
different rrow m-terials. ™ of the effluent is discherged untreated inta the
Hooghly Estusry. 0Tnz of the msjor companents of the waste water is lignin which s
bexic to the fish stock. tp ko 7.5 bm below Ythe conflusnce of the Hopghly and
the Bagar Canal, conditionz are not congenial to the sustenance of fish life.

A comparison was made hetwesn the palluted Heaghly and  the unpolluted
Matlah Eptuary. The Fformer §s a btidal estuary with fresh water, gradient and
tidalfmarine conditions. The tidsl/martne is only aeep in the summer in the Tower
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Teble 31 : Effluent from a chemical plant near Calcutte

Flant

Nature of Digcharge

Chlorine Flant

Paint Plant

Falythana Plant

From All thrasa

Weak Sulphuric Acid

0.05% Splution Hydrochloric Acid
Bleach Ligquor "4--5 g/l calcium oxide
! 40=-45 g/l availahle chlorine
200 g/1 calcium chloride
Brine sludge caleiam, maghesiom and sodium insaluble salts
Benzane

Caugtic soda

Canstic ooda

1N0% Aleophel in 5=-10% solution

il from the machinery

From: Observations on Estuarine Pollution of tha Hooghly by the EFFflw
Chemical Factory Complex at Rishra, West Bengal, India.
3. B. GHOSH and A. K. BASU ({1968}



Table 3?7 : Characteristics of waste waters from different induatries

Industry H Ligrin Suspended BOD Volume Lignir
matter 3

me/} mg /L me /L m Sday kg d:
Teaxtiles .8~ 9.1 200 0.905 130 %.130 2.1¢
Indian
Paper & h.B=- 6.4 1000 1.990 K ¥l 11,400 13.5¢
Pualp :
Papeterie | 4o 1g.¢ 130 1.650 176 27.360 4.2
Titagurh 2
Papatarlé | 4 g. 4.5 135 1.760 185 26, 600 4,2
Titagurh 1
Wacktarn
Indian 5. 0- 6.5 1G0 7. 600 a0 2.280 0.2
Matech

From: Problemes d'esaux ra=ziduaires industrielles dans la zone du Hooghly
notamment des fabrigue=s de pate a2 papier et d"huile vegetale hydro

A. K.

BREU

[19&9)



Table

32 (cont'd} : Characteristics of waste

waters from difFerent induskrpi

Industry Volume of Flux - Total Matter Suspended Matter con
m sday mg/1 mg,/1 ey 1

Margarine 171 =~ z47 2.505 - B.100 1,405 - 5,795 3,850 - ¢

Soap 190 - 228 1.540 - 5_ 390 0.540 - 2,100 1.41e - 1

Combined

Effect 418 8.200 4,460 7.98C

(average)

Conmbined

Effact 3,460 -12,840 1.480 ~ 7.440 4,990 =10

{range} '

From: Problemee d'eaux residuaires industrielles dans la zone du Hooghl
notammant des fabriques de pate a papier et d'huile vegetale hydr

A. K. BASU [1969)
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Table 33 : Characterietics of effluent from different mills

e

Characteristics Sulphate Mill Tissue Mill
BH 9.8 - 7.1 . 9.0 - B.5
Suspended sollds 1392 - 732 964 - 512
mg /1
BOD 37°C 552 - 207 610 - 251
ok ma/l 1525 - 792 _ 1234 - &00
Lignin mg/1 116 - 12.4 100 - 33

Takle

[

Criteria for Characterizing Wastka

Waste Characteristics

Suspended Solids

BOD

Weak

Mediom

Strong

less than 200

200 - 400

more than 400

less than 150
300 - 150

more than 300

From: Characteristics of Wastes from Pulp and Paper
Mills in the Hooghly Estuary.
R. 5. DHANESHWAR, 5. RAJAGOPALAN, A. K. BASD &
C. 5. G. REnO [1970)

Y
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'; Table 34 : Comparison of Hooghly and Matlah estuaries

[
' Condition Hooghly Matlah
Dissolved oxygen rate 3.76 - 5,89 E.62 - 6.00
{ma/1)
Zuoplankton Dominant
Phytoplankton Dominant
Dissolved Oxygen ' Lowar Highar
Temperature Lower Higher
|
| Oxygen Consumpticn Lower Higher
Turbidity Higher Lower
ph ' : : Lower Higher
: Flankton Numbers ! Lower Higher
) i
Free Ammonia values i Bigher Lower
'1 Primary Prcguctivity ; negligeahle 0.375 - N.562
. {mgr/m” /day) |}
’ I

Adapted From: Comparisen of the Polluted Hoeghly Estuary with
I the Unpolluted Matlah Estuary :
A. K. BASU, B, B, GHOSH & R, N. PAL (1970}

and
Observations on the Probable Effects of Pallution
on the Primary Productivity of the Hooghly and

L ISR Y -—
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Oaty, in the Tamil Madu region of India, has an industyry for btack and
white photeqeaphic film fabrication, The main toxin being weshed put is undissociared
ammgnis. Hydroguinone and meto! sre =#lso preaent snd these have a syrergietic effact
on  the surviva! of Fish - in the presence of hydroguinonz, metal is more Yethel.
¥hen the kwo are combined toxicity can be redunad by the presence of thiosul phate,
carhonzte and sulphate of sodium. Hydrogquinone is a powerful veducing agent and
fdapietes oxyqgen.

The presence of mercury wes noted in parts of fish ohtaiped from the  Bay
of  Rangal, Hommer-hzaded  ghark and white spot shark ghowed high values ofmercuty
with 'nwer values s=en in seec fish pnd dolphin. The oweratl velurs, For example,
ate lower in the Arabian See,

Copper, iron, mengares=, zine, cobaltb and nickel in dissatved =nd particulate
fractions of een witar ab  different depthz  were estimsted from nine  st=ations
in the Bsy of 2engal. Concentrations of dizselved and particulate irpn were Falrly
high ot rpoastal  ahatjons esprcially  at the tiver mouths. Fopper at *hg npesrshore
stations waa high but there wis no merked difference between nsarshore  and
affshors wconcenkrations se =s to reflect the posgibility afF a river input,
Tisaotved zinc and nicke! walues were lower At the surface than at  the decprr
'ayera con*rary to that noted For menmsne=se. Pocticulate fractions of iron and
zine were significant whilst coba't and nickel were not asignificant. Copper and
manganess  showed intermediate values,

Masoved copper valuss are greater in *he Arabian Sea than in  the Bay
of Mengal as are the vatues for particulste copper and manganeae. Foaplankton appear
to eccumuTate bhigher guentities of metals in the Arsbien Sea thean in the Boy of
Henga! possibly due te the  higher guantities  of diasolved metels present
there. The rconcentratian factar in the Arsbian Sea was highest for zine followed by
iron, coha™, popper and nicke]l whersas in the Bny of Bengal, the concentration
fertor was highest Far iron follewed by cobelt,

Haayy motals in affluent, for examplc copper, are Fraced pack ko pegticides,
fungirides, jewellery, copperware &nd a*i=-Fouling paint. Tn ¥ellsr Es*uary
tn Parto Movo, South Tndisz the effect of coper nn Mere'rix masks  was studied,
After  acclimatisstion snd subiretion *a letha! dosrs, the bivalve was found to
have an LC5T (1athal concentration s which S0% of the popul=tion is killed® value of
C.57 ppm Tunric sulphste. Drath was coused by saphyxiation dus  to copper  indupad
murus  ceagulating the gills. Bivaleves can grnerally sccumulate larger smounts than
Fish and are thus more talerant, Studiza were carried oot on heavy mekal
cancenteakion by the oyster Tressogtoea maodrasensis in the Cochin area. High Tovels
of menganese, zinc, iron and copper were noted in Pecembar +o May whereaz the low
values from Jun~ *o MNovember were attributed to the Flow of fresh woter cauging
dilutlon. Pysters can ~oncenktrate copper up Fo VA,DOP dimes  end  zine up to
LM, 00 times. Soms resulta Ffor coppar scrumylakion by wvarious hivalves were
alsn cbtrinsd for the Vellar Esturry on the east coast of Indiz (see tabilo 35 and
Fig., 193,

Natural run-of F efferts the conrentrations of iran  Found in the Mandovi
anid  Zusti Estuaries, Tndia, Estimotion of concentrations wore studisd for 1 y=ar and
values ware found fa  vary  from 0-1 6 mg/). The  higher values  wore
attributrd to thn infFluence af the river which flows throwgh iton are bearing
terrain, Around other parts ef Goz vslues vary From [M.£5-180 mg/l. The deccesse
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Vellar estusry—Lat. 11 39" N, Long. 73% 45" E. Location of stations:
A, opposite ta Marine Rescarch Lab; B, vyster bed at Muzhukknthuni

Accumulationa of coapper in ;;:Ertain bivalves

Yable 35 -«
Experimental A, pramoza M, casta . madrarensis Coopar: dry weight (puarts)ro%
cancentration  Length Langth Length
{partafi1o®) {mm) {mm]) {mm) A, rronass M rases C. madrorenris
Avg. Ay Avg.
LT T 16 s (1 1515 26 rr.Ba 1fgr 20738 aypxr
ag an 59 2272 1275 2369
az 43 &g 53 16 x3 2447
i %6 yE 260 165 23550
30 45 — 3830 75 -
oo ] ab 56 370 3483 aras Bz 3908 3990
1= 44 o ay-78 ar4o ey
36 - L 2758 673 4027
4r +8 i 3358 1828 4075
4 - —_ 745 — —
oabo ag ar 55 322z 3642 1277 23398 3458 48y
iz L 81 3266 zh-37 4535
36 +“ fig 3oy 1570 £3'50
40 43 79 ao-9¢ 2573 B1-44
43 — — 5558 — —
oofg -_ ab 6 — 2350 3235 4854 7536
— 19 6z — 26012 ghzy
— 42 yo — 35Be F9°02
— 47 i — #3756 pr-by
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Tn the Bay of Bengal studies pn arzepic eontent  showed velues from <1 to
19.75% micragram/1 with a2n awverzge of 2,33 micrograms). The higheat concentrations
ware geenn tn Ehe Gu'f of Manpar off the northwest  ecoast  of  Sri Lanka.
Surfaer  wakera  have <1 o 2.7% mierogram/) snd bottom wakers <1 kn JE.TH
microgram/1 with the oxygen minimum lsyer carrying the mirinum amount, Tn the Ffine
clay regions of the Aoy of Bengal the arsenic was absorbed into the sediment. 1n
the Tndion "ceon, arsenier is found mainly as srsemate Aand 0t is removed in
particuelate form.

Vigsakhapatnam Herbour is =lightly furtber' sputh aof the Hooghly Estumty
and liec hs'F woy bebtween Madras and Caleutts slong the eastern coastk. T is
nlgg affected by industrial effluent and reerivea  effluent  From ferkiliser
factorics and o0i) rcefineries through the Mghedriggeds Stresm.  The Visakhapztnam
rosst  is  rocky with 5 diverss  growth of algese. Tndustrial, domestic and
monicipa) sewage tesult in the presence of cprude 0il, irzon gpre duat and
sulphur. Thermal bly=-green algars are Ffound in the therma! effluent of thz of)
refinery.

In *he marly marmings of November 1974 and May, September and fictober 1975,
megs mortality of fish oceorred, Thiz was thought to be the result af an acidic
effluent rcomposed of ammonin, fluarides, phenols and heavy metels such es copper
ardd 1ead discharged from the Fertiliser Factory which lowered the olresdy =aeidic
pH in the nocthweatsrn arm. About *50 Figh, mainly from the apecies Memabaloss,
Megq2tops and Mugli, per 100 @ strekch of cana! diesd, Tn enclosed harbours,
netuATies, 'aqoons and bays high in bicarbonste content, the additian of strong
mineral acids ean couse liberstrion of large amuents of carbon dioxide. This combined
with a lopw dissolved oxygen conkent Jevnl due to phatosynthetie inactivity during
the night wes the probzble cause for the fieb deaths, Maus martality of fish due teo
ammonia poisoning hes  alsc been seen in Fhitrapuzha, a tidal tributary of
tha Cochin Backwzters. Yhese kills have been attcibuted to effluent fram two -major
industrinl estabtishments in the sren,

7.5 The West Asiatic Subrcontinent

Ammonia is offen mpparent in e&fftusnts. The sceepted tevel of ammonie ia 2.5
ppm. Tn the Cochin Beckwaters, the pressnt level is #'2-560' ppm.. Acids and
suspended  splids ace alao present in Yhis reglon due ko industrial poliution. In
Knlamaserry this resulter in scattered pa*ches of dead Mmbassis gymnoccphalus. At
point A 12,PPN T/day ecid 1a discharged =nd at point B, 50-50 million Y/day a'kall
Capo Fin. 1Y, Snme af the conditions of the water in this area armd their effects
cn Fish sre a5 Follows: high *emperaturn leads  to changes in chemical  and
biochemics1 procesens, an inctessed turhidity causes  choking of the operculum
cavity gnd high ammonia concentrations eorrede kha gills.  Studiess on the
toxicity of smmonia to warjous fish apecies was carried out ar Goa, The toxicity of
the ammoniz dependnd on the an'urion it was ing ot pM B ammoniz wes mere toxic then
at M 7, Similarly a decressr in the dissolved oxygea content increesed  the
Fnxirity af ron=ionized ammonia,  “mmandz toxicity affects the growth ra‘e,
digeage rreistance and produces hyperp'naais of the gill epithelium. Ammonia toxicity
ie rorrelated o tha permembility of the glll %o it. Nften, the fish thak are not
indigenous to the aren may have pocidently entecoed it during Faeding movements.



Figure 0 : Geographic location of the Cochin beckwsters
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The majority of the industrizl effluent entering the Cochin Packwater
gkens from Eloor (Uyogamandal) belt which stretches 5 km slong the banis. With
sewane and induskrial pollution causing so much concern in the regien, studies on the
hydrographic foatures and water qualtty of the srea have also been carried out. The
state of the wateor is  influpnced by the monaoonal condibions. Some
characteristics of the effluents sntering the arem ere listed in table 24, The
major strcess is st statton ? ftable *7) and diminishes gredually From there both up
Etresm and cdownstread. High leve'ls of metals are noted particulacly iron,
manganess, copper end Zine.

Althiugh 211 arise from induateial and municipal pollution, the iren concenkrations
are also  influenced by Yeaching through iron ore besaring terrasin. Organic
rarbon and organic matter levela ahowed enrichment in the sres of a coconut
busk re*ting yerd, RAacterial counta are high and the sediments take on a black
coloring end  =or= malpgdorous. Monsoomal ditution and tida! mixing sre toc low to
have nany positive effect on the aelf purifying abilitiess af the system. The
concentret jong of some metrls ot different stetions in Cochin are seep in Eeble 737
and comperisons of khis da*a wikth dat=s from other regions is seen in tsble 3B,

4 titenium factory situsted * km from the Marine PBlologicel Stetion  at
Sankhennghon, Trivandrum in Tndia, discharges an effluent conteining sulphuric seid,
ferrous sulphate and amall scale titeanium sulphate. Tn March end MKovember, the
aFfluent 3i8 wespecisally heavy In Ferroua sulphate 7.0176 gf) whereas the range at
other timee g uweuadly C.0C07 gf1 - C.0KM™S gfl. During these mantha few
interstitial fauns arz seen on the affected tropicsl sandy beach, with none clogse to
the digcherge point,. This depletion is not due to natural causes. Tests have shown
that species of copepod, newstoda, archiannelid and pelychaete canmot  resist
concankrations above 0.0021 gf1 ot pH 7.1, Tn May, the meximom rumber of anipala
is 2?1 per 0.7 1 of aand but in the other montha only &-19 enimala per 0.% 1 of aand
are Fourd, The anima's seen are forasminifere, riliata, coelenterata,
turpeliarin, mematodn, oqastotricha, ostracode, copepoda and isopoda, The sand has
beeome a browny colour dus te the presence of irton in Yhe  disrcherge. This cloge
the interstires and th: lack of fauna from the putFall point to 50 metres along the
beach is ru:z *a this nas well A2 to the reduced oxygen content  and pH. From
P20 m from the outfall, the beach is stil! moderately affected with some s5'ight
effect  after a diatance of 200 m, Near ths titenium plant the nesrshore wpters
of the Kechuveli besch are very polluted due te the delly dJdischarge of 3600 m of
wastes. pH ern range From 1.0-7.%. Studies on Foraminifera ahow legsz apecimens in
the region, When they are found it is often with corroded surfares due to the aczidic
nature of the effluent.

Rombay 1is the second most populated eity - in Tndia, 't  has meny
indusiries and effluents from these industries src a major polfution problem.
Abpur 7% mitlion m  of industrizsl effluent is discharged from Bombsy every year,
The current messurements far this srea indicate that the movement off Bombuy is
rorthward in ¥he viging tide and  southward in the fallting tide. South of the
harbour, there are strong onohore and offshorce componenta. Tidal phencmena appesar  to
help diasipst= the pollution to some extant in this regien.

The mercury content entering %*he geean bas ecaused great conrern sinere
the MHinamata disnster. Some regionms of the Tndian Mcean have been 'ested for mercury
conten* ag asen in tabte 9, The percury concentration im constant 1y increasing
due to its long residence time, Tt is found mainty in the cpastal srens. The content
AF marnsury in varime Aartanieme hae heean rarnrdod. Valuea For roncandratinng i fFond
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Teble 38 : Comparison of data- from different areess with respect to Cochin

- CoMpaRishN oF PRESENT DaTa waTe REPORTED Data Fox WATERS FROM DNFFIEENT ANEAE

Ranges of conc. in present study {pgflitre) ‘alues (pgflitod) Rerarks
raporied carler
Lurface Hattom
Tpos
1257-4386 12869771 10-80 Porto  Nove watersl. Highar  particulate
concentration at the botiom also reporied
0565180 mgfl Waters around Goaf. Higher iron concen-
tration observed attribeted to the tnining
gpemtion in 1he arca
MANGANESE
5764 +B-97 -2 Waters of Bombay!
4042 British coastal waters'® and Porto Movo waters®
1281022 Waters of Goa'. High content has been explain-
e 65 & result ol medoin actvity o the area
CoFreER
o859 09137 H-7B Waters of FEnglish Channel™ and bigh walue
bhas besn attciboted to land drainage
1.45 San Juan Channel?
0148 Sargakto Sea waterdt
— Av. copper content for fiver and ocean water,
5 and I cespectively™
0-5-42 Parto Nove watenyd
1-7-79 Arabian Sen waterg?
Zinc
231531 31-83-6 H-15 Bombay waters!
8-51-6 Sargamo Seght
-2 Oreannd".,  High values dpe to the ipfusoce
of gawage sfompts .
1-3-47-6 Pritish coastal waters™ doc to temrestrial
coptamination
25423 Goa waters?
5:5-42-4 Anibian Seat

From: Particulate Iron, Manganese, Coppar and Zin_::. in
Waters of tha Cochin Backwater
V. N. SAMKARANARAYANAN & R. STEPHEN  (1978)

- inmCr
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Tahle 39 : Surface samples of

rm o o s kbl * = e s e tes = eememe e —————

- BS =

mercury from the Indian Ocean

Longitude Latitude Date Marcury Weight of
ng/sl Suspended
Matter
Fro=rg
18%55.5'sS €0%40.0'E 1972-8 Nov. 20 12
o6 33.5'S 78 11.0'E 12 Hov. 20 38
30 42.59'8 34 0B.H'E 1273-10 Howv. 21 -
27 24.0'S 42 15.0'E 19 Jan. 10 36
25 24.0'S8 49 45.0'B 27 Apr. 12 25
14 35.5'S 58 35.5'E 5 Jul. 35 63
1: 46.0'8 £9 37.0'E 1 May 11 11
0? 47.0'E 73 54.0'E 13 Jan.. G 11
06 57.0's 68 50,0'E 3 Jul. 20 101
o1 17.0'S 83 37.0'E 4 May 34 19
06 34.5'S 91 55.0'E 22 Jun. 18 143
ol 44.0'H 77 12.0'E 22 Jun. 17 64

From: Observation on the Distribution of Dissnlwved
Mercury in the Oceans. '

L.

GARDINRER

{1965}
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Table 40 : Mercury concenktrations in some Fish from the Indien
Ocean (uqu} )

Epecies Minimum Mean Maximum
Pomfret 15 16.5 18
Seexrfich a 12.5 16
Skipiack 6 650 124
Jew Fish 1& 19.0 22
Sardine 4 &.0 8
Bombay Duck ' 26 35.5 45
Catfish L 35.5 62
Ecl B 14.0 20
Ribban Pish 4 8.0 1z
Whitefi=zh 1 1.5 L
Mackeral 2 h.0 B
Scle 12 14.0 16
Cuttlefish G 23.0 40
Lobsﬁ#r 19 37.0 55
Edible Oyster | s 12.5 16
Sharks 12 40.0 | Vs
Shrimps 5 10,0 ip

From: Baseline Study of the Level of
Concentration of Mercury in the Pood Fishes
of Bay of Bengal, Arabian Sea and
Indian Ocean.

V. D. RAMAMURTHY (1979)
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From stutica done along Yhe west coast of  Tndie Ffrom  RBombay to Cachin,
concentrations  of mercury at different depths ace racorded giving lower values as
the depths increase, probably as & result of adsorption on tn particutete matter.
fpart frem off Cochin {at station ™26 in fig. 21) The sverage roncentration of
mercury present, 77 ngdl, appeara ton rorrespond with Qiohal walues  (Atlantic
Neean N.5-%7% pg/1 Pacific 12-19" ng/l, China and Japan Seas 6-%1 ngsTY. -

Tn grn=cnd the Bay of Rengal is more polluted by mercury than the Arabien Ses

except for the region near Pombsay and  Thana., The mercury cortent of the
water column  estimaked along Thapa Crest/Pombay Harbour ffiquree 22, gave a value
of abouyt 7T k) in oxCeS: af the ewxpected backoround count. Hercury

roncentrations in aediment from 77 lorcations  varied From 7,17 - 2.7 opm (ory
weight ) {mnr tables 47-47%. The highest values were Found in the creek ragion whick
suqests A substantia’ input in this area. The mercory  enriched  Tayer in the
gadimen* rorves (Flgure 77 heas sbout 100 = 75 cm in the creak regiom and P.R em in the
harhour =ren. Resiilt rbtaincd  from aropgnd  Bombay at Thene sand Colabs markets
show the brain of fish tp accumulate mare merrury Lthan the muscle  and the  bhone
ftable A&7, Mezsyrements of moroory concentrations present in the Laccadive Siea
carried out in March '97BE, ghow valuea ranging from 4% ng/1 to 208 ngfl. ¥alurs
increase from north to-south and decrense offshore. Localized high spots peobably
arise due Yo leaching fram mercury carrying rocks.

Along the cosst of Gon, seawonds wete moniteorsd ab % gpets, The specimens
showed an shility to biocancentrate and accumulate brace metals such as  coba't,
copper, iron, manganese, nicknl, lead end zinc, Resulte of a stody of the
effects of different metals on seaweeds of the Goa cosst are  smeen in table 4%,
Some  wveRlues for roncentretions of trace metals zinc, copper, manganess and iron
in fish, prewn =nd crab are sepen in tahle 4A. The affects of trace metnl
concentrationg on different marine ornenmisms nlong the coagt of Indis are geen in
tabh'es AT and 4B, Concentrations of copper, 2zine, manganese, cohalt, iron
and nicke? wWere measured in perticulate and digsolved forwm in the Arabian Sea,
General’y dissaolved coopsr showa 2 decrease with depth and particulete copper @n
imcrease 3t mid=depths., High velurs rY increased depths are due Yo accumulation by
argamisms ond sediment, PMissolved iron anr manganese ahowerd p noticeahle
intreare =zt depths of 3'Cm, Trom and zinc values are wigher neprshore due Fo cosstsl
input; nickel and coballt valuss were low.

From Nctpher '777 to Septomber 1970, chentograbh faume were stodied  in
the fiombay region a*  Thaana, Malu, Bombay harhour end ¥ersova, The maximem denaity
af chertognaths were  found  in tth=e past monmoen period and the floctuztions in
population sand specirg density were greafor in the pollobed area, Sagitta bedatl wasg
moat common af the Sanitts species proszent. )

Tn Pskistan, industrial devalopment is  adveancing  rapidly. Hore  than
hA1f  the  country's industry is siftuerted sround Yprachi which hes m population
of 4.% million. 5Sewoge running through uncemented dreaina and  Yinking with
bigger dreinsg containing imdustrial effluent f1) discharge into the sea. Cespile
the laws egaipst dumping dangerovs industrial  wastea, locsel  Factoriez still
releage untrasted mercury, Inad compounds, chleorine and  hydeochloric acid  intn Lhe
vivers., For example, 70% of the contaminants in the waste water flowing into the
River Lyari come From the local Facteries, 8M vzlues of 1,737 tons/day were
obtained from effluent From X¥srachi of which 85.5% were from industrial weates.
fhout RAOC indysktries are sgituated here comprising alimentary products, metos'  and

= - fl . ] L] - am PR} . . L] » . - L]
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Fiqure 21 : Some values for mercury concentrations along the west coast
af India

— Totat MearerY CONCERTRATINNG
SEation Depth Conc.* Station  Dapth Conc.*
Mo, {m) ng 1-t Mo im} ng 12
1 32
7 1M 52
130 13
1 136
102 i 1| 1 —_
20 24 3146 1 187
&5 a0
1 116
M 1 1432 1 200
15 iz 126 S0 13t
1 26 1 123
23 312 kil 500 o0
0B 50 136 1200 181
75 B4
1 59
1 55 ii8 504 187
10} 52 1006 110
115 500} 26
LA 19
“Surface av. 77 ng -
YExctoded from caltuiation.

From: Total Mercury Concentrations in the Arahian Sea
Waters off the Indian Coast _
5. ¥. 5. SINGBEAL, 5. SANZCIELI & R. SEN GUPTA (1378)



Figure

22 : Geongraphy of Thans Creck
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Teble 41 : Canditions of surface water

B _ Warer
Salrntv () Dissalved eaygen ¢

Walim  Tide urtagy Huiom Surface Ba

| kb 1% h 154 13

2 kh 15 ay 15.31 P

3 L - - -

q Ih L I 3014 4.0 ¢

5 [ - - -

& Eb el 8y 4.4 H

T Lk L kL] L. 5 1

] Fh - . -

o Eb kLR C LI, ] 4.7 i
Hil Fk - - -
11 FE: 16,11 3h.8d [ %] 5
12 b o 16 3] %] [
13 Tl 3% A4 bl A
1d Il 3764 LEN] ] -] [}
15 Il 3T 3 3742 3.5 5
[ L] Fl 7,47 AL b4 i
17 Fl LR ] 37,64 LA k]
I8 Fi 37210 LLWY 6.3 5
1% ir E N 1 26 446 b5 &
20 Ik 32 36,25 a4 B
21 Eb 6.4 3624 6.4 &
22 EkR 6.0 35,50 6.7 b
il Eh 6.0 X612 6.7 -]

From: Mercury in Thana Creek, Bombay E

H.D.2ZINGDE & B.

M.

DESAI

{15g]



Table 42 1

Mean walcr

PowmetmAA e

Mercury levels in waler

Mans ol

Gmrimam m e et

Mercusy in waner of Thana Creek s Bambay Harbior

Apprasimale hAvan ]-"IE Conect ol ra[Lan hiass Hp Exies Hg
arei depth warer in waler i5k gl im waket

Region ikmy {m} (NIL} {pg ha-'} ke {ka)

] E a1 14 0. 0.7 0.5

I[] 9 12 bl 032 6.5 5.2
m H 21 55.4 0,266 15.6 1.2
¥ M i3 12 . 166 206 124

¥ 53 5.0 AN 0_2al £l 111

Vi i 5.E SBE. 4 Q.53 B 4.3

Table 43 ; Mercury levels in sediment
hdmecury in setiment of Thana Creck
A I'I;;I onimare £ ome s misdLien Sedimcar Hp Estimatcd seciment

. £ depih ANk el weigling R Uy
Lepmenl ikl imh (ST ET] {ring ho—1) i

I 25 02 541 28 2

I fik 016 14.13 1.0 14.1

m 49 Q.10 7.0 0,35 2%

Figure 23 : Mercury in some sediment cores

Wy |ppml
i o = 4 e 0 L2 20 49 a3 10
_ I g"/ - %} '
F e ; - -
il -
x 12 - -
-
& e L L
=4 .
w20 r F
g L 1 L
24 fa) (1) te) {d)
zal L L
Stations 3 .3 13 156




Tabla 44 : Mercury concentrationa in aselected

{in ng’ fresh weight)

apecies from

Thana and Colal

‘tolaba Thana
Species Muscle Bone Muscle Bone Bra

Eombay Duck ast) 122-2 48-2 92-2
Domfret 92Ty 189-7 124-6 205-4
Lobgter 17718 - 207=7 -
Relerawn 161%s - 180-7 -
Salmon 113%4 297-9 109-4 254-3
Dhoma 56+2 137-5 87-3 111-2,
Sardine ¥7-3 121-2 &6—-2 133-4
Shark 172-8 3lg-12 160-6 385-14

Brom; A Preliminary Survey of Mercury in Fisn

from Bombay atd Thana Environment
. HALDER ([1975)

B. M. TEJAM & B.
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Table 4% : Trace metel concentrations in the seaweeds off the Coa coast,
India {ppm dry wt.)

Trace Metal Concentration in he Scaweeds of (ioa Coast (values cxpressed in ppmy)/dry wilghi)

Station 5l Ho., Mame of ipecies - Co Cu Fe Mn Ni Fb n
I Chapoa 1. Enseromorpha clathrare 1518 30,23 1292.5F 2685 53 34.55 9T 11.5%
2. IMvo reviculaia 10.56 13 E5 1E6%.23 172104 3004 {7.76 g4.89
3. Graclarid verracosa 14.52 15.6] I076.77 341056 13.52 5.5y 11.74
11. Anjuna 1. Caulerpa seviuloricides 4.35 .03 38750 74.58 17.02 149 11.07
2. UMva fasciale £.407 6.70 T2 11L1.25 9.6l 15,24 2380
3. Diciyete ap. , 9.24 5.44 T10.20 9477 9.31 951 995
4. Pading tefrasiramniicg 4.15 185 1004.53 344,20 1031 285 7.0
5. Sargassunt renermimtumn 1492 4.53 471.93 T9.H1 131 14.73 5.40
& Acanifophora specifera Lig 80.41 +50.61 9072 13,62 5.07 12.6]
7. Gracliorke coriicata 792 4.53 6496 L4485 2.0 1100 1227
B. Hyprea musciformis 607 b.55 614,82 4651 8.63 1604 11.74
ill. Baga 1. LM fascraia B35 T.30 15344 1075.65 1.0t Lé.0d 79
2. Dictyars sp. 5.94 10 32 T84.94 15347 E.01 LEN4 7.34
3. Padina tetragrroomafice B.5Y 4.03 657.481 53045 £8.51 1089 4.47
4. Sorpasu (ENEFFIMLEM .92 AL 128.09 4167 3s 1261 11.30
5. dconthophora specifers T8 12,59 138 85 6311 51 §.02 i1.B0
&. {rraciiarid corticard 11.58 3.533 261.97 L8 1% 600 9.74 3.69
1¥. Dona Paula 1. Calpomenia rinwoss 1056 21.04 1796,22 258,15 13,03 2004 1148
2. Drlerpepreniz ausiralis ina B35 £35.74 131.52 131 2097 21.2%
A Bichreia ss5p. o4 1294 5¥169 T3y 11.71 14.1 1519
d. Pading ratrastrornalica iat .10 75566 41818 18.33  28.31 11.70
5. Sergassurme rensrrimurm 4.88 E9% 451.32 140.55 871 14.55 .04
6. Aconifro phora specifora 13.20 740 ToE 11 344,14 14.72 17.19 13,80
T Hypnes merciformic H.84 .56 77974 21879 1272 1180 10.3&
Y, Cabo-de-Rama 1, Cmrlerpe peliotd 963 1159 159686 13624 18.33 19.48 1812
2 Condinerm elovrgaium B.84 382 &E0.92 7242 13.72 1285 11497
A Idervopteris custralis 1.32 0.7 4921 54 3248 530 1455 5744
4. Fading retresfromaiiog 452 317 3B8.52 FLIL T 1 R W ] | 137158 91E
5. Sargarcumt FeREYHmImM {2 15.44 13043 4102 §.31 11.45 3g.490
6. Sprhuglosum asgerum 198 554 13040 - 2509 050 1534 24 55
T. Sioechospermurm marginaium 5.94 13.60 AeR.15 B4 .61 15.32 19752 pasg
&, Acxnrhophora specifers 1.32 11.45 101224 2 1302 1375 18.7T1

9. Erarilavia sorticaio 10.95 8.22 1028461 156.91 14.32 1B.68 1521

From: Metal Concentrations in Some Ssawepds af Goa,
V. ¥. AHADI, N. B. BHOSLE & A. 5. UNTWALE {1973)

e TR Y T L S BT T S ST T L SORPTNE



Table 45 : Concentrations of aome trace metala

- 9% -

in fiagh, prawn,

and creb (ug/g wet weight)
Organism Zinc Copper Manganese Lron
Figh 9.42 0.88 1.4] 11.50
(arius specias)
22,17 230 1.80 3,00
30.55 4.35 2.74 -
Prawns -
{Ascelis indius) | 11.15 11.20 - 15.00
Crahl
{Scyella serratal| 83.50 23,60 4.76 29520
€0.70 3400 - 11420
fea Water 14,549 Lo ) 2.78 9,90
Average

From: Distribution of Zinc, Copper, Manganese and Iron
in Bombay Horbour Bay.

V. M. MATEAR, S, GANAPATHY & K, ¢, PILLAI

- == ADULT
O~ KIYENILE
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Table 48 ¢ Trece metal concentraticnz in different marine arganisms

. Lotation Cone, of metals (ppm dry wil .
. e . Localion Cone. of metals {ppm dry wih
1 As Cu , En Mo
) A= Cua In Mo
MARIKE ALGAE FISHES
Vive fasciata Carcheriat toreakowsh (Dog fish
Vagator 25 124 22 167 | 61 37 - 106
.. Anjuna B 6B 178 201 D 108 154 ik b
i Bagn 1 LB 1%3 n
I " Mg iz {t Bt
X Canlerpa serfuwlariokdes ugel parti {Grey mullet)
. - & 7 1%
Vagator 15 114 b 115 ; lgz ﬁ:s ' 533 Iz,i.j
Anjuna 1z &7 129 175
Baga 15 11 18§ Nb Etroplus surafensis  [Pearl wpot)
oo Sarmassus fendrimum A 35 17 165 _—
o LN 11-2 . 149 514 —
Yagator 1004 - 201 5T iz
S Baga :r 275 -1 270 Rastrelliger hanapurta [Mackeral)
e Dona Paule 154 10 404 585
B 32 154 13-4 4-2
! FPadina fefrazt 1
: et Sramanien CRUSTACEANS & MOLLUSCS
Yagator 1246 a-7 n} 455
| Baga 4R 125 -5 231 Crasiosirsa usuliata (Small nysters)
Dona Paul 7 20l p: 3 88
| e Taula Vagator 56 413 75 32
Baga 4-2 TI& 1198 —_
Dictyota dumpsa Mirgruar 11 251 8 —
. . ) Dona Faula 15 356 2618 —_
\ Dona Paula 57 12-9 374 560 | grnn P % i o] 57
- o Velage 53 135 ot - 17§
: Hypnsa mesciformis
. ides {Edibla oyt
: Vagator 3.5 84 08 109 Craseaxivia grpphoides (Edi oryatars|
[ ‘Baga 4 215 19-4 ] Cha 13 10 111 —_
__ Dona Paula 349 15 21 | Ve H A —
: - FISHES Fenuens monodom [Tiger prawn)
: Loiognathus splendent (Silver bollics) A 93 48 w0 2D
< -z 21-3 z21-%5 9
B o5 4 an-s 53 -
e 146 13 X B Moapenacus zfiniz (Prawn)
D 1-2 6-1 Frd | 129
i) 13-4 LR . —
Hodithus ruber (R fish
v {Rosy Jew 4 FPortunur pefagicus (Dlue awimming crab)
B 33 i{-0 3o-1 i} ’
C 18 114 e 12y | Chapors 245 454 784 —
D 1-4 [ 15-7 2.7 | € 1143 2190 ap-2 —
D 251 o4 737 —
Feliana ditchela (Shad L
na o (Shad) Myfilus vividis (Commmon mussel)
B H i = |Bae a6 20 153
4 81 — —_ - - —_—
Mizamar : [ 34 . 250 434 —
Pamgus argonicus {Pgmpmu Yoltan HE] &6 212 —
C o5 1-5 Fry 35 Mereirix casiz {Bivalvens)
oy D 17 12 -8 126
- Chapora 169 161 s0-2 —
I actarius lackari RBuotter fish
selarius laciasius (Ratter fub) A B. G, D are trawling wreas (Fig. 1).
C 03 2-4 154 159
: D a-B sS4 15 £
1
: Sardénsita fimbrints [Sarding
E 3 122 111 —
C 23 174 176 mam
n 7h& 5 -5 18
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9.1 Tt roduct jon

With the increasing number snd sizes of  tankera  trawelling through the
frdian Oecean area, Fear of oi! spills bas aleo increosed, Some patha  used by thasn
tankere are shown in fig. 24, In 1979, *55 milllon tannes of oll was transported
through the mein route from the Arabisn Sea to the Far East. ™M1 pollution risks
tnclyde cal'isiona or growmdings of laren Fankers ond operationsal disrharge From
tankers in ballast condition,

The hydroearbrns usually found in the opea boean  sre » mixture of
gaturptsd  snd  aromatic compounds. The aromakic frections are ususlly “he more toxic
arvl rrrely arise from crude oi! spills or refionry produce, Sempling from the top
mebre  show o smaller mmount than  expected. It is “hus thought that  the
aromatics  sr~ prefecentially removed hy evaporation, For those of €15 and lighter
and dissa'ution for those of CIF gnd lighter. Heavier fractions are eften adsorbed
ortp suspended meterials and gink %o the bottom being washed ashore by haavy wave
acticn in monscon months.  Degradation snd sbsorption ace other means by which oil
is removed, )

2.2 East Africa

Drapite the ap=ning of the Sumz Coenal, the major tanker routes fram
the fiulf to Europe, which srr adjiscent to the fast Coast of Afriea, are atill heayvily
uz=d, Mfyer 12 years, 21 individue! spills of more Fhan !60 tennem have ocrured
tn the area. Examplea af these are the Ennerdale which lost 40,000 gellons Fuel oi!
off  Mah&, Seychelles, the Si'ver Oepen which lest 12,500 tonnea off the
southern tip of Madagascar, the 239,000 Lon tanker Albahaa B which exploded  and
soenlc 0D miles of Tanzopia in fpri) 1987 and the Tayeb which broke up-on the reefs in
Mauritiuvs in 1972  and  relpmsed 200 tornes of heavy 0il. Fast Afrtca is
beginning to scoept heavy tankars and hence the probability of @il poliution
occurrtng has increased. Often, cont-min=tion of Fhe Ezat Africen Const by oil is
fue to slicks being brought in by roastal currents from spillages 3in the gpen oceen.
This' im rgeproially true slong the Kenya const during the southwest  mongoon  when
it iz earrviad onshore by the Equatorial Countar Current,

Cit-po'lutien iz mnoticed from Pisni Beach  in- Xenya and northwards.
Same  contaminakion is  rnoted At Mombesa, Misumu and Nakuru, the Fermer from
tankers and refineries and Ythe letter from a8 diese! gtetion, Poor algsl
communitice were seen In the port and ereek aress of Mombesa, Kenya end it is
poggible ‘that pellution by pil slicke has put some reatraint on growth  in
Kivindini Marbour For exsmple. AYgse appaar to heve damaged somc of the coral
reefs by smothering the corals  after invesion of the ecosystem probebly
triggered off by erutrophic conditions. The south coaat of Mombnsa suFfers most
from this in March and June and may br contaminated by oil from wnloading and leading
of ships from refinariera seen in Lthe Mombess area. ™1 i nlso Foond on  the
coasts from wastes From industrial sites but as yet is mot = serious threst. In
recent  Teserrch  programmes, the presence of kar balla on the cozst of ¥enya hes
bBesn mnn;tnrﬂﬁ. ™n Shelley BHeach, snuth of Mombasa, tar concentrations of
2.5 g/m” were recorded with individus! Yumpse weighing up to ¥ kg belng found.



Figure 24: 0il terker routes through the Indien Ocean

From: The Times Allan of the Warld
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Tn Tanzania, oil pellution hasz bren noted close to = refinery near the
florting 0il mooring in Dar s Salaam. - Tanzenia, too, im nesr the tanker reute
and some damage to core! reefs can he obrerved with meny of the heachas ghowing =ame
crude ©ll  rcanteminstinn, At Tanziber, walues of 1,620 g per 100 sguare yards
have been rerorded and st Mafia Tsland, 1,750 q per 1IN0 square yacda. Deposition
is dependant  on  the prevniling winds end currents and  ia higher during the
southweat monscon when the 0il is carried by the Sputh FEquatoria®! Currept to the
southern const of East Africe.

7. The Talanda

In Madagescar, a vefinery ot Tomatore handling 200,000 tonnes pAT  ARNUM,
peciodicelly cpuses lpesl pollution problems. Due to  the increasing  ‘*mnker
traffic  in  the Mozewbique Chernel, some contemination hes been meen rlong the
wegbtern and southerp cossta  af Madagaaeer.

Tn Mpuritius the deqree of 0i) po'lution has not yet become alarming  hut
it iz a threa* aince the breakup of two shipa rear Mauritius in 1972 and 1976,
In 1978, a mass of tar balls appested off the eaat coast of Meuritius coarcied
in by the South Equstoria! Current from o slick in the fpen ocean but no serious
damnge to Flors or faune was notlesd. There is alsn acme concern ebout  the poaaible
spills in the future near the site of 5 new ol} refinery baing set up on the west
eoast of Mauritius.

Some contaminetion of oll from the washing of oil tankers has heen seen  just
off Colombo part off the weat rcosat of Sri Lanke.

The Seychelles, although fairly distant From major  tanker rovtes,
experience heavy deposits of oil en the northetn and western aldem for examptc off
Mah& Teland, Aldabra, ton, is suvhject Lo oil contemination end some fouling by
tac balls hes been notired on the beaches of the islands. Althoigh tha  Roya?
Fle=t Auxiliary, Eonzrdale, was grounded in the Seychelles area in 1970,
offshore winda carried the 8% km 2)ick seoward and no domage waa noked to Faune
or flora. The rupture of a aubmarine hooe coused & 8pil! in February 1979 huot
despite the nil blewing inta *he South Emst Island cove, wind and wawve action
cisperged it snd again no damage to operiea was noted,

In Xilten, in the Laccadivea, the tanker ‘'Trensburon’ was grounded <00
km  From the mainland island Usee Fig 2%). On the southwest rocky shore, rock
peo's had fleating oil in them, Dead figh, lobsters end creb were saen and fish
and holgthur ian were found later on the hearh. In the logoon, plankton and seowesd
were found dead. Oue tao ‘the lock of owygen =nd  hurhidity, beth pelegic and
benthic eperies were kitled, The hermatypic corals wete badly hit and Ffishing was
temporzrily benned. The east oosst was contamination free byt on  the wea" coast
tar-like materiale were found *-10 cm deep in the besch lagoon,

R T )
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Figure 25: Sketch of site of pil spill from the tanker
Tranghuron and the &ffected pren
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9.4 The Asziatier Subrontinent

Mony studicag on the preaesnce of oil bave been carried ot slong the
Indign coagtline. Figure 26 anc table 4% abow the presence of nil alicks arournd the
agiatic subcontinent, Tn June 197%, the H.7T. Coemos Floneer broke up  near
Porbander on the Gujarst coast of northwest India, 15,000 tonnes oF D0 (bleck
0il) was relessed into the prevailing southwest monsoon. The ?N-BD im/h winds caused
the o0il glick ko change directian., The shape anpd pattern of  the slick  wes
dependsnt on the tide and current. 70% of the barnecle populetion wae killed due to
an o0il roating mnd oi] on the thallus of planta alsc caused damage ko the Flora. The
oil becsme less viscous when warmed by the summer sun snd ran over new areas
cantaminating more plantes. The local fish were reporied to have 3 diegel taint. 0%
of the Fop apd 23-%D% of the gides af the rovk were covered in oil! with up to 4
ch-desp oi' in rock pools. The lower and middle arpee of the rpoast were not 8o
badly affected dus to heing constantly washed by the waves.

Tar-1ike materials, firat seen In 19700 and  increesing *-5 Limes since
1971, are becoming a common mite on beoches in Tndia. Ni' wastes and tar halls were
found For Y0D &m elong the Giom coast (aee table 50), In March/fpril of 1970, a 3
year investigstion of 24 beaches began, ceinciding with the start of wind in
the coastel direction. Tar bells 1-% mm ip diemeter were fomd fleating  in khe
water. At low tide deposition is leae erd at low and mid-tide they are transitory
As the tzr hollae tend to concentrakte atk high tide and ovprstide level, Sand and
leaves fourd in the ter bslls Indicate that they have been on the coast and somelimes
moved glong the coest, for example from a mangrove region. Polychaete tubes and
teritella shells show how far from the comst they can be, probshly resc
roagstal ship routes, Alger and gpose bernscles growing on them sugpeat they have
been  sround long enough to become A substratum {see for exsmple table 51, In
February 1372, contamingstion woe sepn to 8 0 m depth. The increase in  the
Indign  shipping Ffleet ecould  soccount for the Lnereasing concern over the
problem: in 197 there were 52 ships with a gross tonnage of 1,92 lakh tona and in
197%, 259 shipa with 8 gross tonnege of 26.17 lakh tana,

The site of contsminatien i3  dependant on  currents, wave action,
configuration of the beach and the level of deqgradetioan. Thasa makerinls
probebly arise from tanker washinge and  inter-tida? discharge when po accidents
are  repnrted  and the gquantity ia too Targe ta be accounted for by natural seepage.
The nsst cosst sampleg spem to be #more weethered as  indicated by the larger
percentage of asphaltene that they contein.

Mils often affect organisms by coating the gitls and hence Yimiting the
oxygen exchange with the gurface. Tngestion of wvalatile pareffin, alafin  and
rrometlc  bhydrocarbons ecan cAuse  functienal alterations. Cartain aromatic
cohgtituenta of ail ere cercinogenic. The mejority of Lthe toxic conabityents are
witer soluvble and wvelatile and  are thus guickly lost unless th: spill s
continvous or extenaive. fn the Tndien cosst, of the 59 benches studied only 2 were
not contaminated with ter balls. On “he west coas', deposition starts in May/lune and
on the cast coast, in December/lonuary with the stert of the southwest and northogst
fnonsoans tespectively,

MF the coast nf Goa, measurements were made of the cancentration
cf petrpleum hydrocasrbons in water, plterkton 2nd sediment. Surface values in
the south were found Yte be higher than those in the north renging from l46.R
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Figure 26 ¢ Reperted sightings of ail =licks in the nocthern Indien
fleean
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From: Pregent Skate of Pil Pollutisn in the Morthern Indien Ocean,
F. SEN CUPTA & T. W, KUREISHY (19A81)



Table 49 : Concentrations of petroleum residues in the northaen

Indian Doean

Arabian Sea

Depth Humber of Ohservations Mean Range
{m) {pg/kg) (ug./kg)
] i9 5.8 g - 34§
14 349 30.6 3 - 217
20 15 29.4 2 - 112
Mean of all values 32.5
Bay of Bengal
Depth Humber of Observations Mean Range
Cond {ua kg (py/ kg
0 16 29.1 4 = 2319
10 43 25.1 2 - 147
20 13 1%.6 L= 73
Mean of all values 24.]

From: Present State of 011 Pollution in the
North Indian Qcoean
R. SEN GUPTA & T. W. KUREISHY (1951}



Table 50 : Deposition of mome oil aleng the west coest of India
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From: Deposition of Tar Balls [0il Residue} on the Beaches
Llemg the West Coast of India (1977}
V. K. DEARGALEAR, T. W. EKUREISHY & M. V. BHANDANE



Table 51:

Indian caast
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Characteriatics of some ier balls found along the

Swmmary of the survey showing deposition &t different tide leveis

Deposition (g/m3) 21 different

b T £ .
13 Stztion :pci tide levals Rematks
o sae EHWS HTL MTL LTL
!  Porbander Owpensez 2.28 ildy — —  Wave sction very
‘high
2 Qdedas Open se2 23050 50.00 15.25 — Beach pradient very
steep. Alzgal growlh
Oon the daposit,
3 Cosabarz Estuarine 750,001 237500 630,00 — Plzsiic beads embed-
ded o deposits
4 VYegaval Cpen sea " 5.30 165,50 1.73  —  Goose barnacles
{Lepas 5p.) on coal
tar lumps
3 Prabhas-  OpenSea 625 25080 3.24 072 Plastic beads 2nd
pDULIAM ’ { Lepas sp.) found
Somnzth associaled wilh
deposition
$ Dumac- Estuaripe 1.05 1525 —  —  ‘Traces of oii-film in
" Surst ¢ influence the intertidal region.

EHWS Extreme High Water of Springs MTL Mid Tide
HTL Higk Tide Leve!

LTL Low Tide Level

Form: 0Ll Pollution Along Guojarat Coast and its
rossihle Source
5. B. DWIVEDI, E. N. DESAT, A. H. FARULEKLR &
V. JOSANTO

(1974}

B T
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The fringing mangraves of Cos are po*luted by  oil  notebly from  ship,
barge &nd trawler engines. Pctrol, diese! and motor oil show significant adverse
effects on growth and surviva! of acedlipgs. Avicenniz species are more sensitive
than the Rhizophora. Sonneratir  species hAave been defoliated near Elephanta
Taland, Bambay aa a resull of fraguent crudea 0il spillage. Thare 12 damage to  both
leaf and root, the lstter probably by c'ogging of tenticels and aic holea of prop
roote. What sterta sa sdverse growth 1a aften wltimate desth. '

A sucvey of pefroleum hydrocarbon concentrstions in the gh=1f regions and
ad jecent waters of the west coast of Indin showed results seen in Fig, 27. At the
gyrface, values ranged from 0.12-7.8% mg/1. DFF Hombay the results were smongst
the highest az a result of the busy part and industrial area, and the proximity of
the Arohign Spa  tenker route and Bembay Migh, the site at whirh petroleum
exploration is undorway. Studies on probable ail  pateh movament from =
hypothe*ical =pil'l have been carcied ot 2t khe Bombay High region aee figs, 27
and 2%  and tkable 52, Thege are an overall view and would be affected by any
residual chang=a in current and wind byt i+ is encouraging te Find stediz=s being
made before any incident has occurred.

Aeccording to  studies mede in 1975-1976 on beaches in India, oil
contemination has decressed by 75%, the ressan given being “he decreasirg number of
tenkera going Fhrough the Arebion Sea since  tha opening of the Suez Cana?, 4 lot af
the otl pollution orccureing 2'ong the henches is a resylt of the sputhwest monaoon
rarrying spilla to *he Tndien Zpast from ‘he Westorn Arabisn Sea,

A petroleum complex with a refinery 12 situated on  the East Coast of
Indig at HMan2li, 75 km Ffrom Madess. PFher trestment of the wastea, most of the oil
hrs been romoved and =28 yot no damage to fauna or flors hes been noted.

Polyurethone coan be used For oil rclean-up techniques oand experiments in
Indin have shown that a loca! brand can absorh up ko 100 of it's own welght and be
re~used once bthe nil has been saquernzed out of it. 1T dispersents are more coamonly
used tn At tenpt to disperse pi' sg'irks bob often they are found to be more
tnxic then the ail alick itgalf. Qesulta af  sone lahoratory  exprriments are
shown lable 5%, Mortality vsaslly ooouried within 2F hours after which, survival
indicated sadpptation ‘s the  environment. With the muszel, excessive mucue
secretion, Failure to form new byssa! threads snd irritation of the opithelium
was. nokierd, With *he prawn, reversel wes peogsible §iF the apecimen wes transferred
back to- clean water but it depended on *he disprrsant i¥ had been in. Dispersants
7, * and 9 were more toxic thon 1, althowgh s1! of them were toxic to some extent the
aroms* e aarc* haing the moet toxin, The digpersants were seen to be less Foxin when
mixed with ail and are= most offartive when used on s 72! ratio with the ail.

Rlthough hydrocarbon degrading bacteria eounts studied in bhe Eastern Indisn
Mcean  indicate the pressnce of Yprgo numbers of them, no correlstion woas discovered
between their peesence and *he preaence of oil. Tnee hhe volatile fractions of the
oil sre tost it i=m in § dispersed state readily availeble for the  bacteria to
degrade. Dogradation is 2 slow procese and offten Yarry residue is seen on
rocks, settling-birds snd basrhes hefore Fhe bacterin have a chance to  degrade the
oil guffirlenkly, New "ker %iller bacteria™ are heing inveatigated in Goa whirh
sre Toputed tp have an  accelerated bio-dsgradation capahility,
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west comat of India
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an oil patch
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Time teken for oil petch ta reach and affect the coastlin

Time of Spill

Coastline threatenad as a

result of apill

Early March
Mid March
Early April
Mid April

Early May

Early June
Early July
Early August
Early Septenber
Mid September

Time Interval Batween
Epill arnd Oil Reaching

Mo threat
Far South of Bombay
Around kKarwar

Arcund Ratnagiri

T0-80 km South of Bombay
Arcund Bombay

FO0-BCG km North of Pombay
Around Bombay

70-90 km Scuth of Bombay
Ko threat

ths Shore
105 day=s
45
L
.
ic -
45&
T -~
2 -

From: Probable Movements of a Hypothetical 0il Patch

from theé Bombay High Region
A, D GOUVEIA & P. G,

(1977}




Tehlea %3a,53b,54 : Effects of oil dispersante an crab end muasel

Characterisle CEp. 1 Crizp. 2 Disp. 3 Digp. 4
A PPEETANCE Light yellow Yellow and Light wellow Light yellow
"~ slighuly wrbid cleur Nauid cleur liquid
Viscasily Mon-viscaus Man-viscous Highly viscous Yiscous but
lets than disp. 3
Salubiliny Insalubie in Insciuble in Soluble in Soluble in waler,
waler; parly wiler; pardly waler ; aleebol aleohal and
soluble in soluble in aud gectons icelons
alcohol bul wleolnd bt
compiciely cirmplelely
soluble in soluble in
=131 % acefane
pi T AL 7.9% 33 53

LC 0 values iz green mussels
( Mytiius vividisy afier M, 48
and 96 huurs exposure of diffe:
rent dispersants. '

Concentratien of dispersaniz ot
which 0%, 5% and 100%
morlalily was observed in Mytifus
viridis afier 48 hours of exposure,

Dispereant ) hI:mLI.E b ) “.bnrp]:'nc 50 Y& r:plr'nc 11 ] Dispersant LEpur:'la up:ﬂ:-ﬂ?.:" chpﬁu%
| 210 =10 =10 I = | =10 - . =10
2 (Ll 0.09 .09 2 0.025 G-09 G 16
1 0055 0079 0.079 3 U 0:073 g-1
4 - (300 0.0 u.0% 4 0-1M AT 11 O]

From: Toxicity Tests of 0il Dispersants on Scme Marine Animals
¥, N. VERLEMCAR, N. B. BHOSLE & A. H. PARULEKAR (1977)
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In Pakisten, the Menora Channel end beckwaters have been subject te oil
contemination particulerly in the lower harbour sreas end castern backwsters. Over
12,000 tonnes of o©il was discharged into Kerachi Port in 19B0. High tide carries
oil-contamineted waters uwp Chinna Creek into the eastern backwaters end hence
increases the ares effected by the ¢il. The besin is reported mearly black with oil
T the degradetion producta thereof. The incoming coestal water mixes mat only
with the oil but alen with the outfal! wektera of Lyeri River and returns these
pirlluted waters to the coastal sreas.

id.qg POLLUTION FEOM CHRESTIC AMD MUNICiPAL SOURCES
i0o.l Introduction

In the littorsi stetes of the Indiarn Qceen, wmost of the effluent From
municipel and domestic sources is relessed untreeted into natural waters. There are
few aewage  trestment plants in the region and where they ere present they are
often overleaded end in bad working order. Stabilizetion (oxidetion) ponds ere an
ideal wey of treating sewsge ae the climatic conditions of the eres. are
suiteble for this form of trestment. Furthermore, they require little trained
personnel or fipance as it is a netursl trestment method. The 'clean' water obtained
at the ermd of the legooning system cen be used for controlled irrigetion. However,
although it iz freguently planned th heve these ponds, the plana ere sot plways
implemented. HMost of the conteminetion from these saurces is Found in the
vicinity of coastsl towns. Many of the countries in the aree depend on  the
tourist industry fFor their income snd it is therfore important that the coestline
andd besches remein clean. The presence of  faecal becterin is used e an
indicater of sewsge pollutjion.

Presence of faecel cobiferm (Escherichia coli) ard Faeca]l streptococci
{Streptococcus feeceelis) in water and the sediment 18 & hezard to health as
these organisms get ingested into the body of filter feeder orgenisms, hottom
dwelling Fish, prawns andt bivalves eand meke them unfit for huomen consumption.
they esrize from humen and non-buman feecel matter end econstitute an 'indicator
bacteria' group. The streptococcus distribution of E. coli is more rendom but

" with slightly higher counts in water then in the zond.

0.2 Eust Africe

There are 150 sewsge trestment pleniz=  in Kenya but  as populstion
and  Erdustrial growth  incresses these are becoming insufficlent. Kenya hes a
large cosstal teurist industry and eltheough all the hotels heve septic tenks or
small  trestment plente the incresase in their capacity has not been
caneengurate with the expanaion of the hotels. Septic Lanks and soek pits are found
on the mainlend but most of the population wuses pit lskrines. The most serious
domestic sewege problems sre found gt Nekuru, Hombase end Mairabi. The  Nelrobi
city sewage trestment plent is overloaded snd psrtielly trested effluent enters the
Maircbi  River which i= & tritutery of the Athi River. The 25 year-cld sewege
syatem in Hombese discharges 1,200,008 gullons per dey uf sewage Into the Indien
Ocesn, B0% being primary trested ond 20% secondary treeted. The wastes going into
Mombssa Harbour are neutralized natucelly to some extent.



G L e ST e . e e e ————— B e TP T R R

=111 -

In Tanzanie, wastes from Dar es Seleem, Tanga, Zenziber, Kilwa, Lindi,
Pemba, Mafia, Bagemayn end Mtwers ere sll diacharged directly into the sea amd
harbour without treatment. Kurasini Creek also dumps sewage &t two adjecent points
. io Dar es Salaam Herbour end hence the sres is beginning to show signs of poliutiom.
i The Maimbezi Valley is heavily polluted end is » hazard to the health of the
: residents of Der es Saleem. Sewage and refuse treatment systems sre practically
non-exiatent and often get blockad where they do exist. Septic tanka are widely
used but these often get flooded §n the reiny meason. In Somell, Ltreatment is
restricted to the uee of septic tanks but is otherwise not spperent and solic waste

ia dumped gnywhere.

The sewage system in Mozambigue covers 10% of the populatiocn and the rest
uee septic tanks or pit letrinee. PLt letrires ere not very effective in the Morth as
the water table ia high and they hecome a source of pollution as in Beirs.
Both Maputoe and 8eire have 10 untreated ovlets into the sea. Solid waste  disposal
is good in HMaputo but Ehe beaches ere polluted by thowsands of tourieta and
townapeople. Effluent from the central hospitel iz delivered o the gewers without
chlorination. A sewage treatment plent is under planning in Lourengo Marques Bay
{outlet EZ in figs. 30, 3la, 3kb & 3lc). The inner bay velves sre much higher
than the outer bsy with CN ang PC having intermediate velues due to sewage influx
#nd clean water tidelly entering the bey. C7 pets es a dilution pool between
inner and outer bayz. 26% of velues inside the inner bey and 36% at station £2 ere
grester than 2 mg/l, the point st which eutrophication is censidered to  begin.
The more sewage Lthere is the more evtrophicstion will occur and in the long
run, the bay's production will decrease due to enuerobic conditions of the bottom
leyera.

10.3 The Islandg

Most of the populstion in Mauritiue is  concentrated in  the induskrial
area at Port Louis &nd Plaine Welhems hence major sewer syatema diacharge sbout
5001/eec (197%4) into @ lagoon on the west coast of the island near the harbour.
There im rapid dispersol due to high wave action but pesweeds proliferate end
the decay of these dense mets cauases foul odours. This  excesaive growth  along
with siltation has resulted in demaege to benthic and coral ecosystems. Faercal
coliform centemingiion i ween on the west coesk but is et & minimel level a8 e
the pollution of the rivers.

In Sri Lanks, raw sewage is dumped directly Ffrom Colombo inte the Keleni
River without treatment and flows dizectly inta the sea.

In Medagescar, sewage treatment iz precticelly non-existent end municipal
wgstes from Tenenrive and Kosy Bé ere wmerely dumped in the sea contribute to
eptrophication in the region. Dffahore letrines en stilta at sea ar aon the river aeare
common end the beaches end coagt are polluted thereby jeopardizing the tourist centre
ak MNosy Bé.

In the Seychellea, aewage, though moetly untrested, does not appesr to

i - have @ny @dverse effecta. There is some incidentel pollution, for example
| through the effects of blesting to lay a new pipeline. Dumping of solid wastes at sea
is controlled end initielly war limited by a =en wall. But now, some dumping ie

done beyond the wall. %eptic tanks and soakage pits are in use although they sre now
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Figure 30 :: Reography of Lourenco Marques Pay, Mozambigue

Figure 3la : Total dissolved phosphorous present
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Figure 31b : Metal concentrations in Lourenco Marques Bay
Pigure 31r : Suspended salid composition in the Bay
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10.4 The Eeast Asiabic Subcontinent

Discs of Ulva fasciata delils were used bo study the algal growth in  the
weters of V¥ieakhspetnam Herbour snd gave reaults seen in Figs. 32 a and b. The
Southern Lighter Chennel has high concentrations of untreated sewage and is toxic
te  the growth end survivel of Ulve Fascieta. Althaugh the Korthern end Western
armg are polluted, some increese in growth is noted duve ta the increased
nresence  of mnuirients and the dilution of pollution by tidel currents. High
B0D and CUD values es well as high phosphorous  end nitrogen velues are
theractéristic of the domestic sewage westes end indicete & high incidence of organic
pollution.

The fact thet VYisekhapatnam Harbour is polluted is emphasized by the
presence of Capitella cepitate found in Jarge nuobers (50,000/n2) in the
rnorth, west end northwest emms of the harbour. C. cepitets setisfFies most aof the
criteria for en indicator specles. They are high in density, aother Bpecies
ar¢  excluded, they ere ocavengers and they tolerate low oxygen  values.
Visekhapatnam is subject to both domestic send industrial pellution in varying
degrees.  Meximum  nembers’ of  fauna  are  eeen in the pollutien free mangrove
swanpe from December to Marceh whan salinity ard tempetature wvalues are fairly
steble.  Minimum rumbers are found in the northwestern arm which is subject to
begvy industrial pollution. Thermel blue-green nlgee eg HNestoc are found in  the
thermal  effluent of the oil refirery end fertiliser plants. The Southern Lighter
Channei iz =subject to heavy pallution but still has a fair emownt of faune.

10.5 The West Aalatic Subcontinent

The Cochin Backweter area is elsp substantially polluted by sewage. The
effects of the cutflow ere dependent on the ares they discherge et amd the seascn in
which it occurs. In the pesk of the southwest monsoon, selinity ie ¢ 1%, A
large tidal Flow and the current effect reduce the oxygen deficiency  and
temperatyres  lie between 25.1 and 31.2°C &t the purfece end 24.4 gnd 31.19C at
the bottom. At low tide, axygen values drep to < 0.05 mlf] due to the high level
of grganic wstter decomposing in the srea. The lowest oxygan values are found st
the aewsge canal outflow points. The highest H,5 velues are 3.41 mg/l. There is
ume ievel o7 pollution at peints 1,2 and 7 paint 2 Ee1nq the mosk depleted of Faune.
Polychaete are fairly tolerent to sewage and are found comwonly in- the ares.

. However, crustacea end molluscs are few in number or absent in the marginal end
poliuted regions.

During September 1974 - August 197%, 6 "dirty* station= snd 1 . clean staticn
were  studied. High temperatures and rapid decomposition of orgenic waste during the
monaoon wccelerated tie pollution effect. DOC values veried with the sewsge imput
but BUG velues varied with the stations sand the tide. The axygen consumption of
botton waters was 12-13 times higher in the polluted stetion then ot the barmouth.
808 increased with the start of the premonscon end decreaged wWith the monscen  in
polluted areas.

Decaying plent anc animal metter contribute to  pollution by ircreagsing the
sugspender  load in water and inereesing H,5 levels and BOD. Thig applies
particuleriy with the African weed Salvinie moleste which are washed ashore
in mongoon months and then proceed to decay through the post monaoon period. Durirg
late post-monsoon end pre-monsgon months, the weed poliution diseppears. The
Fern Selvinis auriculata is elso noted for this blanketing Efrﬂct. This torme an

it nd ond P VT PR Sy iy PY Sy Sy S SV TN R S, ‘o
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Figure ¥ims : DLengraphy of Visakhapatnem Harbour with aselected stations

Migure 32b : Survival of Ulve Fasciats in Visakhapatnam Harbour
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At the bottom of the poliuted stetion, during low tide of the premonsoon,
high sulphide concentrations were noted to & mavimom value of 4.92 mg/l.
Faunal compoaition was also noted and wes the least affected at station 3 (see fig.
33). Stations 1 and 2 were the most polluted and hed the lesst smount of
fauna. Polychests, a pollutien tolerant group, were found in all stetions and
weTe dominent in  the pelluted zone as they had few competiters.  Tidal conditlons
wnd  mongogngl  inflow prevent  the ares from becoming polluted to the ataqge
where polychesta cannet survive (see tshle 54).

The Eochin Beach iz emong one of the mos! rontanineted. Incidence of
faecal ~ coliform snd  fFaecal  streptococe] es well aa Faecsl colifarm and faecal
gtreptococci ratios for this eree may be seen in tehles 55 and 56. With bacterial
counts of mere than R00,000 colonies per gram sand the health risk at Cochin beach is
high.  High B0D5> values recorded at Cochin correspond with the high bacterial
counts as do the high H,5 values. Cherai Beach in periicular, slong with other
beachues, has faecal contamineticn,. At Cherai, this contamingtion is considered
to be of non-humen origin (see teble 57}. In general, the besches sappear to be
contamineted to a greater degree in the monscon and post monacon months et which time
the salinity ig lower and the conditions more conducive to becterial surcvival
but cveasional high values heve also been noted in pre-menscon  montha. Usually,
during lete post-monsoon end pre-morseon months, faecal pollution ie et a minimum
or even &bsent. At monsoon times Lhe cuurents stic up  the mud substretum end
the sediment 3ved js high. This toe is thowght ta correlate with the numbers
af  indicetar becteria. Ezhimalas beach on the Kersle ceast has received some tar
and  foecal pollution but it is negligeahle snd sporadic and the beach is conaidered
safe and clean. [n the came stretch of coast, epecies of Selmonelle have  been
isolated in st lemst five beschez creating agein, @ health hazerd, however, poaitive
occurienve  seem2  to  be restricted to the sand and none appeared in the water.
Hany of the beaches along Kerale had faecal bacteris present es seen in table 5B.

In Jeleshware reef at Yaraval, Enteromorphs prolifera varistian
tubulosu has farmed a huxuriant  growth due to sewage outflow. From
August-Uctober 1%66, the slgae increased in growth. They were Found to  be
richer in protein, scluble and insoluble esh, sodium, calcium, patessium, magnesium,
chloride wsnd sulphate and poorer in carbohydretes then those in non—polluted
arcas (see table 5%).

in Goa, higher concentrations of Foraminifera area  found in the  Fuari
estuery  (3600-13100 per semple) than in  the Mendovi {700-6400) specimens per
sunple}. In the lower reaches of both estueries, mumbere sre lower due to
orgenic pollution effects. Sewege from the town of Panjim enters the Mandovi
estuery and results in high organic cerbon content. This leads to & lower species
diversity with & dominerce by the Ammonie beccerii group.

In Bombay, ebout 2000 million w3 of sewage are discherged slong the
peaches resulting in considerable oxygen depleiion in the nearshore weters.
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Fiqure 33 : Sampling sites in the Cochin Beckwaters

—Sumvion locmiion map

i Table 54 : Distributinn of some bottom faws in the Cochin Beckwabters

— DesTRIEDTION oF Bortod Fatvsa AT SEvew FIxeo STaTions

Statian MNumhber - Polychacta Crustacea Volluten
i —_ - — e
observa- bini- waxi- Alean Mimi- Mauxi- Mean - Mini- Maxi- Meza
tions 1 m mur mum mum mum mum
1 5 120 2240 H20 Q0 F1LY] &l 1] 6k 12
2 3 20 1980 440 Ll 80 16 0- 7)) 14
3 5 106 priv il 950 i 10560 8364 ol 240 56
1 5 &l 451%) 105% 1] 43 ~1a 0 &0 12
3 L] 80 6520 3356 20 1] 32 2 40 16
[ 5 120 1720 44 1] 100 a2 a 1] 1]
7 5 addh R0 1236 il 2400 88 0 120 6

From: Studies on Orgunic Carbon, Nitrogen and Phosphorus in Sediments of
the Cochin Rackwaler, V. N. SANKARANARAYANAN X 5. D. PANAMPUNMAYIL
{1979)
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Teble 56 r Faecal coliform and farcal streptocoeci ratic of water and mud

in Cochin backwaters from June 1975 to May 1976

_ Month  Station 1 i i -
: o alion _Sulmn 2 . Siation 3 Sration 4 Simticn § Slalaon &
w M W M W M w M w M w ™
1915
June 2 2 n* [ wusk b i o ¥ 44 280 ]
July £ o — o g 7 o 1* g — _— »
Aug  1eEb 4 » 0 g b » » b — 0.33®
Se. 13t b 25" 1t > 14k 133 24w ol tb L L&Y
Okt 173 g L 0 s o ne 0 66 0 5! 0 0
Now. 3P 058 1t 00e? st oSt m o o 1* 4 166"
Dec. 250 b gt 006t L D45t ¥ 0s® 1 1L i 4~
1976 - :
Tan 1 n.&t 2em oz 197 gst ot 1k LI T b b
o5t ) y
Frd. 16° o2k 1gb ok 1b o4 13 o ey g2t ik o.13®
Mw. 054 o3t 1.0° o 118 014 get asb ot 0s8® L3k 05
Apr. 114b  ggb L1k e a5 ot st o4t st 18° ik L4
May 07 o1* 0" o - — pdb o - — -
a= humao atd b= non-human

From: Pollution in Cochin Backwaters with Referance to

Indicator Bacteria
P. 5. GORE, 0. RAVEERDRAN & V. UNNITHAH (1979}

)
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Tahle 57 : Decurence af different becteria in Cherai Deach

Aps.
May
June
July
Aug.

Sept.

Oret.
Maw.

__-_—_"_‘—l—n——.
‘e QCCURRENCE oF DirrErexT BacTBala 1M Camzral BRacn Demc APmin-DEcEwprs 1974

(Valgcs arc average of 1 ohaer vations)

Sand countsg Watet rountfml
Coliforms ~ E- coli Faceal FLCIFS Coliforms ~ E. coli Fascal  FrjFs
. sLreptocoosi streptococts
T 2 L} -4 k| 1 B 0-5a
n 3 & 9.3+ 7 ml 2 -
17 4 % 4" 15 2 I 5"
17 & 9 -6 L F 5 1 1+
1% ] 4 2T - nil 1 —
19 + 3 1-13t 11 nil 1 -
113 G 3 i 18 k| il 3t
13 2 1 1* 10 nil 1 —
¥ 1 z {1-5* 14 nil nil —

*Nomhuman faccal pollution.
fHuman faecal pollution.

Average Hydrographical ParameCers

— AVERAGE HYDROGAAFHICAL PARAMEIER

Manth Temp. {*C) Dissolved  Salinity +bH
————um— oxyim %
Water Sand {miilitra}
Apr. 1041 35 516 3241 T4
May 104 178 661 3 3
June 10-2 36 554 s =7
Tuly X5 ko & - =7
AUg. pr ] k7 ] 614 254 75
Sept 1 +0 03 30-81 7L
ot Fa i 324 L 2.3 109 T4
Nov. 28-7 31-7 473 1203 75

Trex. 35 316 634 -6 T4
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Table 5B : Qcourence of sslmonells in some heaches of Kersla

Maonth

Heach

Fascal mailar
MT

Safmonclla

i
|-|
rI
q.

July 1973

August 1978

Seplember 1978

October 1978

¥izhinjam
Kovalam
Shankumupbam
Quilen
MNeendakara
Alleppey
Calicut

West Hill
Kappad
Mopla
Payyambalam
{Cannanore)
Vizhiniam
Kovalam
Shankumugham
Quilon
Meesndakara
Alleppey
Calicut

Wesi Hill
Kappad
Maopla
Payyambalam
{Cannanore)

rre+
+

-~

+
|1+
"

-+
+

- 4
+4 4+
)

=

| ++++ ++

|+l +t++1] |+
sl el
I‘lll[l‘ili

+
+
+
+

+ o+
I b

+
_|_
I T T Y [ T [
*|

pabak e B
|

HT ~High Tide;
*++7 - Abundann;

MT=Mid Tide;
*~Present;

—=Ahienl.

LT-Low Tids; + - Minimum present;

42 =pdedjom:

Frotnr Isclation and Significance of Salmonella Species from

aoe Beaches of Kerala
P. 5. GORE, T. 5. 3. IYER, 0. RAVEENDRAN & H. V. UNNITHAN

{1980)
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Table 59 : The effect of sewage on the growth of Enteromorpha prolifera
var. tubulosa [cm)

August - Octoher
Constituents Normal Growth in Hormzl Growth in
Growth Sewage Growth : Sowage
Length 1.75 | .95 21,55 26.35
Moisture 6.15 7.48 7.91 7.65
Crude Protein 12.85 i6.44 15,52 19.81
Carbohydrates | 57.12 35.e4 52.52 37.58
Crude Fat 1{03 0.64 l.02 1.5
Socluble Ash 20.51 32.81 20.8& ©J0.42
|
| Insoluble Ash 2.31 4,95 1.92 © 3.49
Sodium 3.52 10.31 2.21 3.56
Potassium 3.36 3.85 2.65 3.21
Caleium 1.53 1.54 | l.78 4.28
Magnaaiuam 2.24 3.14 2,10 : 2.94
Chloride 2.08 3.26 - -
Sulphate F.60 8.83 7.63 10.37

From: The Effect of Sewage Felluticn on Enteromorpha

—_——— 2 22 e a1 L2 L]
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Sewsye can be uvsed $D0 aid aguaculture as is done et some places on  the

Ingien coastline for exemple Kakdwip in West Bengel and in the bake Yidysdhari

region where mejor carp fingerlings 7.5-1% om long end 5-6 months old are grown
using Caleutts sewage. Urganic wastes Theve a high guentibky of suspended
solids which are highly oaidizeable in peturc. In egueculture waters, suspensions
cgn b gxidized by becteria. [n general the addition of heet ar domestic wesies
huve been shown Lo chenge oligotrophic waters to nutrient-rich conditions. However,
the wtdition ol sewsge cen also have edverse effecks, one of Lhe mejor ones
being pleankton  number reduckions. Rivers carecying Lnsecticides mwey wash  into
c¢stunries, the printipal ares of apuaculture, where, for exemple, the culture of
shrimp may he effected. Shellfish may keep their shells closed for awhile if  they
dgetect that the wslers are toxic and often on epening agein still fisad  the
conditions lethsl. Larvoe srnd eggs may be destroyed by the addition of expess sewage.
Reapiratory and metebolic disruption are the ususl cause of deathfand sometimes
disesse and parasitism may begin to eppear on surviving specimens.’

Sewsqe systemns in kKerechi, Peakisten are =still  inedequate. The elty's
drinking water supply is heavily polluted by untreetad sewege and industial wastes.
In the summer of 198¢, the consumption of these webters resulted in an putbresk
of geatroenteritis whiech ceused several deeths. The examinetion of the water
revealed thet virtually the whole of the city's supply of drinking water wee
contsmineted by the becterie E. coli. Effluent is carried from industrial and
mxmicipsl sources vie the Lyveari River to the western beckwsier= aof Menors Channel.
Some velues of weste flowing 1o the sea from the Lyeri fiiver are given in table
dU. The warious creeks, namely MKorangi, Phitti end Gharo, al]l receive effluent,
especially the Former.

11.0 POLLUTION FHOM AGRICLLTURAL ACTIVITIES
11.1 Introduction

Many rountries in the Indien Ofean area are  predominently agricultural.
Some of the mein agricwlturel products ere seen in table 41. These countries use
apprecieble guantities of insecticides, fertilizers snd pesticides such as DOT,
aldrin end endrin (see tebles 82 end 43). They constikute an important source of
pollution from Fectories snd from dralnege and run—of F from land wia the rivers to
the ses. Being Fuiriy stable end non-biodegradeble they persist in lhe ses and
often lead to spots of eutrophicatjion.

in developing countries, the wuwse ef orgeno-chlorine pesticides in
agriculture is inevitable in order toc sustein a food supply for the expanding
pupuletion. Demends for OPT in  the agricultwrel end enti-meleriel progrommes
of the tropicel countries iz wnlikely to decrease in Lhe near future. Total DOT
voncentraliovns in the Indian Gcean seem to be higher then thoze in the obther  ocean
aress £xcluding the North Peciflc. Same values of DDT and HCH ere seen Lln table
G,

il1.2 tost Africe

In kenys the use of pesticides has increased 10 Fold since 1966. The

—dtr ko —_r —_— —or e em Y 2 w2 e _a V.. B 21 EF_ L .
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Table &0 : Composition of the waters of the Lyeir river entering the
Arsbian Ses {g)

.Composition Daily Yearly
chloride 152,46 332040.4Q
Sulphate i31.74 53209.0
s5uspended Solids 34,20 11970.0
Tatal Dissolved Solids 376, 2¢ 131076.0
Organic Matter 47,34 1&kh5.0
Aammonial Nitrogen . 2.30 805.0
Albuminoid Witrogen 0.05 la.9
Tatal Witrogen 2.35 g22.5
Alkalinity as Caleium Carbonate 115,74 10495.0
Fhosphate 2.62 917,00
Calcium as Bicarhonate lo2. 00 56700.0
Iron Oxide 5.14 179%2.0

§ Aluminium Oxide 1.36 476.0

E Magnesium Oxide a0, 00 21000, O
Arsenic Oxide 1.40 490.0

From: Survey of the Polluted Lyair River and its Effects
on the Arabian Sea :
A. A, BEG, H. MAHMOOD & A. H. K. G. YUSUFZAL (1975)




Teble 61 + Hain agricultueal products inm 1977 (im thousends of metric tonnes)

Countries Rice Maize Wheat Potatoes Tobacco Ground Nuts'
Pangladesh 19,441 - 259 735 62.5 &7.0
Burma 49,455 ' 75 76 57 63.3 464, 3
Comoros 15 - - - - -
India Te, 094 5,947 29,010 7,171 418.8 &,068.5
Kenya 43 2,553 181 341 1.7 7.9
Madagascar 2,154 122 - 148 5.3 54.7
Mauritius o - - 11 o.a 0.7
Mozamkigue is 350 2 40 2.7 10G.0
Pakistan q,423 821 . 9,144 31\ T2.6 72.43
Somalia B 80 1 - 0.1 9.8
Sri Lanka 1,877 | 18 - 29 6.5 F.d
Tanzania 194 9648 . 71 88 153.1 74.0

From: Uniced Wations Statistical Yearbook (1378)
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Teble &2 : Uam of Fartilirers 1976/77 {in thousandas of
mebric tonnes)

Countay Hitrogenous | Phosphates | Nitrogencus | Phosphates | Potash
fertilizmr | ferrilizer (N] {H3P°4} iuzoj
Bangladesh 130, 3 20.6 165,.& Bl.5 la_s
Burma 33.3 - 42.9 6.7 1.5
¥ndia 185&.48 477.8 2457.0 £35.0 il9.0
Kenya - - 22.4 27.3 4.2
Madagascay - - 6.0 o7 5
Mauritius 6.9 - 11.5 3.0 1q9.3
Hozanmbique 4,7 i.0 [ 2.9 l.&
Pakistan 04,7 13.5 500. 4 123.3 3.3
Sri Lanka - - 47.0 7.9 k.58
Tanzania 5;5 8.7 14.5 19.9 4.1
From: United Nations Statistical Yeacbook (1977)
Table &3 : Eatimated annuel end Future wse of DOT in
Aagricul ture (tens per annum)
Area Cotton Produsihng Mon—Cotton Producing Cther
Cauntries Lountries Countries
hfriea (presant) 2,186 als Tz
Asia ' (present} 5,565 q1d 1,523
Africa ({futura) 13,100 1,170 1,410
Asia {futpre) 33.500 T 3 38N
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Table &4 : Total ODT and
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HCH concentrations found in some partas of the northern

Indian Ocean
Ared Station Date Total Tatal
oot HCH
Sead sSurtacc
(NS 1}

Bay of Beogal 4 39'N BB 0O3°E 10 "7 G.0& L.%
G Q2 88 41 1a Ve . 0B 1.1

720 92 2] 10 ' Q.08 .46

A;ahian Sey 24 16 et 53 12 '7a 0.16 1.3
111 €3 58 11 *74 Q.12 1.4

5 25375 &4 O1'E 11 76 0. 06 0,17

{ngiiﬁl

Bay of Bengal B 36'N 87 12°E 13 '"V& 0.17% 0.37
8 17 9D 27 10 '7a 0.19 0,85
708 B4 05 10 '7& 0.15 0.20
& 1% 95 12 10 'V6 Q.27 0. If
6 03 90 31 12 "76 .16 0.16

5 55 81 20 12 *76 .22 .14

Arabian Sea 23 04 &5 15 11 "76 0.40 3.2
2053 64 19 11 '7e 0.24 2.1

19 29 &4 13 11 'Te 0.20 2.5

11 43 &3 36 11 '7e .15 0.81

& DB &4 05 11 76 0.09 0.92

1 36 &4 Q0 11 "76 ad.10 0. 24
3 05's Eé Qi'E 11 '76 ﬂ-;E 0.18
4 12's5 66 12'E i1 '7e 0.1& 0.8

Eastarn Arabian 21 10'N &8 25'E 12 76 10. 30 2.0

Sea :
18 50 26 12 '76 1.3 5.1
14 55 73 03 12 '7e 1.1 10.1
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Tanzenia's mconomy is largely depemdent on agriculture of which coffee,
sigai end ceotton ere predominant. In Tenzeania and Somaolia, pesticides sre used
increasingly For cotton Fields but agein effecta are not very noticeahle and if ao
only in the inland waters. Some wetabolic residuea of copper fungicides used for
the prevention of coffee leal rust wmay be apparent.

In Mozambigque, the Incometl, Maputc end Uwbheluzri riveres cerry lerge
puantities of phosphorous Into the Lourengo Marguea Bey causing spote of locelized
eutrophication. Off Mogediohu, in Somalia, a large scale fish kill was observed in
1972 caused by a red tide. But the problem is vaually very locaiizred.

11.2 The I&lands

In Medagascer, ebout 20,000 tonnes per annum of about 50 conpoudds of
peaticides patticulerly DDT, HCH, phogphoric and sulphuric compounds sre uaeed
for oagricultural purposea a5 on the augar-cane Ffamme. DDT  end emdrin  are
used requlerly For spreying houses egainst inpecis. '

In Mauritiuve, pome pullutim probleme are aspperent from pestlicides
used im sugar plantetiona. In 1977, 1160 tornmea of peaticides were being ueed,
increasing the concern sbout pollution due to them dreining into the sea via khe
riversa.

In the Ssychelles, agriculture 1 sk & minimm o bence pollotion frow
fertilisers is ebeent. However disease contrel ia fairly estensive end pesticides
and insecticides are umed freely. Their effect is minimel so0 far with very
small amounta being Found, For exempie, in sussels.

11.4  The Asistic Subcontinent

Alrendy large emounks of HCH ere being conaumed in India. Sowme studies
of D[OT content in rooplankton have been mede off Bombay. Yeristions in
concenireticns of phosphates, nitretea and oxygen from wuters off Hombay ere meen in
teble 65. Similarly, distribution of tots] phosphorous, totel nitrogen and
orgenic <erbon in Cochin Backwatera ere aeen in fig. 34,

In August 197G, = survey in  Weat Hengal showed thet the
urgnnu—phupharma pesticides DOY¥F phosphamidon and pearathion, killed many Fish From
Punarbhava River and West Dinajpur. Thw gill tisswe, slimentary tract, Lliver end
brain of the exposed cerp amd cetfish were found to be severely demaged. These are =&
commercially important fiah aml thus a direct hazard to men toc. Heavy rains
result  in bmavier ruw-off from lend snd bence larger quentities - of chemicels
reach the bpea. Intermittant fish mortality is essociated. with the Fertiliser
Factory et Velsso in Goa, India. The effluent 1ia nitrogenows with arsenic
compounds {(mee table 66). The fammer is toxic due to the presence of emmonie
antdt the letter is considered to be & cumulaetive poison. Some eutrophlication is
already apperent which eould lead to low oxygen content and esphyxietion.

A Fertilizer plant at Henali discharges effluent around the Enncore
Buckwatere which hes importent migretory Fish, oyster, musael and prawn grounds.
250-500 ppb  oil, chromim, emmonia, hydrogen sulphide, phoaphates and
sulphuric ecid ere amongst the wasten diacharged. After breatment mpst of the
0il been remaved end  only smmonie  and  phoaphate are etill present. The
treated effluent is harmless to Flgh but has & nutritive effect. Bottom fauna is
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Table 65 : Yariations in some chemical constituents in waters of f Bombay

{ Dﬂla- Dfplh 5-’ D. 'D’ Pﬂ*!_'P NOE_--N Hot-‘N PH
fm) % mifl saturation% pe-atfl pg-atil kg-atfl

2-1-4 | 31552 4.%2 93 .40 2.06 0.54 -

3 3552 49] 103 0,88 2.2 0.59 —_

10 J5.51  4.62 o7 0.80 1.24 0.46 _—

20 3552 547 115 1.3G 2.28 032 _—

5214 | 35.34 449 95 D51 2.7 044 -

3 As Ay 4472 93 .70 2.12 0.44 —_

1t 3528  4.47 95 0.70 2.54 0. —_—

18 35.30  4.46 04 0.57 1.75 0,66 —

[-3-74 1 3545 502 [ (LY 0.38 1,72 .44 —_

b} 1543 500 LC& 0.32 1.34 0.48 —

10 1543 47 100 0,43 2,44 .64 —_

13 3543 30 100 082 2.38 0.5F —

. 20 3545 4.7« j[+]] a.357 - 1,97 4.31 —

16~3-74 1 531 498 100 243 2.02 0.31 8.52

5 3531 4kn 104 2.43 1.66 1.2 K5

10 3519 452 o8 2.54 17 0.59 8.55

15 353 473 102 .73 13z 0.68 B 32

20 3538 492 107 241 4 .06 0.7e B.50

1-5-74 i 54 178 a3 0.9 1.24 0.47 B.17

5 35S0 364 80 147 1.44 0.2 8.16

10 3540 3.64 Kl .17 1.7T1 0.25 .19

i3 3541  1.&0 HE | 1.28 {97 0.8 E.19

4 Hy gouriesy of Naval Physicat & Ocosnographic Laboralery, Cochim

From: Pollution Studies off Bombay _
R. EEN CUPTA & V. N, SANKARANARAYEMAN {1974)



Figure 34 : Distribution of total phoaphorous, totael nitrogen and nrgnnic
carbon in Cochin backwaters :
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From: Studies on Sedinents of Cochin Backwater
V. H. SANEAERRNARRYRMAN &L 5. U. PRNAMPUMNAYITL.

(1979)
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Teble && : Nutrient content of some effluent

W

Nutrients Minimum Max imum Nornsal
NH4—H 2.90 174,00 5.00
Mitriteg 2.50 42.79 1.00
Fhosphates 0.05 26,84 1.00
Mitrateg 2.49 271.00 2.00
Arsenic 3.00 BE3. 2D l1.G0 - 43.400

[1676)

From: Chemical Characteristics of the Ihshore Waters in
Velsao DBay, Goa.
8. ¥. 5. SINGEAL, 5.

P. FOWDEKAR & . V. G. EELDY
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Periodic phytoplankion hlooms are ceported in the weabars of  ¥isskhopatnam
Harbour. ihese  ure  dominated by the centric diclom, Skelelonems costeium. The
bloom ueusliy lasts for 12-15 days with & pesnk  wbundance within  5-10 flays.
Asterionetla, Chaetoceras et Coscinodiscus ere  amongst  the  other species
vbzerved ot densities which often exceed 14,000 cells/ml. On the lath October, 1974
as  meny as 60,470 cells/ml were seen, wWith 99.6% being 5. costatim. These blooms
are thought tu be a result of hich concentrations of nitrite, nitrate and  ammonia.
Generally, congentretions of nitrogen and  phosphorous decressed  as the
phyioplenikton standing crop incressed wheress the nuirieat levels were high when
phytoplankton numbers were low.

The bulk of the nutrient source enteringe the  herbour  comes From  the
neachy fertiliser factory end domestic westes. High values of dissolved oxygen are
noted during pericds of phytoplenkton blooma  wikh super-caturation at Ehe
surface  indicative of increased photosynthetic zetivity., [nadeguate Flushing of
the harbour waters promotes optimum conditions for bloom growth. Peek  blooms

“occur in celm westher with increased sunghine and reduced fresh water inflow.

Following low sunshine ernd heavy rainfall, bloom cell mumbers appear tuo decresse.
Phytgplenkton blogms bave &lso been noted in the area from high phosphate
values of 13.67 end 12.45 ppm, high pH velues, high chiorophyll end defieciency in
oxygen leading to eutrophnicetion.

Fukistan imparte 500 tonnes DOT per year ns well as  seversl hundred tonnes
of chlorineted pesticides such as aldrip erd dieldrin which are widely wused
throughout the country, In 31976, in Kehat in northern Pakistan, =& Ffesulty batch
of melethion contsining higher quentities of iso-maiathion then normel wes the
cause of the intoxication of aver 2000 sprayers 7 of whom died. This batch was 800
times more toxie than  the normal melsthion snd potentislly very harmful to
freshwater end marine populetions.

12.0 RADICACTIVE POLLUTION

- As nuclear resesrch increases so will the emounts of radionucieoids ~
being relessed into the oceasn. With their long residence times they will
remain contaminents for meny years. Nicleer research is mot very evident in the
countries of the East African Coaset.

Spne radicactive substances are discherged from the Karachi Nunlear FPower
Plant located om the west coast of Karachi Herbour neat Paredise Point, Hewks Bey
but ®s0c Ffar these remain within the permissible level emd no contemination has
been noted in the fauna and flors of the region. '
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In Indis, redicactive pollution hes becone a major concern recently with
the number af nuclesr power stetions being bullt constently incremaing. Values
for the radfonuclides eround the coest of Indis ere seen in teble &7. The plants at
larapur and Trombay sre of primery concern (see fig. 35).  Some valses of
varioue redlonuclides Faund in the sees are liated in tebles &8, 69 and 70.
Trombey Resesrch Stetion is situated near Hombay while Tarapur is found 100  km
further north. This aree is very rich in faune. The research ststion at Trombay has
four reactors, thoriesm end uraniwe plents, an  irradiated fuel procesaing
plant, metallurgy &nd engineering labs, isotope production facilities eaend other
research labs. 0.l4 million lityes of redicective effluvent are discharged every
day. The 420 HWe genergtor needs 2950 million litrea a dey for conling.  The
outqoing temperature is 7~10 warmer than the incoming. In the immediate vicinity of
the outflow the ipcresaed tewmperature lesds to an oxyqen deficiency due to the
increased oxidation rate of organic matter. The eolubility of the nxygen ia also
reduced. The increased temperature has a mild effact cauping peaks of zooplankton
in December and #March end dowminance by siphonophores, copepod  and  decapod
larvee. The pipe length is such that the water hes time to cool off a 1ittle before
it veaches the sea.

The bhottom sediments show a high pick up of Cesium 137, Cerium 144
ard Rubidiwm 106. Flsh tissue is found conteminated with Cepium end Strontium but at
& lower level. Mon benthic crab  Seyelle serrata picks up ceslum, cerium and
rubidium end non benthic catfiah erius epecies pick only cesium. Exemples of values
in both sediment and Feunal tiasuwe sre seen in tables 71 end 72. Oyaters are found
ta accunulate zinc 65, iron 59, cesium 137, cecium l44, 141, rubidius 295, ailver
110, cobalt &0, menganeae 54, plutonium 32, niobium 110 end tin 112, 113 the

lotter twe being from zirconium 2 end & elloy vsed in strirctural metal  and aalanium
?4’- ?5‘1

1§.0 SILTATION AND ERGSION

The effecte of ailtation are epparent in wmoat of the countries of
the Indien Ocean. S5iltation begine by erosion of topsoils in inland ares.
Thia wsuelly follows periods of heavy rainfall when the rivers often overflow
and water runs overland carrying so0il with it to the gea. The effects are greater
when raing’ follow a long dry spell durliry which the spil has already been
lonsened. Intensive grazing by livestock end a poor choice in crops can walso  lead
te erosion. Erpsion of the coestel areas by hemvy wave mction often leads to the
dentruction of tourist beaches ard leaves them covered only with pebhles. Coestal
reefs can act &8 8 barrier egeinst erogion of the beasches by wavea.

The retrest af the coastiine Is a problem erisings from erasion and
giltation is an important way of counteracting this, However, siltation results
in an jincreased amount of nutrients entering the ®Bsa which lesds to
excessive algal growth, damage to coral reefs, particularly by smothering them, and
sdverse affects on the coastel nursery growds.

Some of the msjor rivers draining inte the Indian [Ocesn are the
Athi/Gelens, Tena, Genges, Bremeputra, Irreawaddy, Induz, Kelani, Fuvumu, Juba,
Rufiji, Zembesi and Lipopc. Where these discherge, large zones of turbid
wetere are wusually seen. The Indien Dceen receives sbout 3,400 wmillion tonnes of



. LT T P . T A UL W SN I S

-~ 134 _

table 67 : Radium conktent in some cosstal areas of India

20a

Cochin

Trivandrumn i
; b ape Comcrin

Peerinl Mo Station Location Radium content Remazrks
X Io-¥gim]
i Goa . Arabfan Sea .22
2 Bombay - 15
2 Cochin " 24  Monazite rand
Beach
4 Trivandrum " 32
8 Cape Comorin Indian Qcean 20
: 8 Madrag Bay of Betgal 15
¥i Waltalr - 24
i e Gopalpur-on-Sea “ 088
L1} Purd " 084
10 Chilka " 1.7
11 Digha - 1.1
12 Haldia " 3.0 Ganges estuary
13 Kakdwlp . 45 -

From: Radium Content in Sea Water along the Indiar Coast

. D. CIATTERJEE & P. BANERJI (1e7a}
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Figure 25 : Geography of power station at Tarapur
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From: Intartidal Ecology of the S8sa Shore near Tarapur Atomic Powsr Stati
M. C. BALANTI (1975)
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fable 68 : Frescroeo of radioactive subatunces in selecked Glysnisms

=N

Organist L . z 8r S Fe

G0

Fish T +

Fhasophycae +

Hrown algae +

Blankton +

Marina Crastacaa +

Iea Hare ¥

From: Intertidal Ecology of the Sea Shore pear
Tarapur Atomic Power Staticn.
M. C. BALANT {1975}

Tabls 67 : Veluea of radiocsctive substances Found in pome species of tuna

Spacies ICi wet wi. PCL dry wt. Wt. of fish nCi wet wt,
7

C513 Csls? kg. K‘wI
Alhacore Tuna 9.6 - 1.4 X1 -5 i7 Z2.849-0.38
Albacore Tuna 8.2 -1.2 3.2 -5 17
Bigeye Tuna ' 9.2 - 1.0 33.6 - 3.4 14 2,701
Bigeye Tuna B.9 = 1.1 34.8B ~ 7.0 11 2.8-0.¢
Yallowfin Tuna 5.0 - 1.2 18.5 - 4.5 il 1.8-0.3
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Table 70 : Major element cancentrations in selscted spaciea of fish
(micrograms etom/g wet weight)

Species Potassiom Maqnasium Calcium Strontium
Ghol 116, 50 7.32 14,00 .G.Oll
Lobstaer 133,20 14.82 20,00 0.040
Pomfret 115.00 6.34 21,00 -
Catfish 114.00 .29 3.50 0.012
Bombay Duck 95,50 13,94 B5.00 a.018
Flat Fish 99.50 13,77 209.00 -
Koth Fish 99, 50 .o 225.00 -
Sea Water 10.33 53.60 2.60 0.042

From: Radiocactiva and Stable Elament Distribution in
Marine Biospheres off Tarapur Coast.

T. P. SARMA, S. M. SHAH, V. H, SASTERY,

T. M. KRISHNAMOORTHY, C. K, UNNI, 5. 5. GOGATE,
5. R. DOSHY & 5. R. RAD

{1973)
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Table 71 : ¥alues of some redionuclides in coszsisl marine Drgant sms

ACCUMULATION OF RADIGNUCLIDES IN COASTAL
ORGANISME FROM AREAS CLOSE THDISCHARSE LOCATION
Pam gy, ¢ el ey
Otﬂ_lln.ism vlyred tpleg vl TEama iy
Crah 3eytla Fleah T, 44 L 1. MO Sample size imzl
Eertata Shell ko 25, 6 HD ND Samiple rize sl
ey It verrata Fieth 535 i L) b 0616
Home - L - . D25
sevlla serTata Fiesh ™7 15.5 B -
Shell + bone BE, A w7 NI o, Q032
Frawme B. 1% HD Jampie 11re amal)
yrten Ach 14, 68 g 11 (1 ] d.0L2g Gomaminanloh From
. wedlment e pectad
heli 18,5 KD HD 4. 17
Mickere] Fleih ND 4. 423 1 0. S5
Bone - - - 0. oodd
Avua ip, Feh KD LT HD 0, 0o0d
L= HP LA HD 1, ooan
Gut 230, & b1 - = 0., b
AHut ap. Bone Hi 4,1 N.n 0,024
i Form: Determination of Plutonium in the Marine Environment
i K. C. PILLAT {1975)

Table 72 : Values of some radionuclides in bottom sediments

N ACCUMULATION OF ¥éRu, ¥'Cs AND ™Ce IN BOTTOM
SEDIMENTS AT DITCHARGE LOCATTON
: g ! Lacalicn . Y 14y
tpCt/g tdrp i
1 115, 8 1250 2] ]
I EB, 1 B4, 5 1.9
3 .3 2945 RIA,
L] ad.1 : 115, 1 55, ¢
- 15579 313,11
’ L H FEIT -
T - 1744 m.&
] - 189,17 181, "
a ) 2.6 105.2 ¥ o
. 1t ' L Eh4 142, 1 39,8
. 11 an_ 0 168 24,8
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Sedinentary sccumulations sre higher  off the Asietic sBubcontinent
then  those Ffourw! off the E£ast African comst. The submarine conea nf}the Indus
and Gangeg rivers have, respectively, sedinent volumes of 2.12 x 10/14 »° and 7.28

x lﬂflﬂjm whereas the brain off Africa hes a sedimentary volume of sbout 4.8]1 x
10/14 m™.

The building of deme scross naturally flowing rivers decreases  the
rate of Flow, reduces nutrient concentrations in estusries and cosstal waters
and decreeses the number of plankton blooma and fish landinga.

14.0 CONCLUSION

follution problems in the Indian Ocean have not yet reached the megni ktude
of those found in regions such as the Mediterrensen and the Baltic which are
bordered by industrialized countries. The East Africen Coast, in particular, is
still  reletively free from pollution. However, the coestal areas of the Asiatic
avbcontinent ere beginning to show signa of deterlorsetion. This is especinlly true
in the vicinity of coastal industrial sites end tewns sueh as Karachi, faleutta aend
Bonbay . '

At present there iz e lack of Informstion on pollution problems in
the region. HMeny of the institutes in the area contentrate thelr efforta on
general research into marine science and development of fisheries.

There are few adequate or metisfactory methode For  trestpent  and diapoaal
of effluent. 0OFten, westea are dumped directly into rivers and seas ceusing
damage to coastal marine eccuystems and resulting in hazards to human heslth.

Eepearch on the effects of pollution other than from induskriasl
sources is atill scerce. The countries of the eree are primarily sgricultural and
it is therefore importent to develop research on the problems of these
forae of pollutants. 0il contaminstion from sccidentsl end operational sources isa
a growing threet to the coentsl erees most of which sre on key shipping leres. The
dumping of untreated sewsge directly into the sgee has resulted in meny bathing
beaches being contaninated. -

Much of the informetiom aveileble in the aresa comes from regearch
carried out by institutes in India particularly on the effects af industrial
pollution in the country. Deta is not avallsble from the other large countries of the
Indien subcontinent. However, date that has been collected often remaina unuased.

The treatment of induatrial snd domestic westes needs to be promoted
throughout the countriee of the region. There is therefore a need to develap
monitoring progreewes to essess sources, levelr and effects of pollutants and alsa &
need to implewment programmes on pollutior abstement end control.



- 141 -

BIBLIOGRAFHY

Abura, J.E., 197%. Other uses a problens of the coastsl ares. Proceedings of
the International Conference on Marine Research Development in East Africe. (eds.
A.5. Msangi and J.J. Griffin) University of Dar-ea-5alsem, Tenzenla. pp 47-53,

Ahedi, VY.¥., N.B. Bhosle and A.G. Untwale, 1978. Meta! concentration in sonme
seaweeds of Goa (India}. Botenica Marine Z1(4) 247-250.

Balani, M.C., 1975. Intertidal ecoloqy of the asa shore nrear Tarapur Atomic
Station. Journal of the Marine Biologicel Association of Indie 17{1) 101-304.

Basu, A.K., 1965. Observations on the probable effects of pollution on  Ethe
primary productivity of the Hooghly end the Matlah Estuaries. Hydroblologiea 25
302-3k6. '

Basu, A.K., 1966. 5Studiega on effluents from pulp-paper wills ard its rcole in
bringing the physico-chemical changes wround several diacharge puints in the Hooghly
River Catuary, Indis. Journal of the Inatitute of Enqgineers XL¥I{10}.

Sagu, A.K., 196%. Problames d‘'eaux réeidueires industrielles dane la zone du
Hooghly notemment dea fabriques de pite & pepler et d'thuile vigétale hydrogenée.

. Iribune Cebedesu 22(309-310) 453-482,

Basu, A.K., 1972. Pollutfon and the Hooghly Estusry. Science Culture 38(11)}
463482,

Beau, A.K., B.B. Ghosh and R.N. Pal, 1970. Compariescn of polluted Hooghly
Eatuary with &n unpolluted Matlsh Estuary. Indian_ Journal of Water Pollution
Control Federstion 42 1771.1781.

Beq, A.A., N. Mshmood and A.H.K.G. Yueufzei, 1975. Survey of the Polluted Lyari
River and it's effecte on the Areblan Sea. :

Bhattacherya, 5. and 5. Mukherjee, }976&. Histopatholegy in the brain (Optic
tectun} of Telecsts exposed to industriel pollution. Indien Bioloqiat 10(1) 1-7.

Bhattacharys, 5. end 5. Wukherjee, 1978. Localization of cardiac disphorese in
fiah ard effects of some industrial pollutents thereon. Comperative Ph nd
Ecalogy 3(3) 143-148.

Brengenca, A. and 5. Sanzgiri, 19B0. Concentrations of Few trace metsls in
coastal end offshore regiona of the Bay of Bengal. Indian Journel of Marine Science
9 283-288.

Brewn, R.A. and H.L. Huffmen Jr., 1976, Hydrocarbens in open acean waters.

.Sclence New York 191 §47-849.

Chatterjee, 5.D. and P. Henerji, 1976. Hadium content in sea water nlong the
Indian Cogst. Mehagagar Bulletin of the National Institute of Dceanography, India
9{1 & 2} 2128,




...........

e R T Y T T A A e Al SSLSlidan i

- W7 -

Courier — African-Caribbean-Pacitic 1%81 Comoros - an island netion in g
diffFicult situation.

Lushing, G.H., 1773. Preduction in the Indian Ocean and the transfer of primary
to the pecondary level. Biology of the Indian Ucean, Zeitschel and Gerlack (eds.}.

Chancshwar, R.5., &. Re jegopalen, ALK, Base and C.%.0. Fao, 1970,
Charecteristics of wastes from pulp end peper miils in  the Hooghly Estusry.
Proceedings of the First IJ T-K symposium on Industirisl wWestes. Indian institute of

Technology, Kanpur.

hargalkar, ¥.K., 1.W. Kureishy and M.Y. Bhendane, 1977. Deposition of of tar
belis {oil residue) on Lthe beaches along the West Cazst of Indim. Mehassger
Bulletin of the MNatjongl Ipstituie of Ucesncgrapbhy, Indis 10 103.196.

Ctwcmace jo, S.K. end V. Philipuse, 1975, Trends in the ylelds of mejor exploited

fisheries of the East Coesl of Indig. Indien Jouwrnsl of Marine Fisteries 22
187-197.
Dissanayake, C.B. and G.M. Jayatilaka, 19B0. Distribution of copper icns in

waste end poteble waters in 5ri Lanka cities. Water, Air mnd Spil Pollution, sn
Interpaticnal Journsl on Environmentel Pollution 13(3) 275-2864.

U'Honte, D., 197%. ler-killer bacterie devour slicks and tar-palls. World
Envirorment Report Sept. Z4.

D'Silva, C. and X .M. Verlencsr, 1974. Toxicity bicasaay of urea on two Fishes.
Mahgsagar Bulletin of the National Institute of Oceancgrephy, Indig 7{3 & ¢)
171-182.

Dwivedi, 5.N., 8.N. Desei, A.H. Parulekar, ¥. Josenta and M.0. George, 197&. 0il
poliution along Gujeret Coaest end its poseible sources. Mahessgar Bulletin of the
of the National Ingtitute of Ocesnography, Indis 7¢1 & 2} 91-%94, .

Dwivedi, 5.N. end A.H. Parulekar, 1%74. 0il pollution elony Lhe Indisn
Cvastline. Progeedings o Lhe Symposium end Workshop, detional Bureeu of Standerds,
special publicubtien, Gertherburg, Marylend 409 10I-105.

Dwivedi, 5.N., A.H. Parulekar and ¥.PF. Devasgy, 1975, Uil pollution of Goa
beaches, Inadis. International Ocean Development Conference, Tokyo & 13%-153,

Dybern, 8.1., 5. Keckes and G&. Tomczek, 1973. Missien to Ethiopia, Kenys,
Malagesy Republic, Somalie end Tenzenis {o study warine pollution problems in these
countries amd to investigate the need and feaslbiiity for establishing s regionel
laboratory for merine poliuvtion. FAO/S10A report.

Fairbridge, R.W., §966. Ihe tacyclopeedid of Ogeanography. Reeinhold Publishing

Company 370-400.

FAQ/Norway Workshop on the Fishery Resources of the Northern Arabian Sea,
Karechi, fakisten. 16-18 Jen. 1978 DEY. Rep. Indien Ocean Fruogresme. 43 vol 7 pp
206. [IOFC/DEV/76/43.2.




- 143 -

FAO Yearbook of Fisheries, 1979.

fAG Yearbook of Figheries, 1980,

Fondeker, 3.P., R. Sen Cupta end ¥.B. Bhendere, 1977. The efficiency of
indigencusly manufactured polyurethane Foeme and dispersante in the removal af

spilled oil. Mahaasger - Builetin of the Kationel Institute of Ocesnography 10 {3 &

4] 151-155.

Fordekar, S.P. and R. Sen Cupta, 1976. Arsenle content in waters of pacta of the
northern part of the Indien Oceen. 'Indian Journsl of Marine Sciemce 5{2) 235-238.

¥ondeker, S5.P., R.5. Topgi snd R.J. Noronha, 1980. Distribution of patrol eum
hydrocarbons in Goa coestel weters. Indian Journal of Marine Science ¢ 286-288.

Ganepati, P.N., A.¥. Ramen, 1973. Pollution in Visakhepetnam #Herbour. Current
Science 42 490-49%, :

Ganapati, P.N., A.V. Remen, 1976. Hasa mortality of fish in the Visakhapatnem
Harbour. Indian Journal of Marine Sclence 51} 134-135.

Ganapati, F.K., A.¥, HRaman, ]1976. Capitellan cepitaeta (Febricius, 1780}
{Polychaeta: Capitellidee), An indicator of pollution in Visskhapatnam Harbour.
Indien Journal of Merine Sclance 5(2) 251.-252.

Conapati, P.N., A.V. Raman, 1%79. Orgenic pollution snd Skeletonema bloons iR
Vigekhepatnam Hurbour. Indien Journal of Marine Science B pp. 184.

Lardiner, D., 1975. Ubservations on the dietribution of mercury in the ocean.
Map. Poll. Bull. &(3) O546. -

Ghosh, N.N. end A.K. Bagu, 1948, Obaervetions on eatusrine paliution of the
Hooghly by the effluent From a chemlcsn] factory complex at Rishra, Weat Bengal .
Eovironment Health 1O 204-218.

Ghoah, B.B., P. Rey and Y. Lopalekrishnen, 1973. Survey and cheracterization of
the weete waters discharged into the Hooghly Estumry. Journal Inlsnd Fish., Soc. of
Indie Vol. V.

Cjoseeter, F. and K. Kewaguchi, 1980. A review of the ¥World resources of
Mesopelagic flah. FAD Fisheries Yechnicel Paper 193 FIRM/T193 12 & 13 pp 71-B5.

Goldberq, E.D., 1976. Heslth of the Oceana. ISBN, UNESCD 92-3-101355-4,

Gopalakrishnen, ¥., P. Ray and B.B. Chosh, 1973. Present status of pollution in
the Hooghly Estusry with apecisl reference to the adverse effects on the observed
Fishery resources. Proceedings of the Symposium on Environmental Pollution, Centrs!
Public Heallh Engineering Research Institute, Negpur.

Gopslekrishnan, ¥., 1974, Biologicel processea invelved in pollution of coestel
aguaculture waters. Indo-Pacific fisherige Council II(15} 1-7.




- i4f ~

Gore, P.5., T.5.C. lyer, 0. Raveendran and R.V. Unpithen, 1%8G. Iselstion and
significence of Selmonells species From some besches of Kerala., Mahessuyar Bulletin
of_the Netional Institute of Oceenography, India 13{Z} 147-15Z.

Gore, P.5., 0, Raveendran and R.¥. Unnithan, 1979. Poliution in Cochin Backwater
wikh reference to indicator bacteria. Indien Journe!l of Marine Science B{l) &43-4&,

Gore, P.5., 0. Raveendren ond R.¥. Unnithan, 1979. Pollution status of Cochin
Beach. Indien Journel of Marine Science B pp 79.

Gore, P.5. end R.V. Unmithan, 1977, Thicbecilli from Cochin Backwaters end their
oxidative and corrosive activities. Indien Journal of Marine Seience £{2) 170-172.

Couviea, A.D. and P.E. kurup, 1977, Probeble movementz of a hypotheticel woil
patch from the Bombey High Region. Indian Journgl of Hacine Science 6{2) 118-121.

Gulland, J.A., 1974. Some condensation of menegement preobisms in relation to
pelagic Fisheries of the IFFC Area. Indo-Pacific Fisheries Councilt 15th session,
New Zepland 1972 Sect. 3, 1974.

Lupta, R.5. and V.h. Sankacanarayanan, 1974. Pollution studies ofF Bombay.
Mahasagar Bulletin of the National Institute of Qceanography, India 7{1 & 2} 73.7d.

Hall, A. and 1. Yalente, 1%74. Effects of port and tows ectivity on  Loureego
Marques Bay. Marine Pollution Bulletin 5{11) p 1&65-1AH.

Hemmond Headline Warld Atles, 1977.

Higashihara, T. and A. Sato, 1979. Djstribution and ebundence of hydrocarbon
deqrading bacterie in western North Pacific Ocear, Eagtern Indien Dcean and South
China 5Sea. Nibon SuisanGeidai Shi 45(4) 473-483.

Indo~Pacifie Fisheries Council, Symposium on the Economic and Social  Aspects of
the National Figheries Planning and Development 1978 Sect III 1l&th seaaznn, Jakarte,
Indonesin. :

Jagtap, T.&. and A.G. Unkwale, 1980. Effect of petroleuvm products on nangrove
seedlings.  Mshasagsr Bulletln of the Kationel Institute of Oceanpgraphy, India
13(2} i65-172.

Jehangeer, M.1., 1978. The state of oquatic pollution in Mauritius. 6t

FAD/SIDA wurkshnp an Hquntlc pollution in_reletion to protecticon of living resources
FIR:TPLR/768/Inf. 2B.

Jhingran, V.G., 1969, Problems of Coasstal Aquacuiture in India. Journal of
karine Einlogice]l Association 1101 & T) S9.61.

Jningran, V.G., 1969. A criticel epprsisel of the weter pollution problem in
India in relsticn to aguaculture. Mshesegar Bulletin of the Weticnal Institute of
(ceanography, India 15(2) 45-50.

e — L nonoa TATTE L] . . - - - . - . -



- 145 -

Kemat, B. and V.N. Sanekaranareyanan, 1975, Distribution of idiron in the
estusrine and nearshore waters of Goe. Indian Journal of Marine Science & 30-33,

Kemat, B and V.N. Senskeranerayanan, 1975. Corcentration of particulete iron in
esturiea and coastal waters of Coa. Indian Journel of Marine Science 4 34-38.

Kencewara Rao, 1974. fcology of Mendovi and Zuari Estuaries, Guoa: distributian
of foreminifera essembiages. Indian Journal of Merine Science 3{1} 6l.€&.

Kemeswars Apo and 7.5.5. Rea, 1979. Studies on pollution of foreminifera of the

Trivandrum Comst. [Indien Journal of Marine Science & 31-35.

Killengo, A.8.C., 1973. Marine pallution in Tenzania. 2nd FAD/SIDA  training

courge. on  merine pollution jn reletion to protection of living resources, Goteburg
Sﬂ'ﬂdﬂ'“, PR T

Klawe, W.lL., 1978. Long line catchas of tunes within the 200 wils economic zone
of the Indian and Pecific Oceans. Development Report, Indien Ocean Programme.
IOFC/CEN/748/B0 pp 83.

Knutzen, J. and €. Jussund, 1965. Notes on littorel algee from Mombesa, Kenya.
Journel of the East Africen Netionml Histery Society Mational Hugeun 1588 1-%

Kollberg, 5., 1979. Eest Africen marine reseerch and marine resources. Swedieh
egency for research cooperation with developing countriea RI, 1979, .

Kondritekii, A.Y., 1976. ©Pistribotion ef the zoobenthos biomess 1in  the
northweatern Indian Ocesn. Ocesnology 13(1} 986-9%. '

Kongere, P.C., 1973. Harine pollution in Kenya. 2nd FAO/SIDA trsining courze on
marine pallution in relstion to protection, Sweden pp 7.

Kreyy, J., 1973, Primery production in the Indien Ocean {see Biology of the
Indizsr Oceon eda. Zeltachel and Gerlack)

Krishnamoorthi, B., 1974. Indien Journel of Fisheriea pp $57-565.

Krishnamoorthi, K.P., W.M. Deshpande and G.J. Mohanrso, 1971, Toxicity of
photofilm wastes. Indien Journal of Fiah 18() & 2) 22-32.

Kriahnamoorthi, V.M. end 5.D. 5enar, 1975. Uptake of tritium by the marine
bivalve Katelyaie opim&. Indisn Journal of Marine Science 4 {1} 47-49.

Kumarsguru, A.K. &nd K. Remamoorthi, 1979. Accumulation of copper in  certain
bivelves of Vellar Estuwery, Pforte Move, South Indian in natural end experimental
congitions. Estuarine and Coestal Marine Science 9(&4} 447-475.

Kumecaguru, A.K., D. Selvi, and ¥.K. Venugopalan, 1980. Copper toxicity to &n
estuarine clam Meretirix casta. Bulle f  Environmental Conkeminetion  and
Toxicology 24{6) 853-857.

Kureishy, T.W., M.D. Ceorge and R. 5en Gupta, i979. DBT corncentration In
: 4

Frwnlanktnn Fram tha Llrabicon Ona Todimn Frumemel of Hoaw!iaoe Fadaama. ™ __ Eh



- 146 -

Matkar, ¥.H., 3. Lwnapulhy end K.L. Fillei, 198i. Distribution of zinc, copper,
menganese and iron in Bombay Hutbowr. lndian Journal of Merine Science 10 35-40.

Mukher jee, 5. end 5. Bhattacherya, 1%77. Varietions in the hepstopencreas
eipha-amylese wactivity in Fishes exposed to some imdustriel pollutants. Water
Regenrch 11(1) 71-74.

Muthu, M.5., K.A. kerasimhem, G. 5Sudhakera Reo, Y. Apopannasastry end P,
Ramalingam, 1%70. On the commercial trewl fisheries off Kakinada during 1947-1%70.
Indian Journsl of Fisheries 2Z 17}-1B8.

twaiseje H., 198G. Conserver la vie mwrine. Forum.

Mair, N.B. and K.C. Rajan, 1974. Ohservetions on the effects of effluents from o
fitenium plant on the interstitial feurs. Ball. Ingt. Ocesnpg. Univ. Driente 13{1 &
2) 107-124. "

Nair, V.R., 1974. The commercial mollusca of Indis CMFRI Bull 25.

Nair, ¥.R. and T.5.53. Rao, }973. CLheetograths of the Arebian Sea. {see Biclogy
of the Indian Dcesn eds. feitachel and Gerlack)

National Environment Secreteriet, 1577. Envirommental Menagement Report.

Mational Inatitute of Ucﬁnnngraphy, 1%80. Marine envirormental monitoring amd
marine living resources asseasment For the Ingian Ocean region. NID, Indian project
document ennex 1.

Neyman, A.A., M.N. Sokolova, N.fi. Vinogradova and F.A. Pasternsck, 1973. Some
patterne of distribution of bottom faune in the Indien Oceen.

Hew Scjentist London, 1981, Karachi faces water pollution crisis.
Ecodevelopment news 17.

Pandien, T7.J., 198l1. Impact of dem building on merine Jife. MelgolEnder
Mearosunters 33{1/47 415-42]. .

Patel, B. ard A.K. Ganguly, 1973. Occurence of selinium 75 and tin 113 in
oyaters, MHealth Phynics 24(5) 559-56Z.

Fatel, H., P.G. V¥Yelanger, C.D. Mulay, M.C. Baleni and 5. Paster, 1972.
Radioecology of certain molluscs in Indien Cosstal waters. IAER Proceedings of the
Seminar IARA-SM 158/13 3I07-330.

Paulinose, ¥.7. and M.l. George, 1976. Abundance and distribution of penmied
larvag a5 an imlex of penaid prawn resources of the Indlen Ocesn. [ndian Journel of
fish 23(1 & 2} 127-133.

Pillei, K.C., 1973. Determinetion of plutonium in the merine epviroament.
Technical Report Series IAEA 149 97-105.

Pillai, K.C. and N.N. Dey, 1975, HRaedioruthenium in coestsl waters. Reference
Methods for Marine Radiation Studies 11, IAEA technicel reparts 1469,



- 147 -

Pillat, K.C. and F.H. Kamth, 1971. Control of radicactive pollution in  [ndia.
Merine Pollution Bulletin 2{5) pp 74.

Punanpurnayil, S.U. and B.N. Desal, 1975. Zooplankton in nearshore waters off
Tarepur near the wtomic power piant. Indisn Journal of Merine Science 4(2) 169-171,

Hadlr, 5.A., 1974. (beervations on the plant comwmities of polluted industrial
drainage channels of Karachi, Pakisten. Environmental Pollution 7{4) 2535-257.

Qasim, 5.7., 1973. Problems of 0il pollution =along Indien Coast. Mshasagaer
Bulletin of the Netione]l Institute of Ocesnography, Indie.

Qeaim, S5.Z., P.N. Nair and P. Sivedes, 1974. Dil spill in the Laccadives from

the o0il tanker Trenshuron. Mehapager Bulletin of the MNational Insititute af
leeanogrephy, India 7 83-89, - :

Qaain, 5.Z. end R. Sen Gupte, 1980. Pressnt atatua of marine pollution in India.
Hanogement of Environment. B, Patel {ed.) 310=329.

Aadhekrisghnan, E.¥., P.5%. Gore, 0. Raveendran snd R.V. Unnithan, 197%. Microbial
decooposition of the floating weed Smlvinis molesta (Aublet) in Cochin Backwaters.
Indian Journal of Marine Science B{sept.) 170-174.

Reghu Prasad, R. and P.¥.R. Neir, 1973. Indie end the Indian Ocesn Fisherles.
MHBA 15(1) 1-1%.

Rajan, K.C. and N.B. Nair, 1978. Effluent resistence of some species of
interstitial animals to industriel wastes. B8ol. Inst. Ocean. lniv, Oriente. 13{1 &
2) 125-128.

Rema and B.L.K. Somayajulu, 1972. Mercury in sea food from tha cosst off Bombey .
Current Sclence 41 207-208.

Ramamurthy, V.D., 1979. Beseline study of the level of concentration of MErCcury
in the food fishea of the Bay of Bengal, Arebisn Sea ana Indinn Gcean.  Nibon
Suisan-Gakkai Shi 65{L1) 1405-1407.

Hanamurthy, ¥.D. and P. Memmelver, 1976, Effects of oil tanker dissster on the

northeant coast of the Arasblen Sea. Book of shstrects of papers Ereaented at Joint
Ocesnography Assembly, Edipburgh. FAUO, fSome PS=3 pp 201.

Reveendran, 0., P.5. Gore and R.¥. nnithen, 1978. Observations on faecal

conteminaetion of Cherai Beach in Kerala. Indien Journel of Marine Science 7(2)
128129,

Reddy, C.¥.G. and 5.Y.5, Singbel, 1973. Chemicel characteriatics of tap-like
mats found on the beaches slong the esat an west coaat of India in reletion to their
spurce of origin. Current Seience 42(2C) 709-711.

Reneni, ¥K.N., P. Venugopal, K. Serale Devi, S. Lalitha and R.¥. Unnithan, 196{.
Sediments of Cochin Beckweters in relation to pellution. Indian Journel of Marine



- 148 -

Hoser, E.R., 1%71. The distribution of reef coral genera ir the India Ocean.
1971 Symposium of the Zuonlogical Society of London 2R 263-299.

baetre, R. and R. de Pouls & Silva, 1979. - The marine fisheries resources in
Mozambique. Keports of the Cruise of Dr. Fritjof Mansen.

Saifullah, 5.M., 1977. Inhibitory effeckts of copper on marine dinofisgellates.
Marine Hinlogy.

Sankeraneraysnan, V.N. snd 5.U. Punempennysl, 1979. Studies on orgenic carbon,
nitrogen arnd phosphorous in  sediments of the Cochin Beckwatera. Indisn Jourral of
Marine Science B 27-30.

Sankaranarayanan, N.N. and 5.U. Punempsnnysl, 1979, Studies on sediments of
Cochin Backwaters.

Sankaranarayenen, V.N., K.5, Purushen end 7.5.5. Rac, 197E. LConcentretion of
some of the heavy metals in the oyster Cressostrea medrasensis (Preston) from the
Cochin region. Indien Jourmal of Harine Science 7{2) 130-131.

Sankaranareyensan, V.N. and R. Stephen, 1978. Particulate irom, mengenese, copper
erd zinc in waters of the Cochin Beckwaters. Indien Joutrnal of Merine Science 7{3)
201-2G3.

Sanzgiri, 5. end C. Moraea, 1979, Trace metels in the Laccadive Sea. Indian
Journal of Marine Sclerce 8 (4} 254-257.

Senzgir:t, 5., H. Sen LGuopta and 5.Y.5. Singbel, 1979. Total  mercury
conecentrationa in waters of the Leccadive Sean. Indian Journel of Marine Sciente 8
(4} 252-254,

Sarale Devi, K., P. Venugapal, K.N. Remani, 5. Lalitha ored R.¥. Unnithen, 1979.
Hydrographic feetures and water quality of Cochin Bockwaters in celetion to
industriael pellution. Indien Journal of Merine Science 8 l41-1a5.

.- Sarma, A.L.N. and P.N. Canapati, 1975. Meiofauna of the Visaekhapatnam Harbour In
relation to pollution. Bulletin of the Department of Marine Secience, University of

-Cochin 7(2) 243-253.

Sarma, T.P., 5.M. Sheh, ¥.N. Sastry, T.H. Krishnawmoorthy, C.K. Unni, 5.5. CGogate,
G.R. Doshi and 5.FK. Reo, 1373. Radioective and stable element distribution in

merine biospheres off Iarapur coast. Journal of Lhe #Marine Biglogicel Aaspciation,
Indis 15(1} 61-70.

Sen Gupta, R., 1%80. Enviroomentsl pfublema in_the Indien Ocesn regicn {Prepared
For GESAMP working group on a review of the Heslth of the Deceans).

Sen Gupta, R., 19680. Stetus repert on  JOC/WMO Herine Pollution (Fetroieum)
monitaring Piiet FProject ondar the Fremswork of Inteqgrated Global Ocesn Station
Systen (IGOS5). MNational Institute of Oceenogrophy, Indie, Tech. Report 04/80.

Sen Cugta, R.; 5.P. Fondekar and T.W. Kureishy, 1978, Pollution studies in the



- 149 -

Sen Cupte, R., 5.I, {Qssim, S.P. Fondeker and R.5. Topgi, 1980. Dissolved
petrolewm hydrocarbons in some regions of the MNorthern Indfian {cean. HMarine
Pollution Bulletin 11{3) 65. - '

Sen Gupta, H. and ¥.N. Senkaranarayanen, 197. Pollution studies off Bombay .
Mahssegar Bulletin of the Netional Institute of Ocesnagrsphy, India 7(1 & 2) 72-78.

Sen Lupta, R., 5.Y.5. Singbel end 5, Senzgiri, 1978. Atomjic-ebsorption enelyses
of & few trace wmetels in Arabian See watersn. Indian Jourrnel of Harine Science 7
295.299.

5ilas, E.G., 5.K. Dharmarnja and K. Rengarajsn, 1976. Exploite.s Marine Fishery
Resources of India CMERI 27.

Singhel, 5.¥.5., 5.P. Fondekar and C.V.C. Reddy, 1976, Chewical characteristica
of the inehors weters in Velseo Bay {Coa). Hahasager Bulletin of the National
Inatitute of Oceanogrephy, india 2{1 &2) 35-aD.

Singbel, 5.¥.5., 5. Sanzgiri end K. Sen Gupta, 1978. Total mercury
concentretions in the Arabian Sea waters off the Indien Cosst. Indien Journal of
Marine Science 7{2) 124=126.

Somayajulu, B.L.K. and Rema, 1972. Mercury in asea food from the cosst off Bowbay
Current Scisnce &1 207-208.

sreenivasen, A. and T. Franklin, 1975. Effect of dieposel of effluents from

petrochemical complex on Ennore Backweters. Bulletin aof the Department of Marine
sclence, University of Cochin 7(2) 273-280.

Sreerssulu, T., M.U. Reo and V.E, Premila, 1977. On the growth end survival of
Ulve faaciats in the polluted watera off Yisakhapotram Harbour. Botanica Marine
20(6 ) A0} D,

Steinbach, A.b., 1984. Induatry end envirorment in the Haimbazi Yalley drainage,
Car Salaem. East African Society end Environment LDSM.

Tanebe, 5. and R. Teteukawa, 1980. Chlorinsted hydrocerbona in the Morth Pecific
and Indian Ucean. Journal of the (cesnographic Society of Japan 36 217-224.

Tejem, V.M. end B.C. Halder, 1975. A preliminery survey of marcury in fish fros

Bombay and Thana Environment. Indian Journal of Environmental Health 17 S.1&.

Tewari, A., 1972, The effect of sewage pollution on Enteromorpha prolifere var.
tubulase growing under natural habitat. Botanice Harine 15{3) ppls?.

Times Atles of the World, 1980.

UNCP, 1980. Project peoposal for UNEP essistence, study on  enviromental
setendarda and marine environment protection.

Uiited Nations Stmtietica) Yearbook, 1978 end 1979.

bonithen, B.¥V., 1976. Poilution problema in the backwaters of ¥ersla. Seafood
Expo-t Journsl B{&) 31-37.




- 130 -

Unnithan, R.¥., M. V¥ijoayan, L.¥. Rachakrishnan end K.N. Hewmani, 1977. Incidence

of fish mortality From indusiriel pollulion ia Cochin Backwslers.  Ingdien Journal of
Marine Science 6(1) BL-83.

Unnithen, F.¥., M. Vijayar end ¥.N. Remeni, 1%/5. Orgenic pollution in Cochin
Backwaters. Indien Journel of Maring Scisnce 4(1) 39-42,

Unnithan, R.V., M. ¥ijayan and K.N. Remani, 1275. Effects of orgenic pollution
on some hydrographic features of Cochin Backwebers. Indian Journal of HMarine
Science 5{2) 196-200.

Venugopal, #., K.N. Hemani, K. Saraladevi and #.¥. Unnithan, 196D. Fish kili in
Chitrgpuzhs. Seafood Export Journsl XII(B).

Yarlencar, X.N., M.B. Bhosle and A.H. Paroleker, 1977. Toxicity tealts of oil
dispersants on some marine animals. Mehasagar Bulletin of the bBational Inatitute of
GOceanography, Indis 10(} & 4} 109=115.

¥Yerlencar, X.N. and C. ﬁ'Eilva, 1977. MWeter characterietica atl Yeisap and Colva
Beaches of Gos. Indian Journel of Marine Seience &(2) 1i1-113.

Whitmore, F. W., FAQD.

World Bank, 1980. wWorld Development Report.

Wyrtki, K., 1973, Physicel Oceencgraphy of the Ingisn Ucesn.

Zeitschel, B. and 5.A. Gerlack (eds.), 1973. The Biology of the Indian {Jceasn.
{published by Springer-Verlag).

Zingde, M.D. and B.N. Deoni, 1781. MHercury in Thena Creek, Bombay Herbour.

Lingde, M.D., S5.¥.5. Singbel, C.F. Morases and C.¥.G. Reddy, 1976. Arsenic,
copper, zint and mangenese in the merine Flore end Fauna of cosstel end eatuarine
wateras arcind Gowe. Indian Journsd of Morine Science 5 212-217.




daNdt



