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FPREFACE

The hHegional Lees Progyromse: wes  initisted by UNCP in 1998, Since  Lthen, the
Loverning Louncil of UNEP haes repereledly endorsed a regional approeci to lle control
of marine pollytion and the manegement of marine andl coaestal resgurres and has
requested the development of regional action plens.

The Hegionel Seas Programme st present includes eleven reqinns 1/ angd hoas  over 120
vopatcl Slates participeting in it. It is conceived ss an action-oriented programme
having  concern not only for Lhe congequencos but  alse for the causes of
envirermenlsl degrecation and encompassing e comprohiensive  opproech to  combating
viwirosmenly!  problems  through  the meaneagement of marine and coastel areaz. Each
regional ootion plun is formuleted acnurdiﬁq to Lhe needs of the reqion as perceived
Ly the Loverrments concerned. b is desiygned to link aseessment of the ouality of
the merine enviconment and the rauses of its deterioretion with activities for the
monagument amd development of the wmarine and coasts) environment. The action plans
pronote the parallel development of regional legsl asgreements and of action-priented
progremme activities, '

Five of the regions in the UNEP progremme include in their geogreaphic scope  coastal
waters of Lthe Indismn Leoesn or of bthe seas un ii's peripbery.  Thoese gre the East
Afpice, Last Asian Seas, Kuwait Action Plan Fegion, South Asian Sesa, snd Red  Ses
arnd CGulf ot Aden.

The: presont report wes prepoared with the aim of  assessing the present level of
pollution in Lhe Indian Ocesn and bhe extent of informalion aveileble on the merine
erviromment and pollution in the eres. In oddition ko the GSlsates of the Last
African FRegion [{omoros, Keoys, Hadeosscor, hauritios, Hozembigue, Seychelles,
Somulis and the dnited Republic of Tanzenial, the study covers Banglmiesh, Gurms,
[ndia, Pukistsn and 4S5i Lanka. In its preparation, informetion was ohtaimed from
most of the marine institutes ol the Statez mentivoed  obove. In  wpddition, many
useful cocuments were made svwilable by the Library of the Uegsnogrophic Musewm ot
Monaco #no the Libracy of the MHarine Blologieal Associotion of the United Kimgdom in
Plwwowth,  The wesistance and co—operation reccived from these institutes nas well as
from Govermments gnd University sources is graletully scknowledoed.
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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  fsventual  progremmes
relating tao pollution momitortng =nd its combstbting in the Tadian Ceean Area.

Thiz paper has been divided into two parts, Pert  one desls with the
introduction and  description  of the  aree, It provides informetien on the
physicqroaphy of the reaian which covers the physicesl aspecta of the ocesn such
@5 current. Systems ang! weter-muss movemenys: the grologlica? Teaturez  of  thr
occeen bodg anr the reteorology relsted te the ares, Marine chemistry, marine
hinlpay and fisheries of the area are 278n ineluded.

Part two dea's with the pollution prablems of  the ares  and covers
industrin? po!'ut ion, pollutien frem murnicips) end domestic sources, oil
contemination, redfosctive  po'lution »nd pollutior telsted to o2griculrursl
nctivites.

Tre  informarion in *his overview hss been  obhtainer from pspers ond
dAncunents provided  from mevera' r=graech centres locatad in the rountriez bordering
the Tpdian Mgean es well ns from  the refarances listed 3n the hiblingrzphy.

2.0 DEFTHTTION OF THE REGINM

For the purpose of this repoct, the Tndien  fceon has  been defined A
follows: Western Poundary, """E and to the sputhzrn border of Mozambigue:; Eastern
Pournvisty, T17"E (tn  the western resst of Pustrablal; Sourhern Boundary, WS, from
Curhon on the Touth African Mpast to Sreen Horn on the West  Auscralian Coast. Tha
two wmajor basins included within these limits nte 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 borders on the area  unvler survey are Mozembicue,
Tenzenin, ¥enye, “omelis, Pakisten, "ndia, Pengleadesh snd Bugma, Tz'enda within the
arez are  Mecagescer, Srt  Lenka, the Seychelles, Mauritius, the Comoco Tslands
armd the Maldives #s well as the territgrial is'ands (ere  fino. 7). Despite the
afarerenticoned  boundaries, the ocranography studied will cover the whole ares of the
Tndian Deoean gn 55 to Ffacilitate the presentatnrion nf features auch A8 CurTenLE
and water masa movement an?  hence the southern boundary will extend to fntarctica.
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a.G FHY=T{WGRAPHY OF FHE TNDTAN DFEAN HAGTM

3.0 Tnt roduct ton

The Indjan Ocean is the smallest of the three major oceans. i has uniogue
features in it's dynemirc oceznography, metearology and geology. There is sp  overall
negative water balance in the Trndign Desan. The Bay of Bengal, on its own, has
a pogitive water balance due to the inpat by precipitetion and run-off exceeding
evsporetion. The dynemic oceancgrphy 1s influenced te o great extent by the
metearol ogy especially in  the . MNorthern Hemisphere. These inter-retated
effects qive rise Lo the egeasonal morappnsg  and monsoonz2l currents.

3.7 The Furrent Systems
1.2.1 Surfece furcents

The current system In the Southerm Hemisphere of the Tndisn Oceman  does not
change much from Beason te sesson and is dominated By the South  Equetoria)l  Current
snd Westwind Orift (see fig. 3). There is & large anticyclonic gyre, the
sauthern-mast pert of which is thz Weatwind Orifc lying hetween 2895 and S0%9S with g °
width of 0-22C nauties! miles. It cean reach 2 speed of 20-30 MM per day near
the Kerguelen Talands, is normally dependent on the wind and ie seasonally
and  regignally warisble. In winter it turns north before Australie end joins the
current coming from the Pgeific viz  Seuthern Pustralie. In aummer it joins  the
south-bound courrent.  west of Australia and Flows to the Pacific via the southern
ocean.

The Wesk #ustralia Turrent reaches 16-15 NM per day nortt  of Equetoriel
Current at 2395 due to the effect nf the Southesat Trade winds. In the southern
summer the flow becomes eastward and  shifts southesst. The purrent - is
reinforced in the winter by a flow from the Pacific vie the Arafurs Sea end resaches
up tn B ] knot wveloeity., Tt divides into  thres bramches before Madwegascsr; onz
branch flows narthward sround the Taland at 50-60 WM per dey and then turns  east,
the sgecond branch runs north and the third turns south and becomes the Mozambigun
«nd later the Aguihes Current.

In tha Morthern Hemisphere, prurrents are grestly influenced by the
mensoons  which give rise to  the Southwest and Mortheast Monsoon Drifts. Marth of
latitude 10°5, surface currents wery with sessons. Muring the Northeaat Monsoon,
the well-Cevelope? Martheazt Monspon Drift or Morth Eoustorizsl Curcent, flows wesr
and  southwest. Tn February, the sputhern boundacy shifre 579 gouth and  turns
north in March disappearing as the Southwest Monsoon Drift begina. The narrow
Equetarial Tounter {urrent sets in as  a  resdlt  of the scuthwest Flowing
fomali Currept emd  a  northwaed flow from Cope Deloado. Tn MNovembor, it
rerches spreds of 47 MM per dey and in February, a2lso shifes south, then back north
and digappears.

fs the Southwes!t Monsgon begins, the Sputhwest Mansoon  Orift  appocars 5o
Flows eastword, gouth of India, reaching up to * koots south of Sri Lanka. It's
brenches flow rtackwise in the PArahisn Ses and the Hay of Pengal. The esoutheast
flow reachez T0-42 MM per doy of f the west cowst of Tndia. The Esat African Coestsal

S e e e e = e e e e e i e e e e At
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Tmportant locel currents are the Mozembique  lurrent, the Agulhas
Current, the Equsterial Curvent, the Somali furrent and the West Australlan Current.

2.7 Sub=-surface Turrents

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 under the Countercurrent eest of 70°%E, At a depth of 500 m, between 59N ard
IC™,  rurrents sre esstwerd with & clockwise gyre around 8 centre at 5°F and &07E.

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  Ehen  fturns
notth ot 95%E to eventua'ly deqgereroke into smaller eddies. B alower branch  flows
sqguth at J0-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 equateor 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 curcent
measurements from 1" to 2% in  July-September 1962 and February-Mavch 1967 as
shown in tahle !. The undercurrent was steble for several weeks os 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
isgtherme, High aalinity and low oxygen were noted =2t the point of maximum
eaatward 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 CSgzs  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 ef the TOCW due
to mixing of the high salinity FRed %Ses Water e&nd the low =2alinity coastal
water,

The subsntarckic water {(*WY is @ low =elinlty water msss formed by
mixing end wvertical circulation between the subtropical and fntaretic convergences
and is distinct From the ATW whick opriqinates with a salinity of 77,80 ppt amd  sits
alang a well defined be't around the Pntarctie Continent. After sinking, the 5W
spresdes north ta mix wlith waters shove and helow tt and fgrme 2 minimum  selipity
woter mass, with 1ow temperstures and high oxygen content, et a depth of 2CC-700 m
between the Aptarctie s=nd achiropice)l convergences. Morth of the latter
convergence, it sinks ko a depth of BCL-15CC m, then rises to a depth of

SCC-3CC m mear 109C where salinity increasea. West of Buskratia, it spreads
sabbanat hok e 100 TECAE ot i1 TRAE ak n dankh aF 7w  a;d  Aeebhoack G0 100ROF
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Table

1: Current messurements (by Seripps Institute of Uceanography)

FLOW DIRECTION

LATITUDE MONTH SPEED
79°E September 60 om/sec
89'E Septemberx 50 om/sec
5" B April 80 om/seo

38 em/ssec
El " E March 57 cm/sec
May
53 E August B
62" E hugust -
85'E February 5 em/sec

eastward 0" latitude

eastward 0" latitude

westward 0" 100 m deep

0’ latitude

no current, westward flow
meridonial

no current, westward flow
meridonial

aastward flow

From: The Encyclopaedia of Oceanography

E. W. FAIRBRIDGE

(1966)
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From the Benda Sen comea the Tow saliniky Bands Tntermediate Water (BTW)
which spreads west, south of Todenesiz, and soukhwsat off dusiratia below the 2TH at
depthe of 1CPD-14CC m. The high salinity Morthwest 'ndian  Intermediate Water
{NTTHY lics above the RTW, 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 Antaretlc  Hottem Water (ABW)  from  the Antarctie
contincnta! slope, the Nogreh Tndizn Desp Water (MTONY}, the Morth Tndian Pattom Water
(HTRMY  and the South Tndian Deep Weter {(STEW), The CPDW flpws eastward between
£3="5%%% and {5 fairly warm. Tt enters the Tndian Ocean at 7573 gnd 200 below 2000 m
depth  2nd reaches I0-2775 and "C-45%"E. Tt 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  115°F, The
NTIM  forms in the Arebian Sea From the highly szline Red Sez waters and
moves eack and southesst. Although the temporaturez decreosse the salinity does not
chenge  much and the water thus sinks to o depth of PO0C-2%0 m norkth of the equator.
Between 105 mand 16°5 it mixes with the 5TV 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°C and @ salinity grester
than 24,52 ppt which occurs during ice formetion (1.5 - 2.% m thick). Tn winter, the
hottom weter 'ies ar a depth of S0C0-PCC m, &0-P0 MM from the sbelf and XCce-Tslc
m deep north of the Antarctic fone. T Lhe gummer, it sinks to » depth of 1200 m
near the she'f  end  hecmeez the  NTEW  between 16"3 and J10°5 where its
characteriarics chenge. Flgures 4 23, h and ¢ show the vertical and harizaneal
position of some of the water magses whilst table 3 gives some of their
chapacterigtics,

3.4 Tidaes

The tidea ere both diurarl and semi-diucnal with the former dominating on
the west coast of Austratia and southern Jsva and the latter concentrating on the
ezst coaat of Afries. When disturbances dum tg shelf are reglected, wvariatien 1in
phose of semi-diuemal tides are very amall. The mean range of spring tides along
the nporthern corst of the Prabion 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 cossts heve
4.5-5.2 m ranges dur to sha'iow depths. The Ranopoon spring tides exceed 7 .
In the Mozambigue Channel, values of 3-8 m are recorded and from 6-17 m slang the
northweet coast of Augkralia,

=5 Waves

Tm winter, in rhe Marthern Hemisphere, the MNorbtheast Monsoon only  ceuses
amall waves helow 1 m buk in summer, especially From June to  Pugust, the Southwest
Monsgon  generates waves higher than 7 m. 0fver the Kerguelep Tslands these have been
geen to reach 75 m heighte with wevelengths of 730 m, Swells of 7.5 m  in  height,
.Y m in length and Y4.% seronds in periodicity heve been recarded in the



Table 2 Characteristics of Waters Epntering the Indian Ocsan Basin

{(Ealine Waters)

Originating from Salinity ppt Depth m Densit
Fed Sea JE.3¢ - 34.%0 600 - S00 27.30 -
Persian Gulf 6. 10 - 35,00 IG0 - 400 26,40 -
Horthern Arabian Sga 36.50 - 35.00 1060 - 200 24,90 -
Arshian Sea 36,60 — AL.z20. O - 100G 23.80 -
BEquatorial Indian Ocean 35.8Q - 35,20 0 - L0 23, 00 -

From: The Enéyclcpaedia of Oceancgraphy
E. W. FAIRBRIDGE {196h)
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Figures 4
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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
Adntarctic Intermediate 2.2 33.80 2T.2 -
Formed from
Antarctic Intermediate 3.4 - 4.0 34,20 - 34,50 200 - T00
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 1.3 - 1.7 J4.74 - 34.76
Antarctic Bottom Water -0.9 - 0,0 j4.66 - 34.8659 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 Arebian  Sea.
Low salinities Bre recorded 1in the esstern side of the eguatorisl zone &t the
trensition between the Southwest Trade Winds and the mohscon, end extend south to
1695 {aee fig. 5 &8 & bY. Tn 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 fresh 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]inity and temperature and show a_ low
denaity area between 02 end 20°5 {21g/cm™ ) end off Jeva mand Sumatre {21.5 g/cm™). In
the §nuthern Hemiaphere, summer surFace denajty velues decreawe northwards from 27
gfem” et letitudes 3%-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 eaatern halF at the ‘same
lgtityde dur to the oreen circulmticn pettern. In February, the Sputhern
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 zmeen 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 f Somelia, values bBelow
Z5"C are noted between the Somald Cosst and the southegst coest of Arebie. In
November, thw surfece tempersture 13 near the ennual mean and north of 1095 the
range 18 between 27°C amef 27.79C only.

1.9 Pressure

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

.10 flimatology

The climete in the Indien Oceen fres ie  influenced by end 1nfluences
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 Jenwercy end north of it, on the Asistir Continent, in
July. Thie divides the Marthern and Seuvthern  Hemizpheres  into distinot
meteorcloglical provinecee. The winds in this ares undergo a complete =hift hetween
January and July resulting in the Mortheast Monason 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 aummer causes wind syastems aver the Nerth Indian Oesan
to blow from the southwest whereps in winter, the portheast wind comes from the
high pressure zone over the Tibetan Pleteau. Pressure and tempereture patbterns owver
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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 uly in the middle and high Ystitudesz 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 wmest of 7P"E.  The northern
winter iz eca'm wirh an pecasionz!  Eropiral  cyclone arpupd 1095 and  PS°E-95°E
arising bebwwoon November and  fpril, ™n the Sputhern Hemisphere, southwzee' from
1995, starm winds are sean more frequently,

Cloud cover is highesh Huring the Soutbwest Maonzoon in the MNorthern
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 rorst of Tomadiz and  south of the PArabian Peninsula. This
vunensst 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 Morthepst Manzoon
trangports  dust  from the HRajostha 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 m 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 rthe 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 17051500 and
perticular!y off the west roast af Mustralis, it is fairly doy with
precipitation below 5T mm., The equetorizl 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 rainfail in  the
wet  areas pccurs  10%T tp 7575 berween Decembzr and Febrowcy and from S°M o 1095
brtween  March s=nd pril. Thesr maxima accur during the narthern supmar in rhe
wostern side of the Poy of Bengal whereas thers ieg heavy procipitation durimg most
months in the wettest ores hetween 3PN and 1095, east and weat of Sumetra.

Tn winter, when the sun's eltitude is highest in the Taulbern Hemisphere,
hest  1s prﬁvided in all but _rhe rwoiciecn-mest parts of the ocean. The maximun
heat gain reaches 17 keel Fom® per month in Ehe 405 area, decreeses to the norch  and
ig rero sround 1F?S in the south eaustarial  current where cvaporation is
strongest. T then incresses agsin to vesch & keal/om per  month at _ 5°h
hecoming negative  north of 4"N and reaching = maximum heat Joss of 6 keel/om™ 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 4% 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 maximuom Yies over the Pgulhes Current a2nd covers the
Southeon Hemisphere, whi'le aress of heat gain occue morth of 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 JMave sl Madeosscatr. The hest gein ares north of the equstor sterts
increesing  egein in Auguat whilst rhe gres of Targe hest Yoss lies southwest ofF
Trdia  Movimiem hasok lase in rha Basdbhass Hamianhanra accine ar shaok 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. WMaximuem beat gain 'ies around 65°5 and 8 zone of weak heat gein 1s seen
between Fanzania apd Sumatra, Tn the Eay of Penga! and Arshisn Sea the soubhern parts
ghow little heat 1losz whilst _the northern parts have large  heat gain.
Differences between 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, Yelpw which s=ezsonal changes in tempersture are negligible.

.11 Geology

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

The bed of €Ehe Tndian Ocean has Five distinct  Ffestures: the Cgntinental
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 canyonz mack 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 1:4C 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 Sumstras and Jova forme a  boundary for - the
Yndian feepn  between Burme and Buatratie. The oceen basin floor i: noticeable For
it"s abysse? plaina, These Flet surfeces have gradients from 1:'C00 ve ¥:700C with
ocrasionks!  pesks, ™ot 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 Plateau, the
Chagog-Lacesdive Plateaw and the Minetyeast Ridge - the lomgest and stratghtest
ridge yet discovered. Tn adtition to Ehese north-sauth punning mierccontinents the
more  east-west rreending PBroken 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 swost conspicuous  feature of the Tmdian Doean éantrasting
wich the smooth continentz? rise an? Flat  sbyssal pteins. Sterting from the
Carlsherq %®irdige in the A4rsbisn %es it is thought 1o sepsrate twn distinct crustal
regions. Along its axis ie found 82 seismicelly active rTift walley which is
cut by several frecture zones, of which, the most prowinent are the Owen,
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Figure 10: Sketch illuatrating the theory of continental drift
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The petaglc sediments of the Tndian Ocean Floor are made up of red clay,
which covers 25% of the tota) erea ( fig. 12). Calcareous onze covers 54% af
the acean flogr and diaton goze 20% ofF the sree ocourtng in localized patehes.
Red elay is eseen between 109N and 40"5 in the esstern ocean, sway Ffrom islands and
contirents and- right wp to the continental riee of West Australia, owing to  the
semi-arid nature of thie region. Towards the tropice the red clay merges with
rediolarien aoze, Where the depthe ere net excessive in sreas of warmth  end  high
productivity, bekween 20°N and A0%, calcsreous ooze mainly CGlobigerina
species is found with pteropod domineting im =ms)l  patches of F North Weatern
Avetralia, Diatom oo0ze im seen mainly in the sub-polar cegion beyond SC%5.

Yerrigenoua sedimenks, meinly keolinite in the tropics]l areaz, are
Found close ta 1end. Tn the mid-orean voleanic aress, lave snd aph accuomuisticns with
occesionel fine tuffs  and  pelegic ocozes are Found. The zeclinite mineral.
philippsite, i1g characteristic nesr marginel vpleanic zones. Coral limestones are
geen occasionally. fMear the circumpoler belts, melting of ice Floes ard
iceberga provides fine ond roarse tiltite sediments uwp to 500 km north af
Antarctice although deposite heve been seen &8 Far s 7000 km north of the
continent. Tn the weatern Yodian Dosen, 15%"M tp 2078, coral reefe end bintherma)l
fecirs are seen. These are not zasociated with submerged volesnic consa  but
with microcontinent type mid-oteenic submerine platesuva, Tn the northern poart of
the Tndian Ocean, transport of sediments cccura by turbidity currents, wvolcenie
action gnd submscine &)umping.

.0 MARIME CHEWTISTRY

Ixygen content 18 usuﬁlly large st the surface a&and  incteessa with
decreasing temperature end hence the surface layer of the Anterctic region ie

-richest in oxygen with velues mbowve 7.5 w!/1., The northern Indien Ocean hae

low oxygen values which can reach es littls es < C.03 ml/1,

- This oxygen rich water is carried north by the Subtroplesl Subsurface
Water, the Tntermedinte Antarctic Water and the Aptarctic Bottom Water. In the South
Eguetoriel Current the oxygen content of the JOC-FC0 m layer is less then 2.5 ml/f]

.due to the atpbility of the serfoce whick prevents oxygen axchenge at the pea-air

interface as it hags ne contect with the etmosphere. The Morth Indian Deep Water is
poor in oxygen and forms an oxygen minimum lsyer between the oxygen rich bottom and
intermedinate watet mesaes down to §0°5.

Biological Cxygen (oneumption rates estimsted in different arees of  the
Trdian Oceen show the center of the Morth Indien. Deep Warter, from EGL-12(C m, to
hove the highest consumption rate at 1.5-2.0 ml/l. The  biologiea’d  oxygen
consumpbion  rstee of  ='1 esquatcoriel reqions, 10C-C0 m deep, the PAntarctic
Shetf, C-40T m deep, and the HNorth Tmdian Batkem Water more than 20CC m  deep
were vatued at '.% ml/1, C.?7 m1/) and 0,04 m'/] cespactively.

pH diatribution determinstion was carried out for some regions as seen
in teble 4, The Anteretic Syrface Water ghows o  low pH  due to cessation of
photosyntheaia in the early winter (May). pH veslums of the subburfece and
intermedipte waters depend o the rete of oxidetion and the supply of carbon
dioxide-rich wetera. Deep water pH values gre affected by the disesnlution of



i 7 “I'l
sediment g ,arﬁ" ay
== 7 SN S
< / PN I\ N
!/
:‘\ ii:—iiularian / / / d rd /i\ / / \.. .
A4 |
\\ 7, s prd - <
/ | / S [
’ 7/ vy
%. , /\\ AN
/- e
-" SR\
. e '
;/; 7 ’ //‘\‘
/./f /0,0
s < (=

Figure i2: Sediment distributign



- 25 =

Sherp incpeasea in pheoaphates 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 unjiformly poor =ilicete walues of 5-I0 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 smatter occours. The maxisum
valum in the wupp=r layer af the, sub-tropical convergence in the
Subenterctic zone was 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 Equateoriael
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. .

Drgenic phosphorous velues averaging O.70-C.%C mg at/] were found on  the
southern baundery of the South Equatorie’ Current, the Equatnriat Mvergence and the
bourdary between the Countercuxrent snd the North Equetarie] Current, Mexima ia the
vertical profiles sy st 16CC m probebly a2 & result of the salinity mininme of the
Antarctic "mtermediate Woter. Comnditions of some weters of the Indian Ocean mey be
gseen in toble & and figs. 17 a and b. '

5.0 MARIMNE RTOLOGY
9.1 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 temperste
marine Yife, the majority of which is concentrsted around the coastal regions.
fhe tropical Indien Ocesn is considered the richest in shéllow tropical merine
feune. The lerst preductive of the opesn areas is the scuth centra! Indian  Ccesn
which is aligotrophic as rompared to the rest of the oecsean 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 mAximisn biological wvee to men is Fouwnd
in the rontinenta! shelf erea. The islends have voleanic and coral bype reefs.

Tra Arabisn Ser has the potentisl of heing en  exceptionelly Fertile ares,
rgpevially  during tha #outhwest monspon, due to upwelling induced by wind
streas. Tn the Ras Hafun aree, upwelling results in weter rich in muteients with
tempergtures well be'ow 20°C but lacking in the ferti'ity spperert in more stable
upwellipg aresa. Turbulence results in replenishement of mtrients and waters rich

- . P - - - - -



Tehle 4 : Conditions of mpme waters af the Indlan Dcasn
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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 Honeoon, with
Itz beavy rains, caimes an increased Flow of fresh weker from the rivers with
an ineredsed 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 palinity 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 ta the Arsbian
Gen. '

Gentle downwetling in parts of the Epst Africen Coesk  around HB‘H)I;I 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'sa greater in the northern perts of the
Bay of Bengsl and the frpbien Sea and off the Indian Toaet st Goa. :

Detritus is found in targe guantities reer the cosst and is especinlly
abrand etk near the river ooukhs e to run-off. The increased guantity of
organic matter sccounts for the high backeriel countg found in the narthwestern
pertes 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 wmeesured as & rete of epergy ostersge, and
standing crop es mpergy present at eny given rtipe, the two mey be compered to
obtein £ general view aof primery production. Primary producktion veluem can
indicate the fertility of wvarious regions of the oceen and the variationm in
productivity with aeagon. Th general in the nocthern Indlen Ocesn, the Southwest
Monsoon  period ie more productive then the Mortheast Monsoon perioad, In the Morthern
Hemisphere, Tor examp'e off the East_ Tcast of Somalis during the Southwost
Monsgon, production is - 1.C 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 Arebian Ses 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 -7 million tomonew wet
meight per 5% agusre during .iwe Mortheast Monaoon perind.

Irichodeemiuvm erythraeum is a blve-green alge endemic to the Indien Ocesn
snd often causes bloome where nutrient-rich waters ere found. Sons "Tndian Doean
blue-graen counte sere tvecorded in tabhle &) Spatis)  distribution of  some
phytoplenkton are seen in teble 7.

e
B



Table 5n ¢ Primary production in different waters of the Indian ¢

AVERAGE
FRODUCTION LIMITS TOTR
TYPE OF WATER in mgo/me | in mgc/m? | AREP

par day per day 103k
OLIGOTROPHIC CENTRAL SUBTROPICAL 70 100 1§
|[TRANSITION AREAS BETWEEN SUBTROPICAL AND
JSUBPOLAR REGIONS,. PERIPHERAL REGION CF THE 140 100 - 150 2
EQUATORIAL DIVERGENCE
EQUATORIAL DIVERGENCE

'y - L}

SUBPOLAR REGION 200 150 = 250 1t
COASTAL UPWELLING 340 250 ~ 500 p
MERITIC 1000 500 i

From: EBrimary Production in the

d. Erey

{1573}

Indian Ocean
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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 Primary
to the Secondary Level, D. H. CUSHING ({1973)

Table § : Bive-qreen algal counta

ARER NUMBERS

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

SCUTHWEST INDIA " more than 100,000
ARAREBIAN 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

geographical reqions of the Indian Ocesn

Asca Predominance Secondary Doeminance

1. Comu] upwelling areas Dizioms DGirflagellares,
a Sowrheen Arabia, pardy Bluc-geeen abgac
b, Western Ausmalia,
<. Induonesia

4 Cemoral Arabizn Sea and Dinoflageliciea, Driatosns, Cocolithophares
Bay of Henyal Blue.green i gie

3. Somali Currenr vegion Diaroms Dinotlagefl aves, pactly
3. HE st Rlyg-green algas
b 5 vcciirn

4. Mozambique Correns region Diatoms Dinilagellaces,

Cocoulichophares
3, Equatvaal Cuoerent region Ditwilagellates, Diaroms, Blue-green algse
Cncenlithophores

6. Sourthern subrrapical gyre berween Dinoffagellarcs Coc o who phores, Haioms
saqzhera subrropical coovergonee
and the southers repical frone

?. Wet-wind drift region Diatoms Crinoflagellaces,

Cocelithophore

4. Antarctic gyre up m the Disroma Dinoflagel] ares,

subardanctic COOVEr e Loecolithopires

........

From: Primary Production in the Indisn Ocean, 1. KREY (1973}

Table B : Counts of total sbundance and percentage of chaetogneth
species found In the Argbian Ses

Spacies Total Abundance Percentage
Eukronnia 7 negligeabls
: Xronnitza 4,827 1.3 %
Plprogasitta 48,3139 5.1

i Raritra } a1 1731
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5.k fooplankton

The copspod papulstions fallew a trend of ipcressed nuwbers in the
northwestern regions, They are ssapciated with productive watere. Amphipods are
Found in Yarge numbers in the southern centra?! end central?  Arabian Sea. Fair
nmbere ere  Seen in the east end west southern Trdian Oceen in the equatprial zone,
The Somsll and Prabien coesks bhaye a high density of amphipods and the Bay of
Penget has 8 high concentrakion in its northern part. Increased numbera ere
noticed in upwelling regions, in greas of river dratnage end &t night due 1o
vertical migration, Euwphsusid concenktretions =1ao Follow 3 skaflac petreon.,
Tooplenkton  voluges ade Wighest in the frabisn Sea with valuss oF 54,7 ml!n2. [
oeneral idea of the different speciea of chaetogneths presant is shown in table 8.

Detritus feedera are dominant nearest the surface follawed by aeston and
predetors. At o depth of 20C wm eeaton feedera  become dominant.,

14 gpecies of Hydromeduoae have beesn recorded in the Acebian Sea af  which
& were also seen in the Pay of Pennal where they kolerate low salinity, Half of
the speciea present there sre neritic. "nehore end In upwelling areas, their numbers
are tow, the greatest nmbers coming from the boundary zones end disconbimuity
'ayers pnd where there is a 1eprge food supply. Tome desp water species are also
pres=nt. The deminant species found pre  PAglaura hernistoma and Lyriope
tetraphylla. These are werm water, boloplanktonic, oceenic, surface species.

5.5 Penthos

Berthic biomaszg generally dertesses with increaming depth. The sbundence
of benthic orgenisms iz linked with the presence of food. Areas rtich in detritua
and phytoplanktpn pre favoursble to colonization by benthos 85 these regians
are rieh in nuteients. Phytopl apktbgn maebers pre At e minimum et the tropics with
higher densities towards +*he twe poles, The benthes is  thus richsar in the
temperste regione neer the coest. Some concentrations of benthic organisms  ere
listed in table 9 and thelr cpatiml diskribution is shown in figure 14,

The mefor perr of the benthns consiasts  of  polychaetes at depthe,
Crustscea and Tenaldeces are common in shellow regions and sponyes are Sa2en at
great depths along with echinoderms. Molluses are not very comnon.

A few cumzces have been noted near the cossts of Gujerat end Southwest
Tndie. The epecies Ttecorded include Synpo dammatide, Bodotriide spp. and
" Lerconide sSpp. Specimena of cumacea have @lap been Been in the  nearshore  watersa
off Pakisten, Tndia and Egpst Africa. fumscea are usually rere in open waters
and are present in waters of low oxypen content. Compulespis spp. heve been  Found
at grest depths ofF Madagascer,

flivers corry pollutonts and detritus to the mes, sometimes in the form of
nutriernts. At the point where Ebese rivers flow oaut nutrierts  enrich  the
waters and this often leads ta some cuttophicetion, The effects of this river
diacherge and run-aff on the Fauna and florc is very localized. -

5.8 Representative Biotopes

The major ecoiogice! systems present in the Tndien Dreen &re the cace? Teefl,
corel -free/inter-reef areas, manorove swamps end open ocean. The Somali  vowallina



Talle 9 ¢ Numbers of benthic organiams found in some regions of the Ind

AREA HUMBERS

NORTH ARABIAN SEA more than 500 gjmz averaging
ARAB PENINSULA 15 - 20 to 3 - 5 jup to Mozam
WEST COAST OF TNDIA 2% - 30 to &

BAY OF BENGAL & ANDAMENS 0 - 10

COASTAL TROPILS less than 10

GANGES MOUTH 4215 .

OPEN OCEAN less 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: Some Patters of the Distribution of Bottom Fauna 1in the Indiar
A, A. WNEYMAN, M. W. SOFOLOVA, WN. G. VINOGRALOVE & F. A. BASTER?
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Figure l4:

Giskribution of henthic biomass in the Indian Dcean
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5.6.1 Cora' Reefs

One of the main focii of macine Vife in the tropics  is  the corat reaf
which extend ®n g depth of spproximately 15 m. The eorsl reef is made up of
calcareous chkeletons, living snd dead, ontp which coral polyps are attached, Tn the
shallow reqgions of the coral reefs f%-7 m ceep', the substratum iz mede up . of sand,
rora!  end encrusting a'ger and colonized by engiosperms &nd. turtle gress. The
20°C isotherm 18 8 rough indication of the lower 1imit ofF eoraliine growth.
The numbers ©f coral genera present in certsin  gdecignated arege iz shown in
table 0 anl  the corresponding diversity contours are ghown in Flg. 1%, Tn
Mozambinue, most oFf the corals ece found in the north Ffrom Preimeirsg Tslands
to the Rovuma amd are rich In nperitic wolluscapn Faune. Theae aress support
commercinlly  importent fiph  and  ecrustacean. The shel) f region to 2 depth of 120 m
has mainly corel rubhle in it but some founa ts present.

5-8.2 Mangroves

Trhe egtuarine regions of post  rivers of the area  have pwtensive
mangrave  growths. Mangrove vegetation extends along the coasts of Mozambigue,
Tanzeniz, HKenys 2nd the 'southern part of Somalla with some mangrove forests
found in the Morthern Madagascar Coast. Tn Indie, an area just under 7CL,T00 hectares
iz covered with mangroves. Rhizophora mucporata, Avjcennis officinalis,
Snnneraktjz acide snd Fecoeccing agallachra are the dominent gspecier present., The
mengrave area is economically important for Firewood, tanin medicinal products, pulp
ardd paper, tiwber and asguaculture. They are 8lss importent spawning, nureery
and  feeding grounds Foar commeccizily  important Flah end she'tfish species.
Oysters, mangrove cfab, mullet end pengid sbrimp are found here. The mangroves
have & distinct erologicsl charzcter of their own, Due to heavy demands on lend
a lsrge number of mangrove arees are being cdeforested, This  aBctivity cosbined
with ailtation im seritusly affecting Fisheries end environsental cenditlons
in some of the cress of the region,

.0 FISHERIES
6.} Tntraduction

The Tndian Ccemsn contains betweer 300C and 4aCfC species of fish., The
dugorn or =ea cow is an aguatic memmzl peculipr to tropicel warers. The numbers of
“threoe animels are on the dectipe 23 are those of the sea rurtles,

The western snd  eagtern extreemities are  Ffairly  distinet in  gpecies
composition with kEhe Prabien Ted being a!ight‘i more praductive than the Bay
af Bengal.. Due to ereas rich in chlorophyll, mutrients, organic production and
zooplenkion, hbiomess shou'd sustain large stocks of fish. In the countries of
the Indign Ceesn, figh Forms ap imporcant spurce of Food. Fisheties contribute in =
major wny tbp the econcmy of the majority of these countries. Mpst fishing methods
are Fair'y gimple, and fighing by ‘targe vessels using advanced technnlogy is
somewhat pestricted tn the foreign presence in the area.  The main  epecies  of
Fish found 1n the Trdisn Ocesn are Visted {0 tables 17 and 1%, The distribution of
fish larver in the Tndisn Meean {8 shown in fig. 1€, -

Compering potential yie'd walues estimsted in 97T with actual ceiches
in 1979, the Tndianm Ocesn zres BYiT] appears tu be underfieshed (see tebles 14 2



Teble 30 : Distribution of reef coral nenera in the [ndian Ocesn

_[nus. of genera)

- 3 -

COUNTRY SURFACE 18=-%1 m g91=-146 m 145- m
MALDIVES 54 49

SEYCHELLES 53 27

ALDABER - GLORIOSO 11 29

EAST AFRICA 47

MADBRGASCAR (southwest} 44

MALDIVES 40 17

CHAGOS 40

MAURITIUS 40 ) 1
SRI LANKA (sScuth) 37

MERGIN a7 1

MCZAMBIQUE ({south) 35

MINIEAT 34

SRT LaNKA (north) )

INDIA (socuth) ) 32 2

ANTRANTES 31 13 3
COCOS-KEELING 25

ANDAMANS 24 1

RODRIGUEZ £l

MOZAMBIQUE (north) 19 i

MADAGASCAR {[northwest) 18

COMORO ISLANDS 18

FLORES (scuth} )

TIMOR { west) ) 13 8

SAYA DE MALHA 13 12 L
AQABLA 1z 1

FAROHAR - PROVIDEHCE 9 S8
CARGADOS CARAJIOS G ! &

LACCADIVES 9

REUNION 5

NICOBEARS 3 !

SARVAOUIRAH BAY 1




Table 10:

Intian Dcean [(no=. of geners)

Pistribution of reef coral genera in the

COUNTRY SURFARCE 18-91 m ’I']..—j.-li m 146- m
HALDIVES 59 'L

sEYCHELLES 53 17

MALDABRA - GFLORIDSO 50 20

EAST AFRICA L%

MADAGREC AR | Foubhivest) 41

MALUIVES a0 17

CHAGHSE 4l 3

MAUETTIU: ad L
SRL LasRA (aoukR) 37 1

MERG IK a7 1

MOZAMBIJUE (goukh] 15

MINIRAL L

sRI Lamga (northl. 1

INDIA (sDukh} ] 1 1

A IRANTES 1l 15 |
COCOA-KEELING F4-]

AHDREMANG H 1

RGOALGLEL il

MOLAMBIHIE nockh) 15 1

MADMERSCAR (mortliwest} 1B

COMORY ISLAaILSE Ln

FLARES (sauthl] 1

TIMOR | wesb} i &

ahtM DE HALHR 11 12 I
AIAER 1 1

FARBGUHAR = PROVIDELICE | 3 T 2
CRACADOS CRRATOS 9 S

LACCADIVES ‘[ k]

REUMTOHN E

HICOERRS 1

SAVACHI AL BAY i

Fiqure 1% : Corel d¢i:
Indien Th

. Bioel oral repards and di
line o, Tabls 1. Bymbols : *—locality d
L96E. Huffixed pumbers give locality 1

Fromn: Ll
B.

From: Biolagy af O



Teble 11 : Some species of algae found In Kenya

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

Bnecies

z

SEarins

k|

4 5 &

® s on -t

o

M

-

»

e

Rhednphyrrac

Acracystior nnne Fanarding

Avenrnsie mowieran O Ag,

Amimiiram frapiliseime {L.Y Lamoymugs
Awphieor rigifs Lamourgux
fizstevehi wivairs Mondagnne
fheetteve i tenedld ivabdy 1 Age.
Cadmiatyr Sypricecif (M0 0, Ay,
Cutrphrpriris rocad 1 Larve y} Selnmilr.

Catrnetla puntia (Crnndenaneh & Woodw ) Cirgy,

Crnlrursret Flaafntgne tf_'..ﬁ.g," hMuninene
Cevamirarr beevicoerafum Pelersen
Cramner snbopii | Fwsony
CEranyynt betfwii Pawan
f"lr!mnin e, orfs A anarc, y Menek
Chetronic Parnaia I A Dharegy
Chodtedeiu cronein A Menmurg
Chondrogocris harmesi 1. Ag,
Chongracorsie iaeneeianmi 1xngh § Sehminz
Datvu plangiioe Sensder
Ledngiphania cloernn {Woliny) I'afkenberg
Cralryxeywea ofiriener TEIL & Soflt Lamioiranx
Gl vanira teaprer Kjelimian
Galergera whverdcifion KjstHman
Credinlielin wrermse tunsk, ) Feldaann & Hame!
Giedidiela tedul vivie Feldmann & Hanel
tredicfiurns of, Aedorpfotes Mitgecn
Gracifana covticair 1. Ag,
Cracilarte ferpuronid [ Ag,
Grapifariz safirarnis (1 Ap] [Mawson
Criffirasta fompfs O, "“-ﬁ
Haliprulon subulata (E1, & Sulb Johanaen
Halyrenia veensti [iirgesen
Fvprea cowhinded tlamowe } ], Ap
g;'pm-a exper Bary .
HJ'pm:r Aopdbare (Turn ) Montagne

e mnrcifareny (OWoll) Lamourogs
H}'pwﬂmm-m I. Ag.
Janix anferenr Lamourous
Lwrercia Mrevniedi Yamada
L oarenieia papiftace {Forsk, ) Groville
Leveilieet frosereppminides (Mert. & Her) Harvey
Lingora maoritioug Borgesen
Lophoxinfmii roplahionds (Suht) Tasurad

oafl s,

Podvsi it revasicedlic Risppesen
Spyridir Avpraides (Tinry) Papen ey
hpyridie filmnrnto oz [Wall) [arvey
Fonudardia comampce (Decnisng; Ahboit

MR W M bt

P HORC WM

Mt
EE

)

k]

E A S

x

X

Species
Phacopliyerar

Cvtloscira vivriea [Greliny . AR
Crstoncire drinendia horsh 3 O A%
L vt ol pardilyy Kaming .
Dipt prvtas Burrraveesin Lamanros s vick
% fetoearpus odnrartomde+ BOrpesen
Hd 2hries elathearies [ Bory ) Howe
Fodiaa bprygmg Ty (= P, eerareicrsenil Be
Fadfing g reemasone (K i1z, Yickers
A Norgatani aipifofime i Temd 1. AL
x Sorpessin ef binderi Somder
Surgaynun? dupfirotan ). Ap.
Sarearme ieifodion (Tyre] 1. Ag,
Sargas taer 2pp,
SR ik @SN ), Ao
Sphugrdovin sp, ¥
Staechnppeentmmn svarginainm A0 Mg Kotz
Twrbfngrie yenoides (). ) Kitzing
Trrbinrria decarrems Bory
Turbirncia kemveensty Tayior

Chlorophycene
f_':nufe'rpﬂ Serstiarctie Mantagne
Cwdevpe srrwdess (Forsk,) J. Ag.em, Borpe
Chactammrphie croswe 42 Ap) Killzing
Chbovpedeninis famigiare (C_Ap.) Drucker
% Cindophorapsis sunduncrsiz Reinbeld
x Lodiwm dworkrmse Birgesen
1 Codiurr goped Schmidi
Dictyasphacriz cavernasa {Forsk ) Blizpesen
x Enicromprphis §viind Bliding sersu Davwson
Hafimieds disea'den Decaisne
Halimzda iierassare (E1) Lamouroux
Halimedz waerafoba Decaisne
Helfiede openiia (L) Lamourous
Halimede renschif Hanck
Ut fasciara Dlite
= v pulrdrg Jaasuesd
Utar reficulore Forskasl
Uiz rigida C. Ag. T 1ropica

Notes on Littoral Rlgae from Monbasa, Kenya

J. KHNUTZEN
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Table 12 : Presence of different species of marine organjsmg in variocues
ecoaystems in the Indien Ocean

Species

Boat channel
20 = 100 m
Coral Reef
160 m
Meso/Bathy
Deep Ocean

Lagoan
Reaefs
Shelf
Coastal
Pelagic
Small
Schoaling
Large
Schooling
Coral Resf
O=-20m
Coral Heesfl
Mangroves
Epipelagic
Felagic

Other

Siganidae

+

Mugilidas

*

Lethrinidae + + +
Lutjanidae + + * " +
Mullidae + + + *

Scaridae + +

Labridae +
? tlemiptexidae + + F o+
Acanthuridae +
Sarranidaa + + -
Carangidae + + + |+ + + | + + +
Clupeidae + + +
Scombridae + + + + 4
Sphyraemidae + + 1 +
Leiognathidae +
Rachycentridae +

Trichiuridae 3 +

Synodontidae ¥ +

Sparidasa . ¥+ ¥ . 1
Engraulidae . +
Mrctophidae | +
hpogonidae +

Dicdontidas
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Teble 12 {(cont'd) s+ Presence of different specles of marine organiems
in verious ecoaystems in the Indisn Dcean

" 1
F ]
Species I 2 1] 4 51 % 7 a8 | 9 0 |11 12 13
5 Sepioidae
i Sepiidae
T
T Portunidae
. Penaidae
|
A Chelonidae
|
: Destraidae +
Paniluridas + + +
Octopoda +
Raya +
Sharks + . + +
i Catacea +
i
. Xey:
i 1 Lagoon Boat channel
2 Reefs
3 Shelf
4 Coastal Pelagic
! 5 Bmall Schoeling
2 & Large Schocling
3 7 Coral Reef 0 - 20 m
. B Coral Reef 20 - 100 m
: o Coral Beef more than 100 m
10 HMangroves
11 Ppipalagic
12 Magopalagic / Bathypelagic
13 Deep Ocean
14 Other
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Table ;3 : Fish species present and approximate distribution

Egtvaries: Papaids

Mangroves: Fendlds, mullets, crabs, oysters

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

40 metars: Scavengers, shappers, sharks, rays

Toral rubhle & rocky botrom: Lutjanids, serranids, sharks, denticids, carangids,
caesio, spiny lcbstexs

Smooth Sea Flouvr: Mullidae, nemipterus, sauridae, sparids, lutjanids, serranids,
lethrinide, sand lobster, portunid crab

mote than 100 m: Pristipemoides, carangids, panulirus, scuridae, polysteganus,
sparids, epiniephelids, sharks

Deep ocean waters: Tuna, billfish, squids, cuttlefish, sharks, skipjack.
dolphin figh, auxis, enthynnus, scomberomorus, acanthocybimn,
clupenid, carangids. baraccudas

Epipelagic: Sardines, sconbroids, carangids, scads

Megopelagic/Bathypelagic: Lantern fish, gonestomidas

- Otherg: incluode red aceanic mﬁi-ming crab, mantis shrimp, porcupine fish,

dolphing, marine turtles )

East-Wegt Distribution of Major Species

Pelagic: ©il sardine *, lesser sardine +, other clupecids +, Bombay duck *,
half beaks, gar fishes, caréngids, flying fish, ribbon fish +,
mackeral *, seer, tonny, Indian peliona. leicgnathidas

Demersal: Elasmebranchs +, eels, catfish +, tuna, perches, lizard fizh,
. anchavy, red muilet, palynemids, sciaenids +, silver bellisx +,

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

* pominant on the West Coasts

+ Dominant oan the East Coasts
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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 =




Teble 15 :

Total catches of

fish 1975 - 1579 {in

tonnea} fresh water end mar

Country 1975 1976 1977 19
Bangladesh r23,000 . 826,000 815, 000 64¢
Burma © 48%,140 501,560 518,700 54¢
Comoros Islands a,BH0O 3,500 4,000 4
India 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 £4
Maldives 27,900 32,300 26,400 25
Mauritios 7,038 6,660 7,668 7
Mozambigue 17,490 - 19,500 18,950 17
Pakistan 185,039 206,659 269,958 293
Seychalles 3,95C 4,010 4,600 5
tomalia 32,800 12,5600 32,600 az
Sri Lanka 124,601 135,853 138,747 156
Tanzania 195,581 235,194 288,084 294

From: FAD Yearbook of Pisheries (1980)
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6.1 Pelegic and Demerpal Fish

The demerssl fish cetches are rich In northwegtern parts of the Bay of
BPengal but pelagic flsheries are negligible in comparison with those of the Arsbian
Sea. In the Bay of Bengal, the wajor part of the catch taken by Burme iz meinly
through the use of primitive craft with simpls nets. Mechsnimation of the techninues
using pures seipes and side trewlers ie, however, becoming wore prevalent. In the
latter meonner, mackerel sare cought off 5pi Lenka, the Heldives and Bengladesh, of
which the last hes the most primitive fishing methods. Trdin and the Meldives are
nett exporters of fish wherses Sri  Lanka etill imparts some of her needn.

) On the East Africen Cosst, the trawleblec ground 15 fairly wnproductive.
The potential ¥ield is probebly 1C,000-20,C00 tond. The most common fish appeeting In
the trewls mere Cerengidee (scads, horae mackerata), Lethrinidae {emperoccs,
scevengers), Lutjsnidee (snappera) end Serranidae {groupera, bassen).
Scombrojidee, Gtoo, 18 fairly coewon. Elazsobranchs (sharks, rays) compriae an
importent part of the cetch. Cora)-free aress suych ss the Morth Medegascer end
North Kenye Banke, the Zanzihar and Mafia Thannels, the Somali Coset end the Sulf
af Aden are important es traw'ahle grounda. '

Large tuna such sm yellowfin, bigeye, slbocore wnd #ovthern bluefin are
the moat. heavily exploited pelagie flsh witrh WO, ICC-1C,0CC tonnes being
coptured, whereae gkipjeck is lightly explolitrd mostly eround the Maldives amd
i Lanka. Pillfish stocks are overfiched by longline techniques. Exploitation of
other specic= brg not been sseessed.

From Mogediecio to the Trdo-Pakistan barder, purse seining for schools
of herring species and scnd is common. OFf Pakigten, in the '[-C m depth leyers,
anchovies are found in asbundwnce eapecially from the find coasat of Pakistan to the
Ras Hafun-fas #air cosest of Somalie. Cat fish {Ariidae), anappers,
groupers., heirttail fTeiehjuridae), croakers {(Sciaenidae) and geunt (Fomadasyidsel
sre en important part of the demersal fish community, Tn Wenya end Tenzanie, fiehing
is still meinly concentrated 4nlend. The  ¢oastal aress are  poorly fished

.probebly due, in part, to the poor figshing technology existing at present,

£.3 Hesope! agi.;_,- Stocks

Proliminery csleulstions show epproximetely 2 million _tonnes of mesgpelegic
fish to be present with meximom concentretions of 1G-30 ¢/m° juet off the ghelf
from 15C-TF'M m deep., The cetch rates are highest in the northecn Arabian  Ses
with Myctophidee and Conostomidase being the mein speci=s fourd. OFF Pakisten
oree Finda mainly Penthosem=2 pterotus  followed by B. Fibuletum, Disphus
permpicilistus and D, watasel. The species composition is wore diverse further
south (see Fig 17 ond tebles 18 & &% b). In the eastern TIndien Ocean,
Cornscomidae  (Tyclothone sibe end Gongetoma elongatium and Myctophidee (Benthgsena
suborbitele and  Diogenichthys atlations} are still domirant, The Arablen Sea
seema to hold the lgrgest stock of assope'agic fish of the world but estimetes
vary from 60 wilTien Lo 150  millisn tonnes whether due  te  naktural
Fluctyakions in the gtock size or sampling varietion, '

Fish larval counte are 251"!112 for East Africa, 2?!!12 in the ppen pcean Bnd
'E'fmz on the Indien West Coast which were sompled using shallow neta. from Cepe
Gusrdefuil to Monsbesa, a Ysrge verlety of ecarce Figh larvee are seen {175 =pecles),
erel these are possibly coral fish 8a there is o nerrow she'f here, ege Tiab
were mglnly men-of-war Figh, cerdinal Ffish and lantern fish (?F latvee/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 [q,’mz}

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&-lﬂ:ftl

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

Total




Teble 17 : Species collected in the larval atate in different
coastal reglons of the Indian Ocean

Saudi Arabian coast
Bﬁmbny aml - Ratnagiri coml

Sooth west coast of Indin

Ein coast of Imda
(of Modrma 1o Oriz)

Rangoon coast

South of Anduman, and
amund Mizebar Islaods

Arca Speciex
' Somali cosst Metapenoropddy waderanenyis
Ptigeopyly reciocuts
FParapdmarus 3p.
Fenatur sp.
Gt of Aden FPenaeopris reciaculs

Metdpenaeur dobseni
Fengeur =p.
Metapenacopriy andamanersls

Metopwnasoptis coniper
Pendeopris rectacula

Metopragens afimic
Fenardpsis reciacuic

femaeopny reciacuia
Farapencens 3p.
Metapenaruy 20p.
Metapengropsir arndarmenenss
Praarus indicus
Frackypemarus cunvirosris

Fenaeapsic reclacufa
FParapenaeus Bp.
Melapengeapiis andamanenns
Melapenseus spp.

Penueus indfens
Purapenneppas  sp.

frracus spp.
.'rfrmpxm-;.—; o
Fenacapriy rechstura
Paropradens .

Penpropsis rectacken
Metapeneapsiz spp.
Fraoras 1,
Mriapemarus sp.
Parepeaneopris sp.
Trochypenaeur 3p.

From: Abundance and Distribution of Penaeid Larvae as an
Index of Fengeid Prawn Resources of the Indian Qcean

V. T. PAULINOSEE & M.

GEORGE (1976)



- 50 -
6.4 Indig

Tn Indie, with a coaptline of 5650 km, the major fishing ground lies
off Kerala followsd by Meharashtra end Tenil MNedu. Mejor potenticl still existe for
catches of catfish along the northwest coest; desp ses lcbeteres from the
sowthwest cosst and upper continental slope off Quilund; squid off the southwest
end southeaet coests along Gujarat and Maharteshtrs. Lsntern fish (Myctaphidae), 3
mesopelagic species providing vitemin A and sbout 110 litrms of @il per ton, are
fauwt off the Bomhay shelf and Angine Pake, Grenediers (Lutjsnidae) snd macurids ware
found off the weat coast; wwisming crsb of f the northesnst and esast cosst ond prewns
aff Knkinada,

Indiga hae extenmive molluscen reaourcea whick are rmeglected in sowme
regions  and overexplotted in others. The more importsnt species are wmusasls,
oysters, clams, pearl oyatersa, squida, cuttlefish ard sacred chank
{gastrapod). Trdian muasels attmin sexual maturity very early snd grow rapldly to
morketable eize and they ahould, therefore, be profitsbls. However, there i»
litt)es demand in India for edible bivelves, otthough pesrl culturing je visble.
Cephelopods, too, pre stil]l underfished.

Bottom trawling provides sn average of 20C kq per hour of which 24X sre
eleamobranchs, 17* congers, 14% catfish, 16% croakers and 5% pomfret (Strometeidee),
Pelagic itrawling im wost profitsble off Dwerks fallowed by Versnsl snd Goa.
Were, 074 kg per hour has been recorded (6C% horse meckeral, 1BX ribbon flsh
(Trachipteridee}, %% elaemobranche % catfish, % pomfret and 2% sels). In each
cese the remeining percentege in made wp of diverse other specles,

6.5 Pekistan

Large respurces af enchovy end whitebait (Clupeidee) sare foumd on the
west cogst. They are found between 75-75 m from October to May. From the dete of
ctuizes in 1962, the potentiel yie'd of pelegic Fisherles to o depth oF 150 wm,
wox eatimated at *-A times the= preeent caktch. Tn 197F, the stsnding atock for
demersul inshore Fisherics wam A%, 5C0C torwwee and uwp to 125 m  offshore, 4,200
tona. Ffor both, the »nnuel susteitwble yleld is setimsted to be 41,000 tons.
The inshore waters were fouwd ko be avninlted but the offshore waters were not.

G.& 5ri Lanka

' €ri Lwmks has o coastline of 1,77C b with a wids caontinentsl ahelf, The
exprecied yield is 260,000 tons. There are 1000 fiehing wvillagas with
approximetely 47,MC fishing households, Ouring the southwest moneoon, fiahing
takes plece on the north wnd eemt coast and during ths northeast monsoon, on the
south end west coasts. The Fighermen migrste to obtain maximum Fishing time. 30-40 km
offehore, roughly S0CO0 tonnes tuna and skipjeck are caught by pill-netting from deep
sea vesessls, Coaptal fisheries Form 90% of the total, with comsercisl fishing
vsing meinly beech seines and drift nets. Putes peines are coupled with light
attraction technigues to incrense cetchas of smell pelegic Fish, On the west cosst,
serdine, heiring, redbait amd anchovy are caught, but only serdine and herrimg
are ceught on the esat coast. The main period of fishing ts from Movewber to April in
the west and from May to October im the eest. Thrimp, creh  end lobater are

- - mw - —E_ 4. . d __ax al . bk L laaTiadam
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6,7 The Cemore "=lends

The Four Comoro Tslsnds have msinly rocky coastlines with & acattering of
sand  beaches, The 129 fishing villeges provide an annual ¢atch of 3CNC tonnes of
which more than 50% ls tune. The 5aya de Melha 18 one of the biggest Fishing
aress. This is meinty a suhsistence fishery using stationary lines or simple
tta'l lines close to shore, as the main transport is by szngimeless conoes. Sele of
the patch is 'ocal but good cetches are often lost due to tack of & market,

&1 Kenya

Kenya bea juBt aver SC0 tm of cooetline with fringing coral from J6-40
deep, There are sapproximately 60AF Fishermen end 10% of the boats are mechanized.
Fishing is mainly within the 2 mile zone using beach seines, gqill nets and
battom 'inez. The most productive zones ape From 23-20C m of fahore snd on the Morth
Kenye Banks, Tn one month's trawling an average of 7CCC kq shriep and )4 kg fish
mey be chtained. FRestrictions sre enforced on the expore of morine ahells and
corels. Commercial exploitation of marine turtles mnd =ea rows hae alen heen
banihed. Swimming crabe are comnon off the Nenyan coa8k although they are not
exploited. The main species of crustacea found off the Kenyen cosst is shown in
table 17. The existing Fish stock is underutilized and Kenya importa some of its
needs.

6.9 Madagascar
Yhe mejor part of rthe Ffigh pateh in Mpdegascar rcomes from the inland

fisheries, Locrl merine Fflgherjee sappear to be concentreted on the wast cosst
catching meinly shrimp, wherees offshore foreign vessels are dominant. Prawn

" larvee ore located nearshore and apen waters auppott few variat_len. The biggest

shripp fisheries, hownver, occur in Fadegascar emd Mezambique and ere fully
exploited there, )

[

6.1C Mauritiug

Mauritius has & fringing coral resf which slopes ta 150 m  deep. There
are over CCO fishermen wusing weinly basket trepa, linea, drag seineas and gi'l
nets. The lagoon atocks ecr constant!y replenished but  the demereal filsh are
associpted with corslline and sponge aress snd hence trawiing is npc possible as the
hydrogeoqraphy is poor for fishing, and growth and recruitment of stacks ias  slow.
Coral renfg are heavily fighed off Mauritius where crestacea are zbundant with
spiny 1obstrrs snd crob being the primary cateh, Thecre is some oyster harvesting
on the west cogast in the vicinity ¢F the mangrove swenps and & smell tuna fishery.

&1 ‘Hozrambhigue

Mozambigue has 4020 km of coestltne with a8  northern  rocky rorel]ine
20NE, centryl loamy shore with wmapgroves_ aend = souvtherly sendy zone with
conso) idated dunee. POY of the 20,000 kwm ghelf is in the centre! ares.
Subsietence Fiehing exists along the entire cosstline. There oere important pelegic
fisheriea fSofsls Pey' and shellow weter =shrimp fishecies {Mapure Pay} elong
the cosst with clupenids being found in lerge quentities in the estusries. The spiny
lobster 1& common Bt 1(P-40C wm depths from the southern horder tn the Pararurn



&.12 The Seychellews

The Seychelles ore mede up of 92 ialands with flet areas betwsen that
permit trawling. The north, wesat and east edges have coral and the northwest edge
hea asea knolls. Handline, trap and beach seine are wused cetching meinly  jecks
{Carangida=) but with fluctuationa due to adverse weather conditions and
migration. Verious cetching methods are vsed to catch different species,

5.3 -Tenzenia

Tanzanis hea ECC km of coasatline with 6-6C km of shelf. BC-90% af
the fiahing i@ artisena! uming ocutrigger cences, hooks, lines srd neta. Femba and
Zanzibar Yalands amd the shallow channels between the l!atter and Mefis  Taland
contain. eome of the wmore important Fish satocks of serdine and other Tilter
feeding rclupenids of the FEant Africen coest. 75% of the fish cutch iz swell
petagic fish end 25% demersml, the cateh being made up of sardinells,
aharks, rcays, mmall prawns, lobsters, tuna, billfish, kingfish, gtroupsts,
barracudes ard snappscs. About 7000 individual fishermen exist vaing purse seines,
glll rets, traps and hand lines. Stocks ere 3till underfished.

6.14 Somelia

The Somali coamtline hag good Fimh resources north of 159N buk the resat

s Ffairly wunproductive. There ecee comnerciatly vieble grounds for tune Fisheries.

Mackerc! is sn  tmportant apecieo elong the edge of the continenta) she!f 5-10°N,
The mortheest coeet haa a Ffairly high sbundence of small pelagic fish: Tndisn oll
sardinelts, townd herring nand scad. Some expart of dried end/or salted Fish to
neighbouring countries is underway.
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PART Tt
POLLUTTON
1.0 INTROCUCTTON

GESAMP, the Moint Group of Experts on the Scientific Aspactm of Marine
Paltuticn, has defined marine pollution as “the introduction by men, directly
or wndirectly, of substencea ar energy inta the mavine environment (including
eotuaries) resulting fn such deleterious effects a8 herm to living  tesources,
hagards to bhumen health, hindrence to merine activities including fishing,
impairment of aquaelity for uae of aea woter and reduction of amenities.t

The Todian [cesn region, eaperciatly in the Bey of Penga' eres, is  one
of the wmost densely populnted in the world {see tsble 1P). With progresaive urban and
frdustrial growth, pollution 1in the countrics bordering the Tndisn Deean Beein is
becoming » major source of snxiety bt is only just being dorumented 53 experience,
funds snd technology with which to tackle the problem become more prevalent. The
primery ecurcea of pollution are industrinl e  municipal effluents, aof?
apills or lenkagen, river run-off  including egricultural waetes, and the
adverae #ffecta pf coastel development, for exemple from blasting ang dredging.

Unti? recent ai! pollucion wsceres and the increamed pubhlicity piven to
pollucion effecting cosmtel areas, rveesarch o the counteies §n this region,
eaperiolly the islanda, has tended ko concentrate on developmant end  exploitstion
of fiasheries resgurces. Thiz occure for two mein reesona. Firstly, the countries are
dependent on fish a8 = source of food ez we!l! s income from exporte; hence
impraved fishing technalogy is  potentially iwportent to the natlone! econowmy in

_many ceses, Secondly, these nations ers developing countries ard

irueteialization ta not  far mdvanced. Memy af the countries sre primacily
aqricultural and with Increesing populet tonn and urbonfzation, the
problems of pollution from domestic and mmicipsl wastes snd From egriculture are the
First to ceuss concern, Although induetrie! technology and  Ehe  number of
fectories beino ‘bullt have been growing very repidly, the sdverse effecta of this

“development are only just being studied, and resesrch is now belng carried ot on

factary efffuents. Tn addition, oi! conteminetion studies receive priority due to
the heavy tanker traffic going through the Indjen DOcean to  the Fer  Esst,
Some deteils on growth and davelopment, jndustrielizetion, mejor resources and
mator produce are seen  in bables 15,29, -

£ Eart f8frica

Litr1z inFormetion is aveilshle concerning pollution of the Esst AFpican
Coasr.. The maeir threet ta from otl contaminetion but otherwiae pollution does not
appezr to cause much concepn. Coostel and coral reef demage is one of the mejor
problems in Epat Africa. The teef ju close to the shore 2nd wvulpereble ko
pollution and silting. Cors) hes been dynemited and used to conatruct breskwsters,
and burnt for the production of lime ko he wsed in  building conatruction.
Thie destruction of the coral reef ayatem hes csused several marine species to
diszppeer tncluding starFiah and ges-urchine. Pfrilsans]l  fisheries are
concentrated on well-developed fringing coral reefs end their lagoona. The reef ares
is producrive and ‘toeel Fighing is intensive. The uss of dynamite and poteonz Ffor
flahing is new benned Kenya and Tenzanie but has Blready destroyed fish cover end

ralmed coveare Assmarnte In tha raral rasfe uwhink ara 2Trw *n e FAaaa Ton Tmmmmmia -
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Table 18 : Populakion Figures For the countries of the Indian Ocean

baain (1979}

- Country Population hrei [kmz}
Bangladesh 86,062,000 142,776
Burma 34,434, 000 ETEH- ,031
Comaro Islands 128,000 2,274
India €74, 255,000 3,287,593
Kenra 15,784,000 582,644
Hadagascar 8,511,000 587,042
Haldiven 145,000 293
Mauritioa 976,030 1,865
Mozamhigue © 10,195,000 .78%,961
Paﬁistnn 749,838,000 BO3, 94)
Seychelles 64,000 ?43
Somalia 3,542,000 637,539
Sri Lanka 14,08,000 65,610
Tanzania 17,382,000 939,762




Table 19 : Growth of consumption and investment

AVERACE ANNUAL GROWTH RATE AS A PERCENT
COUNTRY  [PUBLIC CONSUMPTION  PRIVATE CONSUMPTION  CROSS DOMESTIC INVESTHMENT

196070 § 1970-78 1960-70} 1570-78 1960-70 § 1970-78 .
BANGLADESH - - 3.4 3.1 . n.1 [ -l.a
BLRHA - - 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 a.6 8.2 7.0 2.3
MADAGASCAR - 1.4 - 2.2 - | s
MOZAMB IQUE 6.8 | -a4.6 sa | 27 2.3 | .
PAKISTAN 7.3 3.9 7.1 3.8 4.9 4.8
SONALIA 3.7 | 1.7 4.5 2.7 4.3 8.5
SRI LANKA - - 1.9 2.5 6.6 3.6
TANZANI A ~- - - 5.2 5.8 9.8 1.0

From: World Developaent Report, 1980
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Tahle 20 : Growth of production as an average annual grawth rate

{PERCENT}

COUNTRY cop ACRICULTURE | INDUSTRY  MANUFACTURING [  SERVICES
1960-70 197078 | s0-70|70-78 | sn_ol70-78 | so-70i70-78 | s0-70| 7076

E BANGL ADESH 3.6 | 2.9 2.7} 1.5 7.9 | 5.9 6.6 { 5.3 3.8 8.7
IBURMA 2.6 | 4.0 4.1 | 3.6 2.8 | 4.5 | 3.3 4.2 | 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 - |10.a - | 11.7 - | 5.0
paDacascAR | 2.9 [ 0.7 - 0.3 -l -t - |08 ]| - |28
MOZAMB 1QUE a6 | -3.2 21 [ |95 |51 | 66 |62 | 6a |7
FAKISTAN 6.7 | a.a 4.9 | 1.9 [14.0 | 4.8 9.4 | 3.5 |[7.0] 6.2
SOMALTA 1.0 | 3. -1.5 | 2.7 3.3 2.6 | 1s.3 - 2.5 | 6.8
Enl LANKA 4.6 | 3.4 3.0 |z.3 6.6 | 3.0 6.3 | 1.2 |a.6]a.3
TANZANIA .0 | 5.0 - |a.s - |2.3 I - | 6.8
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Table 21 : Indusktrielizetion
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Tsble 22 : Production snd capacity of energy sources (1973)
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Countries Petrol Natural Petroleum - Coal
{x'lﬂ3 tonnes) Gas Distillation | {x 1ﬂ3 tonnes)
{tetra cals} ;agacity

Bangladesh - ﬁ?ﬁ 1680 1471
Burma .1153 1425 1320 13
Comoros Islands - - - -
India 8659 L0630 11960 100870
EKanya - - 4750 j
Madagascar - - 750 60
‘Mauwritius - - - -
Maldives - - - -
Mozambigue - - 800 371
Paklsatan 305 40140 36990 1349
Seychelles - - - -
Somalia - - - -
Sl.:.i. Lanka - - 1850 -
Tanzania - - Bs@ 1




-~ 59 _

Table 23 : Production and consumption of enerqy in millions of
metric tonnes

| Country Production | Consumption | Hydro— Hydro— Total | Totzl
: electric | eletric capa—-| produc-
| - ' Capacity prcducticnrcity tion
|
: Bangladesh 1.14 2.h3 110 205 215 1710
Burma 1.78 1.51 181 470 q41 21574
; Comeros - 0.02 - 1 - 2
| India 121,09 132,92 g2 T pA=) 34HZ7 L3684 95235
T ’ Kenva 0,039 210 171 684 284 11149
Madagascar 0.02 D.55 40 248 o5 43
Mauritius 0.0l 0.2 - 25 : 55 143 K
I
Mozambique 0.56 1,25 6820 1510 793 1915
Pakistan ' 8,33 13.11 2236 4920 2236 | 108%6
Seychelles - 0,03 - - 11 33
Somalia - 0.1% - .- 18 45
i
o
' sri Lanka Q.14 1.45 338 1134 421 1202
_ Tanzania 0,06 .07 - - lan o83

From- Tlnited Watdimree S+atieabkis~=a]l Vaarboools F1rmna
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Teble 24 : Major resources

P R L

Burma - Jopper

India -

Petroleum
Water Bower
Tirn
Tungsten
Zinc

Lead

Silver

Uranium

T4 tanium
Maghesium
Mica
Bauxife
iroh Ore
Chromium
Ashestos
Gold
Mandganese
Coal
Water Power
S5alt

Copper

Bangladesh

Mozambigue

Madagascar

rakistan -

- Coal .
Petroleum

Watar Powsr

- Beryl

Water Power

- GFraphite

Uranivm

Graphite
Lignite
Chromium
Water Power
Petroleum
Salit

Coal

5ri Lanka - Graphite

Tancania -

Diamonds

Scda Ash

Water Power

Salt




Takle 25

: Major mineral! ressurces (in thousands of metric tonne

Countries Fe ore Cr Bauxite Cix Fh Magnesita
Bangladesh 1l
Burma K-
India 27430 1925 1448 2ZB.8 1:.8 izo
Kenya 0.1
Madagascay BY.7

t
Mozambigue 5 2
Pakistan 5.1 B

From: United Wations Statistical Yearbook

{1978}



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

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

Burma 20 22 750

India 25800 2211 3

Kenya 1

Madagascar 5

Pakistan

Troms;

United

Wations Statistical Yearbook

(1978}



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

Countries - Milk | Meat Butter Sugar Ealt Fage Wheat Flour
Bangladesh o2z 159 14 1i0 JE4 27.0 -
"Burma 273 172 & =18 132 23.4 53
India 25632 646 575 5039 4076 85.0 1686
Kenya 1007 18] 4 182 14 i18.7 138
Madagascar - 28 i3z - 114 27 28,0 -
Mauriting _ - - - 731 f - -
HMozambigque a7 a6 - 220 Z8 9.2 &5
Fakistan 9932 570 250 a7 a78 &L.3 -
Seychalles - - ; - - - - -
Somalia 731 . .113 2 40 2 - -
Sri Lanka 229 21 - 24 140 17.5 94
Tanzania 750 181 - 3 110 22 21.1 72

Prom: United Naticns Statistical Yearbook {1973}
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Table 27 ; Induaktry in the Comoros Ialeandsa

The principal exports of the Comore Islands are ylang-ylang oil
{for perfumes and secaps}, vanilla, copra, cleves, and to a smaller

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

Commodity Year . Quantity
¥Ylang-¥lang ' 1974-1877 300 tonnes
Yanilla 1970=-1974 300 tonnes
Cloves at present 150,000 trees
Copra " " ED,GGD_tonnes

Coconut production is high ; more than 60% of the production
is uged for domestic purposes and less than 40% goes towards the

production of copra.

From: Comoros — An Island Haticon in & Difficultc
Eoonomics Sjituation (1981}

The Courier - Africa-Caribbean-Pacific
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Table 28 : Numher of liveatock in thousends of animals

g Countrieg | Cattle | Sheep Horses Pigs Aszes Mules
Bangladesh 26,500 1200 43
Eurma 7 .696 205 105 1,800 9
Comoro Islands 75 8 - 3
India 131,@92 40,187 a0 g,732 | 1,000 125
Kenya S, 100 | 3,980 2 65
i 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
; Eﬂmalia 31,950 G, 800 ] 1 g 22 21
: Sri Lanka 1,650 27 2 36_
] Tanzania 14,817 2,000 a5 160

Temrme tTeaidoad Makimne Chatriekdmsal Vﬂ;l‘i"l'lﬂﬂ‘r raTal



a

Table 29 : Wood and cement production (in thousands of metric tonnes}

- G =

1974 197& 1976
Countries Rourndweod 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 4600 37 336
Tanzania 30400 ey T 244

From: United Nations Statistical Yearhaook (1978)

______
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Some coaatal regions heve been dredged and blasted to  creete apace for
berthing and mancewvring of larger ships 2nd tankers. For exwample, in Tenzenia, the
expansion of the Dar es Salasm port is  in the process  of destroying shell fish
spawning oreas at the szouth end of the creeks. In Tanzania, the coastal arez is
denerly populated erd, ra a result, mpat of the pollution ia Jocalized and tends te
be domestic. Althgugh industry in Yenzania and Kenys 18 developing at =2 rapid  rate
in both coestal and inlspd aress, pollution studies tend te be concentrated inlond
especially arournd Leke VYictoris where many industries are located. PRoth  studiss
ard effects of pallution sre very localized and ususlly roncern Fresh weter problems.

Some'is, where ipdugtrin! development iz still at an eatly Etage,
nevertheless has o0i! contaminatian preblems, In Mozambique, tesearch hes been
cearried out  on poVlution in the heavily poputated Lourengo Marques  Hay which
receives municipal snd  industria! effluents. However, studies ususlly deal with
Fisheries end coral reef investigotions. At Trbaea Reserve, coastal erosion
managemeny, and contro'® are also under ohservation.

7.7 The Tstands

Tm the jglends of the Tndian Deean, industriz! development is slow 8nd the
effecte of relsted pollution pot readily apparent. There is concern ghout the
possibility of ¢i! pollution a2 occeslonal coesta! contaminetion is seen. Bs
in the cese of Eagt frica, cora! reef demege ie & #ajor concern in the islands
notabdy in the Meldives, Mauritius and Sri Lanka. In Madagascar, pollutien
prohlemz are, again, prigmarily related to fresh  weter. Some  problems  are
specific  to  certain mrepe. An exemple of this is found im Mauritius where the
leavea from the Aloe fihre tree have destroyed the aguatic faune in parts of the
island. Significent demsge has been recorded in the fisheries and oyster beds

- due kg the tpxic effects of these lepves. :

7.0 The Asian Sub-centinent

Pakigtan's recent intensive industrisl development  is locstized and
cauoes  increased pressure on  the exisring domestic and municipal mewsge systems
arpund Karachi. Alrhough aome pre? iminacy inpveatigstions hgve been carried out
and fncreasing attention is hring glven to the state of pallution, the amount of
repearch done i3 minima! and Bs yet, the information sesms to be raesiricted to
the ecolegy of the cosstal srea.

Mogst informetion on pollutznt levels and pollution researcch jn the Trdian
Hrean concerns work done in Tndis, Cogstel and inlsnd equetic pollution research is
fairly odvonced and information may be obtained &3 to the effects of pallution
a'ong most of che corstline, The conditions of some estuarieas dn Tndis which are
effected by pollution ere seen in table "C.

Little documented information g evailable eon po'Tution problems From
Bangladesh ot Burms. TYhere i€ some concern sbout  the efFfects of river run-off
from the Ganges and the Brobmeputes in the former, especially srouvnd Chiktspeng
Harbour, and from the TYrraweddy River in the latter.,



Table I0 : Conditions of some estuasries in Indis

Kulti Estuary:

Coogn River, Madvas:

Adyar Estuary, Madras:

Pinnakcayal Chatnel:
Cochin Backwaters:

Chaliyar Estuary:

Bambay Bay Reglon:

polluted by Caloutta sewage. 48 km of septic tank os
in tidal waters without dissipation, Dissolved oxyge

are sybnomal.
HT LT
(14 0.8 - 3.2 1.5 - 2.6 }
gl 7.1 - 8.0 7.1 - 1.8 ) W9/l

Fish fauna are almost completely gone in heavily pol
waters,

Momally separated from the sea by a bar which is cr
of sea, Washings fram slums, cattle yards overflow a
Pumping station wastes from autambile workshops ard
factories. Upper zone devold of fish., Major part of

is septic,
Fot much pollution is seen.

In Tamil Nadu. Discharge of cauwstic soda plant destr
fish fauna mear it, Sionificant quantities of chlori

The main pollutants are domestic sewage,' cocormut hus
retting waters and small industries,

In Kerala State. Pellution from Rayon factory, 13 Kk
Beypore, High BOD values az go dowmn the estuary, Pre
lysate. contributes major part of BOD load and waste
mortality is caused by oxygen defficiency, effluent
decamosition of organic matter creatin g near anaes
conditicns.

More than 100 industries discharge via creeks into
via Kalu River mainly. Acldic bleck in river prewven
migraticn of Hilsa ilisha. Putrid smell apparent.




e L LI T T L gy

- §9 -
; 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 bHeing et 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 develnpmonk are, thus, restricted to smell areaa of

: the coasttine such as the PBombay region in Tndia or the area eround Kerachi in

Pakistan, Jg industris! development is atil? Ffsirly recent, there is !ittle
evidence of docomentation on relared pollution 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 are situsted around Lake Victgria end

petlution is wostly of the fresh water type,
_ tn fomelle, industry iz negligible amd 83 yet, does not copstitube a
' majer source oF  pollution. However, of perticulsr interest eare the slaughrer
! hauses sitruated atong che coest rt Marka and Mogedishy, At Marka, wastes are
O discharged directly intp the ses which hss sn unpleasant sme!l and srtracts sharks
i ta the nearghore rrea. At  Mogedishu, effifuent is drsired into 2 sump pond. Thers
iz probsbly some leaching from the pond into the seo 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 flcesn via the Athi fiver.
The Athi River cerriea with it wastes From slaughter houses, rement  Factories,
tenneries and caffee fartgeies from the industrisl sector in the Kiembu disteict,
Effluent enters the town sewers but sometimes thiz is. untreeted and released
directly intp nature! woters. Exsmp'rs of thear are suger wastes from
untreated molesses entering Lave Victoria end the waters south of Mgomhasa, which
have & deleterious effect on the survive' of fish. Wastes from dairy processing
plants and slaughter houses sre re'eased from Mombese end ¥iasumu and cement and
fertilizer Factory affluents frem Kit'indi Merbour. Tanneries at Kisumuy discharge
large ampunte of chrome aslts and solids which incresse the Piological Oxygen
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)lutsnts 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 ¥ ~imeta)
e pallutiagn 4% a3 porentiat problem rnrising from the uze af zinc to coat iron
. sheets used For roofing. Another potantia! pollutent in ¥enye is  mereury.  thout

25,0[F 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 fBukobal, cotton seed

processing plent {Mwanza), plastics {Der es Sataam)}, wood processing amd super-
phosphate olants. Textile and fishnet imdugtrieg at Dar ee Salaan discheran
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Waste efflucnts from several indystries, for exsmple breweries at
Ttala  and industries in bungo are discharged into the Maimbazl ¥alley Estuery. The
water is very alkaline with p¥ velues of 11 and above and hss a soapy  texture.
The dissolved oxygen vconcentration is near zero and wastes are meinly from
dyes and chemicnls used in texkile procesaing. Efflusnt From the breweries is acidic
with 1-9% ap1id waste which is mostly organic is nature. There is s flushing syatem
in the industry but it is hindered by sand bars and during high Eide, waters
sometimes  overflow  intc  the  mangrove system. The low oxygen waters and
organic weskes mix %o form an anperobic enviropment but stergnation is prevented by
kthe fluehing syatem. The incressing papulation in the are=z hae increased the
presaurr on the syshbemn,

In Maputo in Hozambigue, the Lourenpo Marques Bay is & busy harbaur.
Mastes from the ettty and port drain directly inta the Ray (zee C7 in fig. ¥0) and .
eFfluent comes from, e.q. cotton snd textile facteries. There are two porke, one at
the junction af the inner and outer bays catering to gensral cergo end minerals, and
the  other akt the west of the inner bay handling iren ore and hydrocarbans in bulk.
fiigh valuns of idren and ropper are noted dee to the use of & new method for
lpading. This invelves 3 sedimentation process where Gthe supernatsnt  vich in heavy
mebal content 7!'.4  microgremas? iron and F.2 microgrems/1 eapper) ie dumped into
the bay, Tn windy conditions, even narmal 'nading procedures reault in high  values
of itron and copper downwing. 8 large part of the tide flows back to the inner bay
on tide rteversal end thersfore not much of the water iz rencwsd. However, the
shallow depth and geometry of the bay create a self-clearing process by
adsorption of metal jons onto the mud of the bay. Tnecreases in iron, copper, lead and
nickel! agre short=lived due to the noature! cleaning procees in  the  hay.
Howzver, metal ion accomulation could aeccur im, FOr exemple, Bivalves amd gshrimps

"which are cepable of lngesting and concentrating these ions in their flesh,

B.3 The Talapds

Tn Madagascar, wiatea from gimil'ar  industries te thgse found in Kenya
eourld  effect  the shrimp fisheries on the southern =nd western coests. Examples
nf these are glael and sunar cans at Diego Garcis, Mogy Be, Port Dauphln anrd
the Merudrari River,  Mear Tapanarive, affluent from tamneries, plastics,
toxtiles and paper irdustries have already been noted 53 causing some
ootlution problems. Mining industries (mica, chromium) sre potential patluters but
withdut severe saffect Yo bhe fisheripes aa  the they are situsted on the East Coast.

Tn Maurittfus, s particularly high 80D ‘tead . (3,600 1bs) is ceused by
wagtes from the 70 odd sugar mills found on the island., Effluent containing
hagasse {crushed cane fibres), pssh, spotb and molasses can - cause ‘tobtal  oxygen
depletion up tn *-% km downstream, Thiz is accomponied by a sludge layer and mess
mortatities oF fish and invertcbrates. Between Jmnuery and Jun=, foclteriea do nat
pparate and  some organisms, thus, have time teo racolonize. Perts of the south coast
beach are blackened and Tocal Fiahermen complain of a3 decrease in catches and fouling
of fish traps by bagasge, Thare iz =2 major industrial dreain from Port Louis
which corries offluent from bFhe infustrial estabe at Carmandel,

EfFfluent from industries in the Seychelles §=  negligeable. Discharges
conaist af caustic soda from “he 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 M13Y pob end 2.0 ppb were found in the
indismtrinl efFFluent in Colombo which has a direct effect on the drinking water. Wany
industries msre gituyated on the banks of the Xelen! River which then passes through
tha city of Colombo and gut to the ses.

8.4 The East Asiatic Sub-Cantinent

fn bott the gastern and westecrt coaats of TIndia, there are reqlons ef
intenge industrial development. One of the most important on the East Cpast s the
Hooghly Estusry regien. The Hanghly FEstuwary is formed from  Yhree brenches of the
Canges anw! is very impertont for port FaciTities and commercial fisheries. The
estuary has lerge rivers discherging 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
khe  fagsr and Reighland cansls which have sewagn oulets. The daba suggest thal the
river is po'luterd hefora it ternivea  the industrie! wasfea. 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 tidez and
turbulence. The estuary has a high a3alinity, o high burbidity fector end 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 total snlid waate is of the order of 1062 tonnes and the
8 110 tona. The B value i+ has iz equivalent to that cpused by @
papulatien of about 735,700, 4n exemple of waate from e chemical fectery is aeen in
table 31, This factory lies asbout 12 dm north  of Caleutts and produces
heavy chemicels, painta, vatnishes, plastics and cubber chemicals,  Some
characteristice of waters from textile, vegetablr 0i?! and paper and pulp fackgries
are seen in table %7, Thege nre found in the Rishar region in Tiriberi, Titagurh
ard Palta. )

Bekwesn the 92 km from Dumrdahe to Birlapore, 9% Ffactories 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. <Sulphite, 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 a 5C km strateh, the tokal po?lution load is
&M, 00N Jhe 8™ (population egquivalent 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 other coun‘ties 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 7.3 bm below Ythe conflusnce of the Hoopghly and
the Bagar Canal, conditionz are not congenial to the sustenance of fish life.

4 comparison was made belween the palluted Heaghly and the unpoliuted
Matlah Eptuary. The Fformer i3 e btidal estuary with fresh water, gradient amd
ridal/marine conditions. The tidsl/martne is only seep in the sumer 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 caleium, maghnesiom and sodium insoluble salts
Benzane

Caugtic soda

Canstic ooda

1N0% Aleophel in 5=-10% solukion

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 32

.
Fl

Characteristics of waste watera from different Lhduatries

Industry £z} Lignin Suspended EOD Volume Lignir
matter 5
meSl mg/1 mey /1 m Aday ky/de

Taxtiles g§.8- 9.1 200 0.905 130 %.120 2. 1i
Indian
Faper & 5.8- 6.4 1300 1.990 375 11,400 13 5¢
Pulp :
Papetarie ]
Titagurh 2 8.5-10.0 130 1.650 170 27,360 4,2
Papataria .

. 71.9=- 8.k 135 1.700 185 26. 600 4,2
Titagurh 1
Woctarn
Indian 5.0- .5 100 7.600 a0 2.280 0.2
Match

From: Problemes d'esaux rasiduaires industrielles dans la zone du Hooghly
notamment des fabrigues de pate a papier et d"huile vegetale hydres

A. K.

BREU

(1969)



Table 32 (cont'd} : Characteristics of waste waters from different induskri

Industry Volume, of Flux - Tetal Matter Suspended Matter Con
m Sday mg/1 mg,/ 1 mg 1

Margarine 171 -~ z247 2.505 - g,L100 1,405 - 5.795% 3.850 - ¢

Soap 190 - 228 1.540 - 5 3130 0.5%40 - 2,100 1.416 - 1

Combined

Effect 418 8.200 4,460 T.98C

(average)

Combined

Effact 3.460 -12,.8440 1.480 - T.440 4,990 =10

(range} '

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

A. K. BASH [1969)
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Table 33 : Cheracterietics of effluent from different mills

e e

Characteristics Sulphate Mill Tissue Mill
pH 9.8 - 7.1 . 9.0 - B.5
Suspended sollds 1392 - 732 964 - 512
mg/1
BOD 37°C 552 - 207 210 - 251
co mg/l 1525 - 792 1234 - 600
Lignin mg/1 116 - 12.4 100 - 33
Takle z Criteria for Characterizing Waste

Waste Characteristics Suspended Solids BOD
Weak less than 200 less than 150
Mediom 200 - 400 300 - 150
Strong more than 400 fiore tﬁan ang

Y

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

C. 5. G.

RAO [1970)
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Table 34 : Comparison of Hopghly and Matlah estuaries

Condition Hooghly Matlazh
Dissolved oxygen rate .76 - 5.89 5.62 - 5,00
{mg/1)
Zooplankton Dominant
Fhytoplankton Dominant
Dissolved Oxygen ' Lower Higher
Temperature Lower Higher
Oxygen Coansumpticn Lowear Higher
Turbidity Higher Lower
pH ' . : Lower Higher
Flankton Numbers ; Lowear Higher
i
Fres wmonia values : Highex Lower
|
Frimary Prcguctivity ; negligeabla 0.375 - N.562
{mgr/m” sday) |
!

Adapted From: Cemparison of the Polluted Hooghly Estuary with
the Unpolluted Matlah Estuary .
A. K. BASYU, B, B, GHOSH & R, N. BAL (1970}
and
Observations on the Probahle Effects of Pallution
on the Primary Productivity of the Hooghly and

LTI B -
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Maty, in the Tamil Madu regiom of India, has an indostry for black  and
white photogeaphic film Fobrication, The main toxin being washed put iz wndiseociated
amonis. Hydroouinone and meto! ere =alsp preaent snd these have a syrergistic effect
on the survival of Figh - in the prezence of hydroguinonz, metal 19 meore Yethel.
When the kwo are combined toxicity can be reducad by the presence of thiosulphate,
carhonsfe  and  sulphate of sodjum. Hydroguinone is a powerful veducing egent and
drpietes oxygen.

The presence of mercury wos noted in parts ofF fish ohtained from the  Bay
of  Renga', Hammer-hzaded shark and white spot shark showsd high vslues oFmercuty
with 'nwer values s=en in g==c fish end dolphin, The overstl valuss, for example,
are lgwer in the Arabiapn Spm,

Fopper, tron, mennanes=, zinc, coballt and nickel in dissatyed #nd particulate
Fractinpna of een witar ak differnnt depths were estimstecd fram nine steations
in the Bsy of %engal, Connentrations of dizselved and particulate iron were Falrly
high at raastal  atations especially at the viver mouths. Copper at *heg  npesrshore
gtations wag Migh but Fhere wos no merked differensc  bhekween nearshore  ond
gffshor® rconcenkrations se =s ko reflect the possibility aFf a2 rviver inputb,
NisAaotved zin- and nicke?! yalues were lower At the surface than abt the deeper
'ayersn contraty to that noted for manosn=se, Pecticulate fractiems of diren and
2ine were significant whilst coba't and nickal? were not  significant. Copper and
mangenegse  ghowed intermediate values,

TMazoTved copper valuss are greater in *he Argbian Sepa than in Ehe  Bay
of fangal as are the vatlues for particulste copper and manganeae. 7ooplankton appear
to sccumutate bigher guantities cof metsls in the Arsbien Sea thon in the Bey of
Renga! possibly due tg the  higher guantities of diassolved metrls presgent
thore. The poncentration factor in the Arebian Sea was highest for zinc Followed by
iron, cohatt, cepper and ninkel whermag in the Bny of Bengal, the concentration
fFonktor was highest For iron fo!lowed by cobelt,

H=ayy metals in affluent, for examplc copper, are Fraced back to  pesticides,
fungirides, jewellery, copperware and s=nti-fouling paint, Tn V¥ellpr Esgtuaty
in Parto Movo, Seuth Indiz tha effect of copper on “Yeretrix rcasts  was  studied.
After acclimetimation ond subjrrtion *a letha' doses, the bivalve was found o
have an L3 (lethel concentration a8 which 50% of the populsbion is %illed' walue of
C.57 ppm Cupric sulphste. Death was coused by saphyxiation due  to copper  induced
mucus  coagulating bhe gitls. Bivalves can grnerally =ecumualats larger smounts than
fFish and are *thus more tolerant., Studiea were carried oot on heavy mebal
cancentration by the gyster Tressogtoea madrasonsis in the Nochin area. High Tevels
of menganese, zinc, iron and copper were noted in Becember Yo May whereazs  the  low
valurz  from Jun~ *o Movember were attributed tp the Flow of fresh wabker causing
dilutlnn, Cysiers can ~oncentrate copger up to 1,000 *imes  opd  2zine uwp  to
1", 0ot times. Some resulias fFor copper acrumulakion by  varipus bivalves were
also obtrinad for the Vellar Esturry on the east coast of Indis (see table 35 ond
Fig. 193,

Matyrat run-off efferts the concentrations of iran  Found in the Mandovi
anid  Zusri Fstuaries, "ndfzx, Estimetion of concentraotions woere studjed for ' year and
values ware found ta wvary from 0-*.6 mg/). The higher wvalues were
attripuked tg the influence af the river which flows through iton are bearing
terrain, Around other parts of Gos velues vary from [.65-180 mg/t. The decrease
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Figure 1% : Gengraphy of ¥Yellar estuary

) Vellar esruarr—Lat. 11 20" W, Long. 73" 45" E. Location of stations:
| A, vpposite to Marine Rescarch Lab, B, vyster bed ot Muzhukkythuni.

Table 35 : Accumulations of capper in ﬁertain bivalves

: Expcrimental A, primozs M, casta C. madragensis = Copper: dry weight {jurtsjro"
v cancentration  Length Langth Length
o {partsf1a®) {mm} {rum) {mm) A, prenasa M. orasty . madrorearis
I Avg. AFg Avg.
LT 26 as I 1g15 xhaa ix.8z rfgr 2o-38 aggr
" ag iw 11 272 1275 2360
az 43 G2 2531 153 2447
35 46 = 20 {-% 11 23-5a
k1 4% — 1830 EP L1 —_
o oge 8 b 56 azyo 3483 a3z 1By 3908 3970
a2 4 6o 2778 2040 3905
36 - 07 z7-58 1673 Py
, 1 +8 77 3353 1328 P
' . - - 5745 — —
= oobe ap a7 55 . ax'zz abyx 1297 301§ 58 487y
R iz 41 i 1166 262y FLE1]
3k +“ by Jo-by i 3] 5359
: 40 8 79 3099 2573 8144
43 — — 5558 — —
oola - 36 6 — ay'50 335 4854 75726
— k1 bz — 2612 sy
— 42 o — a5Be eg-oa

47 P — 43756 w5y
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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 Ep JE.TH
microgram/1 with the oxygen minimum lsyer carrying the minimum 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 =slightly furtber' sputh of the Hooghly Estumty
and liec hs'F woy bebtween Madras and Caleutts slong the eastern rcoask. T is
nlgg affected by industrial effluent and reerivea  effluent  From ferkiliser
factories ond oi' cefineries through the Mshedriggeds Strasm, The Visakhapztnom
rosst  is  rocky with 5 diverss  growth of algese. Tndustrial, domestic and
monicipa) sewage tesult in the presence of crude o0il, iron gpre tuat and
sulphur. Thermal bly=-green algars are Ffound in the therma! effluent gf thz of)
refinery.

In *he marly marmings of November 1974 and May, September and fictober 1975,
mess mortality of fish oceurred, Thiz was thought to be the result af an acidic
effluent rcomposed of ammonia, 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 MNemabaloss,
Megq2tops and Mugli, per 100 @ strekch of cana! diesd, Tn enclosed harbours,
netuATies, 'aqoons and bays high 1in bicarbonste content, the additian of strong
mineral acids ean couse 1iberstion of large amnents 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 tida) tributary of
tha Cochin Backwzters. Yhese kills have been attcibuted to effluent fram two -major
industrinl estabtishments in the sren,

7.5 The West Asiakie Subcontinent

Ammonia is offen mppartent in a&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 end high ammonia concentrations eorrede kha gills. Studice on the
toxicity of smmonia to warjous fish apecies was carried out ar Goa, The toxicity of
the ammoniz dependnd on the anturion it was ing ot pM B ammoniz wes mere toxic then
at M 7, Similarly a decresser in the dissolved oxygea content increesed the
Fnxirity af non-ionized  ammonda,  "“mmands toxicity affects the growth ra‘e,
digeage rreistance and produces hyperp'naais of the gill epithelium. Ammoniaz toxicity
ie rorrelated o tha permembility of the glll %o it. Nften, the fish that are not
indigenous to the aren may have pocidently enteced it during Faeding movements.



Figure 2 : Geographic location of the Cochin beackwaters
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Teble 26 : LCharscteristics of
Cochin backweters

Yarapats

—Charactcristics of EMucnls on Enler
THFla nlk ey

Ldnagiiy

Source ol Temp, Chiornany  pH o Diss Adkalwiny Sut
effuem ' {grnvm] onygrn  {omy Cal0 A1) soti
{mif1) [mg
Periyar Chem, 339 00 B LE "y 264
Catalysty & Chem.
Tudia Lid 431 % k1 i} ] 1.4 164 164
Camiveo Binani '
Zine Smelien (1) 155 300 2 «<0.05 195.% |
Bkach » |2 122 5 b “ 45 1577 [
G Fraauwinm Iodian Rare
Eanhs Lid k73 5 ] 4.2 108 15
FALT M2 L ] LE | 163 2
TCC E | 150 7 43 TE.4 50
Waer Samp]:
LIpsircam 194 50 55 6.9 1E 3
I‘ == Location of staticns in the study arcs,
from:Incidence of Fish Mortality from Industrial PQlluthn From: Hydrographic Feaky
in the Cochin Backwaters Cochin Backwatars
R. V. UNHITHAN, M. VIJAYAM, E. Vv, RADHAKRISHMAN & Pollution.
K. W. RAMAMT (1877} K. SERALZ DEVI, R,

S. LALITHA E R. V.
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The majority of the industrizl effluent entering the Cochin PRackwater
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 monaconal condibions. Some
characteristics of the effluents sntering the arem ere listed in table 24, The
major stress is st gtatton ? ‘table *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 ‘eaching through iron ore besaring terrsin. Organic
carban and orqganis matter levela ahowed enrichment in Yhe ares of a coconut
busk re*ting yerd., RAacterial counta are high and the sediments take on a black
coloring end  =or= malpdorous. Monsoomal ditution and tida! mixing sre toc low to
have nany positive effect on the aelf purifying abilitiess af the system. The
concentret jons of some metrls at different stetions in Cochin are seen in Eeble 77
and comperisons of khis da*ta wikh dat= from other regions is seen in tsble *0.

4 titenium factory situsted * km from the Marine PBlologicel Stetion  at
Sankhannghon, Trivandrum in Tndia, discharges an effluent conteining sulphuric seid,
ferrops sulphate and amall scale titenium sulphate. Tn March end MKovember, the
aFfluent 3i8 wespecislly heavy In Fferroua sulphate 7.0176 gf) whereas the range at
other timee g uweuadly C.0C07 gf1 - C.0KM™S gfl. During these maontha few
interstitial fauns arz seen on the affected tropicsl sandy beach, with none cloge to
the digcherge point,. This depletion is not due to natural causes. Tests have shown
that species of copepod, newstoda, archiannelid and pelychaete caamot  resist
concankrations above 0.0021 gf1 ot pH 7.1, Tn May, the meximom rmber 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 nanima's seen are forasminifere, riliata, coelenterata,
turbeliaria, mematodn, ogastotricha, ostracode, copepoda and isopoda, The sand has
become a browny colour due to *he pressnce of iron in the  discherge. This rlogs
the intergtires ond th: lack of fauna from the outfall peint to 30 metres along the
beach +8 rduzr *a this as well a2 %o the reduced oxygen content  and pd. From
TP_ZRM 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 legz 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 ars strong onohore and offshoce componenta. Tidal phencmena appesar  to
help diasipst= the pollution to some extant in this regien.

The mercury content entering %*he gecean bas caused great concern sinere
the MHinamasta disnster. Some regions of the Tndian Mcean have been 'ested for mercury
conten* ag aeen in tzb'e 19, The percury concentration im ronstant 1y increasing
due to it lorg residence time, Tt is Found mainty in the cpastal sress. The content
AF mansury in varime Aartanieme hoe heean rarordod. Valuea For roncandratinnse in Fond



Table 37 : Congentration of verioua metals st different 5ites In the Cochin beckwaters

.: R 1P 10"

Station
Ka,

)
3
4

€ o o in

10
i1

12
13
14
15
16
17
18

— CoNcERIRATION OF METAI® AT Vapisus STatlods v
Salinsty

Depth

S 4 o D D bt R 0 O A e T e U R e o A e W

Yow

31}.54

124

124
1794
38
326
266
53
-3
264
112
324
3z
3
27-75
-3
49l
256
2277
2354
14-29
19-54
12-86
18-46
13-04
18-4%
757
13-22
1431
Th47
17-18
21-51
24-31
24-56
2418
438

Suzpended
matter, MElitre  o—————
Ire

L3 2511
QL3 9T
421 4536
15.1 2
125 1357
41-8 2128
17-4 29

b MF7
121 1644
185 1261
45 366
11% 354
18 744
29-7 216
16-1 219
46-5F 251b
143 310
1 1260
126 BEE
16 534
12 Ll
10-% HH
10 172
102 z12

&1 156
11 130

63 it
118 S&8
144 178
12-2 351
13-4 20
19-% 420
12} 170
15 152
19-8 L
2 520
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40-2 i1
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18-6 +
75
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10-3

5% L

168

252

124
44

141

15-3

116

21

1837

2.5

1%

13
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3

5

3
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Table 38 : Comparison of dats- from different areas with respect to Cochin

—Coxparisiy OF PresznT Dats wiTa RepoRTED Data For WaATERS FRoM DIvdIZENT AREAS

Ranges of tonc. in present study (pEgilitee) alues (pgiitee) Remarks
rapcried carlier
LSurface Battom
Inew
1257-4386 12869771 10-R Porto Nowoe waters!. Higher  particulate
comcentration af the botiom also reporied
G5-1 80 my/l Waters around Goas. Hipher iron conden-

tration obesrved artribgted to the Mmining
oporation in 1he arca

MAxGANESE
5-7-64 +E-97 221 Waters af Bombay!
4047 British coastal waters!® and Porto Movo waterst
12-51022 Waters of Goa®™. High content has been explain-
ed 65 & result ol mdpin scHvity io the area
CoFFER
0-£-5-9 %137 78 Waters of English Channel™ and bigh value
haxs besn attriboted to land drainage
1.45 Sap Juan Chaowel™
G148 Sargakso Sea waler
— Av. copper content for river and ocean water,
5 and 3 respective]y
0-5-32 Porto Novo waterst
1-7-749 Arabian Sen waters?
Zinc
231131 31-83-6 .15 Bombay waters!
B-8.53-6 Sargamo Seult
p i T Oraaord®. High vélues dpe to the inflyspce
of gevage sfnents .
13476 British coastal waters'* doe to terTestzal
cogtamigation
2-85423 Gox watery”
55414 Arabiao Seal

From: Particulate Iron, Manganese, Copper and zin_::' in
Waters of tha Cochin Packwater
V. M. SRNKRRRMRRAYANAN & R. STEPHEN  (197A8)
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Tahle 39 : Surface samples of mercury from the Indian Ocean

Laongitude Latitude Date Marcury Weight of
ng /sl Suspended
Mottey
Mgl
lpegg 515 e0®4n. 0'E 1972-8 Nov. 20 12
o6 33.5'5 78 11.0'E 12 Hov. 20 g
0 42.9'S 34 02.5"E 1273-10 Hov, 21 -
2? 24.0'8 42 15 Q'E 19 TJan,. 10 3o
25 24.0'58 49 45 0'E 27 Apr, 12 25
14 35.5'S 58 35_4'E 5 Jul, 35 65
12 46.0'S E9 37.Q'E 1 May 11 11
or 47.0'E 13 54.0'E 13 Jan.. & 11
06 57.0's 68 50.0'E 3 Jul. 20 101
0l 17.0'S 83 37,0'E 4 May 34 19
06 34.5'S 9l 35.0'E 22 Jun, 1a 142
0l 44.0'H 77 1z.0'E 22 Jun, 17 &4

From: Observation on the Distribution of Dissolved
Mercury in the Oceans.

. GARDIHER

{1965}



Table 40 : Mercury concentrations in some Fish from the Indian

- 86 -

Ocean (ug/g)

S T LT I S

Epecies Minimym Mean Maximuom
Pomiret 15 le.5 18
Seexrfich a 12.5 1
Skipjack & &5.0 124
Jew Fich 1& 19.0 22
Sardine 4 &€.0 B
Eombay Duck 26 35.5 45
Catfish 5 35.5 B2
Egl 8 4.0 20
Ribbon Pish 4 8.0 1z
Whitefi=h 1 i 6
Mackeral 2 5.0 B
Scle 12 14.0 16
Cuktlefish 6 23.0 40
Lﬂbsﬁér 13 37.0 55
Edible OUyster -] 12.5 16
Sharks 12 40.0 6z
Shrimps 5 10.¢ iﬂ

From: Baseline Study of the Lewel of

Concentration of Mercury in the Food Fishes

of Bay of Pengal, Arabian S5ea 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 giohal walues  [(Atlantic
Neean N,.5-%7% pg/1 Pacific 12-197 ng/l, Chins and Japan Seas 6-51 ngsTd, -

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 ©=xCeESs af the ewxpected backoround count. Hercury

roncentrations in aediment from 77 lorcations  varied From 7,17 - 2,71 opm (ory
weight ] {ser Fables 47-47). The highest values were Found in the creek region which
suqests s substantia’ input in this area. The meccury  enriched  Tayer in the
gadimen* roves (Flgure 77 has sbout 100 = 75 oM in the creak regiom and PR em in the
harhour =ren. Resiilt pbtaincd  from aropnd  Bombay  at Thene and 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 notth 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 at % 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 study of the
effects of different metals on seaweeds of the Goa cosst are  seen in table 4%,
Some  wveRlues for roncentretions of trace metals zinc, copper, mangpaness and iron
in fish, prewn =nd crab are sepen in tahle 4A. The affects of trace metnl
concentrationg on differept marine ornemisms 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 Se=s,
General'ly dissaolved coopsr showa 2 decrease with depth and particulete copper an
imcrease 3t mid-depths., High velurs rY increased deptha are due Yo accomulation by
argamisms ond sediment, Pissolved iron anr manganece ahowerd p noticeahle
intreare =zt depths of 3'Cm, Trom and zinc values are higher neprshore due Fo cosstsl
input; nickel and coballt valuss were low.

From Nctpher '777 to Septomber 1970, chentograbh faume were stoudied  in
the fiombay region a*  Thoan, Malu, Bombay harhour end ¥ersova, The maximem denaity
af chertognaths were  (ound  in tth=e past monmoen period and the Muctuztions in
population sand specirg density were greafor in the pollobed area, Sagitta bedat]l wasg
moat common af the Sanitts epecies prosent. )

Tn Pakistan, indugtrial devalopmant is  advencing rapidly. Hore  than
hA1f  the  country's industry is siftuerted sround Yprachi which hes s population
of 4.% million. 5Sewoge running through uncemented dreaina and Yinking with
bigger dreinsg containing imdustrial effluent f1) discharge into the sgea. Cespile
the laws egaipst dumping dangerovs industrial  wastea, locsel  Factoriez still
releage untrasted mercury, 1nad 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 ths local Facteries, 8M vzlues of 1,737 tons/day were
obtained from effluent From Xacachi of which 8.5% were from industrial waates.
Ahout RAOC induskries are situsted here comprising alimentary products, meto'  and

= - fl . ] L] - am PR} . . L] - . - L]
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Fiqure 21 : S?m? Eglues for meroury concentrations along the west coast
af India

— Totar Mercery CONCEMTRATIANS
Erating Depth Lone.* Staticm Dapth Cone.*
Mo (m) ng 1-L M. {m} ng 12
1 32
7 100 52
150 13
1 1736
101 i0 71 1 —_
n a4 E3E) 10 147
&5 a0
1 118
kLS 10 142 1 71
15 iz 326 S0 131
1 26 1 123
25 32 113 500 gt
0B 50 136 1300 181
75 B4
1 5%
1 58 118 50 137
1Kk 52 1003 110
115 500 265
B J9
“Surface av. 77 ng 1L
YExcloded from caltuiation.

From: Total Mercury Concentrations in the Arahian Sea

Waters off the Indian Coast _
5. Y. 5. SINGBAL, 5. SANZCIRL £ R. SEN GUPTA  (1378)
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Geography of Thans Creek

E T

W] COHE

Teble 4) i1 Canditiona of surface water

o Weater
Salries (g phissalved eaygen g

Taliom Tide Surkast Hoiom Surface Ra

| ER 14 Th LRI 1.3

2 Ih 15 ay 15.31 28

3 L - - -

d Ih 1612 36,14 4.0 !

5 B - - -

L] Eh . 8y A4k !

T kb Ih.014 16 K: LN | 1

A Fh - . -

o Eb 1694 L] 4.2 i
i Ek - - -
1" b i6.13 .24 8.5 5
12 b 3. 3691 6.3 [
11 Tl 3116 ERE [ [}
14 Il 3164 M1 E3 -]
15 Il 3738 3742 35 b1
16 Fl 37,47 aEnd b4 %
17 F L% H 37,64 0 k]
& Fi 37.21 LT 4.3 5
1% ir ET R L] LI ] k] &
20 I:b 34,32 36,25 &4 4
2 Eh 16,4400 3624 .4 &
.2 Ek 36.0% 35,50 6.1 ]
23 Eh 6.0 6.2 6.7 [}

From: Mercury in Thana Creek, Bombay E
M.D.ZINGCDE & B. M. DESAI {12e1
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Table 42 1 Mercury levels in water

Mercury in waner of Thana Creeh /Bombay Har b

Ma-_-.s ol bAuan g conce ol raian

Mean walcr

Apprasimale hasz Hp Exies Hg
arei depth warer in waler i5k gl im waket
Region km? {mj (ML) {pg bha—'} L kel
] E 0.3 1.4 o.an 0.1 0.5
I % 12 b 0.3 6.9 5.2
n 2 0 55.4 0.266 15.6 1.z
kY H i3 12 0, 16 2.5 17.4
¥ 53 L ¥0) A 0.240 616 418
Vi ] 5.E SBE. 4 0153 B6.9 2.3
: Table 43 : Mercury levels in sediment
I
hdmecury in setiment of Thana Creck
I A |'I;;I O A £ ome s miskLicen Sedimcar Hp Eslimated sediment
| . £ depth ANk el weigling RLCTCUTY
I Lepmenl ikl imh (ST ET] {ring ho—1) i
' I 25 02 541 28 21
I fik 016 14.15 1.0 4.1
1} L Q.10 7.0 (.33 2%

Figure 23 : Hercury in some sediment cores

Wy |ppml
i o = 4 e 0 .2 20 40 a3 10
_ I g"/ - %} '
F e ; - -
il -
x 12 - -
-
& e L L
[=1 :
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 a5ty 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 and Thana Environment
. HARLDER ([1975)

B. M. TEJAM & B.
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Teble 45 : Trace metel concentraticns in the seaweeds off the Goa coast,
India {ppm dry wt.)

Trace Metal Concentrafion in Ihe Scawesds of (ioa Coasl (valuzs cxpressed in ppmyfary wedght)

Station 51, No., Name of ipecies - Co Cu Fe Mn Wi Fi #n
1. Chapom 1. Enteromorpha clathrare 1518 2013 129251 1645 53 34.5% 917 11.54
3. Ao reticulars 1056 13.65 %23 171104 3004 1776 8.89
A, Groelartt WeHFuCoia 14.52 15.6] 1076.77 341056 13.52 .59 11.74
11. Anjuna 1. Caulerpa seriulericider 4.3% 5.03 58150 14.58 17.02 14.% 11.07
2. thya fareinla &.407 &30 TI2H 11125 0.6l 1524 23 80
3. Digryote wp- , 9.24 5,84 T10.20 9477 9.31 941 g.95
4. Pading tefragtramatics 4.15 1.86 1004.53 344,20 10,31 285 T.68]
5, Sargaseuit 1ENEmimum 192 4,53 471.93 79.81 131 73 3.40
&, Acanifophors specifena 139 30.41 +90-61 9072 13.61 65.07 12,61
7. Gracliorts corifeata Ta2 4.53 S64.9% L44.¥6 03 1100 127
B. Hypoea murciformis 607 655 &14.82 D681 261 le(4 1174
ill. Baga 1. LA fasciara 858 7.30 151,44 1075.65 T.0¢ Lé.04 .79
2. Diclpokd 8P 594 10 32 T84.94 153.47 .0l LE.N4 7.38
3. Padina tetragiromafica B.54 4.03 657.41 5M.&5 8.51 10 8% 4.47
4. Sarparsuim fEnErrimum 792 5.7 12809 4187 3.50 12.61 11.20
5. Aconthophora specifers T8 11.59 I38-85 §3.11 951 5.02 i11.B0
&. Gracigria corficarg 11.K% 3.5 6197 L8019 6.00 2.74 .69
1¥. Dona Pauly 1. Colpomenia Sinwoex 10.56 2100 179622 258,15 21.03 20,06 1145
2. Dicryopreris eesiralis a0 B.2g £85.74 131.52 11.31 2097 21.26
A Bichreia 55p. o4 L2199 %1469 T3y L1.71 14.1 1219
A, Peding tafrastraal g LNy £.70 75566 41818 1833 8.3 11.7
&, Xorgassum Venarrimurn 4.88 E94 4%£1.32 140.55 5.71 14.55 .04
6. Acontfropitora fpecifora 13.H) 740 To6.11 144,16 14.72 17.19 13,80
7. Myprea mussclformis B.24 £.56 7M. I 1272 LL&Dd 1034
Y, Cabo-de-Rama 1. Cawlerpe peifola 4963 125% 156486 13624 18.33 19.48 1817
2. Codinm clongdium H.ad 3.82 6E0.92 7242 17.72 12485 1197
3. Diceyapteris australis 1.32 9.72 492 54 3298 530 14355 5744
4. Podivs Tetrasfromoiiog 4.62 %17 igg- 52 W30 . 801 13.78 918
5. Rargargym feRertinnim ) 15.44 13044 43.02 §.31 11,45 3849
6. Sparhuglosmum aspenm 1.98 5.54 13040 - 25.09 050 1534 24 55
T. Stoechospermum marginartim 5.94 13.60 35816 B4.61 15.32 18752 21588
8. Acanrhophorg specifera 1.32 13.45 101244 EB.20 1302 1375 3.71

9

Cracilawis particgio 10.95 9.22 102351 15991 14.32 1B.68 15.21

Fyxom: Metal Concentrations in Some Sgaweeds of Coa,
V. V. RHADT, N. B. BHOSLE £ A. 5. UNTWALE {1978}

R T e L I ATUL R Tt L 0 4
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Table 45 : Concentratians of aome trace metala in fish, prawn,

and creb (ug/g wet weight)
Qrganism Zinc Copper Manganese iron
Figh 9.47 0,88 1.41 11.50)
{Arius species)

22 .17 230 1.80 .00

30.55 4.3 .74 -
Brawhs -
{Ascelis indius=) | 11.15 1l.z2a - 15.00
Crakb
{5cyella serratal| 83.50 23.60 4.7% 28520

0. 70 3400 - 114_20
Sea Waterx 14,54 5.50 2.78 9_90
Average

From: Distribution of Zinc, Copper, Manganese and Iron

in Bombhay Horbour Bay.

V. M. MATKAR, S, GANAPATHY & K. C. PILLAI

5 ——u ADULT
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Table 48 : Trece metal concentraetions In different marine organiams

. Location Conc, of mefals ary wt}
. P Fppm d " Localion Cone. of metale {ppm dry wit)
! Ag Cu ., En Mo
: As Cua In Mo
MARINE ALGAE FISHES
Vive fascinta Carchariat foprakowah [Dog fah}
Vagator x5 124 252 167
5 Anjana 28 6t 178 201 | % 61 212 176 106
i Baga 1 104 1%3 am | D o4 158 18 &6
' H i Tt
;l Caulevpa sortularioides Mugil parsis {Grey mullet)
. A 81 b2 478 17-%
Vagator 25 114 64 11% . X 3
Anjuna 1-2 8T 129 17% B 126 x5 83 26
Baga 15 13 i85 N Eiroplus suralensis (Peacl wpot)
a Sarpassum fondriseym A %5 ¥ 765 —_
) C 112 . iz9 51 —
Yapatar 1004 - 201 k10 3
I Baga B-7 275 -2 27 Rostretliger hznaguria [Mackerol)
. Dona Faule 156 101 401 586
B 32 1A 13-4 41
! Fadi Ira b M
adina (etrasiromatica CRUSTACEANS & MOLLUSCS
Vagator 126 3-7 mn-2 455
| Baga 4B 12-5 -5 g{;ﬂ Crasiozirea curubata (Small nysrery)
201 -
! Dona Paula ! w8 B | vagator 5 433 s 32
Taga 42 718 1393 -
Dictpola dumpsa Miramuar 21 251 s —
. Dina Paula &7 129 379 se | Dona Paula Bt 14 iy
C ) Valags 43 125 Hod - ir-s
' Hypnsa mesgiformic
. i ihile
: Vagstor 3-,1 2:‘; 09 193 Crassosivea gryphoides (Edibla oyeters)
' Eaga : 10-4 61 Chapot, 32 10 i1 -
__ Dona Paula 149 15 221 W | Verr 53 eI —
: - FISHES Peneens monodon (Tiger prawn)
: Leicguothus rpisndons (Silver bellies) A 21 45-1 We o M
C - 21-3 21-% 49
B iIH 5'; s 53 y (B
£ + 2 Fral -8 Melapenaeus zfiniz {Prawn)
D 1-2 41 21 139 A
D 13-4 2% 533 —_
CHodithus ruber [Ros fish
* (Rosy Jew } Portunir pelagicuy [Blue swimming crab)
B 3-3 49 30-1 .1 '
G 1-8 114 -5 133 | Chapors M-8 45-1 7E-g e
D 13 £ 157 9.7 [ . 113 199 ap-2 —
D 231 Q-4 7537 ——
Felia itchely (Sh n
na & (Shad) Myfilvy vindis (Commen mussel)
c 21 L. — -_ )
D 4 21 . — Bags T-& 12-9 151 _
MiTamar : K2 . 250 639 _—
Pamires argenleus {Pamprat) ¥alzan 3-8 &5 212 —
C o5 15 402 35 Mereirix casta {Bivalvens)
! D 1.7 2 . 13.
1 28 26 Chapora 109 151 503 —
L rctariug lartari Bugtte
fetartits factarius (Ratter fub) A B. C. D are trawling ureas (Fig. 1).
c D3 24 154 159
: D a5 54 115 82
1
: Sardinsila Fmbriais [Sardine
E 3 122 111 —
c 23 12-4 17-6 m——
b1 (5] 59 -5 i3
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9.0 OTL PALLUTION
2.1 et roduction

With the ircreasing number and sizes of  tankera  travelling through the
frdian Coman area, Fear of oi' spills bos etso increesed. Some patha used by thesn
tankers arve shown in fig. 2, In 1979, 355 million tannes of oil was transported
througk the main rogube from vhe Arabisp S5ea to the Far Eagb. T pollution risks
inclyde  eolligionsa or gromdingg of laren kapkers ond pperationsal di=echarge From
tankers jn ballast comdition,

The hydrocarbrns uavally found  in the open ocean are A mixture of
saturetesd ~nd  aromabic compounds. The arpmakic freetiegns are usunlly the more toxic
sl TRrely arise from crude oi! apills or refionry produce, GSampting from the top
metrr gshow o asmaller omount than  expected, Tt is “hus thought  that the
sromaties  s=r~ preferentizlly removed hy evaporation, For those of €15 and Jighter
and dissalytion For thase of BIP gnd lighter. Heavier fractions are eften  adsorbed
onto sugpended matecials and sink %o the bottom being washed sshore by heavy wawe
acticn in monacon months.  Deqradekion gnd abzorptlon are other means by which oil
is removed, ’

2.2 Eagt Africa

Deapite the apening of the Susz Conal, the major ‘tanker routes  fram
the Gulf to Europe, which srr adjscent to the East Coast of Africa, are atill heavily
vsed, Oyer 12 years, 21 individus! spills of more than 160 tonnes have occured
tn the area. fxamplea of thnse are the Epnerdale which lest 40,000 gellons Fuel o0il
off  HMah&, Seychelles, the Si'ver Oepen which lest 1B, 500 tonnea off the
southern tip of Madagascar, the 239,000 kton tanker Albahaa B which exploded  end
senle 30N miles of Teanzenia in Apri) 19RT and the Tayeb which broke oup on the rteesfs in
Mauritive tn 1972  ond  relpaged 200 Yornes of heavy pil. East Afrtca is
beginning to socept heavy tankars and hence the probability of il pelivtion
orcurrtng  has increasod. Often, conkomin=tion of the Ezat Africen Coast by oil is
due *n glicks bzing brought in by rpoastal currents From spillages in *he gpen coeon.
This im reeprcially ttue along the Kenya coast during the southwest  monaoon  when
it is carrtiad onshore by the Eguatarial Count=r Current,

Cit-potlytion iz noticed from RNieni RBeach  in. ¥enya  and rnorthwards.
Saome  contaminakion in noted ak Mombnsa, ®isumu and Nakuru, the Foermer from
tenkers and refinerize and the latter from a diese! station, Popr algal
communitice were seern In the port and creek areas of Membeaa, Kenyo end it ds
poseible ‘that pollution by pi' slicks has put some rteatraint on growth  in
Kilindini Marbour Ffor exsmple. AYgae appaar to heve domaged some of the  coral
reefs by smotherimg the corals  after  invesion of  the  ecoaystem probebly
triggered off by eulrophic canditions. The south coast of Howbasa suffers most
from this in March and June and may b contaminzted by oil from wnloading and leading
of ships from refinerirg s~en fin the Mombses arsa. ™1 is plsp Fond on the
coasts from wastes From industrial sites but as yet iz not = serious threat., Tn
recent  research  programmes, the presence of bar holla on the cpaeb of Xenys hes
been  monjtored. n Shelley Beach, south of Mombasa, t=r concertrations of
%.% o/m” were recorded with individus! Yumps welching wp 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 has bren noted close to a refinety noar the
florting ail mooring in Dar ea Salaam. - Tanzénia, too, is nesr the tanker route
and some damaqge to core! reefs cen he observed with meny of the beschss showing =ame
crutfe o0l copteminetion, At ranziber, wvalues of 1,620 g per 100 eguare yards
have been recorded and at Mafia Tslend, 1,750 g per IPC sguare yards. Deposition
is dependant on  the prevniling winds end currents and is higher during the
southweat monscon when the o0il is ecarried by the Sputb Equatoria® Current to  the
gouthern eoast of Caat Africe,

F.x The Talanda

In Madagescar, a refinery ot Tematore handling 200,000 tonnes per  apnum,
peciodicelly cpusea logeal  pollution problems. Due to  the increasing  “anker
traffic  in  the Mozewhigque Thernel, some contamination hes been meen rlong the
wedbern and gouthern cogstas  of Madagaacsr., :

T Meurttius the dearee of o0i) pollution hes mot  yet become alarming  bub
it is a threa" =aince Lthe brealtup of two shipa rear Mauritiuvs in 1972 and 1974,
In Y978, a masa af tar balls appested off the eaat coast of Mauritius carried
in by the South Equstoriat! Current from g slick in the open ocran but na serious
dammie ko Floran or Faune was notleed. Thero i aleso acfe concern eboyt the posaible
aptlls in the future near the site of a3 new oll refipnery boing set up on the west
coast of Mauritius.

Some contamination of ot from the washing of o0il tankers has been seen  just
off Colombo part off the weat coaast of Sri Lanke.

The Seychelles, although fairly distant From  major  tenker routes,
pxpercience heavy deposits of oil eon the northern amvl western aldem for exampite off
Mah& Tsland, Aldabra, ton, is scvhject Lo oil contemination end “20me fauling by
tar balls hes been noticed on the beaches of the islands, Although tha  Roye?
Flest Auxiliary, Ennzrdale, was grounded in  the Seychelles area in 1970,
offshore winda cerried the 5% km s1ick seaward and no demage was noted to Faune
or flora. The rupture of a aubmarine hose coused o espil! in February 1979 hut
despite the oil blewing into the Scuth Emrst Island cove, wind asnd wave action
dispersed it amd agzin no damage to aperiea was noked,

In Kilton, in *he Laceadivea, the tanker ‘Trenshuron' was grounded s
m from the mainland island .gee fig 29). On the sputhwest rocky shore, rock
peols had flaating oil in them, Pead figh, lobsters end creb were saen and  Fish
and holethyr jan were found later on the heach. In the lpqoon, planrkton and geaweed
were found depd. Due ta the lock of oxygen =2nd  furhidity, beth pelegic and
benthic aperies were kifled, The hermalypic corals wete bedly hit and Fishing was
temporarily benned. The easgt rpsst was contaminetion free byt on the west coast
tar-Vike materiale were found *-1C om deep in the beach lagoon,
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Figure 25: Sketch of site of pil spill from the tamker
Transhuron and the &ffected eres
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2.4 The Aziatir Subcentinent

Many studics on the preasnce of oil hsve been carried af along  the
Indien ceastline. Figure 26 snd table 49 show the presence of nil alicks around the
agiatic subcontinent., Tn June 197%, the HM.T7. Tlosmos Fioneer broke up near
Porbander on the Gujarst coast of northweat India. 1B, 000 tonnes oF LD (black
i1} was rerlessed into the prevailing sauthwest monsoon. The 71M-BD im/h winds caused
the oil glick to change direction, The sghape and pattern ef the slick wes
dependent on the Lide and current. 70% of the bernecle populestion wae killed due to
an oil roating end oil) on the thallua of plants alsc caused damage te the Flora. The
oil becsme less viscous when warmed by the summer sun and ran over new areasg
cantaminating wmore plante. The local Fish were reporited bo have 3 dissgel taint. S0%
of the Fop apd 23-7D% of the sides of the rock were covered in oil with up to 4
ch-deep o0i' in tock pools. The lower and middle aress of the eonast were not so
badly affected dus to heing constantly washed by the waves.

Tar-1ikp materials, firat seen In 1990 and  increesing  *-5 Lines since
1971, are becoming a common mite on broches in Tndia. Di' wastes and tar balla were
found Ffor 0 kn elong the Giom coast (ase toble S50),  Tn March/April of 197C, a 3
year investigstion of 24 bearhes began, cpinciding with the start of wind in
the cosstel direction. Tar bells 1-% mm in dismeter were fmmd fleating in Ehe
water. At low tide deposition is )eae erd at low and mid-tide they are transitory
As the tzr bplls tend to concentrate at high tide and suprstide lewvel. Sand and
leaves fourd in the ter bslla indicate that they have becn on the coast and somet imes
moved glong the coest, for example from a mangrove rtegion. Polychaeke tubes and
teritella ehells show how far from  the comst  they can be, probzsbly reer
roastal sghip routes, Algse and goose hernscles growing on them sugoeat they have
been  avound long enough to become a substratum {see for exsmple table 51 In
Fobruary 1972, contaminstion wie sern to a 0 m depth. Tha increase in the
Indizn  shipping Ffleet wecould  sccount for the Lnereasing rconcern over the
problem: in 1%7 there were 59 shipa with a gross tomnage of 1,92 lekh ™ tona and  in
197%, 259 ahipa with @ gross tomnage of 25.17  lakh tons.

The site of contsmination ix dependant on purrents, wave action,
configuration of the beach and the level of deqradation. Theszs makterials
ptobebly orise from tanker washings and inter-tida) discharge when no  accidents
are  repnrted  apd the quantity is too Targe ta be accounted for by natural seepage.
The emsst cosst samples srem to be more weathered 23 indicated by the larger
percentaqe of msphaltene that they rcontein.

Nilg often affect organisms by coating the gi'ls and hence limiting the
oxyqgets exchange with the sgurface. Tngestion of waolatile paraffin, olefin  ane
rromet e hydrocarbons  ean ceuse  functional alterations. Certain aromstic
constituenta of oil ere carcinogenic. The mejority of the tLoxic consbityents are
water aoluvble and velatile and are thus guickly loat unlesas thz spill s
continvous or extenaive. fn the Tndisn comst, of the 3% beaches studied only 2 were
not contaminated with tar balls. On ‘he west coast, deposition starts in May/lune and
on the cast coast, in December/January with the stect of the southwest and northeast
monsoons respeckively.

MF the coast of fToa, measurements were Made of the concentration
of petrpleum hydrocsrbons in water, plenkion =nd sediment. Surface wvalues in
the south were found te be higher than those in  the north renging from l4.F
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Figure 26 ¢ Reperted sightings of ail =licks in the norcthern Indion
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 northabn
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Indian Dcean

Arabian Sea

Depth Humber of Ohservations Mean Range
{m) {(pg/kg) (pg/kg)
0 39 A5.58 0 - 34§
10 34 30.6 3 - 217
20 1% 29.4 2 - 112
Mean of all values 32.5
Bay of Bengal
Depth Humber of Observations Mean Range
Cond {ug/kg) {pg/kg}
0 46 29.1 4 - 229
10 41 25.1 2 - 147
20 13 17.8 i-73
Mecan of all values 24,1

From: Present State of 0il Pollution in the
North Indian Dcean
R. S5EN GUPTA & T. W. EKUREISHY (1981)



Table 50 : Deposition of some 0il aleng the west coest of India

20]
r
| 2] ;
1 ’
i 1976 1
r
(4
sop  CImaTwAGEYPOLEM 2 :
{ = TTE 1] EHLW - 2
|8 C Baweol Bowma % :
camsau i : N
L H B h
E ‘ H B
P : q H
. H
. § H . B
| 1003 H i H
a - ’ ¢ 0
ad H HEing B H
H R EME B W
H [ HH BB
H B H I3 HbB
: ; e ] B Han
- : H B I HBETL
o /2 & 2 [l Bat
- 19 . - sl - B ITH T
Map showing observation station ! r M 2 ] J v

positions alpng the wesi caast of MONTHLY DEPOSITIO

India {IGOSE)-

From: Depasition of Tar Balla (0il Residue} on the Beaches
Along the West Coast of India (1277}
V. K. DHARGALKAR, T. W. RUREISHY & M. V. BHANDANE
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Table 51: Characteriatics of some ier balls found along the

Indian camst

Swmmary af the survey showing deposition ot differen:

1ide le HEI-J

. . _
Sk Type of Depasition (g/m?) 2t different

N Stztion beach tide levels Remarks
o Ras EHWS HTL MTL LTL
!  Porbander Owpensez 2.28 ildy — —  Wave sction very
‘high
2 Odedas Cpen 522 230,50 90.00 1525 — Brach gradicnt very

3  Cosabarz Estuarine 750.01 237500 £30.00 —

4 VYegaval Cpen sea 530 16550 113 -

3 Prabhas-  Open Sea  .862§ 25050 324 072

pULLAMm
Somnzth

4 Dumac- Estuarige . 1.0% 1525 — —_
' Sl_u'n : influence

steep. Alzgal growlh
Oon the daposit,

Plastic beads embed-
ded o deposits

Goose barnacles
{Lepas 5p.) on coal
tar lumps

Plastic beads and

{ Lepay sp.) found
associaled wilh
deposition

Traces of oii-film in
the interidal region.

EHWS Extreme High Water of Springs MTL Mid Tide
HTL High Tide Leve! .- LTL Low Tide Level

Form: 0Ll Pollution Along Guojarat Coast and its

rosgilile Source

5. B. DWIVEDI, E. N. DESAT, A. H. PARULTKAR &

¥. JOSANTO {1974)

B T
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The fringing mangraves of Coe 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 crude 0il spillage. Thare 1 damage to  both
leaf and root, the lstter probably by c'ogging of tenticels and aic holea of prop
roote. What sterta sa edverse 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 C0.12-7.8% 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 Arohipn Spa tonker route and BSombay Migh, the site at whirh petroleum
rxploration is undorway. Studies on probable ajl pateh movement from =
hypothetical =pil'l have been carcied ot 2t bhe Bombay High region aee figs, 27
and 2%  and kable 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.

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

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

Polyurethone can 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 saquerzed out of i, 1T dispersents are more coamonly
used tn attenpt to disperse pi' s8'irks bub often they are found to be more
tnxic then the ail aliek itaalf. 9esulta af  sone 1ahoratory  experiments are
shown table 5%, Mortality vsaslly ooouried within 2F hours after which, survival
indicated adpptation ‘s the  environment. With the muszel, eaxcessive 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 disprrsan* 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 aac* haing the moet toxin, The digpersants were seen to be less Foxin when
mixed with ail and are= most cffactive when used an s 72! ratio with the ail.

Rlthough hydrocarbon degrading bacteria epunts studied in bhe Eastern Indisn
Mcean  indicate the pressnce of Yprgo numbers of them, no correlstion was 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 23  slow procese and offten Yarry residue is seen on
rocks, settling-birds snd baarhes hefore Fhe bacterin have a chance to  degrade the
oil guffirlenkly, New "ker killer bacteria™ are heing inveatigated in Gea whirh
sre Toputed tp have an  accelerated bio-dsgradation capahility,
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From: A Survay of Petrolew
in the Shelf Region
West Coast of India
R. SEN GUETA, 5. P. I
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Figure 2% : Probable movements of an 01l patch

Table 52 :
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Time teken for oil patch te reach and affect tha coastlin

Time of Spill

Coastline threatened as a
result of apill

Time Interval Between
Epill and Oil Reaching

Early HMarch
Mid March
Early April

Mid april
Early May
Early June
Early July
Early Auqust
Early September
Mid September

Mo threat
Far South of Bombay
aAround kKarwar

Arcund Ratnagiri

T0=80 km South of Bombay
Arcund Bombay

JO=BC km North of Pombay
Aroond Bombay

70-90 km South of Bombay
Ko threat

tha Shore
105 days
45 "
35 L1
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From: Probable Mavements ©f a Hypothetical 9il Patch
from the Bombay High Region

A, D, GOUVEIA & P. .

¥URUP

(1977}




Tebhles 5%3a,53b,54 1 Effects of oil diapersante an crab end muasel

Characterislic Citp. 1 Drizp. 2 Diwp. 3 Disp. 4
A ppraTance Light yellow  Yellow and Llight yellow Light yellow
. © slightly wrbid  clear Yiguid clexr liquid
Yiscazity Mon-vistaus MNonaviscons Highly viseous Yiscous but
lets than disp. 3
Salubitity Insolubie in Insciuble in Soluble in Soluble in waler,
waler; partly wiler; partly walel; alcohol aleahal and
soluble in seluble in aid gectons ucelone
alcohol bul wleolnl bue
complitiely civmplelely
soluble in soluble in
ueet one ucehone
pi ge§ = 7.5 7.95 53 5.3

LC 0 values in green mussecls
( Afpeifus wividisy afer 24, 48
snod 96 hours exposure of diffe-
rent dispersants. '

Concentrulion of dispersanis ot

which 0%,

509, and 100%

morialily was abserved in Myrifus
viridis after 48 hours of expesure,

Dispereant 4 h;.pL'.E i 4B.hﬂrpl..mﬂ 50 Y& I';.Irplr.nl: i Wispersant ]_:::pe.“% LE,;-,E:% Lﬂwﬁﬂ%
| =10 > |0 =0 - = 10 =10 . . =1LD
2 (e l6 0.0% 0.09 0.02% o 0% .16
1 0-0%5 .79 0.079 D4 0:079 0-1
4 {08 0w 0k u.0x 0.1 H:; 01

From: Toxicity Tests of 0il Dispeysants on Scome Marine Animals
VERLENCAR, . B. BHOSLE & A,
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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-contaminsted waters wp Chinna Creek into the eastern backwaters end hence
increases the ares offected 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 oputfal! 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 Indiar 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 sn
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. Hawever,
although it iz freguently planned th heve these ponds, the plana ere hot  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
dewelling Fish, prawns ant bivalves end meke them unfit for hamen consumption.
they erise from homan eand  non-buman  feecel matter end eonstitote 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 ere 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 1,200,004 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.
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In Tanzanie, wastes from Dar es Selesm, Tanga, Zenziber, Kilwa, Lindi,
Pemba, Mafia, Bagemayn er? Miwers ere all discharged directly into the ses emd
harbour without treatment. Kurasini Creek also dumps zewage st ten adjecent points
to Dar es Selaam Herbour end hence the eree iz beginning to show signs of poliution.
The Msimbezi W¥alley is hesvily polluted end iz » hazard te the health of the
residents of Der es Salaam. Sewage and refuse treatment aystems are practicelly
non-exiatent aend often get blocked where they do exist. ZSeptic tanka are widely
uged but these often get flooded in the reiny eseason. [n Someli, treatment is
restricted to the uvee of septie tenka but is otherwise not epperent and solid waste
ia dumped gnywhere.

The sewage system in Mozambigue covers 10% of the population and the rest
upe septic tanks or pit lstrineg. PLt letrires sre not very effective in the Morth as
the water table ia high and they hecone a source of pollution ss in Bejpa.
Both Maputo and feire have 10 unkreated ovlets inko the sea. Solid waste disposal
is good 1in Hapulo but Ehe beaches are polluted by thousands of tourieta and
townapeople. EFffluent From the central hospitel is delivered to the sewers without
chlorination. A 2ewage treatment plent i3 under planning in Lourenco Marques Bay
{outlet EZ in figs. 30, la, 3kb & Jlc). The inner bay velues &re much higher
then the outer bay with CN ang PC having intermediate velues due to sewage influx
&nd clesn water tidelly entering the bey. C7 ects as a dilubtion posl between
inner armd outer bayzs. 26% of wvelues inside the inner bey and 36% at stetion £2 ere
greater than 2 mg/l, the point et which eutrophication is  rcensidered to  begin-
The wmpore sewage Lhere is {he more evtrophicstion will cecur and In the long
run, the bay's production will decresse due to anserchbic conditions of the bottom
leyeras.

10.3 The Islandz

HMost of the populstion in Mauritiue is  concentrated in  the industrial
area at Port Louis and Plaine Welhems hence major sewer syotems diacharge about
5001/eec (1974) into & lagoon on the west coant of the island near the barbour.
There ie rapid disperssl due to high weve action but peaweeds proliferate end
the decay of these dense mats cauaen Moul odours. This  exceasaive growth  along
with siltetion hasa resulted 1in demage to benthic and coral ecomystems. Faecal
coliform contemingiicn i8 =een on the west coest but is et & minimel level s8a is
the pollution of the rivers.

In Sri Lanka, raw sewage is dumped directly from Colombo inte the Kelend
Aiver without treatsent and flows dizectly into the sea.

In Medagemear, sewage Lrestment is precticelly nen-existant end smunicipael
wostes from Tarenrive and Nosy Bé are wmerely dumped in the sea contribute to
eptrophicaetion in the region. Dffshore letrines on stilts at sea ar on the river are
common gnd the beaches and coagt are polluted thereby jeopardizing the tourist centre
al Nosy Bé.

In the Seychellea, eewage, though moatly untrested, doee not appear to
hawve any edverse effecta., There is some incidentel pollution, for example

through the effects of blesting to lay a new pipeline. Dumping of solid wastes at sea .

i= controlled end  initielly wae limited by s sea wall. But now, some dumping 1=
done beyond the wall. Septic tanks and soakage pits ere in use although they ere now
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Figure 30 :: Geography 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 Eest Asiebtlc Subcantinent

Dises of tlve Fesciata delile were used to study Lthe algal growth in  the
weters of ¥igakhspetnam Harbour and gave results seen in Figs. 32 a and b.  The
Sguthern Lighter Chernel has high concentrations of untreated sewage ond is toxic
te the growth &nd survivel of Ulve fascieta, Although the Northern end Western
arms are polluted, some increese in  growth is  noted duwe ko the increased
presence  of nutrients send the dilution of pollution by tidel currents. High
gl and CUD values  es well as  high phosphorous end nitrogen wvelues are
cteractéristic of the domestjc sewage westes end indicete & high incidence of organic
pollution.

The Fact thet ¥Yisekhapatnem Harbour s polluted is emphasized by the
presence of Cepitella cepitate found in  large nuebers (50,000/m2} in the
north, west and porthwest erms of the harbour. C. cepitets satisFies moat of  the
criteria fer an indicator apecies. They are high in density, aother species
are  excluoded, they are sacavengers and they tolerate low oxygen  wvelues.
Visekhapatnam is subject to both domestic snd industrial pellution in varying
degrees.  Meximum  mumberss of fauna  ere  seen in the pollutien free mangrove
swamps from December to March when selinity and  temperature wvelues are fairly
gtable. Minimum mumbers are found in the northwestern arm which is aubject to
heavy industrial pellution. Thermel blue-green nlgee eg Nestoe are found in the
themal effluvent of the woil refirery end fertiliser plants. The Seuthern Lighter
Channej iz eubject to heavy pollution but gtill has a fair emount of Taune.

10.5 The Wost Aalatic Subcontinent

The Cochin Backweter mrea is elso subatentially pelluted by sewage. The
effects of the guiflow are dependent on the ares they discherge et and the season in
which it goccurs. In the pesk of the southwest monsoon, aslinity ise < 1%, A
large tidal Flow and the current effect reduce the oxygen defieciency  and
tempuratures 1ie between 25.1 and 31.2°C at the surfece end 24.84 end 31.19°C at
the bottom. At low tide, axygen values drop to < D.05 mlf] due to the high level
uf cgrgenic wstter decomposing in the erea. The lowest oxygen values are found at
the sewege canal outflow points. The highest H,5 values are 3.41 mg/l. There is
wime ievel of pollution at points 1,2 and 7 point 2 Eeinq the most depleted of fawns.
Polychaete gre feirly tolerent to sewage and are found comwonly in- the ares.

_However, crustacea end molluscs ere few in number or absent in the marginal end

paliuted regions.

Iuring September 1974 - August 1973, & "dirty" stations snd 1 . clean staticn
weTe  atudied. High temperatures and rapid decowposition of organic weste during the
monaoon sccelerated the pollution effect. DOC values veried with the sewsge impot
but BOC wvelues varied wikh the stationa snd the tide. The oxygen consumption of
bottom wsters wag 12<13 times higher in the . polluted stetion then ot the barmeuth.
80 increased with the start of the premonacon and decreased with the monscon  in
polluted areas.

Decaying plent anc animsl matter contribute to pollution by jinereasing the
suspenderd lowd in water and increesing H,5 levels and BOD, This applies
particuleriy with the African weed EHl\finiﬂ maleste which are wacshed eshore
in monspon months arkd then proceed to decay through the poat monaoon period. During
late  post-mongoon end pre-monscon manths, the weed poliution diseppears. The
Fern Selvinie auriculata is elsp noted For this blanketing effect. This forme an
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: Geagraphy of Visakhepatnem Harbour with selected stationg

: Survival of llve Fasciata in Visakhapatnam Harbour
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At the bottom of the poliuted stetion, during low tide of the premonscon,
high sulphide concentrations were  noted le s maximom valuve of 4.92 mg/l.
Faungl compoaition was slso noted and wos the lesst affected at station 3 (see fig.
353). Stations 1 and 2 were the most polluted end had the leest emount of
tauna. Polychesta, a pollution toleramt group, were found in al] stetions and
wera dominent in the polluked zZone as they hed few cvompetitors.  Tidal condiblens
wnd monsconal inflow prevant the ares frowm becoming polluted to the stage
where polychests cannot survive (see tshle 54).

The Cochin Beach is emong one of the mos! contaminated. Incidence of
faecal * coliform  end  Faecal  streptococel as well aa Faecal colifarm end faecal
streptococci retios for this eree mey be seen in tables 55 and 56. With bacterial
counts of more than 0,00 colonies per gram sand the heelth risk at Cochin beach is
high. High BOD> walues recorded at Cochin correspond with the high bacterial
counts as do the high H,S valyes. Cherai Beach in periicular, &long with  ather
beacties, has faecal contaminetien. At Cherai, this contamingtion ig considered
to be of non-hwmen origin {see teble 57}. In general, the beaches appear to be
contamineted to & greater degree in the monseen and post monaoon months et which time
the salinity i lower and the conditions more conducive to becteriel survival
but ovcesional high values heve also been noted in  pre-mensoon montha. Usually,
during lete poat-monsoon and  pre-monscon months, faecal pollution is et 8 minimum
or even &bsent. At monsoon times Lhe cuurents stic up  the mud substretum and
the sediment dowd = high., This too is thouwght ta correlate with the numbers
of indicetar becteria. Ezhwumela beach on the Kersle coast has received some tar
and foecal! pollytion but it is negligeshle and sporedic and the heach is conaidered
gafe and clesn. 0On the same stretch of copaest, epecies of Selmonella have  been
isolated in st lesst five besches creating again, a health hazard, however, peaitive
otcurrence  seemz  to be restricted to the sand end none appeared in the water.
Hany of the beackes along Kersle had feecal bacieris present es seen in teble 5B.

In Jeleshware reef &t  Veravel, Enteromorphs prolifera veriation
tubulosu haz farmed g luxuriant growth due to sewsge outflow. From
August-Uctober 1966, the algae iIncreesed in growth. The2y were Ffowd fo be
richer in protein, soluble and insoluble gsh, sodium, calcium, pateassium, megnesiom,
chloride snd sulphate and poorer in cerkbohydretez then those in non—polluted
arcag (see toble 5%).

in Goa, higher concentrations of Foraminifera &ra  found in the  Iuari
estusry (3600-13103 per semple} then in  the Mendovi {700-5400) specimens per
semple}. In the lower reaches of both estuvaries, numbers &re lower due to
orgenic pollution effects. Sewage from the town nf Panjim enters the Mandovi
estuery and results in high arganic cerbon content. This leade &0 & lower speciea
diversity with g dominence by the Ammonie beccerii group. '

In Bombay, ebout 2000 million m3 of sewage  ere discharged slong the
peaches resulting in conszidepable oxygen depletfion in the nearshore weters.
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Fiqure 33 : Sampling sites in the Cochin Beckwaters

—Sumvion locmiion map

Table 54 : Distributinn of some bottom fawws in the Cochin Beckwabters

— DesTRIEUTION oF Bortod Fatvsa AT SEvew FIxeo STaTions

Statian Number - Polychacta Crustacea Muoilusca
of —_ - — e
observa- bini- waxi- Alean Mimi- Mauxi- Mean - Mini- Maxi- Meza
tions 1 m mur mum mum mum mum
1 5 120 2240 H20 0 ing a0 0 ol 12
2 3 20 1980 440 Ll 80 16 0- T} 14
3 5 100 2200 ¢ D50 FERLL 10550 B34 ) 240 36
1 5 &l 451%) 105% 1] 43 ~1a 0 &0 12
3 5 2D 650 1356 0 10 32 i} 40 1&
¥ g 120 1730 G44 o) 100 b a L1 0
7 5 Ddih 2200 1236 w 245 88 0 120 1.3

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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Table % : Faecsl coliform and farcal streptococci retic of water and mud
in Cochin backwaters frem June 1975 to May 1976

5 Month Station 1 _S1ation 2 Siation 3 Stavion 4 Siaticn 5 Elalion 6
w M w M W M W M W M w ™
1975
June 2 2 ne 1o [V 1 o i 30! 4 20t 0
July m * — o 1b L o 1.5% o — —_ »
Aug  166% 4 ® ¢ g 35" it 5 2 th - 0.31®
Sept.  1mt b 25" et » 1£P 13t 2 »n tb L 16*
Ot 13 g I3 0 s & e [ 56 o £ P o
Mov. 1F o.st 1* 00e®  osb o5t T e 1* 3 166"
Dec. 2668 poab b oosd 1L D458 ¥ ot b K s L
1576 - :
Tan 1= o.st 18 o LaF g or o7 L2 o b it
Feb, 1eb ot 12b o 1k ot 13 ol* amt g2t b st
Mar. Q94 psb Lok aad 11t ot gt osh art nsb L3k ne6Y
Apr. 1.14F gt LAk pab st amt ot oart gk 1.8% Ik L4Y
May o7t o1 06t o - — pab oo — — — -
a= humae atd be non-humas

From: Pollution in Cochin Backwaters with Reference to

Indicator Bacterla
F. 5. GORE, ©O. RAVEENDRAN & V., UNNITHAH (1979)
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Table 57 : Dccurence af different becteria in Cherai Beach

Apr.
May
June
July
AuE.

S=pt.

Ot
Maw.

—_——

‘== OCGURRENCE OF Diermeext BACTEAIA IN CEERAl Bracu DORic APRi-DECEwere 147,

(Valuca arc averags of 1 obaervations)

Sand counts/g Water rountfml
Colifazms ~ E- eoli Faccal FLIFS Coliforms  E. eoli Faecal ErjFs
. streptocoosi stroptocaced
T 2 L 0-4* k| 1 2 O-5e
11 3 ] D3 7 rul 2 .
17 4 9 ras 15 ) 3 (6"
17 & 9 -6 & z 1 1
19 ] 4 ar n nil 1 —
19 4 3 113t 11 nil 1 _—
1] G 3 n 18 3 mil 3t
13 2 1 1* 10 nil 1 —
7 1 z -5+ 1é nil mil - —

*Nomhuman faccal pollution.
tHuman faecal pollution.

Average Hydrographical Farameters

— AVERAGE HYDROGRAFHICAL PaRiMEIras

Month Temp. {*C) Dissolved  Salinity +H
——— XY ‘;ﬂ‘v
Water Sand {miﬁitra}
Apr. 104 15 516 43 74
May 10-4 178 &51 £k . 73
June 30-2 36 584 s =7
Tuly 195 132 & y 8 =7
AUR. 183 32 6-14% 254 75
Sept 1 +0 703 3081 75
Ot o O] 3243 &6 109 T4
Nov. 29-7 17 473 12-03 75

Prex, 3ir5 315 634 & T4
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lable 5B ; Qoewurence of =almonells in some beaches of Kerala

Maonth

Heach

Fazcal mailer

o
=1

MT

rl
q ¥

Salmoncila

July 1978

Aupust 1978

Seplember 1978

Dctober 1978

¥izhinjam
Kovalam
Shankumugbam
Quilon
MNeendakara
Alleppey
Calicut

West Hill
Kappad
Mopla
Payyambalam
{Cannanalt)
Vizhinjam
Kovalam
Shankumugham
Quilon
MNeendakara
Alleppey
Calient

Wesi Hill
Kappad
Mopla
Payyambalam
{Cannanore)

+
+
+

+ 4
+

| 4 ++ ++ ]|}

+
+ 4+ + +
+

I+l +++] ]
+

Tid 1] +4+q [+

I+ {4+t ++1 ]|+

4

L ol

+

||+
e

+H et R
+4++ +a
he

+
-+
.+.

..l_

++++I++|IJ

||-l|[-‘i|:

AENER

I *§ |

HT ~High Tide;
++7 = Abundani;

MT=Mid Tide;
* =Present;

LT-Low Tide;
—=Ahienl.

+ - Minimum present;

4= dfediom:

From: Isolation and Significance of Salmonella Species from

anme Beaches of Karala
P. 5. GORE, T. 5. G. IYER, 2., RAVEENDRAN & R. ¥. UNNITHAN

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

August . October
Constituents Normal Growth in Normz1l Growth in
Growth Sewaqge Growth : Sewage
Length 3.75 - .95 21.55% 26.35
Moisture G,15 7.48 7.91 7.65
Crude Protein 1z.858 i8.44 15.52 19.81
Carbohvdrates | 57.1z2 35.64 52.52 37.58
Crude Fat 1103 0. 64 l.o2 1.05
Socluble Ash 20.%1 32.81 20.86 ©J0.42
|
| Insoluble Ash 2.31 4,95 1.92 © 3.49
Sodium 3.52 19,31 2,21 3.56
Potassiuom 3.36 3.85 2.65 3.21
Caleium 1.53 1.594 | 1.78 4.28
Magneaium 2.24 3.14 2.0 : 2.94
Chloride 2.08 3.26 - -
Sulphate F.60 8.83 7.63 10.37

From: The Effect of Sewage Pollution on Enteromorpha

B e . P B — -
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Sewsye can be uvsed tD 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 guentiby of suspended
solids which are highly oaidizeable in paturc. In egueculture waters, suspensions
cgn b gxidized by becterisa. [n general the addition of heet ar domestic westies
huve been shown Lo chenge oligotrophic waters to nutrient-rtich conditicns. However,
the wtdition ol sewsge cen also have edverse effecks, cone of Lhe mejor ones
being pleankton number reduckions. Rivers carecying Lnsecticides mwemy wash  into
c¢stukries, the printipal ares of agpuaculture, where, for exemple, the culture of
shrimp may he effected. Shellfish may keep their shells closed for awhile if  they
dgetect that the weslers are toxic and often on epening agein s5till fiad  the
conditions lethsl. Larvoe snd eggs may be destroyed by the addition of epxpess sewage.
Reapiratory and metebolic disruption are the usuel cause of deathfand sometimes
disesse and parasitism may begin to eppear on surviving specimens.’

Sewsqe systemns in Kerechi, Peakisten are =still  inedegquate. The elty's
drinking water supply is heavily polluted by untreetad sewege and indusktial wastes.
In the summer of 1968¢, the consumption of these wekters 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
contsmingted by the beacteries E. coli. Effluenrt is carried from industrial and
mxmicipsl sources vig 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
4U. 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 agriculturel products ere seen in table 41. These countries use
apprecieble guantities of insecticides, fertilizers snd pesticides such as DOT,
aldrin end endrin (see tebles 62 end 43). They constitute an important source of
pollution from Fectories snd frowm 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
voncentralivns in the Indian Gcean seem to be higher then thoze in the other  ocean
aress £xcluding the North Peciflc. Same values of DDT and HCH ere seen ln table
G,

il1.2 tost Africe

In ¥enye the yae of pesticides has increased 10 fold since 1964. The

—dtr ko —_r —_— —or e em Y 2o w2 e _a V.. B 2_1 0 F_ L .d



Table &0 : Composition of the watcrs of the Lyeir civer entering the
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Arebian Sea (g}

Compogcition

Daily Yeaxrly
Chloride 152,48 33200.0Q
Sulphate 151.74 2320%.0
Suspended Solids 34. 20 11970.0
Total Disselved Solids V6. 20 131076G.0
Organic Matter 37,34 1658585.0
Ammonial Nitrogen 230 805.0
Albumingid Nitrogen 0.0s5 18.9
Tatal Witrogen Z2.35 g22_%
Alkalinity as Caleium Carbonate 115,74 40495.0
Fhosphata 2.62 917.0
Calcium a5 Bicarbonate 162 00 56700.0
Iron Oxide 5.14 17520
ABluminium Qxide 1.3n 476.0
Magnesium Oxide 60,00 21000, 0
Arsenic OUxide 1.40 4900

From: Survey of the Polluted Lyair River and its Effects

on the Arabian Sea

A. A. BEG, N.

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 D.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 thousands of
mebric tonnes)

Countay Hitrogenous | Phosphates | Nitrogencus | Phosphates | Potash
fortilizmyr ferrilizer (N] {H3P°4} inzoj
Bangladesh 130,94 0.6 165,.& Bl.5 la._s
Burma 33.3 - 42.9 6.7 1.5
¥ndia 185&.48 477.8 2457.0 £35.0 3l9.0
Kenya - - 22.4 27.3 4.2
Madagascay - - 6.0 o7 5
Mauritius 6.9 - 11.5 3.0 14.3
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 Mations Statistical Yemcbook (1977)
Table &3 : Eatimated annuel end Future wse of DOT in
Aagricul ture (tens per annum)
Area Cotton Produsihng Mon—Cotton Producing other
Countries Lountries Countries
hfriea (presant) 2,186 als 12
Asia ' (present} 5,565 q1d 1,523
Africa (future) 13,100 1,170 1,410
Asia {futpre) 33.500 T 3 38N
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Table &4 : Total ODT and

- 12§ -

HCH concentrations found in some partas of the northern

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

Bay of Beogal 4 39'N BB 0O3°E 10 "7 G.0& L.%
G Q2 8e {1 1a Ve . 0B 1.1
720 g2 2] 10 ' Q.08 .66

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
& 03 30 2l 12 "76 Q.16 0.16

5 85 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 &6 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 0 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 dependent 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 leaf rust wmay be apparent.

In Mozambigque, the Incometl, Maputc end Uwbeluzi 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 abserved in
1972 caused by a red tide. But the problem isa vaually very locaiizred.

11.2 The Ielands

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

In Mauritiuve, pome pollutim 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 & wminimm #hod  bence pollution 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 sbtudies
of D[OT content in »ooplankton have been wede off Bombay. Yeriations in
concentiretions of phosphates, nitretes end oxygen from wutere off Hombay ere seen In
teble £€5. Similarly, distribution of totsa]l phosphorous, totel nitrogen and
orgenic <erbon in Cochin Backwatera ere aeen in fig. 34,

In August 197G, = survey in  Weat Hengal showed that the
urgnnu—phupharma pesticides DOY¥F phosphamidon and pearathion, killed many Fish From
Punarbhava River and Wesat 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 tooc. Heavy rains
result  in bmavier ruw-off from lend and bence larger quentities - of chemicels
reach the bpea. Intermittant fish mortality is essociated. with the Fartiliser
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 epmonie
andt 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
oil been remaved end only ssmcnie and phosphate are atill present. The
treated effluent is harmless to Flgh but hes & nutritive effect. Bottom fauna is
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Table 65 : Variations in some chemical conatituents in waters of f Bowmbay

| Date Depth  5* Oy ©Os PP NO,~-N NO,~-N pH
{m) %y mlflsaturation% pg-arfl  pgarl  pgeatfl

29-1-14 | 3552 4.52 05 0,40 2.06 0.54 —

5 3552 491 103 0,58 2,21 0.59 —

10 3551  4.62 47 0.80 1.24 0.46 -

20 3552 542 115 1.30 2.28 0.32 —

5.2-74 | 3534 449 95 0.51 217 0.44 -—

5 3535 4.42 93 0.70 2.13 0.44 —

11t 35.28  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 00 0.38 1.72 0.46 —

5 3543 S5.00 LC& 0.32 1.34 0.48 —

10 1543 471 100 0.63 2,44 0,64 —

13 3543 430 100 0.32 7.18 0.57 —

o2 3545 434 10§ 057 © 197 0.31 —_

16-3-74 1 IS3E 498 109 2.43 2.02 0.31 8.52

5 31531 486 106 2.43 1.66 o B.58

10 31539 452 93 2.56 117 0.59 8.55

15 5.3 473 102 2.73 3,38 0.6% k.53

20 1538 492 107 2.43 4.06 0.79 B.50

-5-74 354 178 a3 0.94 1.24 0.47 p.17

5 35.50  3.64 80 1.47 1.46 0.29 8.16

10 35.40  3.64 R0 1.17 1.71 0,25 8.19

i3 3541  1.80 23 1.28 t.97 0.38 5.19

% Hy courtesy of Waval Physicat & Oceanographic Laboralery, Cochin

From: Pollution Studies off Sombay _
K. SEN CUBTA & V. M. SANKARANARRYENAW {1574}
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Fiqure 34 : Distribution of total phosphorous,

carbon in Cochin backwatera
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From: Studies on Sediments of Cochin Backwater

Y. H. SANKARRNRRAYRNAN & 5. U. PANAMPUNNAY IL

(1979
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Table a6 : Nutrient content of some effluent

Nutrients Minimonm Maximum Mormal
HH4—H 2.90 174,00 5.00
Nitriteg 2,50 42.79 1.00
Fhosphates 0.05% 26,64 1.G0
Mitrates | 2.49 271.00 Z2.00
Arsenic 3.Q0 Eg3. 20 1.00 - 43.0Q0

From: Chemical Characteristics of the Ihshore Waters in
Yalsao bay, Goa.
5. ¥. 5. S5INGBAL, 5. P, POHDEKAR & C. V. G. EEDDY
{1976)
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Periodic phytoplankton Blooms are repurted in the waters  of  ¥isskhopotnam
Harbeur. These  sre  domipated by the centric dielom, Skelelonems costziom. The
bloom usually lests for 12-15 days with & penk  ebundance within  5=18  ays.
Asterionella, Chaetncerns  wnd Coscinodiscuos sre omongst the  other species
vbserved ot densities which often exceed 10,000 cells/ml. On the l4th Octoher, 1974
as  meny as 60,470 cells/ml were seen, with ?9.5% being 5. costatim. These blooms
are thought Lo be a result of hich concentrations of nitrite, nilrate and  ammoniao.
Generally, conceniretions of nitrogen  and  phesphorous  decreased &8s the
phytoplenkton stending crop inerepsed whereass the nubrient levels were hinh when
phytoplankton numbecs were low-

The bulk of the nutrient source entering the  herbour  comes fFrom  the
rearby fertiliser factory end domestic westes. High values of dissolved axygen are
noted during perieds of phytaplenkton  bleoma with super-saturation at Ehe
surface indicative of increased photasynthetic setivity. iInadegquate Flushing of
the bharbour weters promotes optimum conditions for bloom growth. Preek  blooms
occur  in celm weather with increased sunshine end reduced fresh water inflow.
Following low sunshine end heavy rainfall, bloom cell nurbers appear to decresse.
Phytgplerkton blogma have glso 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 eutrophication.

Pekisten imports 50D tonnes DOT per yesr mg well as seversl hundred tonnes
of chiprineted pesticides such as aldrin emd dieldrin which are widely wused
throuwghout the country., In 1976, in Kehat im northern Pakistan, = Fsulty batch
of melethion conteining higher quentities of iso-maiathion then normel wes the
cauge of the iptoxication of over 2000 spravers 7 of whom died. This hatch was &00
times more toxie then  the normal melsthion end potentislly wery harmful ko
freghwater end marine populetions.

12.0 RARDICACTIVE POLLUTION

. : As nuclear resesrch  inereases =0 will the amounts of radionuclenids
being relessed into the ocean. With  their long residence times they will
remain contaminents for many years. Muclear research 1s notb very evident in the
countries of the East African Coest.

Some redicactive substances are diacharged from ihe Karachi HNuclear Power
Plant Jlocated on the west coast of Karachi Harbour nest Paredise FPFoint, Hewks Bey
hut so Far these premain within the permissible level end no  contemination  has
been noted in the fauna and flore of the region. '
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In Indie, radicactive pollution hes become & wmejor concern recently with
the noueber af nuclesr pawer stetions being built constently incremsing. values
for the redfonucltides sround the coest of Indis ere seen in teble &7. The plante st
largpur and Trombay sre of primery concern (see fig. 35). Some values of
various redionuclides found din the seas are listed in tablea 6B, &9 and 70.
Trombey Resesrch Station is situsted near Hombay while Taerapur is found 100 km
further north. This ares is very rich in fauna. The research station at Jrombay has
four reactors, thoriem end ureniuwn plents, an  irrediated fuel processing
plant, metslliurgy and engineering labs, isotope production facilities end other
resagrch labs. 0.14 aillicn litres of redicsctive effluent are discharged every
day. The 420 ¥We genergtor needs 2950 million litrea a dey for cooling. The
outqoing temperature is 7-10 warmer than the incoming. In the immediate vicinity of
the outFlow the ipcressed Lemperature leads to an oxygen deficiency due te the
increased uxidation rate of organic matter. The solubility of the oxygen ia also
reduced. The increased temperature hes a mild effact cauping peeks of zoaplankton
in December and Merch and dominance by  siphonoptwres, copepod erd decapod
larvee. The pipe length is such that the water has time to cool off 2 little before
it veeches the sea.

The bottom pedimente show a high pick up of Cesium 137, Cerlum 144
ared Rubidivm 10é. Flah tisaue is found contenmineted with Cepium and Strontium but at
a lawer level. Mon benthic creb Seyelle serrata picks up cealum, cerium 8nd
rubidium w=snd non benthic catfiah sriue Bpecies pick only cesium. Exemples of values
in both sediment and Feuwnal tisswe sre seen in tables 71 end 72, Oyaters are found
ta sccumulate zinc &5, iron 5%, cesiuw 137, cecium 144, 141, rubidius 295, ailver
110, cobelt &0, manganese 54, pluktonium 32, nicbium 110 end tin 112, 113 the
letter two belng from zirconium 2 end ¢ elloy uveed In strictural meteal and selenium
74, 75,

14.0 SILTAFION AND ERGS5IDN

The effects of siltation are sepparent in mosk of the countriee of
the Indien (Ocean. Siltation begine by eroslon of topsocils in inlew &res.
Thia wusuelly followa perleds of heavy rainfall when the rivers offen overflow
arei water runs overland carrying soil with it to the ses. The effects are greater
when raing follow a long dey spell during which: the gpil hes elresdy been
loogened. Intengive grazing by livestock end & poor choice in crops cen elso lead
to erosion. Erosion of the coestel areas by hesvy wave action often leads to the
deatruction of tourist beaches end leaves them covered only with pebhles. Coaestal
reefs can act &8 & barrier egeinst erasion of the beaches by wavea.

The retreat of the coagtline Is & problem erisings from erasion and
giltation 18 &an important way of ceounteracting this. However, siltation results
in sn increased amount of nutrients entering the Bsea which lesds to
excessive algal qrowth, damage to corel reefe, particularly by smothering them, and
adverse affects on the coastsl nursery grounds.

Some of the msjor rivers draining inte the Indian [Deeen are the
Athi/Gelena, Tana, Ganges, Bremeputra, I[rrewaddy, Indus, Keleni, PFuvumu, Juba,
Rufiji, Zembesi end Lipopo. Where these discharge, laerge ZONES of turhid
wetere are usually seen. The Indien Dceen receivea sbout 3,400 willion tonnes of
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Table 7 + Radium conkent in some cosstal areas of India

Bombay

Goa wizayg

daras

Cochin

o T1ivandeun .
! AnGELok ape Comorin

beria) Mo Statian Location Endium conteat Remzris
X 10-Mgim)
i Goa - Arabian Saa .82
2 Bombay - 15
A 3 Cochin . 25 Monggite rand
Beach
N d Trivandruam - 3z
] Cape Comorin Ihdian Qcean 20
4 Madras Bay of Bengal 1.5
; i Waltalr " 24
B Gopelpur-on-Sea o 088
g Puri " 132
10 Chilka " 1.7
11 Digha " 1.1
12 Haldia " 3.0 Ganges ratuary
13 Kiakdwlp " 4.5 -

From: Radium Content in Sea Water along the Indiar Coast

. D. CIATTERJEE & P. BANERJI (1976}



LIGHT NOUSES BT
KT ? GHIVGLL
g

4 nucLEAR
3 X, FovEn pLant

Eite map showing the Power Siation and tha Texr by sea snviiDament.

vl

a2
g

i

Nl

=

e
IREANRN

S

-~

it

L]
< .
o
-

Intake snd discharge Cantl &

Frem: Intertidzl Ecology of the Sea Shore near Tarapur Atcmic Power Stati

M. C. BALANI {1975)



fable ol

LE& -

Freworoo of radicockEive subatunces in selecked glrywnisms

drganist

—- -.-TI

Fe

Fish

Phacsophycas

Hrown Algae

Blankton

Marina Crustacea

Seg Hare

From: Intertidal Feology of the S5ea Share pear

Tarapur Atomic Power Station.
M., C. BALANI

(1975}

Table &9 ¢ Yelues of radiosctive substances Found in pome species of tuna

o1 wet wit,

Species oL dry wk. Wt. of fish nCi wet wt.
7
cst? cst?? kg. K

Albapore Tuna 9.6 - 1.4 3.1 - § 17 Z2.89-0.38
Albacore Tuna 8.2 -1.2 3.2 -5 17

Bigeye Tuna 2.2 - 1.0 3136 - 3.4 13 2.7=0.L
Bigeyve Tuna .5 - 1.1 34.8 ~ 7.0 ia 2.8-0.6

f .
Yallowfin Tuna E.0=-1.2 18.5 - 4.4 il 31.8-0.3
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Table 70 ¢ Major element concentrations in selected species of fish
(microgrems etom/g wet weight)

-

spacias Potassigm Magnhesium Calcium Strontium
Ghol 116,50 ¥.32 ¥4.00 .ﬂ.ﬂll
Lobster 13320 14.82 90,00 0.040
Pomfret 115.00 6.34 23,00 -
Catfish 114.00 .29 3.50 0.012
Bombay Duck 95,50 13,94 65.00 0.018
Flar Fish 99,50 13.77 2090.00 -
Koth rish 99 .50 a7.00 225.400 -
Sea Water 10.33 53,60 Q.80 0.042

From: Radioczetive and Stable Elesment Distribgtion in
Marine Bicspheres <ff Tarapur Coast.

T. P. SARMAR, S. M. SHAH, V. N. SASTRY,

T. M. KRISHNRMOORTHY, C. K. UNNI, 5. 5. GOGATE,
G. R. DDEHT & 5. R. RAD

f1973)
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Tuble 71 : Values of some redionuclides in coasisl marine orgenisms

ACCUMULATION OF RADIONUCLIDES IN COASTAL
ORCANISMS FROM AREAS CLOSE 10 DISCHARGE LOCATION
BErt L 7] 1~y "o, ey
Crpeniam analysed PR et TEmam
Crah Seytls Flesh T.44 1.3 1.u MO Sample size inizly
Ettata Shell [ 5. B KD HD Sample 2ize wmnll
Sy it 1errata Fieth 535 1.7 a5 o, ouls
Hone - Th. 2 - . e
Sertla sermata Flesh ™7 15. 5§ T8 -
Fhell » bona BE, A 54,7 N &, Q0
Fravine B 18 ND Sample ize 1M
yrten Feh 14 68 B 11 |1 ] LN TEL Contaminuah from
. sediment i pretad
Sheli 5.8 [[s] HD b o917
Mackere] 7] ] N 0, 23 1r] 0.5
Bone - - - B, Dz
A ep, Fleth KD . RO 0, 000d
Baow HD .- A ] HD 1, oeal
ut 28, & 183 .1 4, Brd:
T Afu ip. Bone Np 47,1 L1+ 0.4
i Form: Determination of Plutonium in the Marine Environment
i K. C. FILLAT {197%)

Jable 72 : Yalues of some radionuclides in bottom Sediment=

N ACCUMULATION OF YRy, Mg AND ¥4%e IN BOTTOM
g SEDIMENTS AT DISCHARGE LOCATION
: g ! Lacalicn “y " e
ok P/ tary
1 115, 8 1209 2165
a ER, 1 Ba. 1.0
a 1.3 W5, 5 R A
4 49,1 . 115, 1 8. 4
- 155714 13,1
i F 1,7 15T -
T - 124.4 o8
-] - 8.3 a8l &
2 M. 195.2 (£
i it I . E2. 4 142, 0 ALk
. 11 8,0 195, & 20,8
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Sedimentery eccumulations are higher off the Asiatic subcontinent
than  those fourwf off the East African coest. The submarine cones nflthe Indus
and Gangeg Tivers have, respectively, sediment volumes of 2.12 x 10/14 »° and 7,28
x lﬂflﬂjm whereas the beain off Africe hes a sedimentary volume of ahout 4.8l x

10/14 m™.

The building of dams acress neturally flowing rivers decreases the
rate of Flow, reduces nutriemt concentratjon2 in estusries and coasksl waters
and decreases the number of plackion blooms and fish landings.

la.0 CONCLUSION

follution problems in the Indien Ocesn have nst yet reached the megnitude
of thoee found in regions such a8 the Mediterrenesen and the Baltic which ere
bordered by induatrialized countriea. The East Africen Coast, in particular, is
atill relatively free from pollution. However, the coastal areas of the Aaiatic
avbcontinent ere beginning to show signa of deterloretion. This is especielly true
in the vicinity of cosstel industrial sites end Lowns such as  Karechi, Caloutta end
Bombay . '

At present there ig & lack of infommstion on pollution problems in
the ©region, Many of the inatitutes in the area concentrate thelr efforts on
general research into marine acience and development of Fisherpies.

There are few adegquate or meatisfactory methode For trestment and  disposal
of effluent. DOFten, wastea are Jdumped directly into rivere and seas ceusing
damage toc coastal marine ecoeystems end resulting in hazards to humen heslth.

kesearch on the effects of pollution cother thaen from industriel
sources is atill scerce. The eountries of the eree are primerily sgricultural and
it is therefore JImportent to odevelop research on the problems of these
forma of pollutsnts. O0il contaminetion from eccidental end operationsl &Sources ia
a growing threet to the cosatal arees most of which sre on key shipping lenes. The
dumping of untrested eewsge directly into the see has resulted jn meny bathing
beaches being contamineted. -

Much of the information aveileble in the area comes from research
carpied out by fngtitutes in India particuelarly on the effects af industrial
pollution in the country. Deta is not avallsble froew the other large countriea of the
Indian s&ubcontinent. However, date that has been collected often remaina unused.

The treatment of induatrial esnd donestic waestes needs to be promoted
theoughout the countriee of the region. There is therefore a need to develap
monitoring pregreswes to esasess sources, levels and effects of pollutants and alon &
need to implement programtes on pollutiorn abstement end control.
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